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ABSTRACT: 4 current alternative for meeting the modern consumer s beans food demands is the industrial processing. This study evaluated
the adaptability of eight Brazilian beans cultivars to industrial canning from commercial class cultivars of Carioca and of Black beans. The
grains were processed in an industry sector using metallic cans with a capacity of 420 g, where the samples were conditioned without previous
hydration. The cooking and sterilization process took place in a rotating autoclave. Quality parameters were evaluated in the canned beans.
As a result, it was verified that, for the Carioca class, the Estilo cultivar differs from the rest of the genetic materials in terms of its low drained
weight, which contributes to the increase in the total solids in the sauce, which have low hardness values. Estilo cultivar is not suitable for the
type of processing used in this experiment. For the Black class, similar quality characteristics were observed between Esplendor and Uirapuru
and between Esteio and Campeiro cultivars, where the latter stands out due to its lower damaged bean indices after processing. Finally, with
the information present in this paper we intend to contribute to future researches on this subject and thereby increase the consumption and
exportation of beans as processed product.

Key words: Phaseolus vulgaris L., canned beans, hydration coefficient, tegument color.

Adaptabilidade de cultivares brasileiras de feijdo ao processamento industrial tipo enlatado

RESUMO: Atualmente uma alternativa alimentar que atende as demandas do consumidor moderno é o processamento industrial do feijdo.
Foi avaliada a adaptabilidade de oito cultivares de feijdo ao processamento industrial. Os grdos foram processados em uma industria do setor,
utilizando-se embalagens metalicas com capacidade de 420 g, nas quais as amostras foram acondicionadas sem o emprego de hidratag¢do
preévia. O processo de cozimento e esterilizagdo foi realizado em autoclave rotativa. No feijdo enlatado foram entdo avaliados os pardmetros
de qualidade. Como resultado, verificou-se que, na classe Carioca, o cultivar BRS Estilo diferencia-se dos demais, devido ao baixo peso
drenado que contribuiu para o aumento de sélidos totais no caldo, com baixos valores de dureza, ndo se adaptando ao tipo de processo
utilizado neste experimento. Na classe Preto, observaram-se caracteristicas de qualidade semelhantes entre BRS Esplendor e IPR Uirapuru,
e entre BRS Esteio e BRS Campeiro, destacando-se esta ultima por apresentar menores indices de grdos danificados apos o processamento.
Por fim, com as informagées presentes neste trabalho pretende-se contribuir com pesquisas futuras sobre o tema e dessa forma incrementar o
consumo do feijdo e sua exporta¢do na forma de produto processado.

Palavras chave: Phaseolus vulgaris L., feijdo enlatado, coeficiente de hidratagdo, cor do tegumento.

INTRODUCTION

Beans stand out in the world stage as
a Fabaceae rich in proteins and of high nutritional
value and are among the most cultivated species
worldwide (OSORIO-DIAZ et al., 2002; SIQUEIRA
et al., 2014). Beans are considered a basic food and

the main vegetable source of protein. In addition, the
common bean Phaseolus vulgaris L. is the world’s
second most produced legume, after the soybean,
followed by the cowpea and the chickpea (SIDDIQ &
UEBERSAX, 2013; SLUPSKI, 2010).

The industrial processing of beans through
canning is acommon practice in many countries where
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there is a consolidated habit for the consumption of
that type of product (WHITE & HOWARD, 2013).
Industrially processed beans present an adequate
nutritional profile and are good sources of protein,
dietary fiber and minerals; have a low-fat content;
and contain bioactive compounds with health benefits
(PEDROSA et al., 2015), such as glycemic control
and the reduced risk for some types of cancer. In
Brazil, beans are traditionally consumed dry for home
cooking, although in recent years, an increase in the
options for processed beans in the market has been
observed. Consumers seek certain characteristics
in processed beans, such as texture, bean integrity,
color and appearance, digestibility, convenience and
energy economy at the time of preparation (MERWE,
OSTHOFF & BLACKRIUS, 2006a).

However, some alterations can be verified
in the quality of beans subjected to industrial
processing for canning due to various factors,
such as differences in the cultivars, cultivation
environment, cultivar X environment interaction
(considered significant for the quality of processed
beans) and the conditions and time of raw material
storage ( SCHOENINGER et al.,, 2017; CICHY
et al., 2014; MENDOZA et al., 2014; WRIGHT &
KELLY, 2011; POSA-MACALINCAG et al., 2002;
LANGE, 1999; WALTERS et al., 1997; HOSFIELD
et al., 1984). The raw material selection is also
often viewed as problematic since many companies
perform their selection using simple visual analysis
by a trained group that evaluates a limited number
of quality parameters, such as hydration capacity,
drained weight (DW), grain size and damage index.
Other matters related to texture and coloration are
ultimately not verified, and the product often does not
achieve market acceptance (MERWE, OSTHOFF &
BLACKRIUS, 2006a).

Research in Brazil regarding the industrial
processing for canning of the species Phaseolus
vulgaris L. is currently scarce because local
consumers are not in the habit of using this type of
product (FERNANDES, 2012; WANDER et al.,
2006). Nonetheless, some studies can be found in this
country related to the processing of the species Vigna
unguiculata (L.) Walp, which is highly accepted by
consumers in many Brazilian regions (BENEVIDES
et al., 2013; LIMA et al., 2003).The industrialization
of foods is a way to guarantee a rational and regular
supply for consumers (GAVA, 2008). Therefore,
industrial processing is an interesting alternative for
the bean market. Providing information and solutions
for the bean transformation industry and offering
indications for improvement programs is currently

becoming a necessity. A successful bean variety does
not entail only high yields in the fields but must present
value throughout the production chain (KHANAL et
al., 2014). The ideal genotype must display superior
agronomical performance and should sustain an
acceptable quality level for canning, regardless of the
cultivation locale. Based on the above introduction,
the goal of this study is to evaluate quality parameters
in eight Brazilian beans cultivars subjected to
industrial processing for canning.

MATERIALS AND METHODS

Common beans (Phaseolus vulgaris L.)
recently harvested from different cultivars of the
Carioca and Black commercial classes were used
in this study. These beans were produced in the
experimental area of Embrapa Arroz e Feijdo, in
Santo Antonio de Goias — GO, Brazil. The Carioca
class cultivars evaluated were BRS Perola, BRS
Estilo, BRS Ametista and BRS Notavel, whereas
the Black class cultivars were IPR Uirapuru,
BRS Campeiro, BRS Esteio and BRS Esplendor.
According to some processing plants in the country,
the BRS Pérola and IPR Uirapuru cultivars are
considered the best adapted to industrial processing
for canning in the country.

The industrial processing took place in the
facilities of the company Conservas Oderich, in the
municipality of Sdo Sebastido do Cai — RS - Brazil. In
the facilities, the beans were washed with water and
manually drained. Immediately afterward, between
126 and 130 g of each product was placed in a tin
can with a capacity of 420 g (73 mm in diameter and
110 mm in height). Then, the tin cans were filled with
water at a temperature of 75 °C, leaving a headspace
of 3 to 5 mm. The cans were automatically closed and
sealed; cooking and sterilization of the product was
then performed in a rotating autoclave (Ferlo®) with
a frequency of 11 Hz, using pressurized water at a
temperature of 120 °C and a pressure of 1.2 kg for
heating. The total time for this stage was 120 min,
in which 19 min was dedicated to heating, 35 min
was dedicated to cooking, and 66 min was dedicated
to gradual cooling of the product inside the machine.

After processing, the samples were
transported to the laboratory and kept at room
conditions for a period of two weeks to guarantee the
stabilization and equilibration of the sauce. Next, the
samples were characterized according to the quality
parameters of canned beans.

First, the raw weight (RW), liquid weight
and DWs were measured (in grams), the latter being
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verified according to with MERWE, OSTHOFF &
BLACKRIUS (2006a).The headspace in the can
was measured (mm) with the aid of a digital caliper.
A 100 g sample of the processed product (beans and
sauce) was subjected to visual evaluation to identify
its appearance and any damage. The weight of the
broken, damaged and/or cracked beans was measured
for a damage index calculation (%) for the process.
The final product color parameters were obtained by
placing a 50 g product sample (beans and sauce) in a
Petri dish, followed by a colorimeter reading. For this
was used a colorimeter (Konica Minolta ® CR410)
with a 50-mm aperture, whose system considers the
coordinates L*, a" and b" (CIELAB), responsible for
luminosity and levels of red-green and blue-yellow,
respectively. The device was previously calibrated on
a ceramic plate according to the standards established
by the manufacturer (Y = 85.8; x = 0.3195; y =
0.3369), using the D65 illuminant, which represented
average daylight. The readings were taken in triplicate
for each of the studied cultivars. The hue angle
parameters (H*) and chroma (C") of the beans were
determined using equations 1 and 2, respectively:

H*:tan"l[b:] (1)
d

C*=/(a*) +(B*Y (@)
where

H" = hue angle or chromatic tonality
a" = green-red component
b*= blue-yellow component
C" = chroma.

The soluble solids concentration (SS)
(%) was determined for the processed bean sauce by
direct reading (in °Brix) with an Abbe-type bench
refractometer. The total solids concentration (TS) (%)
of the sauce was determined using a 10-mL sample
of drained sauce, dried in an oven at a temperature of
80 °C for 24 h (MATELLA, MISHRA & DOLAN,
2013). The pH parameters were also evaluated by
direct reading; acidity (%) was measured by titration
with 0.01 M NaOH (AOAC, 2000). The processed
product texture was determined in a texture meter
(TA.XT Plus, Stable Micro Systems®) using 25 beans,
which were individually analyzed, dried with paper
towels, placed on the meter platform and compressed
to 90% of their initial height using a 50 kg load cell.
The maximum compression force (N. grain’!) was
used as an indicator of the hardness of the canned
beans (GHASEMLOU et al., 2013).

The experiment was repeated three times,
and the data were verified in terms of normality
(Shapiro-Wilk test) and equality of variances (Bartlett

test) at a level of 5% of significance. The variance
analysis F test was used (ANOVA) to compare the
cultivars of both classes, Carioca and Black, with a
Tukey average comparison test at a 5% significance
level. A Box-Cox transformation was used for the
data that did not meet the normality and variance
equality criteria; however, when that transformation
was inefficient, the Kruskal-Wallis test was used to
compare the cultivars.

RESULTS AND DISCUSSION

Table 1 presents the average values of
the quality parameters for canned beans, evaluated
for Brazilian cultivars of the commercial classes
Carioca and Black. For the RW and net weight
(NW), significant differences were found between
the averages of Carioca class cultivars, with a RW
variation between 473.90 and 490.65 g and an NW
variation between 412.12 and 429.56 g for the
cultivars BRS Estilo and BRS Notavel, respectively.
In the Black class, the RW was highest for BRS Esteio
(497.40), followed by BRS Campeiro (497.34), with
statistically equal values between them, and different
from the averages of the other cultivars. The NW
varied between 417.01 and 437.58; NW values were
statistically equal for BRS Campeiro and BRS Esteio
and for IPR Uirapuru and BRS Esplendor (p<0.05).
The drained weight (DW) varied between 304.42 g and
363.90 g in the Carioca class for BRS Estilo and BRS
Ametista, with statistically equal averages between BRS
Ametista, BRS Pérola and BRS Notavel, with the latter
value being equal to that for BRS Estilo, at a significance
level of 5%. The percentile drained weight (PDW), i.e.,
the ratio between DW and NW of the canned beans,
varied between 73.89 and 88.29%, with statistically
equal averages for the cultivars BRS Ametista (88.25%)
and BRS Pérola (85.29%). For the Black class, the
BRS Esplendor cultivar had the highest DW (357.20),
which also implied a greater value for the PDW
(84.62%). The other cultivars presented statistically
equal DW averages. BALASUBRAMANIAN et al.,
(2000) found that the PDW was lowest for black
beans (61.90%), followed by Pinto beans (63.80%),
and was highest for Navy beans (67.70%). MERWE,
OSTHOFF & BLACKRIUS (2006a) and MERWE,
OSTHOFF & BLACKRIUS (2006b) measured PDW
variations from 68.83 to 78.80% when evaluating
four bean cultivars originating from nine production
locales, lower values than those obtained in this work.
Indeed, according to those authors, the minimum DW
percentage for canned beans must be 60%; thus, the
cultivars of both classes displayed acceptable values.
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Table 1 - Average physical quality values for canned beans: RW: raw weight (g); NW: net weight (g); DW: drained weight (g); PDW:
percentile drained weight (%); H: headspace (mm), color parameters L', a*, b", C and H; damage index (%); texture (N.grain™);
SS: soluble solids (°Brix); TS: total solids (%); pH and acidity, for cultivars of the commercial classes Carioca (BRS Ametista,
BRS Notdvel, BRS Pérola and BRS Estilo) and Black (BRS Campeiro, BRS Esteio, BRS Esplendor and IPR Uirapuru.

Parameters Commercial class Carioca: CV(%) p-valor
BRS Estilo BRS Notavel BRS Pérola BRS Ametista
RW (g) 473.90 +7.41° 490.65 + 2.56" 485.98 + 4.53% 476.38 £2.99° 1.71 0.0079
NW (g) 412.12 +£10.48° 429.56 + 4.03* 421.27 +£3.93% 412.41 +5.09° 223 0.0313
DW (g) 304.42 + 8.70° 334,05+ 18.01% 359.28 + 11.80° 363.90 + 9.85° 7.92 0.015
PDW (%) 73.89 £2.47° 77.79 £ 4.85% 85.29 +3.14° 88.25 +2.93° 8.22 0.0034
H (mm) 9.44 +£2.13° 3.33+0.96° 498+1.17° 418 +1.35° 48.08 0.006
L 47.76 £0.13° 45.98 +0.39° 46.08 + 0.74" 4623+ 1.11° 2.07 0.096
a’ 8.21+0.25 9.35+0.11° 8.84 +0.39% 8.89 +0.22° 5.42 0.004
b 9.65+0.70° 10.33+0.24° 10.68 + 0.46* 10.38 +0.52 5.73 0.1638
C 12.67+0.68" 13.94+0.25° 13.87 £ 0.59° 13.69 £0.46" 5.16 0.059
H 49.57£1.21° 47.85+0.35° 50.41£0.31° 4933 £1.19° 248 0.1031"
Damage index (%) 97.74 + 1.64°* 96.46 + 1.22° 95.60 + 3.79* 92.78 +3.13* 3.09 0.2137
Text (N.grain™) 0.60 + 0.22° 0.75 + 0.20° 0.66 + 0.24° 0.70 +£0.15° 31.23 0.095
SS (°Brix) 9.60 + 0.53° 10.17 +0.15° 11.83 +0.29° 10.83 £0.29° 8.63 0.000
TS (%) 16.94 + 3.88* 11.90 +0.24° 12.45 +0.09% 13.23 +0.45% 15.18 0.015™
pH 6.33+0.08 6.20 +0.02 6.34+0.03 6.40+0.16 1.72 0.1086
Acidity (%) 0.31+0.04° 0.26+0.01® 0.20+0.01° 0.26 £ 0.03® 18.82 0.0067
Parameters Commercial class Black CV(%) p-valor
BRS Esplendor BRS Campeiro BRS Esteio IPR Uirapuru
RW (g) 486.13+4.90" 497 3445 .44 497 .40+5.65 481.21+5.99° 1.01 0.015
NW (g) 422.10 £0.96° 437.58 +5.02° 437.17 £5.74° 417.01 +7.33° 2.54 0.027
DW (g) 357.2+10.28° 332.22 £9.85° 329.81 +£2.47° 336.80+4.23° 3.83 0.0079
PDW (%) 84.62+2.26 75.92 +1.63° 7545+ 147 80.77 = 0.40° 525 0.000
H (mm) 741+ 1.80° 439+091° 5.04 +1.59® 7.20 + 1.44% 28.16 0.027
L 36.67 +0.35° 38.76 + 0.63" 39.05 +0.58" 36.15+0.61° 3.71 0.044
a’ 3.48 +£0.13° 4.15+0.23° 433 +0.16% 493 +0.39* 13.36 0.004
b 1.87 +0.24° 2.05 +0.34° 2.85+0.12° 2.97+0.29° 23.16 0.164
C 3.95+0.22° 4.63 £0.36" 5.18 +0.20® 5.76 + 0.48" 15.41 0.059
H 28.13 £2.32% 26.09 +2.71° 33.32+0.32° 31.03 + 0.49® 11.56 0.041
Damage index (%) 81.71 +3.42° 31.98 +3.67°¢ 85.25 +2.39° 97.05+1.21° 30.47 0.000
Text (N.grain™) 0.69 +0.16° 0.93+0.13° 1.22+0.32° 0.64 +0.15° 36 0.000
SS (°Brix) 10.27 + 0.46° 9.10 +0.10° 10.17 + 0.29* 10.10 + 0.10° 5.52 0.000
ST (%) 13.27 + 0.80° 10.74 +0.24° 11.66 + 0.18% 13.23 + 1.40° 10.94 0.023
pH 6.29 + 0.04 6.22 +0.00 6.24+0.03 6.28 + 0.06 0.71 0.135
Acidity (%) 0.27 +0.02 0.27 +0.03 0.27 + 0.04 0.29+ 0.05 12.02 0.775

Notes: Values are expressed as the mean values + standard deviations. CV = overall coefficient of variation. Averages on rows with
different superimposed letters correspond to significantly different values, at a significance level of 5%, according to the Tukey and

Kruskal-Wallis tests (*).

According to WHITE & HOWARD
(2013) and MATELLA, MISHRA & DOLAN (2013),
the parameters RW, NW and DW are important
for maintaining the industrial quality standards for
processed beans. The PDW is a quality parameter used
for determining the precise hydration of the beans and

the adequate proportion of sauce to be used in the process
and is also associated with the industrial productivity
(WALTERS et al., 1997).

According to KHANAL et al., (2014)
low DW values may indicate excessive solid losses
during processing and an increase in the agglutination
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degree of the product at the top of the packaging
after processing and during storage. This effect is
undesirable with low economic impact and could
lead to the rejection of the cultivar by the processing
industry since the high agglomeration degree of the
product is viewed as a negative characteristic. The
low PDW wvalues displayed by BRS Estilo in the
Carioca class and BRS Campeiro and BRS Esteio in
the Black class indicate that this agglutination effect
could occur in the product.

The average headspaces (H) for the
Carioca class cultivars were significantly different,
with variations between 3.33 and 9.44 mm for BRS
Notavel and BRS Estilo, respectively. The BRS Notavel,
BRS Ametista and BRS Pérola cultivars displayed
statistically equal averages (p<0.05), except for BRS
Estilo, which had the highest value of H. Significant
differences in H (p<0.05) occurred in the Black class,
with the lowest value of 4.39 mm for BRS Campeiro and
the highest value of 7.41 mm for BRS Esplendor. For
the color components of canned Carioca beans (Table
1), no significant differences in luminosity (L") were
detected between the four cultivars after processing (p
> (.05). The a" component displayed the highest value
for BRS Notavel (9.35) and the lowest value for BRS
Estilo (8.21), with these two values being statistically
significant. Therefore, the red color is predominant in
the compositions of both evaluated cultivars, in greater
measure for BRS Notavel (MENDOZA, et al., 2006),
with an increase of the a” component value for the
processed beans compared to the raw material. The other
color parameters, including the b* component (blue —
yellow), hue angle (H") (Kruskal-Wallis p = 0.1031)
and chroma (C"), did not present any significant
differences between the four cultivars of the Carioca
class. However, the b" color component presented by
the beans decreased with processing, as observed in
the comparison of the means of the processed beans
and those of the raw product. According to GUZEL
& SAYAR (2013), various factors can alter the bean
color during processing, the most common of which
are degradation of the pigments, darkening reactions,
ascorbic acid oxidation, acidity, and the presence of
heavy metals. Therefore, the decrease in the values of
the components L* and b and the increase in a* can be
explained by the occurrence of pigment degradation
during the industrial process employed.

In the Black class, the bean luminosity
varied between 36.15 and 39.05 for IPR Uirapuru
and BRS Esteio, respectively; these values were
significantly different (p<0.05). The component
a* presented the lowest value for BRS Esplendor
(3.48) and the highest for IPR Uirapuru (4.93).

The b* color component was statistically equal for
IPR Uirapuru (2.97) and BRS Esteio (2.85), which
presented the largest averages. BRS Campeiro and
BRS Esplendor displayed lower averages for the
blue-yellow light component, these numbers being
were statistically equal. The chroma of the Black class
beans (Table 1) presented values between 3.95 (BRS
Esplendor) and 5.76 (IPR Uirapuru). Thus, the color
perception intensity was largest for the IPR Uirapuru
cultivar samples. For the hue angle (H"), values between
26.08° (BRS Campeiro) and 33.32° (BRS Esteio) were
found, with significant differences (p<0.05) between the
cultivars. Canned bean hue is an important quality factor
for consumers and can influence the market potential
for the product (KHANAL et al., 2014). The damage
index for Carioca class cultivars varied between
92.78% for BRS Ametista and 97.74% for BRS
Estilo (Table 1), without any statistically significant
differences (p=0.2137). GUZEL & SAYAR (2012)
upon evaluating the processing of white Kidney
beans and Cranberry beans (beige-colored bean with
red stripes), also found high damage indices in the
beans after processing. In the Black class, the BRS
Campeiro cultivar stood out because it presented the
lowest bean damage index after industrial processing
(31.98%). The IPR Uirapuru cultivar showed the
highest average for the amount of product damaged,
which was 97.05% and significantly different from
the others; BRS Esteio (85.25%) and BRS Esplendor
(81.71%) were statistically equal (p<0.05). Figure
1 shows the appearance of the beans from all eight
cultivars of the Black and Carioca classes after the
industrial canning process.

BRS Notavel in the Carioca class and
BRS Campeiro in the Black class presented the best
appearance regarding grain integrity of the processed
products. Damages were observed in these samples,
although they appeared as only small tegument
cracks and not as exploded grains, as in the case of
the cultivars BRS Estilo and IPR Uirapuru. The high
indices of structural defects in bean-based products
such as canned beans are a problem for the industry
since consumers prefer intact beans with a low
incidence of structural defects. These tegument rupture
defects generally occur in the hilum and micropyle
of the bean structures (MERWE, OSTHOFF &
BLACKRIUS, 2006a; AZARPAZHOOH & BOYE,
2013). Thus, damages in this region of the bean could
be observed, especially in the samples of BRS Estilo,
BRS Ametista and BRS Esteio cultivars. In the BRS
Estilo cultivar, a high degree of rupture was observed
due to grain explosion, with tegument detachment
and dissolution of the bean contents into the sauce
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(Figure 1). For MERWE, OSTHOFF & BLACKRIUS
(20064), it is important for the visual appearance of
the processed, canned beans that husk detachment
does not occur; the beans must be individually
visible, with a shiny quality, and uniform in color
and size. Indeed, according to those same authors,
product agglomeration caused by starch leaching
and dispersion of the cotyledon, followed by the
increase in the sauce viscosity, are also undesirable
characteristics of the final product.

It was also possible to measure the differences
in color presented by the components L*, a", b", C* and H*
(Table 1 and Figure 1). These differences were observed
to be small for the Carioca class cultivars. For the
Black class beans, the BRS Esteio stood out from the
rest by presenting greater luminosity and coloration,
with a dark brown hue. The BRS Esplendor presented
a sauce with a shiny aspect that was well distributed
around the grains. The bean coloration is influenced
by the anthocyanin content in the grain tegument;
thus, the final product color may present variations
due to the concentrations of these compounds in
the raw material. When the color parameter values
of the raw material and of the processed bean are
compared, increases were observed in the values of
the components a” and b* for the Black class beans. This
finding indicates that the samples turned redder and

yellower and became less green and blue, in the a*
and b" scales, respectively, indicating the occurrence
of anthocyanin leaching (WHITE & HOWARD,
2013; CICHY, K. A. et al., 2014).

Black beans stood out from the other
types by presenting high anthocyanin concentrations
in the tegument, including delphinidin-3-glucoside,
petudinine-3-glucoside  and  malvidn-3-glucoside,
together with phenolic compounds with antioxidant
capabilities; these components are related to health
benefits (MENDOZA et al, 2014). According to CICHY
et al. (2014), processors consider a Black class bean to
be of good quality when it retains its coloration after
canning, since many cultivars have a tendency toward
changing color, appearing as a product of brown and
grayish aspect resulting from the excessive leaching of
anthocyanin during the industrial process. According to
WRIGHT & KELLY (2011), good color retention for
the canned bean can also improve its nutritional value,
in addition to contributing to the product appearance.

The texture, measured as the average
hardness of the bean, quantifies the softness or
firmness of the product after processing and is
another determinant factor for the palatability of the
canned product (KHANAL et al, 2014; MENDOZA
etal.,2017). For Carioca class cultivars, the hardness
varied between 0.60 and 0.75 N.grain! (Table 1),

Figure 1 - Appearance of beans from the different cultivars belonging to the commercial classes Carioca and
Black after the industrial canning process (SCHOENINGER et al, 2017).!

IThe figure was previously published in a review article by the main author of this paper, in this same Journal.
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without a significant difference between the cultivars
(p=0.085). However, in the Black class, there were
differences, with the lowest value presented by IPR
Uirapuru (0.64 N.grain') and the highest attributed
to the BRS Esteio cultivar (1.22 N. grain™'). Thus,
a greater softness was observed for processed beans
of the Carioca commercial class. GUZEL & SAYAR
(2012) verified average hardness values of 0.80 N.
grain! for white Kidney beans and 1.8 N.grain™!
for Cranberry beans. BALASUBRAMANIAN
et al., (2000) asserts that the hardness of Black
class beans is higher than those of classes such as
Navy and Pinto.

The SS degree in the sauce varied between
9.60 and 11.83 °Brix for BRS Estilo and BRS Pérola,
respectively, with a statistically significant difference
between the cultivars of the Carioca class. For Black
class cultivars, BRS Campeiro presented the lowest
mean value for SS (9.10 °Brix), being different
from those displayed by the other cultivars, which
were statistically equal. GUZEL & SAYAR (2012)
found values that varied between 8.7 and 14.5 °Brix
for processed bean samples. Indeed, according to
those same authors, these parameters can depend on
the water content in the material, the type of grain
and whether there is an occurrence of physical or
chemical defects in the product, such as hard-to-
cook (HTC) beans. The TS index in the processed
bean sauce was lowest for BRS Notdvel (11.90%)
and highest for BRS Estilo (16.94%) (Table 1), with
a significant difference between the studied samples
(Kruskal-Wallis p = 0. 015). In the Black class, the
lowest mean value was observed for BRS Campeiro
(10.74%), and the highest was observed for BRS
Esplendor (13.27%), with a difference between the
cultivars (p<0.05).

There were no significant differences for
the product pH parameter (p>0.05) in the samples
of both evaluated bean classes, with values varying
between 6.20 and 6.40 in the Carioca class and
between 6.22 to 6.29 for Black class beans. According
to MERWE, OSTHOFF & BLACKRIUS (2006a) and
MERWE; OSTHOFF & PRETORIUS (2008), the pH
is an important parameter for canned bean quality
and can vary depending on the ingredients used
in the sauce, which, if reduced, might interfere in
reactions such as protein and starch hydrolysis.
However, it is worthwhile mentioning that no
additives were used in the present study; thus, the
differences inherent to the pH were a function of the
chemical composition of the beans. No statistically
significant differences were found for the acidity for
the Black class product, with variations between 0.27

and 0.29%. In the Carioca class, the lowest average
acidity was observed for BRS Pérola (0.20%) and the
highest for BRS Estilo (0.31%).

CONCLUSION

For the Carioca class, it was verified that
the BRS Estilo cultivar stands out due to its low
DW, which increased the TS index in its sauce, in
addition to low resistance with accentuated softness
of the processed grain and higher damage index in
the tegument. Therefore, this cultivar should not
be indicated for the type of industrial processing
used in this investigation. For beans of the Black
commercial class, similar characteristics were
observed for the BRS Esplendor and IPR Uirapuru
and for the BRS Campeiro and BRS Esteio cultivars,
especially due to the texture parameters RW and
NW. BRS Campeiro stood out for presenting lower
cracked and exploded grain indices, which also
reduced the TS index in the product sauce. These
cultivars will be able to be used by foreign industries
in the processing of beans too.

We suggest that the cultivars evaluated
in this experiment can be employed and evaluated
for different processing protocols, where operations
different than those of this investigation are used, such
as hydration and bleaching of the grains procedures
that are employed in some processing plants in
Brazil. The obtained results contribute to orienting
new research on the topic of canned beans in Brazil,
where product chemical and sensorial attributes may
be elucidated, in addition to providing information
to the processing and importing industries and for
genetic improvement programs.
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