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Design of lattice simplex mixtures as a statistical tool for the inclusion of cowpea bean
flour (Vigna unguiculata) in a cheese stick formulation
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Abstract
The cowpea bean, recognized as Cowpea (Vigna unguiculata L. Walp.), is an important crop in low-income populations due to
its nutritional properties. A mixture analysis was used to obtain the formulation of dough for frozen products, type cheese sticks,
including cowpea bean flour (Vigna unguiculata). The frozen sensory evaluation was carried out using an acceptance test with
a 7-point hedonic scale with 91 untrained panelists of both genders of variable age between 17 and 62 years. Of the treatments
studied, the evaluating panel showed the greatest preference, for which the largest fraction of cowpea flour constituted it. The
addition of cowpea flour in a higher proportion has a significant effect on the product’s nutritional and sensory properties. Cowpea
flour is indicated to partially replace wheat flour in frozen cheese sticks because it improves its flavor, color, texture, and overall
impression, providing a more nutritious product made with native raw materials.
Keywords: sensory analysis, nutritional quality, cowpea (Vigna unguiculata L. Walp).

Resumen
El fríjol caupí reconocido como Cowpea (Vigna unguiculata L. Walp.), es un cultivo importante en poblaciones de baja renta
por sus propiedades nutricionales. Se utilizó un análisis de mezclas para obtener la formulación de una masa para productos
congelados, tipo palitos de queso, incluyendo la harina del frijol caupí (Vigna unguiculata). La evaluación sensorial de los
congelados fue ejecutada mediante un test de aceptación con escala hedónica de 7 puntos con 91 panelistas no entrenados de
ambos sexos de edad variable entre 17 a 62 años. De los tratamientos estudiados, el panel evaluador mostró mayor preferencia,
por el que estuvo constituido por la mayor fracción de harina de caupí. La adición de harina de caupí en mayor proporción otorga
un efecto significativo en las propiedades nutricionales y sensoriales del producto. La harina de caupí es indicada para sustituir
parcialmente la harina de trigo en los congelados tipo palitos de queso, debido a que mejora su sabor, color, textura e impresión
global, brindando un producto más nutritivo elaborado con materia prima autóctona.
Palabras clave: análisis sensorial, calidad nutricional, cowpea (Vigna unguiculata L. Walp).

* Corresponding author. E-mail: maripauli18@hotmail.com
https://doi.org/10.24275/rmiq/Alim2433
ISSN:1665-2738, issn-e: 2395-8472

Publicado por la Academia Mexicana de Investigación y Docencia en Ingeniería Química A.C. 1

https://doi.org/10.24275/rmiq/Alim2433


Mendoza-Combatt et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 3(2021) Alim2433

1 Introduction

The cowpea bean, worldwide recognized as Cowpea
(Vigna unguiculata L. Walp.), is a grain legume
from West Africa and inserted in India during the
Neolithic (Ehlers & Hall, 1997). Cowpea was brought
to America in the 17th century by the Spanish and is
currently widely cultivated in various regions of the
United States, the Caribbean, and Brazil (Ngalamu et
al., 2015). Data from 2013 show that approximately
12 million hectares were harvested in the world, while
in Colombia, the cultivated area was 14 thousand
hectares, mainly in small areas of the Colombian
Caribbean region (Araméndiz et al., 2016).

Cowpea beans are characterized by its reniform
seeds with beige to white smooth cover and brown
hilum (De Oliveira et al., 2018); it is an important
crop, especially in low-income populations, due
to their nutritional properties. The grain contains
between 23 to 25% protein; also, it has a low amount
of fat, an average of 2% (Frota et al., 2008). It also
contains minerals such as potassium (1977 mg/100g),
phosphorus (2607 mg/100g), and iron (13.8 mg /100g)
(Vargas et al., 2012). The grain has a high content of
total polyphenols. An increase in antioxidant activity
has also been found after bean digestion, indicating the
potential health benefits it brings to consumers (Mtolo
et al., 2017). Cowpea is one of the bean varieties
widely cultivated in the Colombian Caribbean in
small areas in the Córdoba State. In addition to this,
there are investigations in the region aimed at the
species’ genetic improvement, focusing on the grain’s
biofortification at a nutritional level (Araméndiz et al.,
2016).

The consumption of cowpea in different food
formulations is a healthy alternative due to the
bean´s nutritional properties, especially its protein
contains (Bezerra et al., 2019), in addition to
allowance the differentiation and sophistication of
conventional preparations foods, thus contribuiding at
the sustainability goals (SDGs) on food security and
nutrition, helping to Figth against "hidden hunger" and
the high levels of different forms of malnutrition. The
latest report on the state of food security and nutrition
worldwide reports that the number of undernourished
people increased to 820 million: around one in nine
people worldwide. Coupled with this, almost 149
million children under the age of five, or more
than 22%, were affected by stunting (FAO et al.,
2020). The report on the panorama of food and

nutrition security for Latin America and the Caribbean
shows how the region is moving away from the
goal of zero hunger. The stunting of boys and girls
continues to trend downward. On the contrary, child
overweight continues to increase and affects 7.3% of
the population under five years of age (FAO et al.,
2018).

In the food industry, healthy alternatives are
being studied to replace or complement common
formulations, bringing nutritional and techno-
functional improvements that do not affect or improve
the sensory perception of the final product. (Gómez
et al., 2021; Rodriguez et al., 2020). The use of
legume flours with high protein content to enrich
other food products that are already on the market
is a trend that provides the opportunity to diversify
food intake (Carreño, 2017; Elías, 1996; Ponce et al.,
2018). However, the use of different types of flours
for frozen foods that improve their nutritional and
sensory characteristics is an innovative matter. Recent
studies recommend the use of cowpea bean flour as it
is a low-cost and readily available source of protein to
improve nutritional quality in combined food products
that are thawed for consumption (Akosua et al., 2015;
Naiker et al., 2019), making it a promising crop for
development of regional agribusiness that contributes
to the opening of markets for cowpeas (De Oliveira
et al., 2018; Freire, 2011).Coupled with the above,
the success of a new food product on the market
depends on its commitment to consumer opinion. The
determination of acceptance is essential in developing
new products and improving existing products (Reis
et al., 2009).

The reticular simplex design (lattice-simplex) is
a statistical methodology used to solve problems of
experiments with mixtures. With this design, it is not
a matter of arriving at formulations by simple trial
and error, but applying a planning methodology that
ensures obtaining a projected and clear goal (Gutiérrez
& De la Vara, 2012). The design of mixtures has been
little used to evaluate sensory acceptance, being that it
offers several advantages (Grosso et al., 2015; Los et
al., 2020; Ramos et al., 2019).

This work’s objective was to use the design of
lattice simplex mixtures to obtain the formulation
of dough for frozen products, including a cowpea
bean flour (Vigna unguiculata) that would increase the
nutritional content of the dough; besides, evaluate the
sensory acceptability of the final food product.
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2 Materials and methods

2.1 Location, period, and type of study

The practical part was developed in the kitchen and
bakery environment of the Center for Commerce,
Industry and Tourism (CCIT) of the National
Learning Service (SENA) and in the process research
laboratories of the vegetable agribusiness of the
University of Cordoba in an execution period of
six months. The sensory analysis of preference and
acceptance of this experiment was carried out at the
CCIT, in the SENA Monteria kitchen and gastronomy
room. The study was an exploratory quantitative
experimental type.

2.2 Selection and preparation of raw
materials

Cowpea beans were used for being one of the
bean varieties widely cultivated in the Colombian
Caribbean in small areas in the State of Córdoba. In
addition to this, there are investigations in the region
aimed at the species’ genetic improvement, focusing
on the grain’s biofortification at a nutritional level
(Araméndiz et al., 2016).

The treated beans had a homogeneous beige color,
and it was also observed that the hilum and the germ
of the bean were between dark brown and black,
a characteristic sign of said variety, the beans that
did not meet this characteristic were removed. Also,
stones were found between the raw material, which is
why this stage was necessary. The other raw materials
were verified for the expiration date and adequate
condition (wheat flour, sugar, and salt), and the fat
was verified that did not have a rancid odor or unusual
coloring.

The beans were purchased in a local market in the
city of Montería. Cowpea flour was obtained through
a process adapted from Vargas & Villamil, 2012.
The doughs’ preparation ingredients (wheat flour, fat,
additives) were obtained in a local warehouse.

2.3 Method of obtaining bean flour

Figure 1 describes the flow chart of obtaining bean
flour until its vacuum packing, to be later used in the
mixture to make frozen cheese sticks.

Fig 1. Process of obtaining cowpea flour (Vigna
unguiculata).

2.3.1 First stage - bean cleaning

Once the beans were obtained, they were distributed
on a contrasting color surface to facilitate the cleaning
and separation of foreign materials. The grains were
subjected to washing and soaking. This process was
carried out in stainless steel containers of 5 liters in
volume. A ratio of 1 kg of grains to 2 kg of water (1:
2) was used.

2.3.2 Second stage - moisturizing the grain

The seed was hydrated in a container with a lid, using
twice the weight of the legume material in drinking
water, for a period of 24 hours at a temperature of
25-30°C, obtaining grain hydration of 60%. This stage
facilitated the removal of the bean integument and also
helped in the removal of the antinutritional factors
of said legume such as trypsin inhibitor, protease
inhibitor, phytic acid, among others (Abbas & Ahmad,
2018; Bezerra et al., 2019; Brigide et al., 2019).

2.3.3 Third stage - removal of integument or shell

The integument’s removal was carried out manually
employing a wet rubbing process, using abundant
water and friction of grain against the grain using the
hands. This process allowed obtaining a clean grain,
without hilum, germ, or integument, the density of
the material led to adequate separation in a humid
environment.

2.3.4 Fourth stage - grain cooking

A cooking process was carried out in 10-liter stainless
steel containers, using 20% more of the volume

www.rmiq.org 3



Mendoza-Combatt et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 3(2021) Alim2433

Fig 2. A. Wheat flour; B. Cowpea flour.

of water per grain quantity. The cooking process was
carried out at 160°C for 2 hours until the beans were
soft, allowing the starch’s gelatinization in the pearl
grain (Varela et al., 2017). After this period, the beans
were removed from the cooking container and placed
in an aluminum tray for subsequent drying.

2.3.5 Fifth stage - drying

The beans were dried in a VWR brand vacuum oven,
stainless steel model 19087 with time and temperature
control of 70°C for 4-5 hours to facilitate grinding
and obtaining flour. The dried and rested beans were
vacuum packed and preserved for no more than 2
weeks until grinding.

2.3.6 Sixth stage - grinding

The dry beans were ground, subsequently sieved with
a sieve specification of 200 µm, the process was
carried out by batting of 500 g. Cowpea bean flour
of beige or pearl color was obtained, similar to wheat
flour used to prepare the dough for the different
treatments (Figure 2). Each 500 g of flour obtained was
vacuum packed until later use.

2.4 Experimental design

Initially, trials were developed to formulate frozen
dough using wheat flour, fat, sugar, salt, and water
(data not shown). The standardization of said mass is
described in Table 1.

Once the dough formulation was established,
pre-tests were carried out, making progressive
wheat flour modifications by bean flour considering
the dough’s technological characteristics such as
elasticity, cohesion, cut, and shine. Table 2 shows the
different mixtures between flours made in the pre-test.
The proportions of fat (17%), sugar (3%), salt (1%),
and water (23%) were kept constant.

Table 1. Standard formulation used to make the
dough.

Ingredient Percentage ratio (m/m)

Wheat flour 55%
Fat 17%

Sugar 3%
Salt 1%

Water 23%
Total 100%

Table 2. Pre-tests used to define the maximum
accepted proportion of bean flour over the total mass.

Ingredients Pre-tests 1 Pre-tests 2 Pre-tests 3

Wheat flour 44% 27,5% 11%
Bean flour 11% 27,5% 44%

Table 3. Percentage proportion on flour of the tests
carried out according to the lattice simplex model.

Treatment Fraction of the type of flour
Wheat flour Bean flour

T1 0,35 0,65
T2 0,51 0,49
T3 0,67 0,33
T4 0,84 0,16
*Tc 1 0

*Tc: control treatment.

Once the maximum percentage proportion that the
dough formulation allowed was found, an experiment
was designed for binary mixtures to evaluate the
influence of the proportion of bean flour on the final
product’s sensory characteristics. The experiment was
carried out using a lattice simplex model for two
components: bean flour and wheat flour. The sensory
characteristics analyzed were color, flavor, texture, and
global impression of the product. The treatments that
show the percentage proportion over the total flour are
presented in Table 3.

2.5 Preparation of the doughs and frozen
cheese sticks

Figure 3 shows the flow chart of a typical process for
preparing the doughs and the cheese sticks.
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Fig 3. Process of preparation of the doughs and frozen
cheese sticks.

2.5.1 First stage - Weighing and mixing the
ingredients

The necessary proportions of the dry ingredients
were weighed. Wheat flour, bean flour, sugar, salt,
and fat for each of the treatments. The wheat
flour and bean flour and the salt and sugar were
homogenized, and then the fat was added, mixing the
powdered components according to the treatment of
the experimental design. The water was progressively
added to the mixture of dry ingredients until a
homogeneous integration was achieved, followed by
process of kneading by hand for 10 minutes for each
treatment until the portioning point.

2.5.2 Second stage - Preparation of frozen type
"cheese sticks."

After a resting period of 30 minutes, the dough was
portioned in 12 g units, and the local curd-type cheese
was portioned in 3 g units, forming approximately 15 g
cheese-filled sticks. The latter were stored and frozen
at -18°C until the moment of frying.

2.5.3 Third stage - Frying the cheese sticks

Each treatment’s frozen products were fried in
soybean vegetable oil at 160 ° C for 2 minutes and
kept in heating in a convection oven at 70 ° C until the
moment of their consumption in the sensory analysis.

2.6 Analysis of nutritional components of
the dough

Obtained the mass to prepare the frozen ones, the
physicochemical analyzes were carried out to obtain

the nutritional information of the same, the analyzes
carried out to each treatment were made considering
the international methods of the Association of Official
Analytical Chemists - AOAC- for its acronym in
English (AOAC, 2019): acid number; proteins by
Kjeldah method (AOAC 976.05), fat determination by
Soxhelt extraction method (AOAC 969.24); moisture
by gravimetric method (AOAC 950.01), ash by muffle
at 550°C (AOAC 942.05).

2.7 Sensory analysis

The sensory evaluation of the frozen was carried out
through an acceptance test with a 7-point hedonic
scale (ranging from "I liked a lot" with a score of 7 to
"I disliked a lot" with a score of 1) with 91 untrained
panelists of both genders of variable age between 17
to 62 years. The samples were presented separately
in disposable plastic plates, coded, and randomized
under white light. Between each sample, a glass of
water at room temperature was offered to cleanse
the palate. The MINITAB® 18 software was used to
construct the statistical models (Minitab 18, 2010).

3 Results and discussion

3.1 Analysis of nutritional components of
the dough

Figure 4 shows the dough’s physicochemical analyses’
results as the proportion of bean flour used increases.

A progressive increase in acidity is observed with
the increase in bean flour (Figure 4 A), characteristics
of this type of dough due to the content of amino
acids and proteins present. There is a record of the
presence of glutamic acid and aspartic acid in cowpea
bean seeds, which are found in a higher proportion
concerning other amino acids also found in this grain
(Baptista et al., 2016; Gonçalves et al., 2016).

The ash and fat values did not show a trend
regarding the increase in the proportion of bean flour
(Figure 4 B and C). Other studies have reported that
there is a reduction in the content of these components
after cooking (Bezerra et al., 2019), highlighting
the low-fat content compared to other grains, a
characteristic that makes it striking for application in
diets of weight restriction (Gonçalves et al., 2016).

The humidity of the dough increased
proportionally with the increase of bean flour in the
formulation (Figure 4D). A model is presented that
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describes the humidity of the dough explained by the
variation of the proportion of wheat flour (T) and bean
(F) used (Equation 1). It is observed that the model
is significant at a confidence level of 5% (p-value =

0.023). Additionally, the value for the high coefficient
of determination of R2 = 86% shows a good fit for the
data.

H = 32.38T + 46.99F (1)

The dough’s maximum moisture value can reach
when using exclusively wheat flour is 32.38% for
the formulation used. As the proportion of bean
flour increases, the dough’s humidity increases, the
maximum tolerable humidity condition is 42%, a
result achieved for treatment 1 (65% bean flour and
35% wheat flour).

It is of interest in the baking and confectionery
industry to include moisture-retaining flours in their
recipes because this characteristic is conducive to
obtaining fully cooked snacks inside and conferring
desirable sensory properties (Espinosa, 2007; Torres et
al., 2017). Researchers have justified cowpea starch’s
relevance as a thickening agent and texture modifier
in food formulation due to its high water retention
capacity (Ratnaningsih et al., 2016). The increase in
water absorption when incorporating bean flour into
the dough is due to the higher fiber content since it
retains water inside its fibrous matrix’s cell spaces. In
this legume, the fiber value ranges between 5.4% and
8.1%, while in wheat, it is 2.4 and 2.8% (De Paula et
al., 2018; Espitia & Petro, 2016; Vargas & Villamil,
2012).

It is evidenced the increase in the values for
the percentage of protein present in the food mass
as the proportion of cowpea flour increases (Figure
4E). Wheat does not have all the essential amino
acids necessary for proper development; due to
the deficiency of amino acids such as lysine, for
nutritional improvement, mixtures of cereals and
legumes can be used to achieve acceptable protein
contents (León & Rosell, 2007). Cowpea bean flour
is a promising protein supplement to wheat flour,
characterized by high amounts of lysine and other
essential amino acids (Baptista et al., 2016; Frota
et al., 2008; Gonçalves et al., 2016). Recent studies
recommend using cowpea flour to develop bakery
products, cookies, and pasta due to its ability to
increase the amount of protein and due to its
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Fig 4. Data from the physicochemical analysis of the
formulations made for the mass of frozen products.

technological and microbiological potential (Frota et
al., 2008; Rios et al., 2018).

3.2 Analysis of nutritional components of
the dough

In the pre-tests carried out to evaluate the proportion
of bean flour that the dough supported without losing
the technological characteristics necessary for its
preparation, it was found that the maximum proportion
of bean flour was 36% of the total ingredients (65% on
flour).

The estimated mean values obtained for the four
sensory characteristics studied according to each
treatment proposed by the lattice simplex design are
show (Table 4).

The analysis of variance for the four attributes
studied; flavor (S), texture (Tex), Color (C), and global
impression (GI) are presented in picture 1. The input
variables studied are represented by the wheat flour
fraction (T) and the bean flour fraction (F).

Table 4. Mean values of the sensory characteristics
evaluated using the hedonic scale.

Treatment Flavor Texture Color Overall
impression

T1 5,84 5,67 5,58 5,59
T2 4,86 5,3 5,32 4,91
T3 4,68 4,66 5,15 4,73
T4 4,67 4,84 5,07 4,71
*Tc 5,91 5,05 5,31 5,56

*Tc: control treatment.
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A. Anova for taste (S)  B. Anova for texture (Tex) 

Source Sum of 
square DF Midle 

square F P 
 

Source Sum of 
square DF Midle 

square F P 

Quadratic 
Model 1,51826 2 0,75913 24,48 0,039 

 

Quadratic 
Model 0,569029 2 0,284514 9,56 0,095 

Residual 
error  0,06202 2 0,03101     

 
Residual 

error  0,059491 2 0,029746     

Total 1,58028 4        Total 0,62852 4       
R2 = 96,08% 
R2adj = 92,15%  
Standard error = 0,176101  

R2 = 90,53%  
R2adj = 81,07% 
Standard error = 0,172469 

               
C. Anova for color (C)  D. Anova for global impresión (GI) 

Source Sum of 
square DF Midle 

square F P 
 

Source Sum of 
square DF Midle 

square F P 

Quadratic 
Model 0,147274 2 0,073637 24,36 0,039 

 

Quadratic 
Model 0,74736 2 0,37368 25,39 0,038 

Residual 
error  0,006046 2 0,003023     

 
Residual 

error  0,02944 2 0,01472     

Total 0,15332 4        Total 0,7768 4       
R2 = 96,06% 
R2 adj = 92,11% 
Standard error = 0,0549805  

R2 = 96,21% 
R2 adj = 92,42% 
Standard error = 0,121326 

Picture 1. ANOVAS for quadratic models of the sensory characteristics evaluated.

The analysis of variance for the four attributes
studied; flavor (S), texture (Tex), Color (C), and global
impression (GI) are presented in picture 1. The input
variables studied are represented by the wheat flour
fraction (T) and the bean flour fraction (F).

For the flavor attribute, it is observed that the
model is significant at a confidence level of 5% (p-
value = 0.039). Additionally, for selecting the model,
the determination coefficient was considered (R2 = 96
%), which indicates that the quadratic model explains
the response variable by more than 90% (Picture 1A).
The coefficients of the quadratic model are given
by Equation (2). From the magnitude of the linear
terms, it can be inferred that when the proportion of
bean flour is higher, the higher value for the flavor
characteristic is achieved. In this way, to maximize the
output variable, the highest proportion of bean flour
must be placed to preserve the dough’s technological
characteristics; this is 65% of the total flour.

S = 5.84057T + 10.2358F − 12.47T F (2)

In the analysis of variance for the food texture
model, a p-value of 0.092 is observed, whose
magnitude is greater than 0.05 but less than 0.1, it is
decided to admit the model at a confidence level of

10%. Furthermore, the coefficient of determination of
90% (R2= 90%) indicates that the model explains the
answer satisfactorily (Picture 1.B). The coefficients of
the quadratic model are given by Equation (3). From
the texture model, the greater magnitude of the linear
term’s coefficient for the proportion of beans (F) must
be considered since, as the latter increases, there will
be a consequent increase in the variable studied.

Tex = 5.04686T + 7.96757F − 5.35587T F (3)

The proportional increase in humidity with the
increase in the proportion of bean flour maintains the
smooth texture of products made with flours from
cereal-legume mixtures. On the other hand, fiber and
protein play an important role when it comes to
maintaining the humidity of food, as well as in bakery
products (Aguilera, 2009).

Another factor involved in the resulting texture
for the elaborated product is the high granulometric
uniformity that cowpea flour has associated with the
homogeneous absorption of water, promoting uniform
cooking in it (Dussán et al., 2019). In the present
work, the cowpea bean flour that was prepared had
its particles retained on a 200 µm mesh sieve. Rios et
al. (2018) maintain that cowpea flour is indicated to
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totally or partially replace wheat flour in food, based
on the particles’ diameter that composes it. His study
was close to 250 µm, being in the interval established
by the Brazilian legislation of granulometry (<250
µm), and thus managing to conclude that foods
produced with cowpea bean flour tend to present a
texture similar to those made with wheat flour (Rios
et al., 2018).

For the color model, it is observed that the model
is significant at a confidence level of 5% (p-value =

0.039). The criterion of the determination coefficient
(R2= 96%) is also considered, which indicates that
the quadratic model explains the response variable
(Picture 1.C). The coefficients of the quadratic model
are given by Equation (4). The magnitude of the
coefficient for the proportion of bean flour continues
to be higher when compared to the coefficient for
wheat flour, and the interaction term continues to be
negative, denoting antagonism. The recommendation
is the same as for the other sensory characteristics,
keep the highest possible proportion of bean flour in
the dough (F = 0.65) to increase acceptance at the
color level.

C = 5.28371T + 6.80182F − 2.94844T F (4)

The visual acceptance of the cheese stick preparations
with cowpea flour is attributed to the similarity of
the light color of the flour resulting from the mixture
when compared to wheat flour, which consequently
produces a straightforward dough for the frozen ones
so that the color of the cheese stick is not strange to
the final consumer. Niker et al. (2019) and Rengadu et
al. (2020) highlight the capacity of different species of
cowpea to produce light flours. These investigations
coincide on the importance of color analysis for
applying cowpea bean flour in food since a difference
in color in the flour can affect the final color of food
products and consequently their acceptability (Naiker
et al., 2019; Rengadu et al., 2020).

For the global impression model. It is observed
that the model is significant at a confidence level
of 5% (p-value = 0.038). It is also considered the
criterion of the coefficient of determination (R2=

96%), which indicates that the quadratic model
satisfactorily explains the variable answer (Picture
1.D). The coefficients of the quadratic model are given
by Equation (5). The models’ results for the sensory
variables separately and the global impression variable
showed agreement in the greater magnitude of the
bean flour fraction’s coefficient. This last premise
shows that even though the panelists were not trained,
there was consistency in their evaluations regarding

the sensory characteristics evaluated since the greater
acceptance of the food product was always evidenced,
as bean flour was added in a higher proportion.

IG = 5.50800T + 8.71652F − 8.71006T F (5)

Regarding the acceptability of the final product,
treatment 1, which consisted of 65% bean flour and
35% wheat flour, showed greater preference by the
panelists. This indicates that cowpea flour’s addition
to wheat flour in this proportion has a significant effect
on the elaborated cheese stick’s physical-functional
and sensory properties, improving its appearance and
making it more attractive to the final consumer. This
work corroborates and justifies the use that many
people have given to cowpea flour as an ingredient
in fried products and ground meat products, such
as Akara, which is a typical traditional dish of
African cuisine (Amadou, 2017). Espitia and Petro
(2016), in their study of obtaining fritters using bean
flour, reported that none of the prepared formulations
entered the displeasure scale in the sensory evaluation
carried out, and one of them was placed in hedonic
terms of "nor I do not like it or dislike it" and "I like
it slightly" (Espitia & Petro, 2016). Together with the
above, recent studies affirm that cowpea starch has a
low-fat retention capacity (Ratnaningsih et al., 2016),
which makes it more appropriate to add it to fried
recipes without the sensation of saturation of oil in the
final product.

Conclusions

The design of lattice simplex mixtures allowed to
obtain the formulation of dough for frozen products,
including cowpea bean flour (Vigna unguiculata)
which increased the dough’s nutritional content and
the sensory characteristics of the final food product.

The dough’s proportional increase in the humidity
with the cowpea bean flour fraction makes the cereal-
legume mixture an advantageous option for the baking
and pastry industry, which seeks to include moisture-
retaining flours in its recipes. This characteristic is
conducive to obtaining fully cooked snacks and gives
desirable sensory properties to the final product. On
the other hand, aiming to meet the sustainability
objectives (SDG) on food security and nutrition,
cowpea bean flour is an alternative that emerges as a
promising protein supplement to wheat flour for frozen
cheese sticks due to its content of lysine and other
essential amino acids.
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Regarding the sensory part, the evaluating panel
showed a greater preference in the four attributes
studied for treatment 1, which consisted of the highest
fraction of cowpea flour. This indicates that the
latter’s addition in this proportion significantly affects
the physical-functional and sensory properties of the
processed cheese stick, making it more attractive to the
final consumer. Cowpea flour is indicated to partially
replace wheat flour in frozen cheese sticks because
it improves its flavor, color, texture, and overall
impression, providing a more nutritious product made
with native raw materials.
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