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Abstract

The traits that provide technological quality to common bean grains exhibit genetic and environmental variation and variation in
the genotype x environment interaction. In this context, the aim of this study was to assess the effect of different periods of the
growing season on the technological quality of common bean grains. The experiment was conducted with 25 bean genotypes
(carioca [beige with brown stripes] and black commercial group) that are part of the Value for Cultivation and Use (Valor de
Cultivo e Uso - VCU) trials in three growing seasons, namely, the 2009/2010 rainy season, the 2010/2071 dry season and the
2010/2011 winter season, in a randomized block experimental design with three replications in which the following items were
assessed: cooking time (CT), water absorption capacity before cooking (Peanc) and after cooking (Peapc), percentage of whole
grains (PWG), total soluble solids in the broth (TSSb), volume expansion before cooking (EXPVbc) and after cooking (EXPVac),
and dry grain density (DD), grain density after maceration (SD) and grain density after cooking (CD). Assessments showed that
the different growing seasons for obtaining grains for the purpose of analysis of technological quality have an effect on the
results and on differentiation among genotypes, indicating genotype x environment interaction. They also showed that the
genotypes C2-1-6-1, C4-8-1-1, LP04-03, IAC-Imperador, P5-4-4-1 and Pr11-6-4-1-2 had the best results in relation to cooking
time in the mean values of the three growing seasons. The use of early selection based on phenotypic correlations that exist
among the technological features is not expressive, due to the variation of magnitude among the different growing seasons.

Key words: Phaseolus vulgaris L, common bean, cooking time, genotype by environment interaction.

Qualidade tecnolégica dos graos de feijoeiro obtidos em diferentes épocas de cultivo

Resumo

Os caracteres que conferem qualidade tecnoldgica aos graos de feijao apresentam variagcao genética, ambiental e da interacdo
gendtipos x ambientes. Nesse contexto, o objetivo do trabalho foi avaliar a influéncia de épocas de cultivo na qualidade tecnolégica
dos graos de feijoeiro. O experimento foi conduzido com 25 genétipos de feijoeiro (grupo comercial carioca e preto) pertencentes
aos ensaios de VCU (Valor de Cultivo e Uso) nas trés épocas de cultivo, correspondendo a época das aguas 2009/2010, da seca
2010/2011 e do inverno 2010/2011, sob delineamento experimental em blocos ao acaso com trés repeticdes, onde avaliaram-
se: tempo de cozimento (TC), capacidade de absorcao de agua antes (Peanc) e apds (Peapc) o cozimento, porcentagem de
grdos inteiros (PGl), sélidos soltveis totais no caldo (SSTc), expansao volumétrica antes (EXPVac) e apds (EXPVpc) o cozimento
e densidade dos graos secos (DS), macerados (DU) e cozidos (DC). As avaliagdes revelaram que as épocas de cultivo dos graos
para andlise de qualidade tecnolégica influenciam nos resultados e na diferenciacdo entre os gendtipos, indicando interacao
gendtipo por ambiente. Também reportaram que os genotipos C2-1-6-1, C4-8-1-1, LP04-03, IAC-Imperador, P5-4-4-1 e Pr11-
6-4-1-2 sobressafram-se em relacdo ao tempo de cozimento na média das trés épocas. O uso de sele¢cdo precoce com base
em correlacdes fenotipicas existentes entre as caracteristicas tecnolégicas ndo é expressivo devido a variacdo de magnitude
entre as diferentes épocas de cultivo.

Palavras-chave: Phaseolus vulgaris L., feijao, tempo de cozimento, interacdo gendtipo por ambiente.
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1. INTRODUCTION

Common bean (Phaseolus vulgaris L), or edible beans
or dry beans, present in the Brazilian diet, is an excellent
food from a nutritional standpoint since it provides essential
nutrients, such as proteins, iron, calcium, vitamins (especially
B complex), carbohydrates, fiber and lysine, which is an
essential amino acid (Mesquita et al., 2007).

In Brazil, in addition to being a crop of great socioeconomic
importance, common bean is an important food, especially
since it is a lower cost source of protein compared to products
of animal origin.

Common bean genetic breeding programs have provided
producers with cultivars with high grain yield, along with
tolerance to pests and diseases, as well as production of grains
of a size, shape, color and sheen acceptable in the market. In
addition, the beans should have desirable cooking features,
such as reduced cooking time, good palatability, soft texture
of the seed coat and the ability to produce a clear, dense
broth after cooking (Mesquita et al., 2007).

As of 1999, according to Portaria 294 (Ministerial
Directive 294) of 14/10/98, testing of technological quality
came to be required at the time of registration of a new
bean cultivar with the National Cultivar Registry (Registro
Nacional de Cultivares - RNC) of the Ministry of Agriculture,
Livestock and Food (Ministério da Agricultura, Pecudria
e Abastecimento - MAPA) for the cultivar to become a
commercial seed product in Brazil (BRASIL, 2001). Currently,
the main parameters related to grain quality and required by
the MAPA directive are determination of cooking time and
the protein content of the genotypes that are included in the
experiments called “Value of Cultivation and Use (VCU).

Determination of the technological quality of the bean
grains involves testing of water absorption before and after
cooking, cooking time, percentage of peel and soluble solids
in the broth, and color of the seed coat and broth. Nutritional
quality testing includes assessments of crude protein, dietary
fiber, mineral and vitamin contents (Bassinello et al., 2003).

In addition to the existence of genetic variability for
cooking time, local growing conditions in effect during plant
and grain development have a direct effect on the results and
on differentiation among genotypes. Various authors have
reported the existence of the genotype and environment
interaction for this characteristic, with differences being
observed in behavior of lines and cultivars in different
locations, crop years and planting times (Carbonell et al.,
2003; Ribeiro et al., 2007; Rodrigues et al., 2004; 2005b).
Bordin et al. (2010), evaluating 22 genotypes of common
bean, observed a variation from 19.5 to 47.5 minutes
(average of 33.3 minutes) in the 2006/2007 crop season,
and from 17.5 to 28 minutes (average of 23.4 minutes) in
the 2007/2008 crop season for cooking time, considering
8 hours of soaking time prior to cooking.

Therefore, the aim of this study was to assess the effect of
different periods of the growing season on the technological
quality of common bean grains.

2. MATERIAL AND METHODS

The common bean genotypes that were part of regional
experiments in the Value for Cultivation and Use (VCU)
trails in the state of Sao Paulo in the 2009/2010/2011 two-
year period were evaluated in regard to the technological
quality of their grains. In this study, a total of 25 genotypes
belonging to the main common bean breeding programs
of the country were evaluated, namely, ten lines from IAC
(carioca [beige with brown stripes] seed coat: C2-1-6-1,
C2-1-6-1-1, C2-3-1-1-2, C4-5-4-1-2, C4-8-1-1, P5-4-3-
1, P5-4-4-1; black seed coat: Pr11-6-4-1-2, Pr11-3-5-1and
Pr14-2-3-2); four lines from EMBRAPA (carioca seed coat:
BRS-Estilo and BRS-Cometa; black seed coat: BRS-Esplendor
and CNFC 10104); three lines from IAPAR (carioca seed
coat: Eldorado, LP-04-03 and LP-05-77); two lines from
EPAGRI (carioca seed coat: CHC97-29; black seed coat:
CHP98-59) and two lines from UFLA (carioca seed coat:
MAII-22 and RP-2). The standard cultivars used for the
carioca commercial group were IAC Alvorada and Pérola,
and for the black commercial group IAC Una and IAC
Diplomata. The trails were set up in accordance with the
guidelines of the National Cultivar Protection Service of
the Ministry of Agriculture (SNPC/MAPA).

The environments and the respective crop seasons used
for conducting the field experiments were Capao Bonito
and Mococa in the 2009 rainy crop season; Avaré, Mococa
and Tatuf in the 2010 dry crop season; Andradina, Espirito
Santo do Pinhal and Votuporanga in the 2010 winter crop
season; Avaré, Capao Bonito and Mococa in the 2010 rainy
crop season; Avaré, Capao Bonito and Mococa in the 2011
dry crop season; and Colina, Ribeirdo Preto and Votuporanga
in the 2011 winter crop season.

The technological quality of the grains was assessed in
a period of up to 60 days after harvest of the genotypes.
Grain samples were first homogenized and classified in
sieves with oblong holes of ¥/ " x %” (5.16x19.05 mm)
and pre-analyzed for removal of grains visibly damaged
from insects or from mechanical processes. After selection,
the grains were stored in domestic use refrigerators with a
stable temperature of 10 °C.

Water absorption capacity before cooking (Peanc),
water absorption capacity after cooking (Peapc) and the
percentage of whole grains (PWG) were determined in
accordance with the modified methods described in the
scientific article of Garcia-Vela and Stanley (1989) and
Plhak et al. (1989). According to the modified method
proposed by these authors, a 30 g sample of bean grains was
placed in a 250 mL beaker with 100 mL of distilled water
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for 16 hours at ambient temperature. After the soaking
period, the water was drained, the grains were weighed and
the water absorption capacity before cooking (Peanc) was
calculated by the formula: [(sw-dw)/dw] x 100, in which
dw = beginning weight of dry grains; sw = grain weight after
maceration. The drained grains were once more placed in
the beaker, with 100 mL of distilled water, and were then
heated for an hour by an electric hot plate, beginning time
count when the water began to boil. The broth was then
drained and water absorption capacity after cooking (Peapc)
was calculated by the formula: [(cw-dw)/dw]x100, in which
dw = beginning weight of dry grains; cw = weight of grains
after cooking. After cooking, the grains were counted and
separated in two groups: whole and partitioned grains.
Then, the percentage of whole grains after cooking was
calculated by the formula PWG (%) = (ng/nwg)x100, in
which ng = total number of grains and nwg = number of
whole grains after cooking.

Mean cooking time (CT) was determined using 30 g of
uniform whole seeds soaked in distilled water for 16 hours
at ambient temperature. After this period, twenty-five grains
were individually placed in the orifices at the base of the
Mattson cooker and the apparatus was placed in a beaker
containing 1000 mL of boiling distilled water. Mean cooking
time was registered in minutes up to the fall of the 13th
plunger, which consists of 50% of the grains perforated by
the rods of the apparatus (Proctor and Watts, 1987).

For determinations of the characteristics related to
volumetric expansion and density of the grains, 10 g of
raw grains were weighed, which were soaked in distilled
water for 16 hours at environmental temperature. After this
period, the water was drained and the grains were weighed.
The grains were then placed in glass jars with screw tops
and 100 mL of boiling water was added and the grains
were cooked in a bain marie for 1 hour. The volume of the
raw, macerated and cooked grains was determined using
the water displacement principle - bean grains were added

Table 1. Values of water absoption capacity before cooking (Peanc) and after cooking (Peapc), cooking time (CT), percentage of whole

grains after cooking (PWG), volumetric expansion before cooking

(EXPVbc) and after cooking (EXPVac), dry/raw grain density (DD),

grain density after soaking (SD) and grain density after cooking (CD) and total soluble solids in the broth (TSSb) of the grains of cultivars/
lines of common bean, grown in the winter season in the 2010/2011 crop years in the state of Sao Paulo

Cultivars and Peanc Peapc cT PWG EXPVbc EXPVac DD SD cD TSSb
Lines (%) (%) (min.) (%) (%) (%) (g-mL) (g-mL) (g-mL) (%)
C2-1-6-1 113.75 147.34 33.39 16.6 58.59 65.93 1.30 1.15* 1.08 12.20
C2-1-6-1-1 108.24 155.14 31.17 80.36% 72.73* 76.92* 1.96* 1.15% 1.09 13.81
C2-3-1-1-2 108.48 146.68 34.57 28.46 66.67 69.23 1.47 1.02 1.08 13.02
C4-5-4-1-2 104.69 148.44 40.35 57.53* 66.67 66.67 1.46 1.02 1.16 12.83
C4-8-1-1 108.44 146.65 32.58 67.95% 68.69 70.94 1.63* 1.06 1.11 11.18
CHC 97-29 101.31 155.18 32.25 3897 74.24* 78.02* 2.00* 1.07 1.07 12.91
CHP 98-59 100.9 147.69 34.34 18.57 66.67 60.00 1.50 1.05 1.36 12.06
CNFC 10104 98.76 141.7 31.51 52.96* 54.55 50.00 1.21 1.21* 1.46* 11.80
BRS-Cometa 101.78 147.62 35.19 65.74* 60.00 60.00 1.51 1.25* 1.36 11.58
Eldorado 104.06 134.19 37.09 35.82 60.40 56.67 1.40 1.17* 1.39% 11.39
BRS-Esplendor 93.86 148.33 36.05 76.25* 81.82* 84.62* 2.05* 1.08 1.11 13.29
BRS-Estilo 105.93 150.12 36.6 4835 53.03 55.84 1.20 1.16* 1.26* 13.28
LP-04-03 108.41 149.6 31.27 43.94 54.55 50.00 1.20 1.12 1.47* 13.96*
LP-05-77 104.98 147.76 36.21 51.56 58.33 64.29 1.21 1.04 1.04 13.89*
MAII-22 111.72 135.59 39.02 51.56 54.55 61.54 1.20 1.13 1.12 11.59
IAC Imperador 102.96 132.36 34.01 64.35* 55.81 58.61 1.20 1.10 1.21* 11.56
P5-4-4-1 105.32 14223 2823 64.87* 63.64 66.67 1.51 1.1 1.20* 13.02
Pr11-3-5-1 105.23 154 32.04 45.45 63.64 66.67 1.51 1.11 1.19% 13.27
Pr11-6-4-1-2  104.67 140.92 29.01 56.56* 72.73* 78.57* 2.01* 114 1.05 11.27
Pr14-2-3-2 102.02 146.66 33.39 16.6 54.55 56.62 118 1.11 1.19 11.96
RP-2 100.02 128.39 37.22 2517 63.64 69.23 1.51 1.10 1.05 14.09*
IAC Alvorada ~ 114.32 161.19 32.14 49.32 54.55 58.33 1.20 1.06 1.11 13.36
Pérola 103.25 150.12 36.08 43.49 63.64 66.67 1.51 1.09 1.15 10.44
IAC Diplomata  109.17 141.76 33.15 38.07 60.61 64.74 1.40 1.09 1.11 11.28
IAC Una 109.02 148.59 32.45 43.44 54.55 50.00 120 1.12 1.36 13.45
Mean 105.25 145.93 34.38 47.28 62.35 64.27 1.50 1.11 1.19 12.50
C.V. (%) 3.85 3.61 4.01 19.98 7.59 23.02 6.92 5.71 0.44 4.44
*LSD 2.85 4.92 2.23 7.13 5.20 5.25 0.05 0.06 0.04 0.51

*Dunnett Test (5%) in relation to the best corresponding control of the black commercial group (P) (IAC-Una or IAC-Diplomata) and of the carioca commercial group (C)
(IAC-Alvorada or Pérola). Values in bold print represent the best control for each commercial group
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Table 2. Values of water absoption capacity before cooking (Peanc) and after cooking (Peapc), cooking time (CT), percentage of whole
grains after cooking (PWG), volumetric expansion before cooking (EXPVbc) and after cooking (EXPVac), dry/raw grain density (DD),
grain density after soaking (SD) and grain density after cooking (CD) and total soluble solids in the broth (TSSb) of the grains of cultivars/
lines of common bean, grown in the dry season in the 2010/2011 crop years in the state of Sio Paulo

Cultivars and  Peanc Peapc cT PWG EXPVbc  EXPVac DD SD (g.mL) cD TSSb
Lines (%) (%) (min.) (%) (%) (%) (g.mL) (g-mL) (%)
C2-1-6-1 106.92*  157.89* 24.13* 41.26 58.84 65.02 1.30 1.10* 1.13* 10.92
C2-1-6-1-1 104.32 137.14 33.25 40.21 66.67 70.00 2.01* 1.06 1.45* 11.02
C2-3-1-1-2 110.12*  159.01* 28.14 39.65 63.64 69.23 1.50 1.07* 1.11 10.21
C4-5-4-1-2 106.94* 141.12 27.32 33.52 50.00 61.54 1.20 1.19* 1.12 11.56
C4-8-1-1 101.14 142.23 27.25 47.12 60.00 69.23 1.49 1.15* 1.12 12.36
CHC 97-29 104.02 144.56 30.16 40.32 63.64 69.23 1.50 1.07* 1.11 10.56
CHP 98-59 107.23 148.78 29.56 59.32* 50.00 61.54 1.20 1.19* 1.12 10.21
CNFC 10104 106.14 151.22* 32.33 4431 53.03 60.47 1.20 1117 1.21* 11.63
BRS-Cometa 100.69 139.54 26.11 54.02 58.33 58.33 118 0.96 1.1 11.25
Eldorado 100.54 140.63 2552 47.88 50.00 44.44 1.17 1.13* 1.54* 10.10
BRS-Esplendor ~ 99.65 149.65 33.25 56.01* 50.00 50.00 1.20 1.19* 1.43* 12.14
BRS-Estilo 101.01 137.52 29.18 52.26 52.78 50.93 118 1.09* 1.36* 11.23
LP-04-03 106.69 141.25 31.02 46.65 63.64 60.00 1.51 1.01 1.44* 13.01
LP-05-77 100.22 154.09* 28.47 38.25 60.00 60.00 1.50 1.02 1.42* 10.16
MAII-22 99.98 140.12 29.33 42.36 66.67 70.00 2.04* 1.19* 1.47* 10.26
IAC Imperador ~ 102.69 144.63 25.12 33.69 63.43 63.33 1.68 1.07* 1.44* 12.01
P5-4-4-1 103.01 142.87 24.36 50.12 54.55 61.54 1.21 1.17* 1.19* 10.21
Pr11-3-5-1 105.12 139.56 28.45 47.89 54.55 64.29 1.20 1.16* 1.08 10.32
Pri1-6-4-1-2 100.24 130.54 30.11 39.56 62.18 68.89 1.30 1.02 1.09 13.25
Pr14-2-3-2 99.96 149.65 31.12 40.18 75.00 80.00 1.98 1.05 1.04 11.54
RP-2 101.56 125.01 26.54 49.65 69.23 71.43 1.51 0.95 1.15 10.99
IAC Alvorada 103.56 146.29 32.01 56.17 66.67 73.33 1.51 1.03 1.06 13.21
Pérola 104.21 142.56 27.14 56.92 70.30 74.92 1.67 1.01 1.08 11.65
IAC Diplomata ~ 105.22 141.12 28.13 40.37 63.03 65.02 1.31 1.03 1.10 11.1
IAC Una 107.85 145.03 30.21 39.16 72.73 78.57 1.96 1.02 1.14 12.54
Mean 103.50 143.40 29.13 35.89 61.81 65.25 1.53 1.07 1.26 11.34
C.V. (%) 3.02 4.06 4.33 15.26 9.13 33.15 7.14 5.41 0.32 3.91
*LSD 2.54 5.23 3.24 5.13 4.82 4.21 0.06 0.04 0.05 0.62

* Dunnett Test (5%) in relation to the best corresponding control of the black commercial group (P) (IAC-Una or IAC-Diplomata) and of the carioca commercial group (C)
(IAC-Alvorada or Pérola). Values in bold print represent the best control for each commercial group

to a graduated cylinder with a 100 mL capacity containing
50 mL of water, and the volume of displaced water was noted.
The technological characteristics of volumetric expansion of
grains before cooking (EXPVbc), volumetric expansion after
cooking (EXPVac), dry grain density (DD), grain density
after soaking (SD) and grain density after cooking (CD)
were calculated using the formulas: EXPVbc =[(vs - vr)/vs] x
100; EXPVac = [(vc —vr)/vc] x 100; DD = dw/vr; SD = sw/
vs; CD = cw/ve; in which vr = volume of water displaced by
raw grains; vs = volume of water displaced by grains after
soaking; vc = volume of water displaced by the grains after
cooking; dw = weight of the dry/raw grains; sw = weight
of the grains after soaking (5).

The quantity of total soluble solids in the cooking broth
(TSSb) was determined based on the method described by
Perina et al. (2010). According to the adapted method, a 10
g sample of common bean grains was soaked in 100 mL of
distilled water for 16 hours. Beakers with the beans were then
heated on a hot plate, using the cooking times previously

established for each line/cultivar in the cooking tests. Then,
the broths obtained from the cooking were filtered and
collected in clean, dry beakers of known weights. The beakers
with the broths were dried in a ventilated laboratory oven at
60 °C and, after complete drying of the broth, the beakers
were once more weighed. The total soluble solids contents
in the broth were determined by the formula TSSb(%)=
[(BW+DR)-(BW)/MS]x100, where BW = beaker weight;
DR = dry residue; DW = dry weight of the grains.

The results obtained were subjected to combined analyses
of variance for each growing period (rainy, dry and winter
seasons) and for the three seasons together (combined
analysis), using the model PROC GLM of ANOVA of
the SAS (Statistical Analysis System) computing program.
The mean values of the genotypes of the black and carioca
commercial group were compared by the Dunnett test at
the 5% significance level with the best control of the black
commercial group (IAC Una and IAC Diplomata) and of
the carioca commercial group (IAC Alvorada e Pérola),
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Table 3. Values of water absoption capacity before cooking (Peanc) and after cooking (Peapc), cooking time (CT), percentage of whole
grains after cooking (PWGQG), volumetric expansion before cooking (EXPVbc) and after cooking (EXPVac), dry/raw grain density (DD),
grain density after soaking (SD) and grain density after cooking (CD) and total soluble solids in the broth (TSSb) of the grains of cultivars/
lines of common bean, grown in the rainy season in the 2009/2010 crop years in the state of Sao Paulo

Cultivars and Peanc Peapc cT PWG
Lines (%) (%) (min.) (%)
C2-1-6-1 107.14*  155.16* 21.15% 32.56
C2-1-6-1-1 108.16* 146.38" 23.227 40.12
C2-3-1-1-2 10854*  151.69* 24.06* 39.16
C4-5-4-1-2 103.12 129.14 2712 60.02
C4-8-1-1 103.05 136.12 26.14* 39.18
CHC 97-29 101.16 140.15 29.30 51.00
CHP 98-59 103.23 139.01 27.49 31.18
CNFC 10104 102.19 134.10 24.56 44.85
BRS-Cometa 100.22 144.44* 25.02* 39.65
Eldorado 101.14 136.12 26.35 54.32
BRS-Esplendor 99.96 125.02 31.14 44.59
BRS-Estilo 105.01 133.00 30.02 81.95”
LP-04-03 104.08 148.01* 22.16" 32.33
LP-05-77 101.12 139.14 29.14 29.18
MAII-22 103.14 149.17* 25.02% 79.14*
IAC Imperador ~ 101.99 133.69 25.41* 60.22
P5-4-4-1 102.43 140.03 27.56 69.99
Pr11-3-5-1 103.56 136.54 30.01 34.74
Pr11-6-4-1-2  104.15 130.98 2312 39.65
Pr14-2-3-2 101.98 131.25 26.54 71.14*
RP-2 103.78 136.74 31.16 48.95
IAC Alvorada ~ 104.15 131.23 28.02 68.13
Pérola 102.05 135.01 29.54 62.02
IAC Diplomata  103.17 138.14 2311 60.07
IAC Una 101.18 140.56 22.03 40.63
Mean 102.54 135.05 26.34 50.19
C.V. (%) 3.02 3.16 2.89 16.18
*LSD 2.92 6.01 2.16 7.25

EXPVbc  EXPVac DD SD D TSSb
(%) (%) gmL)  (gml)  (g.mL) (%)
67.42* 7326  167* 1.1 112 11.02
57.07 65.08 1.21 1.07 1.16 1054
60.61 70.48 1.41* 1.01 114 1012
7043*  77.46*  201* 1.09 112 11.12
54.55 66.67 1.21 118 112 1021
57.07 62.45 1.21 0.93 115 1007
58.33 66.67 120 1.07 1.07 10.56
54.55 64.29 120 1.18 114 12.01*
50.00 64.29 1.21 1.30* 116 11.21
54.29 65.08 120 118 1.12 9.99
60.99 65.02 1.31 0.98 115 10.00
7273* 7857  201* (RN 116 11.14
60.00 7143 1.51* 1.26* 118 1025
6364* 7333  151* 114 1.09 1010
6545*  74.44* 168" 117 115 956
7273*  7500*  2.02* 1.10 1200 1112
7500 7500*  201* 1.01 126* 1032
6490* 7333  1.82* 1.05 1.1 10.65
58.89 65.93 1.30 1.08 112 1214
66.67*  7692*  202* 1.08 116 12.45*
60.00 69.23 1.51 1.00 118 10.12
56.55 66.67 1.20 1.18 1.10 1021
54.55 64.29 120 1.16 1.13 13.01
58.33 64.29 1.21 1.08 1.18 10.56
55.81 65.08 120 1.14 114 11.14
61.22 69.37 1.48 1.11 1.14 10.78
9.19 19.15 5.99 6.13 0.42 2.96
5.23 5.19 0.04 0.06 0.07 0.51

*Dunnett Test (5%) in relation to the best corresponding control of the black commercial group (P) (IAC-Una or IAC-Diplomata) and of the carioca commercial group (C)
(IAC-Alvorada or Pérola). Values in bold print represent the best control for each commercial group

respectively. The Pearson linear correlation coeflicients were
also determined with the aid of the GENES computational
program (Cruz, 20006).

3. RESULTS AND DISCUSSION

The results analyzed showed that in the winter season
(Table 1), the mean value of the percentage of water
absorption by the grains (105.25%) was greater than in
the dry season (103.50%) (Table 2) and in the rainy season
(102.54%) (Table 3); nevertheless, the genotypes grown in
the rainy season exhibited a lower mean cooking time (26.34)
(Table 3) in relation to the mean value of the genotypes
grown in the winter (34.38) (Table 1). Various studies
indicate an inverse association between cooking time and
water absorption (Dalla Corte et al., 2003; Rodrigues et al.,
2005a). Nevertheless, the genotype with the highest water

absorption capacity will not necessarily have the shortest
cooking time, as already reported by Carbonell et al. (2003)
and Durigan et al. (1978).

Based on the results obtained for cooking time, it was
seen that within the common bean genotypes assessed, the
cooking times of the grains from line C2-1-6-1 were the
shortest, 21 and 24 minutes, in the rainy and dry crop seasons,
respectively (Tables 2 and 3). This result is important because
it generates energy savings and reduces the time spent on
bean preparation, given that the search for rapidly prepared
foods and greater practicality is becoming ever greater. In
addition, these results may also play an important role in
the commercial acceptance of a cultivar and its acceptance
in the production chain. Considering the results obtained
in this study, it was seen that the rainy crop season not
only exhibited the shortest mean cooking time (26.34),
but it was also the most suitable season for differentiating
superior genotypes for cooking time. The result obtained
in the study developed by Farinelli and Lemos (2010) to
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Table 4. Values of water absoption capacity before cooking (Peanc) and after cooking (Peapc), cooking time (CT), percentage of whole
grains after cooking (PWG), volumetric expansion before cooking (EXPVbc) and after cooking (EXPVac), dry/raw grain density (DD),
grain density after soaking (SD) and grain density after cooking (CD) and total soluble solids in the broth (TSSb) of the grains of cultivars/
lines of common bean, grown in the 2009/2010/2011 crop years in the state of Sao Paulo

Cultivars and  Peanc Peapc cT PWG EXPVbc  EXPVac DD SD ()] TSSb
Lines (%) (%) (min.) (%) (%) (%) (g-mL) (g-mL) (g.mL) (%)
C2-1-6-1 109.27 153.46* 26.22* 30.14 61.62 68.07 1.42 112 1.11 11.38
C2-1-6-1-1 106.91 146.22 29.21 53.56 65.49 70.67 1.73% 1.09 1.23* 11.79
C2-3-1-1-2 109.05 152.46* 29.32 35.76 63.64 69.65 1.46 1.03 1.11 11.12
C4-5-4-1-2 104.92 139.57 32.00 50.36 62.37 68.56 1.56* 1.10 113 11.84
C4-8-1-1 104.21 141.67 29.06% 51.42 61.08 68.95 1.44 1.13 1.12 11.25
CHC 97-29 102.16 146.63 30.57 43.43 64.98 69.90 1.57* 1.02 1.11 11.16
CHP 98-59 103.79 145.16 30.46 36.36 58.33 62.74 1.30 1.10 1.18 10.94
CNFC 10104 102.36 142.34 29.47 47.37 54.04 58.25 1.20 1.17* 1.27 11.81
BRS-Cometa ~ 100.90 143.87 29.27 53.14 56.11 60.87 1.30 1.17% 1.21 11.35
Eldorado 101.91 136.98 30.05 46.01 54.90 55.40 1.26 1.16* 1.35* 10.49
BRS-Esplendor ~ 97.82 141.00 33.48 58.95 64.27 66.55 1.82* 1.08 1.23* 11.81
BRS-Estilo 103.98 140.21 32.33 60.85 59.51 61.78 1.46 112 1.26* 11.88
LP-04-03 106.39 146.29 28.15% 40.97 59.40 60.48 1.41 1.13 1.36" 12.41
LP-05-77 102.11 147.00 31.27 39.66 60.66 65.87 1.41 1.07 118 11.38
MAII-22 104.95 141.63 31.12 57.69 62.22 68.66 1.64* 1.16 1.25% 10.47
IAC Imperador ~ 102.55 136.89 28.18* 52.75 63.99 65.65 1.63* 1.09 1.28* 11.56
P5-4-4-1 103.59 141.71 27127 61.66 64.40 67.74 1.58* 1.10 1.22* 11.18
Pr11-3-5-1 104.64 143.37 30.17 42.69 61.03 68.10 1.51 1.11 1.13 11.41
Pr11-6-4-1-2  103.02 134.15 27.41% 45.26 64.60 713 1.54* 1.08 1.09 1222
Pr14-2-3-2 101.32 142.52 30.35 42.64 65.41 71.18* 1.73% 1.08 1.13 11.98
RP-2 101.79 130.05 32.04 41.26 64.29 69.96 1.51 1.02 1.13 11.73

IAC Alvorada ~ 107.34 146.24 Sil.122 57.87 59.26 66.11 1.30 1.09 1.09 12.26
Pérola 103.17 142.56 31.32 54.14 62.83 68.63 1.46 1.09 1.12 11.70
IAC Diplomata  105.85 140.34 28.13 46.17 60.66 64.68 1.31 1.07 1.13 10.98
IAC Una 106.02 144.73 2823 41.08 61.03 64.55 1.45 1.09 1.21 12.38
Mean 104.00 142.68 30.21 47.65 61.44 66.17 1.48 1.10 1.19 11.54
C.V. (%) 4.62 5.02 5.48 23.15 11.23 8.59 23.15 6.77 5.93 3.59
*LSD 3.70 4.98 2.32 6.48 5.44 4.60 0.07 0.06 0.08 0.48

*Dunnett Test (5%) in relation to the best corresponding control of the black commercial group (P) (IAC-Una or IAC-Diplomata) and of the carioca commercial group (C)
(IAC-Alvorada or Pérola). Values in bold print represent the best control for each commercial group

assess the behavior of common bean genotypes in regard
to the cooking time of beans produced in different seasons
showed that the common bean grains produced in the 2005
rainy crop season had a greater mean cooking time than
those produced in the 2005 and 2006 dry crop seasons. This
fact may be explained by the possibility of interference of
environmental conditions in the physiological quality and
in change in the integrity of the seed coat, with consequent
changes in regard to water absorption capacity and cooking
time (Carbonell et al., 2003; Dalla Corte et al., 2003; Kigel,
1999; Lemos et al., 2004).

The percentage of whole grains after cooking is another
relevant characteristic to consider in the common bean
industrialization process because genotypes are sought that
exhibit low cooking time and a high percentage of whole
grains. In this characteristic, variability was observed between
the genotypes and the observed environmental effect (Dalla
Corte et al., 2003). The consumer has a tendency to prefer
beans with good consistency of the broth while maintaining

the integrity of the cooked grains (Bassinello et al., 2003).
According to the mean results obtained (Tables 1, 2 and
3), the presence of whole grains varied, from 35.89% to
50.19% to 47.28%. It was also observed that the genotypes
with the lowest percentage of water absorption after cooking
exhibited the greatest percentage of whole grains.

The mean total soluble solids content in the broth in
beans from the rainy crop season was 10.78%, probably
because the cooking time was less and the percentage of
whole grains was high, not allowing the release of soluble
solids to the broth. For the winter crop season, where the
soluble solids content was greater (12.50%), there was
an increase in cooking time, which may have favored the
increase in the TSSb content. For beans from the dry crop
season, cooking time was greater than for beans from the
rainy crop season and the total soluble solids content in
the broth was 11.34%. In general, the total soluble solids
content in the broth was influenced by the cooking time
and by the percentage of whole grains.
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Table 5. Estimates of the Pearson correlation coefficient between the technological characteristics assessed in grains of cultivars and lines of
common bean from trials carried out in the rainy season, dry season and winter season in combined analysis

Pearson Correlation Coefficient - “Rainy”

Peapc PWG cT EXPVbc EXPVac DD SD cb TSSb
Peanc 0.34** -0.18** -0.08 -0.01 0.05 -0.22** 0.32** 0.07 0.03
Peapc -0.65* -0.24** 0.13 0.54* -0.08 -0.08 0.48** -0.13
PWG 0.39** 0.01 -0.21** -0.13 -0.09 -0.20** 0.19**
cT -0.12 -0.16 -0.06 0.24** -0.03 0.57*
EXPVbc 0.73* 0.84* -0.62* 0.16 0.05
EXPVac 0.70* -0.43** -0.25** 0.20**
DD -0.46** -0.13 0.03
SD 0.27** 0.28**
(ab] 0.10
Pearson Correlation Coefficient - “Dry”
Peapc PWG CcT EXPVbc EXPVac DD SD cb TSSb
Peanc 0.43** -0.22** -0.09 -0.02 0.07 -0.27** 0.34** 0.06 0.04
Peapc -0.66* -0.19** 0.09 0.57* -0.04 -0.04 0.41** -0.10
PWG -0.42** 0.03 -0.26** -0.15 -0.08 -0.22** 0.18**
cT -0.11 -0.15 -0.07 0.28** -0.02 0.55*
EXPVbc 0.76* 0.91* -0.61* 0.14 0.04
EXPVac 0.73* -0.46** -0.20** 0.29**
DD -0.41** -0.14 0.05
SD 0.26** 0.26**
cb 0.12
Pearson Correlation Coefficient - “Winter”
Peapc PWG cT EXPVbc EXPVac DD SD cb TSSb
Peanc 0.30** -0.24** -0.06 -0.03 0.05 -0.21** 0.39** 0.10 -0.05
Peapc -0.65* -0.32** 0.10 0.55* -0.06 -0.05 0.44** -0.15
PWG 0.43** 0.02 -0.29** -0.14 -0.07 -0.25** 0.20**
cT -0.14 -0.17 -0.09 0.25** -0.04 0.52*
EXPVbc 0.81* 0.88* -0.69* 0.18** 0.05
XPVpc 0.69* -0.42** -0.25** 0.32**
DD -0.46** -0.13 0.03
SD 0.24** 0.21**
cb 0.09
Pearson Correlation Coefficient - “Combined Analysis”
Peapc PWG cT EXPVbc EXPVac DD SD cb TSSb
Peanc 0.35** 0.26** -0.04 -0.02 0.05 -0.25** 0.36** 0.08 -0.02
Peapc -0.61* -0.25** 0.12 0.51* -0.06 -0.05 0.46** -0.11
PWG 0.40** 0.01 -0.23** -0.11 -0.07 -0.20** 0.21**
cT -0.14 -0.18** -0.06 0.27** -0.02 0.57*
EXPVbc 0.78* 0.90* -0.66* 0.15 0.01
EXPVac 0.71* -0.44** -0.21** 0.30**
DD -0.43** -0.10 0.01
SD 0.25** 0.24**
cb 0.11

**,*: Significant at 1% and at 5% level by the t test. Peanc: Percentage of imbibition before cooking; Peapc: Percentage of imbibition after cooking; PWG: Percentage of whole
grains; CT: Cooking time in minutes; EXPVbe: Volumetric expansion before cooking in g.mL"; EXPVac: Volumetric expansion after cooking in g.mL"'; DD: Dry grain density

in g.mL™"; SD: Grain density after soaking g.mL"'; CD: Grain density after cooking g.mL™"; TSSb: Percentage of total soluble solids in the broth after cooking.

According to combined analysis (Table 4), the mean
values of Peanc showed variation from 97% to 109%, and
the overall mean of water absorption before cooking was
104%. This value indicates that the grains, the lines and
cultivars absorbed, on average, an amount of water equivalent
to their weight. The characteristics of the genotypes with this
differential behavior in water absorption may be associated
with the rigidity of the seed coat, cotyledon adherence,

elasticity, porosity and colloidal properties in water absorption
by the grains (Esteves et al., 2002). Bean grains with high
values of Peanc are recommended for industrial dining halls
and kitchens because they yield more after cooking.

In regard to PWG, the mean value obtained indicates
that more than 50% of the grains broke open during cooking
(Table 4), a result that hurts the cooking quality of the grains
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since consumers and processing industries prefer grains that
do not break up after cooking.

Among the genotypes assessed, cooking time ranged
from 26 to 34 minutes for the combination of the three
growing seasons (Table 4). Considering the scale of Proctor
and Watts (1987), in identifying the level of resistance of the
grains to cooking, it was observed that the values obtained in
the combination of the three growing seasons in relation to
cooking time fit within the definition of normal resistance
(21 to 29 minutes) to beans resistant to cooking (33 to 36
minutes). This variation is due to the genetic differences
present in the genotypes, environmental influence and
genotype by environment interaction (Carbonell et al., 2003;
Dalla Corte et al., 2003). The genotypes C2-1-6-1, C4-8-
1-1, LP04-03, IAC-Imperador, P5-4-4-1 and Pr11-6-4-1-2
stood out, with cooking times less than that of the control
IAC-Alvorada (30.21 minutes) (Table 4). It is expected that
these genotypes will be accepted for consumption since
genotypes with cooking times less than 30 minutes lead to
energy savings and speed in grain preparation.

In relation to the volumetric expansion rate after cooking
(EXPVac), it was found that only the genotype from the
black group Pr14-2-3-2 stood out from the other lines and
cultivars assessed, with a volume increase of 71% (Table 4).
For Resende and Corréa (2007), the volumetric expansion rate
expresses water diffusion within the grains and, according to
Carbonell et al. (2003), volumetric expansion is a desirable
characteristic which has an influence on acceprability of a
new cultivar, which should have high grain expansion after
cooking. Considering that water diffusion in the grain may
be negatively affected by the degree of lignification of the
grain (Teixeira et al., 2005), the results of this characteristic
may be an indication of lower lignin content in the grains
of genotype Pr14-2-3-2.

For the variables DD, SD and CD, the genotypes of the
black commercial group that stood out were BRS-Esplendor,
Pr14-2-3-2 and CNFC10104, respectively. Grain density
after soaking (1.10 g.mL") and grain density after cooking
(1.19 g.mL™") was less when compared to dry grain density
(1.48 g.mL™") (Table 4). The lower density of the soaked and
cooked grains is due to the increase in volume in relation to
the weight when water is absorbed by the grain.

In estimates of the correlation coeflicients among the
variables analyzed, differences were seen in magnitude and
in significance in the three growing seasons and for the
combination of the growing seasons (Table 5). The high
correlation observed among some of the traits assessed
(Table 5) is important because it shows how selection for
one trait affects expression of another. Nevertheless, although
various significant correlations were observed among the traits
assessed (Table 5), due to the low and medium magnitude
of these correlations, genotypes may not be selected based
on them, as desired for purposes of saving time.

4. CONCLUSION

The technological quality of common bean grains is
variable as a function of different growing seasons. The
technological characteristics are affected by the genotype,
environment and genotype by environment interaction.

The genotypes C2-1-6-1, C4-8-1-1, LP04-03, IAC-
Imperador, P5-4-4-1 and Pr11-6-4-1-2 exhibited cooking
time less than that of the control IAC Alvorada in the mean
value of the three growing seasons.

The phenotypic correlations which exist between the
characteristics of technological quality are not very expressive
in selection of genotypes in breeding programs due to
variation of magnitude in the different growing seasons.
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