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ABSTRACT: Hydration and cooking of beans leads to significant losses in their nutritional quality, but some genotypes may have
a greater resistance to protein degradation. Therefore, this study aimed to evaluate the effect of the genotype on both quality and
quantity of proteins available in the beans before and after hydration and cooking. The grains of six landrace genotypes from the
Active Bean Germplasm Bank of the UDESC (BAFs: 03, 07, 57, 75, 97 and 102) were used “in natura” (control) and subjected to
the following treatments: hydration for 8 hours and hydration followed by cooking. The content and electrophoretic profile of the
soluble proteins were evaluated. Initially, the protein content ranged from 39.4 (BAF 57) to 51.1 mg g FW (BAF 75). Hydration
provoked a decrease in the protein content for all genotypes, having it been accentuated with the cooking. BAFs 07 and 75
presented a higher protein content after cooking, 29.1 and 31.4 mg g™ FW, respectively, and concomitantly, higher intensity and
presence of protein bands. In conclusion, BAFs 07 and 75 demonstrate a higher resistance to protein degradation and their use
may be recommended in crosses aimed at improving the nutritional and technological grain quality.
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Resisténcia a degradacgao de proteinas de reserva em graos
de feijao apds hidratagao e coccao

RESUMO: A hidratagéo e o cozimento dos gréos de feijao conduzem a perdas significativas na qualidade nutricional, mas
alguns genotipos podem apresentar maior resisténcia & degradacédo de proteinas. Diante disso, o objetivo deste trabalho foi
avaliar o efeito do genétipo na qualidade e quantidade de proteinas disponiveis antes e ap6s a hidratagio e cocg¢do dos gréos.
Os gréos de seis genétipos crioulos obtidos do Banco Ativo de Germoplasma de Feijao da UDESC (BAFs: 03, 07, 57, 75, 97
e 102) foram utilizados “in natura” (controle) e submetidos aos tratamentos: hidratagdo por 8 horas e hidratagéo seguida de
cocgdo. Avaliou-se o teor e o perfil eletroforético de proteinas soluveis. Inicialmente, o teor proteico variou de 39,4 (BAF 57)
a 51,1 mg g' MF (BAF 75). A hidratagdo provocou redugdo no teor proteico para todos os genoétipos, mas esta foi acentuada
com a cocgdo. Os BAFs 07 e 75 apresentaram maior teor proteico ap6s a cocgdo, de 29,1 e 31,4 mg g™ MF, respectivamente,
e concomitantemente, maiores intensidade e presenga de bandas proteicas. Conclui-se que os BAFs 07 e 75 possuem maior
resisténcia a degradagéo de proteinas e podem ser recomendados para a utilizagdo em cruzamentos direcionados a melhoria
da qualidade nutricional e tecnologica de graos.

Palavras-chave: Phaseolus vulgaris L.; perfil proteico; SDS-PAGE
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Introduction

The consumption of beans (Phaseolus vulgaris L.) stands
as a basic protein source for a large portion of the Brazilians,
which is why it has a socioeconomic importance in all regions
of the country. The consumption of this legume represents
one of the pillars of the Brazilian diet, considered as
fundamental for food and nutritional security, especially for
the poor (Barbosa & Gonzaga, 2012). Brazil remains one of
the largest consumers of beans in the world; however, data
from CONAB (2020) indicate a drop of roughly 400 thousand
tons between the 2009/10 and 2019/20 crops, with this
reduction attributed to the high prices practiced in the market
due to the reduction of the planted area and the occurrence
of adverse climatic conditions. When evaluating only the
household consumption, data from the IBGE (2020) indicate
a 52% reduction in the acquired grains between the 2002/03
and 2017/18 crops.

In spite of the changes in the consumer market, Brazil
excels as a bean producer. Adding to the three crops of 2018,
the country produced a total of 3,374,079 tons of beans, about
82,767 tons more than the production in 2017 (IBGE, 2018). It
is cultivated throughout the Brazilian territory, under different
edaphoclimatic conditions, technological and management
levels (Tavares et al., 2017; Pedé et al., 2018). However, in the
South region, the cultivated area and production in tons have
been considerably decreasing.

In the Santa Catarina state, bean cultivation is usually by
small producers, accounting for 4.3% of the total produced
in the country in 2018 (IBGE, 2018). The state average yield
reached up to 1,979 kg ha? in the 2017/18 crop (CONAB,
2018), but only 76 seed production fields were registered in
that crop with the Ministry of Agriculture, Livestock and Food
Supply — MAPA, totaling 2,246 ha (Brasil, 2018). Santa Catarina
has a wide diversity of bean genotypes (Pereira et al., 2009),
including the landrace genotypes with breeding potential
when aiming at high yield, resistance to diseases and pests,
genetic and physiological quality for producing grains and high
nutritional content. Resurging into use these genotypes can
favor the breeding programs by incorporating traits of interest
in commercial cultivars (Coelho et al., 2010b). Furthermore,
these materials are important sources of food and income for
the family farming in the state (Pereira et al., 2011), an activity
that favors conserving the genetic resources of landrace beans
through the sustainable use.

Studies aiming the characterization of landrace bean
genotypes from the Bean Active Germplasm Bank (BAF),
part of the Santa Catarina State University — UDESC, have
been conducted for over a decade (Coelho et al., 20073,
2010b, 2010c; Pereira et al., 2009, 2011; Michels et al., 2014;
Ehrhardt-Brocardo & Coelho, 2016; Gindri et al., 2017). Some
of these demonstrated the potential of the landrace genotypes
in obtaining a higher protein content when compared to
commercial genotypes (Pereira et al., 2011), as well as a
shorter cooking time (Coelho et al., 2007b). This aspect is
related to the water penetration capacity in the grains due to
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the impermeability of the integument (Morais et al., 2010) or
cotyledons, resulted from chemical modifications occurring
during storage (Castellanos et al., 1995) that increase the
cooking time.

In addition to these characteristics, hydration tests
have been performed prior to the cooking for introducing
or disposing genotypes, aiming mainly at the genetic
improvement (Bordin et al., 2010). Hydration can reduce the
cooking time, but when prolonged it can lead to significant
losses in the protein content of the grains. However, some
genotypes may be more resistant to protein degradation and
loss of nutritional quality.

Striving to complement the characterization studies and
indicate genotypes for commercialization or for crossbreeding
in breeding programs for improving the nutritional and
technological quality of grains, this study had as its objective
to evaluate different landrace bean genotypes for protein
availability, before and after grain hydration and cooking,
seeking to recommend them for consumption.

Materials and Methods

The landrace bean genotypes, produced in Santa
Catarina and from the UDESC Bean Active Germplasm Bank,
comprising BAF 03, BAF 07, BAF 57, BAF 75, BAF 97 and BAF
102, were multiplied by cultivation in a commercial crop
located at 27°47°33.5” south latitude and 50°18°23.0” west
longitude, in the municipality of Lages, Santa Catarina, Brazil.
The submitted samples of at least 1,000 g were homogenized
by the mechanical method in a sample divider, by successive
divisions and subsequent combination of the parts. After
homogenized for at least 3 times, the samples were
successively divided in order to obtain the working samples
(Brasil, 2009). The grains were previously standardized to
12% humidity in an air-circulation oven. Table 1 illustrates the
common name and source of used genotypes.

For protein extraction, untreated or “in natura” (control)
grains were used and subjected to the following treatments:
hydration and hydration followed by cooking.

a. Hydration: grains were immersed in distilled water, in the
proportion of 6.25 mL for each 1 g of beans, with temperature
controlled at 25 °C, for 8 hours;

b. Hydration followed by cooking: after soaking, the beans
were cooked in boiling distilled water in a Mattson-type
cooker, which consists of 25 vertical stilettos with a 1-mm
diameter tip and a mass of 90 g each, which are supported on

Table 1. Common name and source of landrace bean
genotypes (BAFs).

207



Resistance to degradation of reserve proteins in beans after hydration and cooking

the beans during the cooking. The sample was considered as
cooked when the stilettos punctured 13 grains.

The soluble proteins were extracted as according to the
methodology of Brown et al. (1981). 100 mg of fresh weight
(FW) of the cotyledons were used, macerated with the aid
of liquid nitrogen, and 1 mL of the 0.5 mol L NaCl solution,
pH 2.4 was then added to it. The sample was vortexed for 1
minute and subsequently kept under agitation for 30 minutes.
The homogenate was centrifuged for 20 minutes at 10,000
g, at room temperature (20 °C). The protein content was
determined in a spectrophotometer at 595 nm according to
the method of Bradford (1976), using bovine serum albumin
(BSA) as standard.

Aliquots of soluble protein (20 ug for cooked samples
and 15 pg for the others) were mixed in an equal volume of
sample buffer containing 0.5 mol L* of Tris buffer solution
(pH 6.7), 20% glycerol, SDS 2%, 2-mercaptoethanol 5% and
bromophenol blue. The protein separation was through
a vertical electrophoresis system, by using the SDS-PAGE
polyacrylamide gel composed of separation gel at 12% and
concentration gel at 3% (Laemmli, 1970), under a constant
voltage of 80 V per gel, for approximately 16 hours. The
electrophoretic separations of the proteins were performed in
triplicate. A standard of molecular weight markers from 6.5 to
97.4 kDa was used. The gels were stained with the coomassie
blue at 0.1% (Alfenas, 1998).

The experiment was conducted in a completely randomized
design, where the protein extractions were in three replicates.
The analysis of variance and Tukey test at 5% probability
were performed in order to separate the means. The gels
were analyzed qualitatively by observing the presence and
intensity of the bands within them, aided by the Gel Analyzer
19.1 program. Additionally, multivariate analyzes of clustering
and of principal components (PCA) were performed. The
variables were standardized through standardization and the
Euclidean distance between the genotypes was calculated
with the UPGMA agglomeration algorithm. All analyzes were
performed by using the R program (R Core Team, 2018).

Results and Discussion

The initial soluble protein content of the genotypes ranged
from 39.4 mg g FW (BAF 57) to 51.1 mg g* FW (BAF 75), but
there were no significant differences (p < 0.05) between the
genotypes BAF 75 and BAF 97, which had the highest protein
levels (Figure 1). Other authors have found a mean of 87 g
kg? of soluble proteins in seeds of 34 bean genotypes, using
similar methods of extraction and quantification (Pereira et
al., 2011).

The hydration of the grains caused a reduction in protein
content for all genotypes, which was accentuated by cooking
them (Figure 1). The highest protein degradation after
hydration occurred for the genotype BAF 97 (reduction of 15.8
mg g FW in comparison to the control) and for the BAF 57,
after cooking (reduction of 18.0 mg g* FW in comparison to
hydrated grains). Comparing the control to the cooked grains,
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Uppercase letters compare the genotypes while lowercase letters compare the control,
hydration and cooking treatments for each genotype by the Tukey test (p < 0.05).

Figure 1. Total soluble protein content in grains of bean
landrace genotypes. The values stand for the mean (n=10)
of three replicates for each treatment and the vertical bars
indicate the standard error of the mean (ANOVA).

BAF 97 had the largest reduction in its protein content, which
was of 23.9 mg g FW, while BAF 03 had the lowest protein
degradation, 15.7 mg g* FW. After the cooking, BAFs 75, 03
and 07 had the highest total protein content, with the values
of 31.4,31.0, and 29.1 mg g FW, respectively.

The significant reduction in protein content occurred for all
genotypes after hydration, and in a similar fashion, the cooked
genotypes had a reduction in protein content in relation to the
hydrated grains. Cooking also caused a significant reduction in
the content of all essential amino acids in seeds of P. angularis
and P. calcaratus (Chau et al., 1997). In P. vulgaris, extrusion
cooking reduced the soluble proteins levels and affected
the solubility and digestibility of the protein, in addition to
reducing the amino acids availability (Alonso et al., 2000).

Differently from the observed regarding the soluble
proteins, some authors reported a tendency towards an
increase in the crude protein content (insoluble fraction) in
P. vulgaris grains after cooking (Pujola et al., 2007; Wang et
al., 2010). This occurs due to the loss of soluble solids during
cooking, which would increase the concentration of protein in
cooked grains (Wang et al., 2010). However, due to the sharp
loss of dry weight during the hydration and cooking stages
of P. vulgaris grains, the recommended is to prepare the
grains with no prior hydration, or using the hydration water
for cooking, in order to maintain a higher nutritional content
(Pujola et al., 2007).

Protein degradation was also observed through changes in
the electrophoretic profile of the grains, characterized by the
presence of seven main protein bands with molecular weights
between 55 and 17 kDa (Figure 2). Besides having the lowest
protein content among the evaluated genotypes (Figure 1),
BAF 57 was the only that did not have one of the seven main
bands, comprised in the molecular weight of approximately
28 kDa, also having low band intensity of 17 kDa (Figure 2).

One of the most intense bands is in the range of 45 kDa,
which has been related to the presence of phaseolins, the most
important reserve proteins in grains, which represent from 40
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Figure 2. Electrophoretic profile (SDS-PAGE) of soluble proteins in creole bean genotype grains. M — Molecular weight markers;
H — After hydration for 8 hours; C — After hydration followed by cooking.

to 50% of the total protein in P. vulgaris (Rovalino-Cérdova et
al., 2019). Phaseolin is considered as one of the main markers
in characterizing the diversity and phylogenetic relationship
within the species (Jannat et al., 2019). This protein has
high resistance to the activity of proteolytic enzymes during
hydrolysis and, thus, has limited digestibility, restricting its
nutritional value in raw conditions, requiring heat treatment
(cooking) for improving its digestibility (Montoya et al., 2008;
Rovalino-Cérdova et al., 2019).

The reduction in the intensity and presence of protein
bands were found in all genotypes after cooking, however, the
maintenance of bands with approximately 55 and 34 kDa also
took place in all genotypes. This reduction was less sharp in
the cooked grains from BAFs 07, 75 and 102. BAF 07 was the
one that showed the smallest differences in the number and
intensity of bands between the protein profile in grains both
untreated and after hydration, having a greater total number
of bands after the cooking.

As for the BAF 57 cooked grains, which had the lowest
protein content, the lowest band intensity was also observed
in them, showing the occurrence of protein denaturation
due to the high temperature. This genotype was considered
promising for incorporation in breeding programs due to
its high yield (Coelho et al., 2007a), although it did not
demonstrate any using potential when aiming at protein
grains for consumption.

In some genotypes, such as BAF 07, the appearance of a
band in the range of 60 kDa after cooking and/or hydration
occurred, possibly from the hydrolysis of higher molecular
weight proteins that are in the control group. This band has
been associated with the presence of Heat Shock Proteins
(HSPs), synthesized and accumulated in response to the
stress, mostly thermal (Araujo et al., 2003; Wang et al., 2014),
as the occuring during cooking. A special group of HSPs, the
chaperones, has also been found in this molecular weight
range and are involved in maintaining protein homeostasis,
recovering damaged proteins, preventing, maintaining or
renaturing denatured proteins (Dahiya & Buchner, 2019),
important functions in cells that have been subjected to
thermal stresses (Borges & Ramos, 2005). Other authors
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related the expression of bands in the 65, 45, 25 and 18 kDa
ranges to responses to other stress types, such as the water
stress (Coelho et al., 2010a).

The lectin from P. vulgaris, called phytohemagglutinin
(PHA), is a protein with molecular weight of approximately
28 kDa (Ehrhardt-brocardo, 2017) and 34 kDa (Sell & Costa,
2000). PHA has a potent agglutinating activity on erythrocytes
and stimulates the cell mitosis (Sell & Costa, 2000; Kaltner
et al.,, 2018). When consumed, it can exert anti-nutritional
effects and cause toxicological manifestations, having a
reduction in its concentration due to denaturation in cooked
grains of P. vulgaris (Sun et al., 2019). On the other hand, the
band of approximately 42 kDa can indicate the presence of
the mitochondrial enzyme formate dehydrogenase (FDH),
which takes part in important biosynthetic reactions and is
considered as an universal stress marker protein, involved
in responses to various types of abiotic and biotic stresses
(McNeilly et al., 2018; Wang et al., 2018).

The analysis of protein content based on clustering
genotypes by the Euclidean distance identified the formation
of two distinct groups: the first formed by the untreated
(control) and hydrated genotypes, and the second by the
genotypes after cooking; with such groups formed by
considering the cut-off level at the Euclidean distance equal
to 3.0 (Figure 3).

The cophenetic correlation coefficient was relatively high
(r=0.80), demonstrating that the dendrogram representation
is coherent with the original data and there is classification
and structure. The formation of these two groups is related
to the greater degradation that proteins went through after
the cooking, in relation to hydrated grains and control.
Results observed by the decrease in the levels of total soluble
proteins (Figure 1) and by the lower band intensity in all BAFs
submitted to cooking (Figure 2).

The analysis of the main components pointed out that
the first two components represented 89.3% of the total
variation. Analyzing component 1, a set was highlighted to
the right of the axis, formed by the genotypes after cooking.
As for component 2, on the upper part is a predominance of
BAFs 07, 75 and 102 after cooking; 03 and 75 hydrated; and 57
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Figure 3 . Dendrogram of the Euclidean distance among the genotypes 03, 07, 57, 75, 97 and 102 with no treatment and
subjected to hydration (H) or cooking (C). Cut-off level at the Euclidean distance equal to 3.0 (dashed line) with the formation of
two groups, first formed by hydrated and untreated genotypes (red) and second by the genotypes subjected to cooking (green).

Cophenetic correlation index r = 0.80.

Figure 4. Ordering diagram based on axis 1 and 2 of the
Principal Component Analysis, representing 89.3% of the total
variation of the evaluated bean genotypes, namely: protein:
soluble proteins; and bands 17, 28, 34, 45 and 55; C: cooking;
H: hydrated.

with no treatment (control). The other genotypes are at the
bottom of the component 2 (Figure 4).

The most important variables for component 1 were
the bands 34 and 45 kDa, in which BAFs 07, 75, 97 and
102 with no treatment demonstrated a greater intensity
of these bands for the above mentioned variables. While,
for component 2, the band of approximately 55 kDa was
more relevant among the variables, with all genotypes with
no treatment and after hydration demonstrating a high
intensity. This separation pointed out that BAFs 07, 75, 97
and 102 suffered less protein degradation, and consequently
the grains have a greater availability of this said reserve.
Beans are a low cost and high nutritional quality protein
source for human consumption (Durigon et al., 2015). In
this regard, the consumption of grains with a higher protein
content is a beneficial alternative, since data from the IBGE
(2020) allow estimating that beans are still the main protein
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source for the low-income population. Furthermore, bean
consumption is highly recommended by the Ministry of
Health (Brasil, 2014).

The bean genotypes BAF 07 and BAF 75 had a greater
resistance to protein degradation, thus showing their
superior nutritional quality. However, these results indicate
the importance of new studies evaluating the resistance
to hydration and cooking of other nutritional components,
enabling the incorporation of genes of interest in genotypes
already used for genetic improvement through breeding.

Conclusions

Genotypes BAF 07 and BAF 75 had high protein contentand
less protein denaturation, as evidenced by the electrophoretic
profile, even after hydration and cooking.

These same genotypes can be recommended for
consumption and for crossbreeding in programs aimed at
improving the nutritional quality of the grains.

Literature Cited

A.C.
fundamentos e aplicagdes em plantas e microrganismos. Vigosa:
UFV, 1998. 574p.

Alonso, R.;Orue, E.;Zabalza, M.J.; Grant, G.; Marzo, F. Effect of extrusion

Alfenas, Eletroforese de isoenzimas e proteinas afins:

cooking on structure and functional properties of pea and kidney
bean proteins. Journal of the Science of Food and Agriculture,
v.80, n.3, p.397-403, 2000. https://doi.org/10.1002/1097-
0010(200002)80:3<397::AID-JSFA542>3.0.CO;2-3.

Araujo, J.L.S.; Rumjanek, N.G.; Margispinheiro, M. Small heat
shock proteins genes are differentially expressed in distinct
varieties of common bean. Brazilian Journal of Plant Physiology,
v.15, n.1, p.33-41, 2003. https://doi.org/10.1590/S1677-
04202003000100005.

5/7


https://doi.org/10.1002/1097-0010(200002)80:3%3C397::AID-JSFA542%3E3.0.CO;2-3
https://doi.org/10.1002/1097-0010(200002)80:3%3C397::AID-JSFA542%3E3.0.CO;2-3
https://doi.org/10.1590/S1677-04202003000100005
https://doi.org/10.1590/S1677-04202003000100005

Resistance to degradation of reserve proteins in beans after hydration and cooking

Barbosa, F.R.; Gonzaga, A.C.O. Informagdes técnicas para o cultivo do
feijoeiro-comum na Regido Central-Brasileira: 2012-2014. Santo
Antonio de Goias: Embrapa Arroz e Feijdo, 2012, 247p. (Embrapa
Arroz e Feijdo. Documentos, 272). http://ainfo.cnptia.embrapa.
br/digital/bitstream/item/61388/1/seriedocumentos-272.pdf.

Bordin, L.C.; Coelho, C.M.M.; Souza, C.A.; Zilio, M. Diversidade
genética para a padronizagdo do tempo e percentual de
hidratagdo preliminar ao teste de coc¢do de graos de feijdo.
Ciéncia e Tecnologia de Alimentos, v.30, n.4, p.890-896, 2010.
https://doi.org/10.1590/50101-20612010000400009.

Borges, J.C.; Ramos, C.H.I. Protein folding assisted by chaperones.
Protein & Peptide Letters, v.12, n.3, p.257-261, 2005. https://doi.
org/10.2174/0929866053587165.

Bradford, M.M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-
dye binding. Analytical Biochemistry, v.72, n.1-2, p.248-254,
1976. https://doi.org/10.1016/0003-2697(76)90527-3.

Brasil. Ministério da Agricultura, Pecudria e Abastecimento —
MAPA. Painel brasileiro de sementes, 2018. http://indicadores.
agricultura.gov.br/sigefsementes/index.htm. 06 Feb. 2019.

Brasil. Ministério da Agricultura, Pecudria e Abastecimento. Regras
para analise de sementes. Secretaria de Defesa Agropecudria.
Brasilia: MAPA/ACS, 2009. 395p.

Brasil. Ministério da Saude. Secretaria de Atengdo a Salde.
Departamento de Atencdo Basica. Guia alimentar para a
populagdo brasileira. 2. ed. Brasilia: Ministério da Saude, 2014.
156p.

Brown, JW.S.; Ma, Y.; Bliss, F.A.; Hall, T.C. Genetic variation in
the subunits of globulin-1 storage protein of french bean.
Theoretical and Applied Genetics, v.59, p.83-88, 1981. https://
doi.org/10.1007/BF00285895.

Castellanos, J. Z.; Guzman-Maldonado, H.; Acosta-Gallegos, J.A.; Kelly,
J.D. Effects of hardshell character on cooking time of common
beans grown in the semiarid highlands of Mexico. Journal of
the Science of Food and Agriculture, v.69, n.4, p. 437-443, 1995.
https://doi.org/10.1002/jsfa.2740690406.

Chau, C.F.; Cheung, P.C.K.; Wong, Y.S. Effects of cooking on content
of amino acids and antinutrients in three indigenous chinese
legume seeds. Journal of the Science of Food and Agriculture,
V.75, n.4, p.447-452, 1997. https://doi.org/10.1002/(SICI)1097-
0010(199712)75:4<447::AID-JSFA896>3.0.CO;2-5.

Coelho, C.M.M.; Coimbra, J.L.M.; Souza, C.A.; Bogo, A.; Guidolin, A.F.
Diversidade Genética em acessos de feijdo (Phaseolus vulgaris
L.). Ciéncia Rural, v.37, n.5, p.1241-1247, 2007a. https://doi.
org/10.1590/50103-84782007000500004.

Coelho, C.M.M.; Mota, M.R.; Souza, C.A.; Miquelluti, D.J. Potencial
fisioldgico em sementes de cultivares de feijdo crioulo (Phaseolus
vulgaris L.). Revista Brasileira de Sementes, v.32, n.3 p.97-105,
2010b. https://doi.org/10.1590/50101-31222010000300011.

Coelho, C.M.M.; Zilio, M.; Piazzoli, D.; Farias, F.L.; Souza, C.A;
Bortoluzzi, R.L.C. Influéncia das caracteristicas morfoldgicas e
fisicas dos graos de feijdo (Phaseolus vulgaris L.) na sua capacidade
de hidratagdo e cocgdo. Revista Brasileira de Biociéncias, v.5, n.2,
p.105-107, 2007b. http://www.ufrgs.br/seerbio/ojs/index.php/
rbb/article/view/139/132. 04 Mar. 2019.

Rev. Bras. Cienc. Agrar., Recife, v.15, n.4, 7668, 2020

Coelho, C.M.M.; Zilio, M.; Souza, C.A.; Guidolin, A.F.; Miquelluti,
D.J. Caracteristicas morfo-agronémicas de cultivares crioulas de
feijdo comum em dois anos de cultivo. Semina: Ciéncias Agrarias,
v.31, n.1, p.1177-1186, 2010c. https://doi.org/10.5433/1679-
0359.2010v31n4Suplpll77.

Coelho, D.L.M.; Agostini, E.A.T.; Guaberto, L.M.; Machado Neto, N.B.;
Custddio, C.C. Estresse hidrico com diferentes osmadticos em
sementes de feijdo e expressdo diferencial de proteinas durante
a germinacgdo. Acta Scientiarum. Agronomy, v.32, n.3, p.491-499,
2010a. https://doi.org/10.4025/actasciagron.v32i3.4694.

Conab. Companhia Nacional de Abastecimento. Histérico mensal
feijdo. Feijdo - analise mensal — janeiro/2018. https://www.
conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-
extrativista/analises-do-mercado/historico-mensal-de-feijao/
item/download/23995_c82adb6cef6cc7316a022f6007323d3e.
05 Mar. 2019.

Conab. Companhia Nacional de Abastecimento. Histérico mensal feijao.
Feijdo - andlise mensal — maio-junho - 2020. https://www.conab.
gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/
analises-do-mercado/historico-mensal-de-feijao/item/download/3
2151 29862bf7093e95be81c23d6a54427023. 14 Jun 2020.

Dahiya, V.; Buchner, J. Functional principles and regulation of
molecular chaperones. In: Doney, R. (Ed.). Molecular chaperones
inhuman disorders. Cambrigde: Academic Press, 2018. (Advances
in Protein Chemistry and Structural Biology, 114). Chap 1, p.1-60.
https://doi.org/10.1016/bs.apcsb.2018.10.001.

Durigon, M.A.; Ozelame, A.L.; Stasinski, R.; Canever, M.D.; Antunes,
I.F. Estratégias de comercializa¢do do feijdo no Rio Grande do Sul.
Pelotas: Embrapa Clima Temperado, 2015. 36p. (Embrapa Clima
Temperado, Documentos, 396). http://ainfo.cnptia.embrapa.br/
digital/bitstream/item/142566/1/Nova-versao-Documento-396-
Incluido.pdf. 10 Mar. 2020.

Ehrhardt-Brocardo, N.C.M. Qualidade fisioldgica e proteinas
de sementes de feijdo durante o processo de germinagdo.
Lages: Universidade do Estado de Santa Catarina, 2017.
81p. Tese Doutorado. http://www.cav.udesc.br/arquivos/id_
submenu/988/tese_natalia.pdf. 29 Mar. 2020.

Ehrhardt-Brocardo, N.C.M.; Coelho, C.C.M. Hydration patterns
and physiologic quality of common bean seeds. Semina:
Ciéncias Agrarias, v.37, n.4, p.1791-1800, 2016. https://doi.
org/10.5433/1679-0359.2016v37n4p1791.

Gindri, D.M.; Coelho, C.M.M.; Souza, C.A.; Heberle, |.; Prezzi, H.A.
Seed quality of common bean accessions under organic and
conventional farming systems. Pesquisa Agropecuaria Tropical,
v.47, n.2, p.152-160, 2017. https://doi.org/10.1590/1983-
40632016v4745189.

Instituto Brasileiro de Geografia e Estatistica - IBGE. Indicadores IBGE.
Levantamento sistematico da produgdo agricola. Estatistica da
produgdo agricola. Brasilia: IBGE, 2018. 83p. https://biblioteca.
ibge.gov.br/visualizacao/periodicos/2415/epag_2018_mar.pdf.
05 Mar. 2019.

Instituto Brasileiro de Geografia e Estatistica - IBGE. Pesquisa de
orcamentos familiares 2017-2018: avaliagdo nutricional da
disponibilidade domiciliar de alimentos no Brasil. Rio de Janeiro:
IBGE, 2020. 61p. https://servicodados.ibge.gov.br/Download/
Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/
livros/liv101704.pdf. 19 Mar. 2020.

6/7


http://ainfo.cnptia.embrapa.br/digital/bitstream/item/61388/1/seriedocumentos-272.pdf
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/61388/1/seriedocumentos-272.pdf
https://doi.org/10.1590/S0101-20612010000400009
https://doi.org/10.2174/0929866053587165
https://doi.org/10.2174/0929866053587165
https://doi.org/10.1016/0003-2697(76)90527-3
http://indicadores.agricultura.gov.br/sigefsementes/index.htm
http://indicadores.agricultura.gov.br/sigefsementes/index.htm
https://doi.org/10.1007/BF00285895
https://doi.org/10.1007/BF00285895
https://doi.org/10.1002/jsfa.2740690406
https://doi.org/10.1002/(SICI)1097-0010(199712)75:4%3C447::AID-JSFA896%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1097-0010(199712)75:4%3C447::AID-JSFA896%3E3.0.CO;2-5
https://doi.org/10.1590/S0103-84782007000500004
https://doi.org/10.1590/S0103-84782007000500004
http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/view/139/132
http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/view/139/132
https://doi.org/10.5433/1679-0359.2010v31n4Sup1p1177
https://doi.org/10.5433/1679-0359.2010v31n4Sup1p1177
https://doi.org/10.4025/actasciagron.v32i3.4694
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/23995_c82adb6cef6cc7316a022f6007323d3e
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/23995_c82adb6cef6cc7316a022f6007323d3e
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/23995_c82adb6cef6cc7316a022f6007323d3e
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/23995_c82adb6cef6cc7316a022f6007323d3e
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/32151_29862bf7093e95be81c23d6a54427023
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/32151_29862bf7093e95be81c23d6a54427023
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/32151_29862bf7093e95be81c23d6a54427023
https://www.conab.gov.br/info-agro/analises-do-mercado-agropecuario-e-extrativista/analises-do-mercado/historico-mensal-de-feijao/item/download/32151_29862bf7093e95be81c23d6a54427023
https://doi.org/10.1016/bs.apcsb.2018.10.001
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/142566/1/Nova-versao-Documento-396-Incluido.pdf
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/142566/1/Nova-versao-Documento-396-Incluido.pdf
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/142566/1/Nova-versao-Documento-396-Incluido.pdf
http://www.cav.udesc.br/arquivos/id_submenu/988/tese_natalia.pdf
http://www.cav.udesc.br/arquivos/id_submenu/988/tese_natalia.pdf
https://doi.org/10.5433/1679-0359.2016v37n4p1791
https://doi.org/10.5433/1679-0359.2016v37n4p1791
https://doi.org/10.1590/1983-40632016v4745189
https://doi.org/10.1590/1983-40632016v4745189
https://biblioteca.ibge.gov.br/visualizacao/periodicos/2415/epag_2018_mar.pdf
https://biblioteca.ibge.gov.br/visualizacao/periodicos/2415/epag_2018_mar.pdf
https://servicodados.ibge.gov.br/Download/Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/livros/liv101704.pdf
https://servicodados.ibge.gov.br/Download/Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/livros/liv101704.pdf
https://servicodados.ibge.gov.br/Download/Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/livros/liv101704.pdf

Resistance to degradation of reserve proteins in beans after hydration and cooking

Jannat, S.; Shah, A.H.; Shah, K.N.; Kabir, S.; Ghafoor, A. Genetic and
nutritional profiling of common bean (Phaseolus vulgaris L.)
germplasm from Azad Jammu and Kashmir and exotic accessions.
The Journal of Animal & Plant Sciences, v.29, n.1, p.205-214,
2019. https://doi.org/10.13140/RG.2.2.10934.45127.

Kaltner, H.; Caballero, G.G.; Ludwig, A.K.; Manning, J.C.; Gabius
H.J. From glycophenotyping by (plant) lectin histochemistry to
defining functionality of glycans by pairing with endogenous
lectins. Histochemistry and Cell Biology, v.149, p.547-568, 2018.
https://doi.org/10.1007/s00418-018-1676-7.

Laemmli, U.K. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature, v.227, n.5259, p.680-685,
1970. https://doi.org/10.1038/227680a0.

McNeilly, D.; Schofield A.; Stone, S.L. Degradation of the stress-
responsive enzyme formate dehydrogenase by the RING-type E3
ligase Keep on Going and the ubiquitin 26S proteasome system.
Plant Molecular Biology, v.96, n.3, p.265-278, 2018. https://doi.
org/10.1007/s11103-017-0691-8.

Michels, A.F; Souza, C.A.; Coelho, C.M.M.; Zilio, M. Qualidade
fisioldgica de sementes de feijdo crioulo produzidas no oeste e
planalto catarinense. Revista Ciéncia Agronémica, v.45, n.3, p.620-
632, 2014. https://doi.org/10.1590/51806-66902014000300025.

Montoya, C.A.; Gomez, A.S.; Lalles, J.P.; Souffrant, W.B.; Beebe,
S.; Leterme, P. In vitro and in vivo protein hydrolysis of beans
(Phaseolus vulgaris) genetically modified to express different
phaseolin types. Food Chemistry, v.106, n.3, p.1225-1233, 2008.
https://doi.org/10.1016/j.foodchem.2007.07.016.

Morais, P.P.P; Valentini, G.; Guidolin, A.F.; Baldissera, J.N.C.; Coimbra, J.L.M.
Influéncia do periodo e das condigdes de armazenamento de feijdo no
tempo de cocgdo. Revista Ciéncia Agrondmica, v.41, n.4, p.593-598,
2010. https://doi.org/10.1590/51806-66902010000400011.

Pedd, T.; Martinazzo, E.G.; Bacarin, M.A.; Antunes, |.F.; Koch,
F.; Monteiro, M.A.; Pimentel, J.R.; Troyjack, C.; Villela, FA.;
Aumonde, T.Z. Crescimento de plantas e vigor de sementes
de feijdo em resposta a aplicagdo exdgena de acido giberélico.
Revista de Ciéncias Agrarias, v.41, n.3, p.181-190, 2018. https://
doi.org/10.19084/RCA17169.

Pereira, T.; Coelho, C.M.M.; Bogo, A.; Guidolin, A.F.; Miquelluti, D.J.
Diversity in common bean landraces from South-Brazil. Acta
Botanica Croatica, v.68, n.1, p.79-92, 2009. http://www.abc.
botanic.hr/index.php/abc/article/view/288/14. 06 Mar. 2019.

Rev. Bras. Cienc. Agrar., Recife, v.15, n.4, 7668, 2020

Pereira, T.; Coelho, C.M.M.; Santos, J.C.P; Bogo, A.; Miquelluti, D.J.
Diversidade no teor de nutrientes em graos de feijao crioulo no
Estado de Santa Catarina. Acta Scientiarum. Agronomy, v.33, n.3,
p.477-485, 2011. https://doi.org/10.4025/actasciagron.v33i3.6328.

Pujola, M.; Farreras, A.; Casafias, F. Protein and starch content of raw,
soaked and cooked beans (Phaseolus vulgaris L.). Food Chemistry,
v.102, n.4, p.1034-1041, 2007. https://doi.org/10.1016/].
foodchem.2006.06.039.

R Development Core Team. R: A language and environment for
statistical computing. Version 3.5.1. Vienna: R Foundation for
Statistical Computing, 2018.

Rovalino-Cérdova, A.M.; Fogliano, V.; Capuano, E. The effect of cell
wall encapsulation on macronutrients digestion: A case study in
kidney beans. Food Chemistry, v.286, p.557-566, 2019. https://
doi.org/10.1016/j.foodchem.2019.02.057.

Sell, A.M.; Costa, C.P. Atividades bioldgicas das lectinas PHA, WGA,
jacalina e artocarpina. Acta Scientiarum. Biological Sciences, v.22,
n.2, p.297-303, 2000. https://doi.org/10.4025/actascibiolsci.
v22i0.2829.

Sun, Y.; Liu, J.; Huang, Y.; Li, M.; Lu, J.; Jin, N.; He, Y.; Fan, B.
Phytohemagglutinin content in fresh kidney bean in China.
International Journal of Food Properties, v.22, n.1, p.405-413,
2019. https://doi.org/10.1080/10942912.2019.1590399.

Tavares, T.; Sousa, S.; Salgados, F.; Santos, G.; Lopes, M.; Fidelis, R.
Adaptabilidade e estabilidade da produgdo de grao em feijao
comum (Phaseolus vulgaris). Revista de Ciéncias Agrarias, v.40,
n.2, p.210-220, 2017. https://doi.org/10.19084/RCA16058.

WangK.; Zhang X.; Goatley M.; Ervin E. Heat Shock Proteins in relation
to heat stress tolerance of creeping bentgrass at different N
levels. Plos One, v.9, n.7, p.1-10, 2014. https://doi.org/10.1371/
journal.pone.0102914.

Wang, N.; Hatcher, DW.,; Tyler, RT.; Toews, R.; Gawalko, E.J. Effect of
cooking on the composition of beans (Phaseolus vulgaris L.) and
chickpeas (Cicer arietinum L.). Food Research International, v.43, n.2,
p.589-594, 2010. https://doi.org/10.1016/j.foodres.2009.07.012.

Wang, R.; Zeng, Z.; Guo, H.; Tan, H.; Liu, A.; Zao, Y.; Chen, L. Over-
expression of the Arabidopsis formate dehydrogenase in
chloroplasts enhances formaldehyde uptake and metabolism in
transgenic tobacco leaves. Planta, v.247, n.2, p.339-354, 2018.
https://doi.org/10.1007/s00425-017-2790-9.

717


https://doi.org/10.13140/RG.2.2.10934.45127
https://doi.org/10.1007/s00418-018-1676-7
https://doi.org/10.1038/227680a0
https://doi.org/10.1590/S1806-66902014000300025
https://doi.org/10.1016/j.foodchem.2007.07.016
https://doi.org/10.19084/RCA17169
https://doi.org/10.19084/RCA17169
http://www.abc.botanic.hr/index.php/abc/article/view/288/14
http://www.abc.botanic.hr/index.php/abc/article/view/288/14
https://doi.org/10.4025/actasciagron.v33i3.6328
https://doi.org/10.1016/j.foodchem.2006.06.039
https://doi.org/10.1016/j.foodchem.2006.06.039
https://doi.org/10.1016/j.foodchem.2019.02.057
https://doi.org/10.1016/j.foodchem.2019.02.057
https://doi.org/10.4025/actascibiolsci.v22i0.2829
https://doi.org/10.4025/actascibiolsci.v22i0.2829
https://doi.org/10.1080/10942912.2019.1590399
https://doi.org/10.19084/RCA16058
https://doi.org/10.1371/journal.pone.0102914
https://doi.org/10.1371/journal.pone.0102914
https://doi.org/10.1016/j.foodres.2009.07.012
https://doi.org/10.1007/s00425-017-2790-9

