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Cheese bread enriched with biofortified cowpea flour

Pao de queijo enriquecido com farinha de feijao-caupi biofortificado
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ABSTRACT

The development and enrichment of food are of great importance not only for the industry but also to improve the population’s
nutrition, where you can create new products or optimize existing ones. The consumption of fortified products in the diet is an option
for the control of deficiency diseases. This study aimed to develop enriched cheese bread with whole biofortified cowpea flour and
evaluate their acceptance and chemical composition. Two formulations, F1 and F2, were prepared containing 5.6 and 8% of cowpea
flour as a substitute for starch, respectively. To check acceptance, three sensory tests were used (Hedonic Scale, Purchase Intent, and
Paired Comparison), F1 being sensory viable according to assessors, being chemically analyzed. Minerals were determined by atomic
emission spectrometry with inductively coupled plasma source. The moisture was determined by drying at 105 °C, ash by calcination
in muffle at 550 °C, proteins by the macro-Kjeldahl method, and lipids by hot extraction in a Soxhlet extractor. Carbohydrates were
obtained by difference and the calories were calculated. The addition of cowpea increased the amounts of copper, iron, phosphorus,
magnesium, manganese, and zinc, as well as protein and carbohydrate values. On the other hand, there was a reduction of the moisture
concerning lipids and the total caloric value compared to the standard formulation. It was concluded , therefore, that the cowpea, a
regional raw material in market expansion is presented as an option for the enrichment of baked foods that do not contain gluten,
such as cheese bread.

Index terms: Bakery product; fortification; Vigna unguiculata (L.) Walp.

RESUMO

O desenvolvimento e enriquecimento de alimentos tém grande importancia ndo sé para a induUstria, como também para
a melhoria da nutricdo da populagdo, onde se pode criar novos produtos ou otimizar os ja existentes. O consumo de
produtos enriquecidos na dieta representa uma opgdo para o controle das doencas carenciais. Neste trabalho, objetivou-se
o desenvolvimento de pdo de queijo enriquecido com farinha integral de feijdo-caupi biofortificado e avaliar sua aceitacdo e
composicdo quimica. Foram elaboradas duas formulac¢des de pdo de queijo, F1 e F2, contendo 5,6 e 8% de farinha de feijdo-caupi
em substituicdo ao polvilho, respectivamente. Para verificar a aceitacdo, utilizaram-se trés testes sensoriais (Escala Hedonica,
Intencdo de Compra e Comparacdo Pareada), sendo a F1 vidvel, sensorialmente, de acordo com os assessores, sendo analisada
quimicamente. Os minerais foram determinados por espectrometria de emissdo atémica com fonte de plasma indutivamente
acoplado. Determinou-se a umidade por secagem em estufa a 105 °C, cinzas por calcinagdo em mufla a 550 °C, proteinas pelo
método macro-Kjeldahl e lipidios por extracdo a quente em extrator de Soxhlet. Os carboidratos foram obtidos por diferenca
e calculou-se o valor calérico. O acréscimo de feijdo-caupi aumentou os teores de cobre, ferro, fésforo, magnésio, manganés
e zinco, além dos valores referentes as proteinas e carboidratos. Por outro lado, ocorreu a redugdo dos teores de umidade,
lipidios e valor caldrico total, quando comparado a formulacdo padrédo. Conclui-se, portanto, que o feijdo-caupi, uma matéria-
prima regional e em expansdo no mercado, apresenta-se como uma opgdo para o enriquecimento de alimentos de panificacdo
sem gluten, como o pdo de queijo.

Termos para indexacgao: Produto de panificacdo; fortificacdo; Vigna unguiculata (L.) Walp.
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INTRODUCTION

Cheese bread is a bakery product obtained
primarily by scalding starch with water (or milk) and oil,
mixing it with eggs, adding cheese and baking powder.
The type of starch used (sweet, sour, or a mixture of the
two) in cheese bread can also be varied. However, cheese
breads made with sweet starch has its standardization
facilitated for having more stable physicochemical
characteristics. Cheese bread is a traditional product of
the state of Minas Gerais, and its production has been
increasing in recent years with the expansion of the
market, which includes exportation (Anjos et al., 2014;
Machado; Pereira, 2010).

The cowpea, also called black-eyed pea or Southern
pea [Vigna unguiculata (L.) Walp], is a staple food for low-
income populations of the Northeastern of Brazil, and its
cultivation is a major source of income and employment in
this region. Such vegetable has an important role in human
nutrition because it is an important source of proteins
and carbohydrates, presenting considerable contents of
fibre, vitamins (thiamin, niacin, riboflavin, pyridoxine,
and folacin), and minerals (phosphorus, iron, potassium,
magnesium, zinc and manganese), as well as low amounts
of lipids, especially unsaturated fatty acids (Freire Filho
etal., 2011).

According to the ordinance n° 31 of January 13th
of 1998, fortification and enrichment of food are terms
used to describe the process of adding one or more
essential nutrients that can be naturally contained in
the food or not, to fortify its nutritional value and/or to
prevent or correct deficiencies demonstrated in one or
more nutrients of the diet of the general population or
specific population groups (Brasil, 1998). Fortification
has several advantages, including great acceptance by
the population, since it does not change eating habits and
presents low risks of toxicity because of its large margin
of safety (Taddei et al., 2011).

In addition to the increase in nutrient content, the
starch from cowpea improves the technology of quality of
bakery products when compared to conventional sources
of starch (cassava, corn, potato, and rice). With starch
in beans, batters have lower amounts of specific gravity,
which increases the product’s specific volume, enlightens
color, not allowing the reduction of humidity during the
period of storage. And also, the best values regarding
texture attributes during shelf life may lead to greater
scores in the sensory evaluation, especially for attributes
of crumb and texture (moisture, smoothness, and softness)
(Almeida; Marangoni and Steel, 2013).
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In the present study, we enriched a product
commonly consumed by the general population, and whose
market has been increasing. This practice represents an
important strategy to serve the interests of the consumers
by providing products with better nutritional value.
Regional raw materials that are easy to obtain and prepare
allow cheese bread to be enriched, contributing to the
satisfaction of the daily nutrient requirements of the
population. Thus, the objective of the present study was
to develop a recipe of cheese bread enriched with whole
biofortified cowpea flour (CF) of good sensory acceptance
and with nutritional characteristics superior to the standard
formulation.

MATERIAL AND METHODS

Raw materials

Samples of biofortified cowpea BRS Xiquexique
came from the experimental field of the Brazilian
Corporation of Agricultural Research (Embrapa
Mid-North), Teresina, Piaui, Brazil, which is 72
meters high, being located 5°5” South latitude, and
42°48° West longitude. Other raw materials used in
the formulations, such as sweet starch, whole milk,
soybean oil, parmesan cheese, eggs, and salt were
obtained in local markets.

Cowpea flour production

The whole cowpea flour was produced according to
Frota et al. (2010). Grains of the BRS Xiquexique cultivar
were milled in a semi-industrial mill (Tecnal model TE-
651/2-T). The flour was stored in polyethylene bags under
refrigeration (8 °C) until the moment of use.

Cheese bread formulation

Formulations were prepared by following the steps
described in Pereira et al. (2004). The dry raw materials
(starch and CF) were mixed and then scalded with the
liquids (water or milk with oil and salt), being heated to
85 °C. The mixture was manually homogenised, and then,
after five minutes, a fresh egg was added (the egg white
and the yolk were premixed for easy addition). After three
minutes, parmesan cheese was added to the formulation,
and the dough was manually shaped into balls. The balls
of dough were baked in an electric oven for 25 minutes
at 180 °C. In the standard formulation, only the sweet
starch was considered dry material to be scalded. To obtain
formulations, the same conditions of time and temperature
were kept.
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To obtain viable options for the next stage (sensory
analysis of the products), different formulations and
cooking times were tested, and the products were evaluated
by trained assessors, who were participants of the project,
with the objective of improving the formulations. Two
formulations were prepared, in which the sweet starch and
the CF were the only raw materials whose percentages
varied (Table 1). Formulations were developed by tests
conducted in the Laboratory of Product Development
and Sensory Analysis of Food (Department of Nutrition
- UFPI).

Table 1: Percentage of raw materials used in standard
cheese bread formulations and in formulations
enriched with CF after laboratory tests.

Raw materials  Standard (%) F1 (%) F2 (%)

Sweet starch 45 39.4 37
CF - 5.6 8

Whole milk 27 27 27
Soybean oil 6 6 6
lodised salt 1 1 1
Egg white 10 10 10
Parmesan cheese 11 11 11

TOTAL 100 100 100

Sensory analysis

The sensory analysis of formulations F1 and F2 was
performed by a team of 100 untrained assessors of both
genders, aged between 18 and 50 years, who were potential
consumers of the product, and who were recruited among
students, staff, and professors of the Federal University of
Piaui after signing an informed consent form.

To investigate the overall acceptance of the
products, we used a nine-point hedonic scale (1 “extremely
disliked” to 9 “extremely liked”), estimated purchase
intent (1 “would certainly not buy it” to 5 “would certainly
buy it”), and a discrimination test of paired comparison
(in which the minimum preference number to establish
a significant difference among samples at a significance
level of 5% was of 100 assessors), to obtain at least 61
answers regarding the preferred formulation and identify
differences (two-tailed), according to Ferreira et al. (2000).

We used a completely randomized design, and all
the sensory assessors evaluated the three samples of the
product. We also have adopted the balanced presentation
order, so that each cheese bread was presented many times
and in every position to control the effects of first order
and of reporting (Albuquerque et al., 2009).

Mineral content

The calcium (Ca), copper (Cu), iron (Fe), phosphorus
(P), sodium (Na), magnesium (Mg), manganese (Mn),
and zinc (Zn) mineral contents were determined using
an adapted Inductively Coupled Plasma-Optic Emission
Spectrometry (ICP-OES) technique, by following Horwitz
and Latimer (2000). After the mineralisation, the samples
were put in a muffle furnace at 450 °C (model Q-318
M21, Quimis, Sao Paulo, Brazil). The original method was
adapted regarding its wavelengths to analyze each mineral as
follows: calcium, 317.933; copper, 324.754; iron, 259.940;
phosphorus, 213.618; sodium, 589.592; magnesium,
279.553; manganese, 257.610; and zinc 206.200. Prior to
the determination of the minerals, the materials used were
decontaminated in a 20% nitric acid solution for 24 hours.
These analyses were performed in triplicate at the Food
Science and Quality Centre, ITAL, Sdo Paulo (SP).

Proximate composition

The moisture was determined by drying in an oven
(314D242 model, Quimis, Sao Paulo, Brazil) at 105 °C
until a constant weight was obtained. The ash content was
determined after calcination in a muffle furnace (model
Q-318 M21, Quimis, Sao Paulo, Brazil) at 550 °C. The
protein concentration was determined using the macro-
Kjeldahl method with a conversion factor of 6.25, and
the lipid content was determined by hot extraction using
hexane as solvent in a Soxhlet apparatus (TE-044, Tecnal,
Sdo Paulo, Brazil) (Association Of Official Analytical
Chemistry-Aoac, 2005). The carbohydrate content was
calculated by difference, and the calorific value was
calculated according to Atwater conversion factors (Watt
and Merrill, 1963). These analyses were performed in
triplicate at the Laboratory of Food Science and Food
Biochemistry (Department of Nutrition - UFPI).

Statistical analysis

The Statistical Package for the Social Sciences
version 17 was used for the data analysis. We used the chi-
square test for differences between the proportions of the
paired comparisons, and the student’s t-test for differences
between the means of formulations. A significance level
of 5% was adopted (Andrade, 2013).

Ethical aspects

The participants of the study have voluntarily
signed an informed consent form in accordance with the
Resolution n° 196/96 (Brasil, 1996) and the Resolution n°
466/2012 of the National Health Council (Brasil, 2012).
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The study’s protocol was examined and approved by the
Research Ethics Committee of the Federal University of
Piaui (CAAE: 0178.0.045.000-11).

RESULTS AND DISCUSSION

Sensory evaluation

The formulations F1 and F2 underwent affective
(hedonic scale and purchase intent), and discriminative
(paired comparison) tests (Table 2).

Table 2: Overall acceptance of cheese bread enriched
with whole biofortified cowpea flour (Vigna unguiculata
(L.) Walp).

Overall acceptance (score)

Samples Mean + SD
F1 7.28 £0.03a
F2 6.62 +0.01b

According to Table 2, both formulations obtained
satisfactory acceptance levels with means greater than
6 (“slightly liked it”). The student’s t-test indicated a
significant difference (p < 0.05) between formulations.
The F1 accepting average showed values close to those
obtained in a research by Andrade et al. (2011) developed
with potatoes and cassava bread, both enriched with
white bean flour, presenting averages of 7.2 and 7.4,
respectively.

Almeida, Marangoni and Steel (2013) attribute
the acceptance of bakery products enriched with cowpea
to the technological properties of this vegetable starch in
formulations, the obtaining of a product with a suitable

texture and color, with greater air entrainment, and high
specific volume.

The second test performed by the team of untrained
assessors was the test of purchase intent (Figure 1).

As it was noted, advisers showed 67% and 50%
of positive intentions (“would certainly buy” and “would
probably buy” the product) for F1 and F2, respectively.
The results of this test support the products’ acceptance by
assessors, and show a greater tendency of purchase for F1.

The results of the paired comparison test were
favourable for the F1 formulation. This result was similar
to what was reported by Frota et al. (2010), which showed
that the most widely accepted of the three formulations
of different amounts of CF in cookies had the lowest CF
content (Table 3).

According to the sensory analysis, the F1 formulation
had better commercial potential and acceptance, with more
favourable results compared to the F2. Thus, the F1 was
considered the sensorially selected sample. Subsequent
proximate composition steps were performed using F1 to
make comparisons with the standard product.

Mineral content

Cowpea flour was considered appropriate for the
enrichment of cheese bread. As CF was added to the product,
the contents of the minerals analysed have increased, and only
the calcium and sodium contents have reduced. The reduction
in sodium was important, because such mineral is known to
be highly present in the compositions of processed foods.
Thus, to produce a product whose sodium concentration is
significantly lower than in the standard is important. The
CF in F1 has increased the amounts of copper, magnesium,
and manganese by 2.3, 1.8, and 3.3-fold, respectively, when
compared to the standard formulation (Table 4).

Would certainly.. I I ‘ 40
Would probably. # 27
Would maybe buy it 3 2 Eg%
Would probably.. 14
Would certainly.. 6
(; 10 2‘0 30 40 50

% tasted

Figure 1: Purchase intent for cheese bread formulations enriched with whole biofortified cowpea flour (Vigna

unguiculata (L.) Walp).
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Table 3: Paired comparison test between the cheese
bread formulations.

. Number of 0 _—
Formulations 2550550r'S % Statistic
F1 67 67.0
F2 33 33.0 ¥>=23.10
TOTAL 100 100 p <0.001

The cowpea flour doubled the amount of iron in F1
compared to the standard recipe. The increased iron and
zinc values were expected because the BRS Xiquexique
cultivar is biofortified and has high contents of these
minerals, which are important to human nutrition since
deficiency-related diseases are still highly prevalent.

Foods that are already part of the eating habits of
the population should be fortified, mainly with regional
raw materials that are easy to obtain and also sources
of micronutrients, because the current food choices
are poor regarding micronutrients. When comparing
the RDI of reference with the amount of minerals
present in 100 g of cheese bread, Table 4 shows that
the formulation developed have met approximately half
of the RDI for calcium, phosphorus and zinc and 12%
of RDI for iron.

According to the Resolution 54 of November
12 of 2012, the Brazilian Health Surveillance Agency
(ANVISA) (Brasil, 2012), solid foods enriched with
nutrients that provide at least 15% of the RDI of reference
can receive the label “source”. Therefore, F1 is a source of
calcium, phosphorus, sodium, magnesium, and zinc. The
RDI of reference used was for children aged between 4
and 6 years, because this group has a greater susceptibility
to deficiency-related diseases and are potential consumers
of the product.

Chemical composition and total energy value
(TEV)

According to Table 5, formulations showed no
statistically significant difference compared to the ash
content. This result can be derived from the percentage of
CF inF1, as Frota et al. (2010) has observed by an increase
in the ash content of baked products, in which the addition
of cowpea was of 20%.

There was a decrease in moisture when sweet starch
was partially substituted by CF (Table 5). Frota et al. (2010)
have added CF in products such as cookies, and reported
no significant differences between formulations with and
without CF, but the authors did observe a decrease in the
moisture content in Swiss rolls when the CF percentage
increased, as seen in the present study.

Standard formulations and F1 have lower lipid
levels than those determined by Lemos et al. (2012) in
standard cheese bread formulation (20.7%). Despite the
fact the addition of CF has promoted a decrease in lipid
content of the formulation, Oladunmoye, Akinoso and
Olapade (2010) have found the lipid content increases in
breads that replaced wheat flour with cassava and cowpea.

The increase in protein content, as shown in
Table 5, was one of the goals of the preparation of
fortified cheese breads, considering the protein content of
vegetables is well known. Besides increasing the protein
content, the cowpea improves the amino acids’ profile,
which is provided in the product, since such raw material
presents all essential amino acids. Lysine is particularly
deficient in cereals such as in flour, the main raw material
of cheese breads. This partial substitution was relevant
since F1 had higher protein content compared to the
obtained by Lemos et al. (2012): 6.8 % in cheese breads
with 10% amaranth flour.

Table 4: Mineral contents of the standard cheese bread and of the formulation F1 and the percentage of fulfilment
of the recommended daily intake (RDI) for children aged between 4 and 6 years.

Standard cheese bread mg/100 g

F1(5.6% CF) mg/100 g

Minerals
Mean + SD %RDI" Mean + SD %RDI*

Calcium 251 +1.00a 42 244 £ 5.00b 41
Copper 0.021 £0.001a 5 0.048 + 0.002b 11
Iron 0.34+0.01a 6 0.72+£0.01b 12
Phosphorus 187 £ 1.00a 37 210+ 1.00b 42
Sodium 699 + 18.00a 58 649 + 26.00b 54
Magnesium 12.3+£0.20a 17 22.6 £ 0.30b 31
Manganese 0.029 + 0.003a 2 0.097 + 0.003b 6
Zinc 1.87+£0.01a 37 2.39+0.04b 48

* The RDI for children aged between 4 and 6 years was considered (Brasil, 2005). The same letter in a row indicates that there
is no significant difference at the p < 0.05 level according to the student's t-test.
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Table 5: Mean and standard deviation of the proximate composition and total energy value (TEV) of cheese bread

formulations.

Formulations  Ashes (%) Moisture (%) Lipids (%) Protein (%) Carbohydrates (%) (Kcal/ KJoule)
Standard 2.6a (+0.01) 29.9a(+x2.01) 11.8a(+0.19) 8.8a(+0.31) 46.9a (£3.22) 329/1376.5a
F1 2.9a (+0.02) 26.9b (¥1.78) 8.1b(+0.10) 10.6b (+0.25) 51.5b (£5.21) 321.3/1344b

The same letter in a column indicates that there is no significant difference between the means according to the student’s t-test

(p < 0.05).

The protein value of F1 was also higher than that
of cookies with 10% CF and Swiss rolls with 10% and
20% CF developed by Frota et al. (2010).

Table 5 shows that the carbohydrate content was
significant in cheese breads, which confirms the product
is an energy-dense food. The use of a whole meal in the
partial replacement of starch may have contributed to
the increase in the carbohydrate content of F1, a relevant
increase when considering the presence of dietary fiber in
the product formulated.

Caloric values of both samples were smaller
than the ones developed by Lemos et al. (2012) (356
kcal/1489.5 Kloule).

The proximate composition emphasises the quality
of the product. The percentage contribution to the RDI
for carbohydrates and lipids was greater than 30%, and
the percentage contribution to the RDI for protein was
55.8% (Table 6). Considering the F1 was accepted in the
sensory analysis, and had increased contents of minerals
and macronutrients, the partial replacement of sweet
starch by CF in cheese bread production was found to be
possible and relevant.

Table 6: Percentage of recommended daily intake
(RDI) for macronutrients’ fulfilment.

Macronutrients % RDI
Carbohydrates 39.6
Lipids 32.4
Proteins 55.8

*The RDI for children aged between 4 and 6 years was
considered (Brasil, 2005).

CONCLUSIONS

Among the formulations enriched with whole-
wheat flour cowpea, the F1 presented higher acceptance
values compared to F2, thus being the one selected.

It was observed that the cowpea addition has
increased the levels of minerals, copper, iron, phosphorus,
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magnesium, manganese, and zinc and has decreased
sodium and calcium levels.

The F1 has presented decreased moisture, lipids,
and the total caloric value, with addition of proteins and
carbohydrates when compared to the standard formulation.

Cowpea, a regional raw material that has been
gaining space in the market is a valid option for the
enrichment of gluten free baked foods such as cheese
breads.
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