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CHEMICAL, GRANULOMETRIC AND TECHNOLOGICAL CHARACTERISTICS
OF WHOLE FLOURS FROM COMMERCIAL CULTIVARS OF COWPEA'
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ABSTRACT - Flour production through milling is an alternative for the cowpea processing, when the aim is
to obtain a product with higher added value. The objective of this work was to determine the chemical
composition, the granulometry, and evaluate the microbiological characteristics of whole-bean flours from five
cowpea cultivars (BRS Cauamé, BRS Guariba, BRS Xiquexique, BRS Novaera and BRS Itaim). Cowpea beans
were dried in a oven (Fanem, 320-SE) at 50 °C for 6 hours, milled in a cyclone-type rotor mill (Tecnal, TE-
651/2) and, subsequently, in a pulverizer-type semi-industrial mill (Fritsch, Pulverisette 14) to obtain the flour.
The flour centesimal composition, total energetic value, mineral content, granulometry, microbiological
characteristics, and technological properties—flour water absorption and solubility in water—were analyzed.
All analyzes were performed in triplicate and the results expressed in mean + standard deviation. The means
were compared by the Scott-Knott test (p < 0.05). The flour centesimal composition presented (g per 100 g of
flour): 7.13 to 10.33 of moisture, 2.06 to 3.65 of ashes, 1.53 g to 2.90 of lipids, 21.73 to 25.77 of proteins, and
58.08 to 64.02 of carbohydrate. The flours had on average 359.04 Kcal (100 g) and presented high iron, zinc,
copper, manganese, phosphorus and magnesium contents. The whole-bean flours from the cultivars BRS
Cauamé and BRS Xiquexique are sources of calcium. Regarding the microbiological characteristics, all flours
are innocuous. The water absorption index were within 1.77 and 2.20 g g and the water solubility index within
17 and 23%. All whole-bean flours had good nutritional, technological and microbiological characteristics, and
thus potential for use in bakery products.
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CARACTERIZACAO QUIMICA, GRANULOMETRICA E TECNOLOGICA DE FARINHAS
INTEGRAIS DE CULTIVARES COMERCIAIS DE FEIJAO-CAUPI

RESUMO - A produgdo de farinha por meio da moagem ¢é uma alternativa para o processamento do feijéo-
caupi, na busca de um produto com maior valor agregado. Objetivou-se determinar a composi¢do quimica, a
granulometria e avaliar microbiologicamente farinhas integrais de cinco cultivares (BRS Cauamé, BRS
Guariba, BRS Xiquexique, BRS Novaera e BRS Itaim) comerciais de feijdo-caupi. Para a obtencdo das farinhas
procedeu-se a secagem dos grios em estufa (marca Fanem, modelo 320-SE) a 50 °C, por 6 horas; com posterior
moagem, primeiramente em moinho de facas tipo ciclone (marca Tecnal, modelo TE-651/2) e posteriormente,
em moinho semi-industrial tipo pulverizador (marca Fritsch, modelo Pulverisette 14). Analisaram-se a
composi¢ao centesimal, o valor energético total, o conteido mineral, a granulometria, as caracteristicas
microbioldgicas, e as tecnologicas quanto a absorc¢do e solubilidade em agua das farinhas. As analises foram
realizadas em triplicata e os resultados expressos em média + desvio padrao. As médias foram comparadas pelo
teste de Scott-Knott (p<0,05). Os valores encontrados para composi¢ao centesimal foram: umidade entre 7,13 a
10,33 g/100g; cinzas de 2,06 a 3,65 g/100g; lipidios variaram de 1,53 g a 2,90 g/100g; proteinas entre 21,73 a
25,77 g/100g e o contetido de carboidratos variou de 58,08 a 64,02 g/100g. As farinhas ofertaram em média
359,04 Kcal/100g e apresentaram elevado teor de ferro, zinco, cobre, manganés, fésforo e magnésio, sendo as
das cultivares BRS Cauamé e BRS Xiquexique fontes de calcio. Sob o aspecto microbioldgico as farinhas
apresentaram-se inocuas. Os valores de IAA variaram de 1,77 a 2,20 g/g e ISA de 17 a 23%. Concluiu-se que
todas as farinhas apresentaram bom perfil nutritivo, tecnologico e microbioldgico, apresentando, portanto
potencial para utilizagdo no desenvolvimento de produtos de panificagao.

Palavras-chave: Vigna unguiculata. Farinha de feijao-caupi. Composi¢do quimica.
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INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) is
one of the main crops in the Northeast region of
Brazil, especially in the states of Ceara and Piaui,
where it is the main subsistence crop for rural
populations, an important component of the
population's diet, and an important generator of
employment and income (MOUSINHO; ANDRADE
JUNIOR; FRIZZONE, 2008).

Several cowpea cultivars have been
developed through classical genetic improvement.
The development of the first cultivars in Brazil
sought to increase grain yield, subsequently,
resistance to diseases, and, currently, it has been
focused in grain nutritional quality and plant
architecture (FREIRE FILHO et al., 2005).

The flour production by milling is an
alternative for the cowpea processing (GOMES;
REIS; SILVA, 2012). Cowpea flour can be
introduced to the diet of people of different age, by
improving several food products, such as baked
products, cookies and pasta, raising their protein
quality (FROTA et al., 2010).

Considering the cowpea high nutritive value,
low production cost and the use of its flour is
processed foods, partially substituting wheat flour,
the objective of this work was to determine the
chemical composition and granulometry, and
evaluate the microbiological characteristics of
whole-bean flours from five cowpea cultivars and
their potential for use in bakery products.

MATERIAL AND METHODS

Five cowpea commercial cultivars were
evaluated: BRS Cauamé, BRS Guariba, BRS
Xiquexique, BRS Novaera and BRS Itaim. These
cultivars were from the Embrapa Mid-North, in
Teresina in the state of Piaui, Brazil (05°05'S,
42°48'W and 72 m altitude; hot sub-humid tropical
climate). The grains used were from the lot of
December 2012.

The whole-bean flour processing and
chemical and microbiological analyzes were
performed in the Laboratory of Bromatology and
Food Biochemistry of the Federal University of
Piaui, Laboratory of Bromatology of the Embrapa
Mid-North, and Laboratory of Food Microbiology of
the Federal University of Ceara. This study was
carried out from May 2013 to March 2014.

The bean flour processing consisted of drying
the grains in a forced air circulation oven (Fanem,
320-SE) at 50 °C for 6 hours, and milled them in a
cyclone-type rotor mill (Tecnal, TE-651/2) and
subsequently in a pulverizer-type semi-industrial
mill  (Fritsch, Pulverisette 14). The flour
granulometry was similar to that of wheat flour,

according to the methodology described by Frota et
al. (2010). The flours were packed in polyethylene
packages and stored at -18 °C until chemical
analyzes. The flour samples used for the
microbiological analyzes were kept at room
temperature to avoid freezing affecting the results.

The moisture was determined by gravimetry
in an oven at 105 °C. The ash contents were
determined by incineration in a muffle at 550 °C.
The lipid fraction was determined by extraction with
hexane p.a. solvent in a Soxhlet intermittent
extractor. Protein analyzes were based on nitrogen
determination by the Kjeldahl method, using the
conversion factor 6.25. Carbohydrate contents were
determined by difference between the other
constituents and the centesimal composition. The
centesimal composition analyzes were carried out in
triplicate, according to the Horwitz and Latimer Jr.
(2011) methodology.

The energy value was calculated according
to Watt and Merril (1963), using Atwater conversion

factors (carbohydrates = 4.0, lipids = 9.0,
proteins = 4.0).
Phosphorus content was determined by

colorimetry, according to the method described by
Silva and Queiroz (2002). Other minerals—iron,
zinc, copper, manganese, calcium and magnesium—
was determined by flame atomic absorption
spectrophotometry (SILVA, 1981).

The flour granulometry was determined with
a device consisting of five sieves and a vibratory
base (Tamizador Produtest). The mesh opening
diameters of the sieves were 0.125, 0.25, 0.5, 1.0 and
2.0 mm. The flour samples were placed in these
sieves and subjected to vibration with the rheostat
adjusted at speed 5 for 10 minutes, then, the flour
retained in each sieve was weighed (CEREDA;
CATANEO, 1986).

The mean particle diameter was determined
by the method described by Henderson and Perry
(1976), using the formula: D = 104.14 x 2 FM,
wherein D is the mean diameter of the particle (um)
and FM is the fineness modulus—the sum of the
retained fractions accumulated in each sieve divided
by 100 (FM = X% retained accumulated/100).

The microbiological analyzes were carried
out in the Laboratory of Food Microbiology of the
Department of Food Technology of the Federal
University of Ceara. Flour samples (300 grams) of
each cowpea cultivar were weighed in analytical
balance, and packed in sterile packages and sent to
this laboratory soon after milling. The coliform
contents at 45 °C, Bacillus cereus and Salmonella
spp. were determined following the methodology
proposed by Rice et al. (2012).

The data was subjected to statistical analyzes
in the software Sisvar-5.3 of the Federal University
of Lavras (FERREIRA, 2008). The means were
compared by the Scott-Knott test at 5% significance.

The water absorption index (WAI) and water
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solubility index (WSI) were obtained in triplicates,
following the methodology described by Anderson et
al. (1969).

RESULTS AND DISCUSSION

According to the Brazilian legislation, the
moisEure content of flours must not exceefl 15%
(AGENCIA NACIONAL DE VIGILANCIA

SANITARIA, 2005). The flour moisture
contents found in the samples ranged from 7.13 to
10.33 g/100 g (Table 1). The moisture content of the
flours presented statistical differences (p > 0.05),
except the flours from the cultivars BRS Guariba
(10.33 g/100 g) and BRS Novaera (10.28 g/100 g).
Thus, the moisture contents found in this study are in
accordance with the Brazilian legislation. Frota,
Soares and Aréas (2008) found lower moisture
content (6.0 g/100 g) in whole-bean flour from the
cowpea cultivar BRS Milénio.

Table 1. Centesimal composition of whole-bean flours from five cowpea commercial cultivars.

Cultivars Moisture Ashes Lipids Proteins Carbohydrates
g/100g g/100g g/100g g/100g g/100g

BRS Cauamé 7.13+£0.03 d 3.43£0.05 a 1.53£0.29 b 23.88+0.13 ¢ 64.02+0.16 a
BRS Guariba 10.33+0.27 b 3.53+0.03 a 2.79+0.03 a 25.27+0.04 a 58.08+0.22 d
BRS 9.66+0.16 ¢ 3.65+0.03 a 2.17+0.17b 23.50+0.09 d 61.02+£0.32 ¢
Xiquexique
BRS Novaera 10.28+0.06 b 2.06+0.04 b 2.90+0.34 a 21.73+0.01 ¢ 62.18£0.42 b
BRS Itaim 11.19+0.39 a 2.27+0.01b 2.08+0.57 b 24.71+0.20 b 58.61+0.90 d

*CV (%) 2.73 26.64 12.70 0.62 0.70
Average overall 7.34 3.17 2.46 24.45 62.38

Means followed by the same lowercase letter in the columns did not statistically differ by the Scott-Knott test
(» > 0.05); The data are presented as mean (n = 3) = standard deviation; CV = coefficient of variation.

The flour ash contents ranged from 2.06 to
3.65 g/100 g. These results confirm those found by
Frota, Soares and Aréas (2008) who reported
2.6 g/100 g of ashes in the whole-bean flour from the
cowpea cultivar BRS Milénio. However, Frota et al.
(2010) found 3.14 g/100 g of ash in flour from
peeled cowpea beans (cultivar BR 3-Tracuateua).

According to Lacerda et al. (2006), several
factors may affect the amount of ash in grains, such
as plant type, concentration of these compounds in
the soil, soil salinity index, growth conditions, and
plant development stage.

The lipid content in beans is usually lower
than other macronutrients (RAMIREZ-CARDENAS,
2006). The lipid contents found in the flours
evaluated (Table 1) ranged from 1.53 to
2.90 g/100 g. These results were similar to those
reported by Frota, Soares and Aréas (2008), who
found 2.2 g/100 g of lipids in the whole-bean flour
from the cowpea cultivar BRS Milénio. Frota et al.
(2010) found lower lipid content (1.49 g/100 g) in
flour from peeled cowpea beans (cultivar BR
3-Tracuateua).

The flour protein contents differed
statistically (p < 0.05) among the cultivars evaluated.
The flour from the cultivar BRS Guariba had the
highest concentration of protein (25.27 g/100 g).
Frota, Soares and Aréas (2008) found 24.5 g/100 g of

proteins in the whole-bean flour from the cowpea
cultivar BRS Milénio. Gomes, Reis and Silva (2012)
reported 26.4 g/100g of protein in cowpea
whole-bean flour, while Frota et al. (2010) found
24.28 g/100 g in flour from peeled cowpea beans
(cultivar BR 3-Tracuateua).

The carbohydrate contents in the flours from
the cultivars evaluated ranged from 58.08 to
64.02 /100 g, and the flour from the cultivar BRS
Cauamé presented the highest carbohydrate content.
Frota, Soares and Aréas (2008) found 51.4 g/100 g of
carbohydrates in the whole-bean flour from the
cowpea cultivar BRS Milénio, which is lower than
that found in this study.

The flour from the cultivars evaluated
presented very similar Total Energy Value - TEV,
ranging from 352.0 to 365.4 Kcal/100g (Table 2),
denoting the high-energy value of the whole-bean
flours. Frota, Soares and Ar€as (2008) found a TEV
of 323.4 Kcal/100g in the whole-bean flour from the
cowpea cultivar BRS-Milénio. Castilho,
Fontanari and Batistuti (2010) reported a TEV of
356.65 Kcal/100g for the whole-bean flour from
pigeonpea (Cajanus cajan L. Millsp.), but Frota et al.
(2010) found a TEV of 355.57 Kcal/100g in
flour from peeled cowpea beans (cultivar BR
3-Tracuateua).
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Table 2. Total Energy Value (TEV) of whole-bean flours from five cowpea commercial cultivars.

Cultivars TEV (Kcal/100g)
BRS Cauamé 365.4
BRS Guariba 358.5
BRS Xiquexique 357.6
BRS Novaera 361.7
BRS Itaim 352.0

The flours presented iron contents of 4.48 to
6.56 mg/100 g (Table 3), and the flour from the
cultivar BRS Guariba had the highest iron content.
Frota, Soares and Aréas (2008) found similar iron
content (6.8 mg/100 g) in the whole-bean flour from

the cowpea cultivar BRS Milénio. On the other hand,
Frota et al. (2010) found iron content of
4.52 mg/100 g in flour from peeled cowpea beans
(cultivar BR 3-Tracuateua).

Table 3. Micromineral content in whole-bean flours from five commercial cowpea cultivars.

Iron

Copper

Cultivars (mg/100g) (mg/100g) (mg/100g) Manganese (mg/100g)
BRS Cauamé 5.42£1.06 b 4.13+041b 0.40+0.02 b 1.17£1.02 b
BRS Guariba 6.56+0.70 a 4.16£0.44 b 0.33+£0.00 ¢ 1.54+0.02 b
BRS Xiquexique 5.274£0.08 b 4.72+0.10 a 0.43+0.01 b 2.03+0.07 a
BRS Novaera 4.48+0.12 ¢ 3.17+£0.18 ¢ 0.55+0.01 a 1.49+£0.10 b
BRS Itaim 5.40+0.15 b 5.14+0.52 a 0.59+0.01 a 1.25+0.00 b
*CV (%) 9.56 4.61 21.20
Average overall 4.80 0.48 1.56

Means followed by the same lowercase letter in the columns did not statistically differ by the Scott-Knott test
(p > 0.05); The data are presented as mean (n = 3) =+ standard deviation; CV = coefficient of variation.

The flour zinc contents found ranged from
3.17 to 5.14 mg/100 g (Table 3), confirming those
found by Frota, Soares and Aréas (2008) in the
whole-bean flour from the cowpea cultivar BRS
Milénio (4.1 mg/100 g). Simplicio (2013) reported
the similar content (3.50 mg/100 g) for flours from
peeled cowpea beans of the cultivars BRS Aracé and
BRS Tumucumaque; and Frota et al. (2010) found
3.74 mg/100 g of zinc content in flour from peeled
cowpea beans (cultivar BR 3-Tracuateua).

The flour copper contents ranged from 0.33 to
0.59 mg/100 g (Table 3). The flours from the BRS
Novaera and BRS Itaim presented significantly
higher copper content (p < 0.05) than those from the
other cultivars. The copper content found by
Simplicio (2013) for peeled cowpea beans was 0.38
(BRS Aracé) and 043 mg/100 g (BRS
Tumucumaque).

The flour manganese contents ranged from
1.17 to 2.03 mg/100 g, with significantly higher
(» £0.05) contents in the flour from the cultivar BRS
Xiquexique, compared with those from the other
cultivars evaluated (Table 3). Frota, Soares and
Aréas (2008) found 1.5 mg/100 g of manganese in
the whole-bean flour from the cowpea cultivar BRS
Milénio, and Simplicio (2013) found 1.77 (BRS
Aracé) and 1.85 mg/100 g (BRS Tumucumaque).

The phosphorus content in the cowpea flours
ranged from 414.0 to 450.33 mg/100 g (Table 4).
These results were lower than that found by Frota,
Soares and Aréas (2008) in the whole-bean
flour from the cowpea cultivar BRS Milénio

(510 mg/100 g). Simplicio (2013) also found higher
phosphorus content (562.0 mg/100 g) than those
found in this work, in flour from peeled cowpea
beans (BRS Aracé); however the phosphorus content
in flour from peeled cowpea beans of the BRS
Tumucumaque was 490.0 mg/100 g, close to those
found in this study. Frota et al. (2010) also reported
similar results to those of found in this work,
presenting phosphorus content of 437 mg/100 g
in flour from peeled cowpea beans (cultivar BR
3-Tracuateua).

The flour calcium contents ranged from
143.83 to 160.69 mg/100 g, with the highest content
in the flour from the cultivar BRS Cauamé. Similar
results were reported by Frota, Soares and Aréas
(2008), who found 140.00 mg/100 g of calcium in
the whole-bean flour from the cowpea cultivar BRS
Milénio. Simplicio (2013) found calcium contents of
39.0 (BRS Aracé) and 40.0 mg/100 g (BRS
Tumucumaque) in flours from peeled cowpea beans.

The flour magnesium contents ranged from
128.6 to 167.17 mg/100 g (BRS Guariba).

According to the technical regulation
regarding complementary nutritional information
(AGENCIA NACIONAL DE VIGILANCIA
SANITARIA, 2012), when a food provides at least
15% of the Dietary Reference Intake (DRI) of a
given nutrient, this food is a source of this nutrient;
and when a food provides at least 30% of the DRI of
a given nutrient, this food has a high content of this
nutrient.

220 Rev. Caatinga, Mossoro, v. 31, n. 1, p. 217 — 224, jan. — mar., 2018



CHEMICAL, GRANULOMETRIC AND TECHNOLOGICAL CHARACTERISTICS OF WHOLE FLOURS FROM COMMERCIAL
CULTIVARS OF COWPEA

M. J. B. L. RIOS et al.

Table 4. Macromineral content in whole-bean flours from five cowpea commercial cultivars.

Cultivars Phosphorus (mg/100g) Calcium (mg/100g) Magnesium (mg/100g)
BRS Cauamé 414.0£5.29b 160.69+£9.49 a 150.35+1.14 ¢
BRS Guariba 450.33+17.95 a 143.83+2.35b 167.17£2.74 a
BRS Xiquexique 434.0+7.55a 150.10£2.89 b 157.96+£2.96 b
BRS Novaera 415.33+13.20b 140.81£2.11b 128.26+3.11d
BRS Itaim 421.33+8.50 b 148.61+2.00 b 154.95+1.02 b
*CV (%) 2.45 3.90 1.51
Average overall 442.40 137.69 144.38

Means followed by the same lowercase letter in the columns did not statistically differ by the Scott-Knott test
(» =2 0.05); The data are presented as mean (n = 3) & standard deviation; CV = coefficient of variation.

Table 5. Adequacy percentage of minerals in whole-bean flours from five cowpea commercial cultivars to the Dietary

Reference Intake (DRI) for adults.

Cultivars Iron Zinc Copper Manganese Phosphorus  Calcium Magnesium
(%) (%) (%) (%) (%) (%) (%)
BRS Cauamé 38.71 59.00 44.44 50.87 59.14 16.07 57.83
BRS Guariba 46.86 59.43 36.67 66.95 64.33 14.38 64.30
BRS Xiquexique 37.64 67.43 47.80 88.26 62.00 15.01 60.75
BRS Novaera 32.00 45.29 61.11 64.78 59.33 14.08 49.33
BRS Itaim 38.57 73.43 65.55 54.35 60.19 14.86 59.60

*Dietary Reference Intake (AGENCIA NACIONAL DE VIGILANCIA SANITARIA, 2012).

According to the flour adequacy percentages
to the DRI for adults, the flours from the five cowpea
cultivars evaluated have high iron, zinc, copper,
manganese, phosphorus and magnesium contents;
and the flours from the cultivars BRS Cauamé and
BRS Xiquexique are considered sources of calcium
(Table 5).

A flour with high granulometry uniformity
promote a better sensorial quality—texture, taste and

visual appearance— to the final product, since it will
homogeneously absorbs water, promoting a uniform
cooking (SILVA et al., 2009). The whole-bean flours
from cultivars BRS Guariba, BRS Xiquexique and
BRS Itaim had their particles mostly retained in the
0.250-mm mesh sieve, whereas the flours from the
cultivars BRS Cauamé and BRS Novaera had their
particles mostly retained in the 0.125-mm mesh sieve
(Table 6).

Table 6. Particle granulometry distribution of whole-bean flours from five cowpea commercial cultivars.

Whole-bean flours

Percentage (%) of material retained in each mesh opening

2.0 mm 1.0 mm 0.5 mm 0.25 mm 0.125 mm
BRS Cauamé 0.00 0.00 0.70 27.90 71.30
BRS Guariba 0.00 0.25 1.50 76.10 22.00
BRS Xiquexique 0.00 0.30 1.80 59.10 38.80
BRS Novaera 0.00 0.25 1.50 23.40 74.70
BRS Itaim 0.00 0.20 1.00 54.50 44.20

The results of the granulometric analysis were
used to determine the average particle diameters of
the flours (Table 7). According to Brazilian
legislation, wheat flours for domestic and industrial
uses must have an average particle diameter equal to
or less than 250.00 um (INMETRO, 2014). The
Brazilian legislation does not describe the
granulometry for cowpea flour; therefore, the flours
evaluated were compared to wheat flour. The
whole-bean flours from the cultivars BRS Cauamé
and BRS Novaera had diameters close to 250.00 pm.
Thus, the flours from these two cultivars are indicate
to totally or partially substitute wheat flour in foods,

since foods produced with them tend to present
similar texture to those made with wheat flour.

The water absorption index (WAI) measures
the ability of the flour particles to bind to water. The
WAL of the flours evaluated in this work ranged from
1.77 to 2.20 g/g (Table 8).

The solubility of a product depends on its
chemical constitution; its hydrophobic interactions
decrease the solubility, and ionic and polar
interactions allow interactions with the water
molecules, thus increase the solubility (LOPES,
2010). The water solubility index (WSI) of the flours
evaluated in this work ranged from 17 to 23% (Table
8).
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Table 7. Fineness modulus and average particle diameters of the whole-bean flours from five cowpea commercial cultivars.

Whole-bean flours

Fineness modulus

Average particle diameter (um)

BRS Cauamé 1.29
BRS Guariba 1.79
BRS Xiquexique 1.63
BRS Novaera 1.27
BRS Itaim 1.57

254.10
359.28
321.79
250.97
308.25

Table 8. Water absorption index (WAI) and water solubility index (WSI) of whole-bean flours from five cowpea

commercial cultivars.

Cultivars WAI (g/g) WSI (%)

BRS Cauamé 2.04+0.14 18.40+0.01
BRS Guariba 1.88+0.21 22.40+0.01
BRS Xiquexique 1.87+0.14 17.86+0.00
BRS Novaera 2.0540.05 18.66+0.01
BRS Itaim 2.20+0.07 20.00+0.00

Data are presented as mean (n = 3) + standard deviation.

The Brazilian legislation (RDC n® 12 of
January 2, 2001) requires microbiological analysis
of flours for the following microorganisms:
Bacillus cereus, Salmonella spp. and coliforms at
45 °C. According to this legislation, the maximum
allowed counts are 3 x 10°CFU/g (CFU = Colony

Forming Unit) for Bacillus cereus and 10° MPN/g
(MPN = Most Probable Number) for coliforms at
45 °C, and O (absence) for Salmonella spp.
(AGENCIA NACIONAL DE VIGILANCIA
SANITARIA, 2001).

Table 9. Microbiological counts in whole-bean flours from five cowpea commercial cultivars.

Cultivars Coliforms at 45°C (MPN/g) Bacillus cereus (CFU/g) Salmonella spp.
BRS Cauamé <3 <10 Absence
BRS Guariba <3 <10 Absence
BRS Xiquexique <3 <10 Absence
BRS Novaera <3 <10 Absence
BRS Itaim <3 <10 Absence

The results (Table 9) showed that the whole-
bean flours from the cowpea cultivars evaluated in
this work are in accordance with the Brazilian
legislation, therefore, without risk of contamination
to consumers. These results also indicate that the
product was developed using good manufacturing
practices.

CONCLUSIONS

The whole-bean flours from the cowpea
cultivars presented low moisture content in
accordance with the Brazilian legislation; high
protein content, providing more than 12 g/100 g
protein; carbohydrates providing good amount of
energy; excellent mineral content; and low lipid
content.

The production practices used were adequate
and sufficient to ensure the microbiological quality
of the whole-bean flours.

All whole-bean flours from the cowpea
cultivars evaluated presented good nutritive profile
and potential for use in bakery products.

The whole-bean flours from the cultivars BRS
Cauamé and BRS Xiquexique are sources of

calcium. The whole-bean flour from the cultivar
BRS Cauamé presented the lowest lipid content,
intermediate protein content (23.88 g/100 g), and
similar granulometry to that of wheat flour.
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