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Resumen

Dentro de los cultivos ancestrales subutilizados que 
tienen un potencial agroindustrial está el ramón 
(Brosimum alicastrum), ya que su semilla es fuente 
de proteína, almidón y fibra. En este trabajo se 
investigó el efecto de incorporar harina de semilla 
de ramón en diferentes proporciones, evaluando su 
efecto sobre la textura, el color, la aceptación y el 
contenido de fibra dietética total de tortillas y de pan 
de caja. Las masas de harina de maíz aumentaron 
su adhesividad al incorporar harina de semilla de 
ramón (de 3,97 a 4,96 N), además de resultar menos 
duras, pero más cohesivas. Las tortillas fueron a su 
vez más dúctiles al ser más deformables (de 3,73 
a 4,84 N). Las menores diferencias de color con 

respecto al control fueron observadas al incorporar 
10 % de harina de semilla de ramón (δE = 7,77 y 
22,95 para tortilla y pan de caja, respectivamente). 
El contenido de fibra dietética total aumentó en un 
26 % en tortillas y 54 % en pan de caja al utilizar 
10 % de harina de semilla de ramón. En contraste, 
para el pan de caja sí hubo diferencias detectables 
por los consumidores, sobre todo en el color desarro-
llado. Los resultados indican que se puede utilizar 
un 10 % de harina de ramón en tortillas o panes sin 
afectar las propiedades de textura; además, a pesar 
de los cambios en la coloración, no son considerados 
importantes por los consumidores, y su uso incre-
menta el contenido de fibra dietética total. 

Palabras clave: coloración, estructura, fibra, maíz, trigo

Abstract

Among ancestral underutilized crop species of high 
agroindustrial potential, the Maya nut (Brosimum 
alicastrum) is a source of protein, starch, and fiber. 
In this study, the effect of incorporating different 
proportions of Maya nut flour on the texture, color, 
acceptance, and total dietetic fiber of tortillas 
and white bread was assessed. Maize flour dough 
adhesiveness increased when Maya nut flour was 
incorporated (from 3.97 to 4.96 N), obtaining 
less hard but more cohesive doughs. Tortillas were 
more ductile, so they were more deformable (from 
3.73 N to 4.84 N). Lower color differences were 
observed when 10 % of Maya nut flour was employed 
(δE = 7.77 and 22.95 for tortilla and bread, respec-
tively). Total dietary fiber content increased by 

26 % in tortillas and 54 % in bread when 10 % Maya 
nut flour was incorporated. In contrast, detectable 
differences were observed by consumers in bread, 
especially regarding color development. Results 
indicate that 10 % of the Maya nut flour can be 
employed in tortillas and bread without affecting 
the texture properties; and despite changes in 
coloration, these were not considered important 
by consumers, and its use increases the total dietary 
fiber content. Replacement of the wheat flour with 
the Maya nut flour affected the texture of the bread 
to a greater extent due to the weakening of the gluten 
network, resulting in a harder texture and smaller 
crumb size, but with the improvement in the dietary 
fiber content.

Keywords: coloration, fiber, maize, structure, wheat
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Introduction

The main food sources of the ancient Mayan 
population was corn (Zea mays L., Poaceae) and 
Maya nut, Brosimum alicastrum Sw. (Moraceae); 
both species which were cultivated and used 
extensively as part of their daily diet (Ortiz, Azañon, 
Melgar, & Ellias, 1995; Peters & Pardo-Tejeda, 
1982). However, currently the Maya nut is an 
underutilized crop species of high nutritional value, 
which has the potential to improve food security by 
providing a subsistence mean for producers, since 
it reduces the risk of loss due to environmental 
changes, price fluctuations, or diseases; further-
more, it also promotes sustainable agriculture by 
reducing the need for water or fuel and, above all, it 
preserves and celebrates cultural diversity (Lander 
& Monro, 2015). The use of underutilized species 
such as the Maya nut is limited by the lack of 
knowledge about its management and how it is 
prepared for consumption (Sánchez, Muschler, 
Prins, Solano, & Astorga, 2014). Boiled or toasted, 
Maya nut seeds are edible; these are eaten alone or 
with corn, honey or banana, or as fermented or hot 
beverages such as atole. Toasted and ground, the 
seeds are used as a substitute for coffee. Besides, 
from the milled seeds, black flour is used to make 
bread or tortillas (figure 1). The Maya nut seed is 
highly digestible, with a considerable content of 
tannins and fiber (Castro-González, Alayón-Gamboa, 
Ayala-Burgos, & Ramírez-Avilés, 2008), which 
makes it a source of functional ingredients, such as 
dietary fiber and antioxidants.

Recently, Maya nut seeds have gained commercial 
importance for two reasons. First, these are an 
alternative for food security due to their nutritional 
properties (Ramírez-Sánchez et al., 2017) and, 
second, because bioethanol can be obtained from 
the seeds (Olguín-Maciel et al., 2017). Maya nut 
seed starch has been proposed as a food ingredient, as 
raw material to manufacture biodegradable materials 
(Pérez-Pacheco et al., 2014) and for the production 
of thermoplastic materials (Ríos-Soberanis et al., 

2016) to be used as excipients in the elaboration of 
tablets in the pharmaceutical industry (Moo-Huchin 
et al., 2015). Further, the oxidation of the Maya 
nut seed starch produces a lighter gel, which 
potentiates its industrial application (Pérez-Pacheco 
et al., 2016). Similarly, seeds contain a significant 
amount of phenolic compounds (gallic acid, chloro-
genic acid, and vanillic acid) with antioxidant activity 
(Moo-Huchin, Canto-Pinto, Cuevas-Glory, Sauri-
Duch, & Pérez-Pacheco, 2019).

A problem with industrialized products such as 
tortillas and bread is that the manufacturing process 
involves the transformation and refinement of corn 
and wheat, respectively, modifying its chemical and 
nutritional composition with the corresponding 
decrease or removal of dietary fiber as a prominent 
factor that must be considered in the compensation 
of nutritional food properties. Fiber has a vital phy-
siological and nutritional role in human diet since 
it comprises a wide variety of chemical compounds 
with different physical characteristics. Each source 
of dietary fiber has intrinsic properties that are 
based on its composition and chemical properties, 
which in turn establishes the biological and fermen-
tative properties of intestinal bacteria. This is 
carried out directly through catabolic regulation 
and indirectly through physical changes in the 
gastrointestinal tract environment (Lewis, Hall, & 
Van Soest, 2001).

Dietary fiber in corn consists mainly of cellulose, 
hemicellulose, and β-glucans, many of which are 
lost during the nixtamalization process due to 
the removal of the pericarp. The intensity of the 
nixtamalization process affects the concentration 
and composition of different fiber components, 
as well as its nutritional properties. The process of 
converting the corn into dough or flour decreases 
the insoluble fiber and increases the soluble fiber; 
moreover, the calcium hydroxide used as well as 
the thermal process hydrolyzes the insoluble fiber, 
which increases later during cooking due to the loss 
of moisture (Serna-Saldivar, 2015). 
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Figure 1. Maya nut seeds and its uses in traditional foods. a. Freshly harvested Maya nut seeds; b. Dry Maya nut 
seeds; c. Atole with Maya nut seed flour; d. Handmade tortillas with Maya nut flour.

b.

d.

a.

c.

As bread reaches a large part of the population 
and is widely accepted, it can be used as a carrier of 
bioactive compounds or other important nutritional 
components, so that other flours (derived from 
seeds, fruits, legumes, roots or tubers) can be con-
sidered for use as non-conventional raw material in 
its preparation (Sehn, Nogueira, & Steel, 2016). 
Bread fortification with different types of nutrients 
is a common trend that is expected to grow in the 
future. In some countries supplementation with 
dietary fiber is of particular importance due to the 
low dietary fiber consumed, despite the increase in 
knowledge about its value (Fechner, Scweiggert, 
Hasenkopf, & Jahreis, 2011).

Therefore, it is essential for the agroindustry to 
propose underutilized seeds as alternative sources 
of ingredients for the fortification of processed 

foods, taking advantage of the ancestral knowledge 
of its use as food. Accordingly, the aim of this study 
was to establish the effect of the incorporation of 
different proportions of Maya nut seed flour, repla-
cing corn flour in tortillas and wheat flour in white 
bread, on the instrumental texture, color, and 
sensory acceptance properties, in order to increase 
the total dietary fiber content.

Materials and methods 

Raw materials and preparation of tortilla 
and bread  

The tortillas were made with nixtamalized corn flour 
(Hari-MASA®, Hari MASA S.A., Santa Catarina, 
N.L., Mexico), and the bread was elaborated with 
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wheat flour (Selecta®, Molinera de México, S.A., 
Guadalupe, N.L., Mexico). The Maya nut flour 
was purchased from the Kishur Rural Production 
Society (Maya Oox®, Chocholá, Yucatán, Mexico), 
and it was used to replace different proportions of 
corn or wheat flour in the elaboration of tortillas 
and bread, respectively, in the following propor-
tions: a) 0:100 as a control, b) 10:90, c) 20:80, and d) 
30:70 of Maya nut seed flour: corn or wheat flour, 
on a dry basis.

For the preparation of corn tortillas, the flour mixtures 
were hydrated with water at a moisture content 
of 60%. Then, these were kneaded manually until 
complete the hydration of the flour mixtures 
formed a homogeneous mass; subsequently, these 
were stored in polyethylene bags with hermetic 
sealing and under refrigeration until their use within 
24 h. The doughs of the different mixtures were 
used to make tortillas with a manual tortilla machine 
Monarca TT1 (Inmeza, S. A, Tlaquepaque, Jalisco, 
Mexico) equipped with a cutting cylinder of 135 
mm with a thickness of 2.0-2.3 mm. The tortillas 
were cooked in a steel skillet heated to 290±20 °C, 
turning them after ca. 30 s for uniform cooking. 
The cooked tortillas were stored in polyethylene 
bags with an airtight seal until further analysis. A 
total of three batches of 1 kg of dough were pre-
pared for each of the different treatments (0:100, 
10:90, 20:80 and 30:70 of Maya nut seed flour: 
corn flour).

For the elaboration of wheat bread with different 
Maya nut flour mixtures, salt (1.2%), yeasts (1.2%), 
sugar (0.4%), vegetable fat (4.6%) and water (35%) 
were added. The manual kneading process lasted 
30 min, allowing the dough to ferment for 40 min. 
The dough was again kneaded to eliminate the gas 
produced, and it was then divided and placed in 
molds for cooking at 200 °C for 40 min. The molds 
with the loaves were cooled to room temperature, 
demolded and stored in polyethylene bags until 
further analysis. A total of three batches of 1 kg of 
dough were prepared for each of the different treat-

ments (0:100, 10:90, 20:80 and 30:70 of Maya nut 
seed flour: wheat flour).

Instrumental texture of dough, tortilla, 
and bread  

The texture of the dough elaborated for corn tortillas 
and bread with different proportions of Maya 
nut flour was established using compression and 
penetration tests. For the compression test, an 
analysis of the texture profile of the raw doughs with 
different mixtures was carried out. A sample of fifty 
grams of dough was molded in a spherical shape 
and compressed with an acrylic cell of 4 cm in diameter 
in two consecutive cycles in a texture analyzer 
equipment Brookfield LFRA 4500 (Brookfield 
Engineering Laboratories, Middleboro, N.J., U. S. 
A.). Using the force-time curves the textural para-
meters were established in the following way: hardness 
(force necessary to reach a deformation), cohesiveness 
(internal joint strength that the body provides to 
the sample), adhesiveness (work necessary to overcome 
the attractive forces between the food surface and 
the surface of something else), and springing (ratio 
in which a deformed material returns to its original 
condition after the deformation force is removed), 
as reported by Szczesniak (1963) and Bourne (1978). 
For the penetration test, 50 g of molded mass in the 
form of a cylinder (5.0 cm in diameter by 2.0 cm 
in height, approximately) were penetrated with 
a 1.27 cm diameter spherical probe at a speed of 
1 mm/s to a depth of 18 mm, in the same texturo-
meter. Firmness (maximum force detected during 
the penetration) and adhesion strength (maximum 
strength detected when removing the probe from 
the sample) were calculated using the force-time 
curves (Flores-Farías et al., 2000). All analyses were 
carried out in quintuplicate for each treatment.

The textural properties of the tortillas made with 
different doughs were determined through the 
puncture test according to the method described by 
Sobral, Menegalli, Hubinger, and Roques (2001). 
Each tortilla was fixed in an acrylic cell with a 52.4 mm 
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diameter chamber and perforated in the center 
with a 1.27 cm diameter spherical probe at a speed 
of 1 mm/s in the same texturometer up to a distance 
of 25 mm until it broke. From the force-deformation 
graphs the deformation force (maximum force 
detected at the breaking point) was calculated, and 
the deformation percentage was calculated using, 
on the one hand, the distance traveled by the probe 
to the breaking point, and on the other hand, the 
radius of the cell chamber as values of the legs of the 
Pythagorean theorem. The deformation percentage 
(hypotenuse) was calculated to establish the defor-
mation capacity of the tortillas; five replicates were 
carried out per treatment, considering the radius as 
the original length and using equation 1:

Equation 1

The texture of the bread was established according 
to Gámbaro, Varela and Giménez (2002), using an 
analysis of the texture profile. The test was carried 
out using two slices of bread (15.0 ± 1.0 mm) cut 
from the center of the loaf to be compressed (40 %) 
in two consecutive cycles with a rest period of 5 s at 
a speed of 1 mm/s, and employing an acrylic probe 
40 mm in diameter adapted to the same texturo-
meter. The hardness (force necessary to reach a 
deformation), the cohesiveness (strength of the 
internal joints that provide the body to the sample), 
the springing (relationship in which a deformed 
material returns to its original condition after the 
deformation force is removed) and the chewiness 
(energy required to chew the food that will be 
swallowed) were calculated using the force-time 
curves (Bourne, 1978; Szczesniak, 1963). All analyses 
were carried out in quintuplicate per treatment.

Crumb quality and bread volume  

The crumb quality was established through image 
analysis. Slices from the center of the loaf were 
scanned at 600 DPI in an HP Photosmart Plus 
B210 scanner (HP Inc., Palo Alto, California, 
USA). The analysis was carried out in a sample area 
of 64×64 mm, taken from the center of the image. 
The image was analyzed with the Digimizer Image 
Analysis software (MedCalc Software, Mariakerke, 
Belgium), calculating the total number of cells, the 
number of cells smaller than 4 mm2, the total area 
of the cells, the number of cells per square centimeter 
and the cell area ratio between the total area, as 
reported by Paraskevopoulou, Provatidou, Tsotsiou 
and Kiosseoglou (2010). Bread volume was calculated 
by the linseed seed displacement method of the 
American Association of Cereal Chemists (AACC, 
2014) in triplicate for each treatment.

Instrumental color 

The instrumental color was measured using the 
CIE-Lab coordinates, employing the Color Analysis 
application for Android O.S. (Research Lab Tools, 
São Paulo, Brazil). The CIE standards of the appli-
cation were a D65 Illuminant, which corresponds 
to daylight illumination, and a function of the angle 
of the observer of 2°. The results are the average 
values of the readings when rotating each of the 
samples 90°. From the CIE-Lab values, the hue angle 
(H) and the saturation index (S) were calculated 
according to Little (1975), and using equations 
2 and 3:

Equation 2

 %Deformation =                                                            × 100√Distance traveled2 + radius2

radius

Angle of the tone (H) = Tan-1 b*
a*
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Equation 3

The total color difference was calculated according 
to equation 4 (Sivam, Sun-Waterhouse, Waterhouse, 
Quek, & Perera, 2011):

Equation 4

The results are the data of at least five replicas per 
treatment.

Total dietary fiber content

The total dietary fiber content was measured 
using the official test method 992.16 of the Asso-
ciation of Official Agricultural Chemists (AOAC, 
1999), employing the test kit for total dietary fiber 
TDF100A-1KT (Sigma-Aldrich, Saint Louis, 
Missouri, U.S.A.). The samples of each of the 
tortillas and bread treatments (1 g) were subjected 
to enzymatic digestion with α-amylase, protease, 
and amyloglucosidase. Each sample was filtered 
and washed with distilled water at 80 °C. This 
solution was precipitated with 95% ethanol, filtered 
and dried, weighing the residue, and correcting the 
final calculation by subtracting the protein content 
(as total nitrogen by the Kjeldahl method), ashes 
and the control. This analysis was carried out in 
duplicate for each tortilla and bread treatment.

Sensory acceptance  

A sensory acceptance test was carried out with 
potential tortilla and bread consumers. A hedonic 
scale of 10 cm long was used with an anchor at the 
left end marked "I dislike it a lot," and an anchor 
at the extreme right marked "I like it a lot." A total 

of 40 participants were recruited voluntarily, 
including students and staff of the institution 
Tecnológico de Estudios Superiores de Ecatepec 
(18   and 22  , in a range age between 25 and 40 
years). There was no previous sensory training as it 
was a consumer acceptance test. In the record sheet, 
information was only given on the incorporation 
of Maya nut flour to improve the fiber content 
of tortillas and bread. Samples were presented to 
consumers at the same time, randomly distributed 
and identified with three-digit random numbers. 
In the first session, the four samples of different 
tortilla treatments (¼ tortilla prepared the previous 
day, heated for 30 s at medium power in a microwave 
oven) were presented to the consumers. In a later 
session, four samples of different baked bread treat-
ments were presented as buns (20 g), prepared the 
day before the test. The participants marked on the 
line their perception, between "I dislike it a lot" and 
"I like it a lot" in each attribute: color, aroma, texture, 
taste and general acceptance; rinsing with water 
was carried out between each sample assessment. 
The marks were converted to numerical values by 
measuring the distance in centimeters from the 
left anchor of the scale. As an acceptance criterion, 
the mean value was ≥ 5, which corresponds to the 
midpoint of the scale that corresponds to "I do not 
dislike it, nor I like it" (Clark & Johnson, 2002).

Experimental design and data analysis 

To evaluate the effect of the incorporation of 
Maya nut flour on the texture and color properties 
of tortillas and bread elaborated with different 
proportions of Maya nut seed flour, the model 
expressed in equation 5 was applied:

Equation 5

y = µ + αi + Є

Where µ is the experimental average, αi in the main 
effect by the incorporation of different percentages 
of Maya nut flour: wheat or corn flour (0:100, 

Saturation ondex (S) = √ a*2 +b*2

Color difference (δE) 

= √(L*0:100-L*)2 + (a*0:100-a*)2 + (b*0:100-b*)2  
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10:90, 20:80 and 30:70), and Є is the experimental 
error. The results of the analyzes, i.e., at least five 
reproducible trials per treatment, were analyzed 
using an Anova in the statistical software SAS version 
9.0, and the difference between means was establi-
shed with Duncan's means test (Der & Everitt, 2008). 

The acceptance results were analyzed using a paired 
t-test, using the statistical software SAS version 9.0. 
The significance was established at p < 0.05 (Clark 
& Johnson, 2002).

Results and discussion  

Instrumental texture of corn dough and tortillas 

The incorporation of different proportions of Maya 
nut flour modified the texture of the dough and the 
tortillas elaborated with this dough. In the texture 
profile analysis test for the nixtamalized corn flour 
dough, the increase in the ratio of Maya nut meal 
significantly decreased (p < 0.05) the hardness of 
the doughs. On the other hand, the cohesiveness 
of the doughs was significantly (p < 0.05) higher at 
a proportion of 10:90, and the lowest cohesiveness 
was found in the control doughs without Maya nut 
flour. The same behavior was observed for the adhe-
siveness and springing of the doughs, in which the 
samples with the proportion of 10:90 were signifi-
cantly (p < 0.05) the most adhesive and elastic. In 
the penetration test with the sphere, significantly 
(p < 0.05) higher values were obtained in the samples 
with Maya nut flour, and the lowest force was 
observed in the samples with a 30:70 ratio; the 
adhesion strength was significantly (p < 0.05) higher 
with the 10:90 ratio and the lowest was obtained 
with the 0:100 ratio (table 1).

In the tortilla texture test, the deformation force 
was significantly (p < 0.05) higher in the samples 
with the 30:70 proportion, followed by the 20:80 
ratio, and the least deformable, were the samples 
with the 10:90 ratio. However, the samples with 
deformation percentages were significantly (p < 0.05) 
higher than the control samples without Maya nut 
flour, and the least deformable were the samples 
with a 30:70 ratio (table 1).

The texture of the dough to make tortillas is essential 
since the mass must have the proper consistency to 
adhere to the rolls of the tortilla machine and separate 
after cutting to be cooked (Gasca-Mancera & Casas-
Alencáster, 2007). The type of starch affects the 
texture of the dough and the tortilla during its 
cooking. Starches are classified according to the 
length of the amylopectin chains and the ability of 
amylopectin to form crystals during gelatinization. 
Depending on the length of the amylopectin chain, 
the starches are classified into A, B, and C, forming 
different types of crystalline structures. Type C 
starches can form any type of crystal structure 
when gelatinized, while types A and B cannot do 
that (Hizukuri, 1985). The Maya nut seed starch is 
considered as a type C starch (Moo-Huchin et al., 
2015), with an amylopectin content of 74.64% 
(Pérez-Pacheco et al., 2014).

In the corn dough during the process of making 
tortillas, irregular and swollen granules were obser-
ved; these act as a cohesive structure maintaining 
the mass structure together, which is a mixture of 
gelatinized starch and dispersed granules within 
the hydrated and denatured protein matrix (Gómez, 
Lee, McDonough, Waniska, & Rooney, 1992). 
Corn has a type A starch crystallization pattern 
typical of cereals, as during nixtamalization the 
heating and grinding causes only slight changes in 
the starch of the native corn. However, when the 
dough is transformed into a tortilla, the crystallinity 
of the native granules is affected by cooking (Campus-
Baypoli, Rosas-Burgos, Torres-Chávez, Ramírez-
Wong, & Serna-Saldívar, 1999). In this way, the 
Maya nut seed flour with a type C starch, in addition 
to modifying the texture of the dough, forms crys-
talline gels during cooking of the tortillas that 
affect the color. The incorporation of starch and 
proteins different from those of corn resulted in 
various types of interactions between these compo-
nents when hydrating, kneading, and cooking the 
tortillas, improving the texture of the dough and 
the tortillas. The incorporation of Maya nut flour 
at proportions higher than 10 %, decreased the 
hardness and malleability of the doughs, being 
cohesive and more adhesive. The inclusion of proteins 
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different from those of corn modifies the hardness 
of the tortillas (Chuck-Hernández et al., 2015), 
making them more resistant to deformation; this is 
what occurred in our research.

Instrumental texture of wheat dough and bread 

In the wheat flour doughs, the incorporation of 
different proportions of Maya nut flour affected the 
textural properties of the doughs and the elaborated 
bread. The hardness of the wheat flour doughs was 
significantly (p < 0.05) higher when incorporating 
a 30:70 ratio of Maya nut flour, while the control 
samples showed the lowest values. In contrast, the 
control sample showed cohesiveness values signifi-
cantly (p < 0.05) higher, and the lowest ones were 
found in the 30:70 proportion. The adhesiveness 
was significantly (p < 0.05) higher in the samples 

with a ratio of 20:80, and the lowest values were 
found in the 30:70 proportion. Finally, the 0:100 
control samples were significantly (p < 0.05) more 
elastic, and those with the lowest springing values 
were those with a 30:70 ratio (table 1).

In the texture profile analysis test of bread, the 
samples with a ratio of 30:70 of Maya nut flour 
showed hardness values significantly (p < 0.05) higher 
compared to the control that was increasingly 
lower. The textural parameters of cohesiveness, 
springing, and chewiness were all significantly 
(p < 0.05) higher compared to the control samples 
without Maya nut flour. In contrast, samples with 
a 30:70 proportion of Maya nut flour had cohesi-
veness and springing values significantly (p < 0.05) 
lower. The samples with a 10:90 ratio showed the 
lowest chewiness values (table 1).

Table 1. Texture properties of doughs and tortillas made with different proportions of Maya nut flour

(Continue on next page)

Proportion of Maya nut flour and corn or wheat flour

0:100 10:90 20:80 30:70

Maize flour dough to elaborate tortillas with Maya nut flour

Hardness (N) 44.56 ± 1.25 a 35.67 ± 0.98 c 31.96 ± 0.87 d 37.38 ± 0.95 b

Cohesiveness 0.1180 ± 0.01 d 0.2006 ± 0.09 a 0.1725 ± 0.02 b 0.1543 ± 0.03 c

Adhesiveness (N) 3.63 ± 0.05 c 23.01 ± 1.15 a 15.22 ± 0.95 b 5.62 ± 0.89 c

Springing 0.052 ± 0.001 c 0.126 ± 0.001 a 0.085 ± 0.002 b 0.072 ± 0.001 b

Maximum 
penetration force (N) 3.43 ± 1.15 a 2.11 ± 0.77 c 1.65 ± 0.99 d 3.05 ± 1.25 b

Adhesion strength (N) 3.97 ± 0.95 c 4.96 ± 0.89 a 4.61 ± 0.78 b 4.68 ± 0.81 b
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(Continuation of table 1)

a, b, c, d. Means with the same letter in the same line are not significantly (p < 0.05) different for the Maya nut flour proportion 
used.
Source: Elaborated by the authors

Proportion of Maya nut flour and corn or wheat flour

0:100 10:90 20:80 30:70

Corn tortillas elaborated with Maya nut flour

Deformation force (N) 3.73 ± 0.78 c 3.28 ± 0.69 d 4.30 ± 0.81 b 4.84 ± 0.79 a

Deformation (%) 285 ± 15 a 256 ± 8 c 271 ± 11 b 225 ± 8 d

Wheat flour dough to elaborate bread with Maya nut flour

Hardness (N) 1.52 ± 0.15 d 1.84 ± 0.09 b 1.62 ± 0.21 c 2.20 ± 0.17 a

Cohesiveness 0.5021 ± 0.02 a 0.4530 ± 0.03 b 0.343 ± 0.05 c 0.295 ± 0.07 d

Adhesiveness (N) 0.140 ± 0.01 b 0.128 ± 0.01 b 0.344 ± 0.03 a 0.434 ± 0.01 c

Springing 0.591 ± 0.025 a 0.502 ± 0.031 b 0.386 ± 0.015 c 0.313 ± 0.021 d

Maximum 
penetration force (N) 1.04 ± 0.01 a 1.02 ± 0.01 a 0.72 ± 0.02 b 1.06 ± 0.03 a

Adhesion strength (N) 0.902 ± 0.012 d 1.98 ± 0.021 b 2.938 ± 0.015 a 1.114 ± 0.016 c

Bread with Maya nut flour

Hardness (N) 10.92 ± 1.54 d 11.71 ± 1.21 c 24.81 ± 1.25 b 28.12 ± 0.92 a

Cohesiveness 0.489 ± 0.056 a 0.310 ± 0.061 b 0.278 ± 0.045 c 0.273 ± 0.036 c

Springing 0.794 ± 0.023 a 0.459 ± 0.035 b 0.444 ± 0.036 c 0.409 ± 0.075 d

Chewiness (N mm) 4.624 ± 0.98 a 1.648 ± 0.85 d 3.058 ± 0.99 b 3.136 ± 0.43 c
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The addition of other proteins different from those 
of wheat flour causes a decrease in gluten content 
due to the substitution of these proteins by others 
that do not form the same structure of gluten; this, 
weakens the dough strength that was harder and 
more adhesive, but less cohesive (Paraskevopoulou 
et al., 2010). Similarly, other vegetable proteins 
affect the bread texture making it harder, due to the 
competition for free water with the gluten network 
(Mohammed, Ahmed, & Senge, 2012). Just as the 
proteins in wheat flour have a fundamental role in 
texture, starch also plays a critical role. The wheat 
endosperm contains type A and type B starches, 
and in a lesser proportion, type C starch (≈ 3 %), 
but after grinding, the predominant wheat starch is 
type A (varying between 50-87 %).

The proportion of starch from type A to type B 
affects the quality of bread products (Geera, Nelson, 
Souza, & Huber, 2006). During the bread dough 
mixing, wheat starch forms a surface for the union 
of gluten that decreases its adhesiveness, giving it 
a desirable consistency for handling, since bread 
dough is considered to be a structured foam 
consisting of gas cells dispersed in a protein-starch 
matrix with a humidity of ≈ 45 % (Maningat & 
Seib, 2010). Thus, when incorporating Maya nut 
flour with predominant type C starch, there was no 
counterproductive effect on the bread texture, as by 
gradually increasing the concentration of Maya nut 
seed flour in the bread replacing wheat flour, bread 
hardness increased with the concomitant decrease 
in cohesiveness.

Crumb quality and bread volume 

Table 2 shows that the incorporation of Maya 
nut flour modified the bread structure. The 
bread volume was significantly (p < 0.05) higher 
(4,896 ± 0.257 g/mL) for the control (ratio of 
0:100). The gradual incorporation of Maya nut 
flour decreased the bread volume in a staggered 
way, showing values of 3,166 ± 0.123 g/mL for 
the 10:90 ratio; 1,962 ± 0.101 g/mL for the 20:80 

proportion, and 1,722 ± 0.203 g/mL for the 30:70 
ratio. Wheat flour bread is a soft solid that has two 
phases: a fluid phase (air between the cells) and a 
solid phase (cell wall material). The number of cells 
and their size decreased with the incorporation of 
Maya nut flour, which explains the lower volume 
and the differences in texture observed. Figure 2 
shows that the sample without Maya nut flour 
has a solid phase that is completely connected and 
homogeneous.

The volume fraction of the phases and the nature 
of their connectivity, which is the result of the 
formation of the cells during the bread-making 
process, establish the bread structure and its 
mechanical properties (Scanlon & Zghal, 2001). 
The interference in the formation of the gluten 
network by the Maya nut seed flour resulted in the 
decrease of cell expansion due to the gas pressure 
during fermentation, creating a more compact 
crumb structure. The bread cells without Maya 
nut flour were rounder and uniform with a thinner 
and smoother cell wall that was larger and more 
homogeneous (Angioloni & Collar, 2009). The 
incorporation of other flours in the bread decreases 
the amount of steam generated as a result of a higher 
water absorption capacity, reducing the bread volume
 and the number of cells formed with higher crumb 
firmness (Mohammed et al., 2012). The smaller 
volume and weight of the bread (related to a harder 
and less cohesive mass) concomitantly resulted 
in the development of bread with harder texture. 
The larger cells in the control bread without Maya 
nut flour are due to the elasticity of the gluten that 
allowed the expansion of the cells because of the
gas pressure produced during fermentation and 
baking; a more elastic mass forms a softer and more 
elastic bread structure. Therefore, the incorporation 
of Maya nut seed flour in a proportion of 10:90 
is the most recommended to minimize textural 
changes of the dough and the bread. This is because 
the texture is essential in the development of the 
bread structure, which is reflected in the crumb 
quality and bread volume.
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Table 2. Bread crumb quality made with different proportions of Maya nut flour

Proportion of Maya nut flour and wheat flour

0:100 10:90 20:80 30:70

Total number of cells 67 49 27 41

Number of cells <4 mm² 56 31 20 8

Total area of cells (mm²) 157 142 239 311

Number of cells per cm² 1.62 1.19 0.66 0.99

Total area of cells/total area 0.037 0.076 0.057 0.033

a, b, c, d. Means with the same letter in the same line are not significantly (p < 0.05) different for the Maya nut flour proportion 
used.
Source: Elaborated by the authors

Instrumental color of tortillas  

The incorporation of different proportions of Maya 
nut flour caused changes in the coloration of the 
corn tortillas. The samples with a 0:100 ratio were 
significantly (p < 0.05) brighter, while the gradual 
incorporation of Maya nut flour made the tortillas 
darker (lower L* values). For a* and b* components, 
i.e., the green-red and yellow-blue colorations, 
respectively, the samples with 30:70 ratio of Maya 
nut flour had significantly (p < 0.05) higher values, 
while the lowest green-red and yellow-blue coloration 
values were found in the control sample. The incor-
poration of different proportions of Maya nut flour 
increased the tonality (H) of the tortillas, showing 
the samples without Maya nut flour the lowest 
significant (p < 0.05) values. The same behavior was 
observed in the saturation index or color intensity 
(S), in which significantly lower values (p < 0.05) 
were found in the 0:100 samples (without Maya 
nut flour). Thus, the most significant (p < 0.05) 
difference in color compared to the control was 
found in the samples with the highest proportion 
of Maya nut flour, i.e., 30:70 ratio (table 3).

The color of the tortillas is the result of the content 
of carotenoids in corn, as well as the nixtamalization 
process. However, the incorporation of other 

proteins has a different effect on the color of corn 
tortillas, without causing variation, as is the case 
with beans (Cuevas-Martínez, Moreno-Ramos, 
Martínez-Manrique, Moreno-Martínez, & Méndez-
Albores, 2010), or increasing the luminosity with 
soybean (Chuck-Hernández, Pérez-Carrillo, Soria-
Hernández, & Serna-Saldívar, 2015). When Maya 
nut flour was incorporated, the color of the tortillas 
became darker and greenish, with a marked diffe-
rence when using a higher proportion of Maya nut 
flour (figure 2).

Instrumental bread color 

Using Maya nut seed flour caused changes in the 
color development of the bread formulated with 
different proportions of this flour. Luminosity was 
significantly (p < 0.05) higher in the control samples, 
and lower values were observed in the samples with 
a 30:70 ratio of Maya nut flour. The color compo-
nent a* or red-green was significantly (p < 0.05) 
lower in the control samples, and higher in the 
loaves with a 30:70 ratio of Maya nut seed flour. 
The bread without Maya nut flour had significantly 
higher values (p < 0.05) for b* or yellow-blue colo-
ration and the samples with a 30:70 ratio showed 
the lowest values. The tonality values (H) were 
significantly (p < 0.05) higher in the control samples, 
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Proportion of Maya nut flour and corn or wheat flour

0:100 10:90 20:80 30:70

Corn tortillas elaborated with Maya nut flour

Luminosity L* 70.86 ± 2.35 a 69.00 ± 1.25 b 66.80 ± 1.64 c 55.52 ± 0.99 d

Component a* 0.76 ± 0.02 b -1.30 ± 0.03 d -0.58 ± 0.01 c 3.78 ± 1.26 a

Component b* 4.06 ± 0.51 d 11.32 ± 1.11 c 13.28 ± 0.98 b 21.82 ± 1.97 a

Tone angle (H) 1.386 ± 0.025 d 1.456 ± 0.019 b 1.527 ± 0.012 a 1.399 ± 0.021 c

Saturation index (S) 4.13 ± 0.78 d 11.39 ± 1.12 c 13.29 ± 1.73 b 22.14 ± 2.01 a

Total color difference 7.77 ± 0.75 c 10.16 ± 0.95 b 23.66 ± 1.75 a

Bread elaborated with Maya nut flour

Luminosity L* 67.80 ± 2.14 a 45.25 ± 1.17 b 40.23 ± 1.25 c 37.80 ± 1.73 d

Component a* 1.22 ± 0.09 d 5.41 ± 1.73 c 5.81 ± 1.49 b 6.40 ± 1.57 a

Component b* 17.6 ± 1.12 a 16.85 ± 1.98 b 17.20 ± 1.69 a 16.40 ± 1.11 c

Tone angle (H) 1.502 ± 0.035 a 1.260 ± 0.045 b 1.245 ± 0.039 c 1.199 ± 0.029 d

Saturation index (S) 17.64 ± 1.31 b 17.69 ± 1.01 b 18.15 ± 1.83 a 17.10 ± 1.07 c

Total color difference 22.95 ± 1.05 c 27.95 ± 1.18 b 30.47 ± 2.05 a

and lower with a higher proportion of Maya 
nut flour. Color intensity (S) was significantly 
(p < 0.05) lower in the control samples, and with 
lower proportions of Maya nut flour (10:90). Thus, 
with higher rates of Maya nut flour in the bread 
formulations, the difference in color was signifi-
cantly (p < 0.05) higher (table 3).

Color development in bread is different compared 
to the one observed in tortillas, due to the reactions 

of non-enzymatic darkening that takes place on the 
surface of the bread during its cooking. However, 
the replacement of wheat flour by other proteins 
makes the loaves darker, and the pigment content 
in these flours change the hue of the bread (Güemes-
Vera, Peña, Jiménez, Dávila, & Calderón, 2008). 
The Maya nut seed has a high content of total 
phenolic compounds (Ozer, 2017), which results 
in a dark-colored flour that can interfere with the 
development of the bread color.

Table 3. Instrumental color of tortillas and bread obtained with different proportions of Maya nut flour

a, b, c, d. Means with the same letter in the same row are not significantly (p < 0.05) different for the Maya nut flour proportion 
used.
Source: Elaborated by the authors
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Figure 2. Corn tortilla and wheat bread loaf samples elaborated with different proportions of Maya nut seed flour 
(a = 0:100, b = 10:90, c = 20:80, and d = 30:70).

a.

a. b. c. d.

b. c. d.

Total dietary fiber content 

As expected, the incorporation of Maya nut seed 
flour increased the amount of total dietary fiber 
in tortillas and also in bread. With the 30:70 ra-
tio of Maya nut seed flour, the fiber content was 

significantly (p < 0.05) higher in both tortillas and 
bread, in contrast to the control without Maya nut 
flour (table 4).

Currently, one of the crucial problems to improve 
the nutritional quality of food is the increase in fiber 

Table 4. Total dietary fiber content of tortillas and bread made with different proportions of Maya nut flour

a, b, c, d. Means with the same letter in the same line are not significantly (p < 0.05) different for the proportion of Maya nut 
flour used.
Source: Elaborated by the authors

Proportion of Maya nut flour and corn or wheat flour

0:100 10:90 20:80 30:70

Corn tortillas elaborated with Maya nut flour

Total dietary fiber (%) 8.53 ± 0.49 d 10.8 ± 2.83 c 15.1 ± 2.12 b 18.7 ± 2.12 a

Bread elaborated with Maya nut flour

Total dietary fiber (%) 9.9 ± 11.31 d 15.25 ± 0.35 c 17.6 ± 0.42 b 18.43 ± 0.42 a
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consumption. Despite the recommendations in the 
daily intake of dietary fiber, consumption is gene-
rally below these levels, since dietary fiber reduces 
the risks of chronic illnesses such as heart disease 
and cancer, in addition to lowering the glycemic 
index and avoiding increases in blood sugar levels, 
parameters related to the prevention of diabetes; 
moreover, it also helps to regulate intestinal activity 
(Cho, 2009). The nejayote (residual water generated 
in the nixtamalization of corn) (Acosta-Estrada, 
Lazo-Velez, Nava-Valdez, Gutiérrez-Uribe, & Serna-
Saldívar, 2014), as well as beans (Treviño-Mejía, 
Luna-Vital, Gaytán-Martínez, Mendoza, & Loarca-
Piña, 2016), have been used in corn tortillas. In 
bread, fiber from peas (Pisum sativum), beans (Vicia 
faba L., Fabaceae) (Belghith-Fendri et al., 2016), 
oats (Avena sativa L., Poaceae) (Becceria, De la Torre, 
Sánchez, & Osella, 2011) or chia (Salvia hispanica 
L., Lamiaceae) (Verdú et al., 2015) have been used, 
only to mention some recent applications.

Tortilla acceptance test  

The difference of means shows that the color of the 
tortillas with proportions of 10:90 and 20:80 were 
more accepted by consumers, without showing 
significant differences (p > 0.05) between these 
samples and the control. Samples with a 30:70 ratio 
were less accepted than the control samples with 
a score below 5 (Table 5a). Regarding aroma, no 
significant difference was detected (p > 0.05) between 
the control and the samples with proportions 
of 10:90 and 20:80 of Maya nut flour (table 5b). 
Interestingly, the texture of the tortillas was not 
significantly (p > 0.05) different between the control 
and neither of the treatments (table 5c). As for the 
taste of the tortillas, the samples with the highest 
proportion of Maya nut flour were significantly 
(p < 0.05) different (table 5d). Finally, the general 
acceptance of the tortillas was significantly 
(p < 0.05) lower for the samples with a higher pro-
portion of Maya nut flour (table 5e), together with 
its low qualification in color, aroma, and flavor.

Table 5. Mean value, significant difference and 95% confidence interval (CI) of differences in consumer ratings for 
corn flour tortillas elaborated with different proportions of Maya nut flour (n = 40)  

(Continue on next page)

Attribute
Average score 

(Maya nut 
flour)

Average score 
(control, 0:100)

Significant 
difference 
(Maya nut 

flour-control)

95 % CI for the difference

Lower Higher

(a) Color

10:90 8.71 7.00 1.7100 -6.2010 2.7810

20:80 5.84 7.00 1.1567 -0.0160 2.3290

30:70 4.85 7.00 2.1500* 0.9669 3.3332

(b) Aroma

10:90 7.12 7.13 0.0033 -0.8350 0.8413

20:80 6.39 7.13 0.7367 -0.0930 1.5664

30:70 5.11 7.13 2.0133* 0.8469 3.1798
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In the sensory evaluation, the acceptance of tortillas 
with Maya nut flour was good when the proportion 
used was below 30:70. In fact, the samples with a 
10:90 ratio obtained acceptance ratings even higher 
than the control samples. If we relate these results 
with those of the texture and color of the dough 
and tortillas, we can establish that the total dietary 
fiber content can be improved (from 8.5 to 10.8 %) 
incorporating at least a 10:90 ratio of Maya nut 
flour, without affecting the sensory characteristics 
of the product. A ratio of 20:80 almost doubled the 
total dietary fiber content, but the scores obtained, 

(Continuation of table 5)

* The value for the percentage (%) of Maya nut flour was significantly (p < 0.05) different from the equivalent control.
Source: Elaborated by the authors

although without statistical significance, were below 
the score obtained by the control. When using 
beans to fortify tortillas, Treviño-Mejía et al. (2016) 
indicated that the general acceptance for these 
tortillas was "I like it slightly” with a preference 
for whiter tortillas. The differences in the average 
score of the samples with Maya nut flour with a 
10:90 ratio was not lower than a rating category 
below the control sample, with lower values for the 
lower confidence interval of 95% for the difference 
of means (Clark & Johnson, 2002).

Attribute
Average score 

(Maya nut 
flour)

Average score 
(control, 0:100)

Significant 
difference 
(Maya nut 

flour-control)

95 % CI for the difference

Lower Higher

(c) Texture

10:90 6.08 5.78 -0.307 -1.5230 0.9096

20:80 5.43 5.78 0.3433 -0.9490 0.3433

30:70 4.58 5.78 1.1933 -0.1160 2.5030

(d) Flavor

10:90 6.81 5.67 -1.1370 -2.5530 0.2799

20:80 5.44 5.67 0.2333 -0.8680 0.3433

30:70 3.98 5.67 1.6867* 0.4191 2.5030

(e) General acceptance

10:90 6.99 6.30 -0.6900 -1.7670 0.3873

20:80 5.92 6.30 0.383 -0.7280 1.4942

30:70 4.44 6.30 1.8667* 0.6459 3.0874
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Table 6. Average value, significant difference and 95% confidence interval (CI) of the differences in the ratings of 
consumers on the bread loaves elaborated with wheat flour and different proportions of Maya nut flour (n = 40)

(Continue on next page)

Attribute
Average score 

(Maya nut 
flour)

Average score 
(control, 0:100)

Significant 
difference 
(Maya nut 

flour-control)

95 % CI for the difference

Lower Higher

(a) Color

10:90 6,627 8,513 1,8967* 1,2374 2,5559

20:80 6,070 8,513 2,4467* 1,2558 3,6675

30:70 5,200 8,513 3,3113* 2,4648 4,1618

(b) Aroma

10:90 7,903 8,483 0,5800 -0,0320 1,1920

20:80 7,057 8,483 1,4267* 0,5927 2,2606

30:70 6,543 8,483 1,9400* 1,0979 2,7820

(c) Texture

10:90 6,903 7,730 0,8267 -0,0250 0,8267

20:80 5,260 7,730 2,4700* 1,2769 3,6831

30:70 5,110 7,730 2,6200* 1,7479 3,4921

Bread acceptance test  

In the sensory test of bread samples, further 
differences were found in the acceptance by 
consumers among treatments. Regarding the color 
of the loaves, all the samples had values signifi-
cantly (p < 0.05) lower than the control (table 6a). 
Concerning the aroma, only the samples with Maya 
nut flour in a 10:90 ratio showed no significant 
difference (p > 0.05) with the control (table 6b). 

The same acceptance behavior was observed for 
texture and flavor, in which the loaves with pro-
portions of 20:80 and 30:70 were significantly 
(p < 0.05) less accepted than the control. The bread 
with a 10:90 proportion of Maya nut flour showed 
scores very close to the control concerning texture 
(9.90 and 7.73, respectively) and flavor (7.30 and 
7.35, respectively) (tables 6c and 6d). Finally, the 
general acceptance of the bread samples with Maya 
nut flour was significantly (p < 0.05) lower compa-
red to the control (table 6e).
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Nevertheless, the incorporation of Maya nut flour 
caused visible changes in the coloration of the 
bread, both instrumentally as well as sensorially. 
Consumers did not like the color developed during 
baking since all the samples were given lower grades 
than the control bread, which was also reflected in 
the general acceptance. However, for the aroma and 
flavor, the average score was very close and without 
statistical difference compared to the bread without 
Maya nut flour, despite the marked differences in 
instrumental texture, crumb quality and volume 
of the bread elaborated with Maya nut flour. Even 
the flavor showed values of preference close to 7, 
i.e., "I like it a lot." If we consider that incorporating 
a 10:90 ratio of Maya nut flour increased the total 
dietary fiber content by 50% (from 9.9 to 15.2 
in the control and in bread with a ratio of 10:90, 

(Continuation of table 6)

* The value for the percentage (%) of Maya nut flour was significantly (p < 0.05) different from the equivalent control.
Source: Elaborated by the authors

respectively), the awareness of consumers on the 
benefits of a fiber-enriched bread with an ancient 
Mayan crop (Dussol, Elliott, Michelet, & Nondédéo, 
2017), could influence consumer appreciation; this 
is despite the fact that the evaluation sheet indicated 
that the bread contained Maya nut flour to improve 
the fiber content.

Conclusions 

The incorporation of Maya nut flour did not modify 
substantially the texture properties of the doughs 
(related to handling during the process) nor of the 
tortillas or loaves, respectively. Although corn flour 
doughs with Maya nut flour were less hard, the 
cohesiveness increased, compensating the texture 

Attribute
Average score 

(Maya nut 
flour)

Average score 
(control, 0:100)

Significant 
difference 
(Maya nut 

flour-control)

95 % CI for the difference

Lower Higher

(d) Flavor

10:90 7,300 7,350 0,0500 -0,7720 0,8715

20:80 5,920 7,350 1,4300* 0,1016 2,7584

30:70 4,557 7,350 2,7933* 1,4707 4,1159

(e) General acceptance

10:90 7,370 8,196 0,8267* 0,2810 1,3724

20:80 6,226 8,196 1,9700* 0,8412 3,0988

30:70 5,153 8,196 3,0433* 2,1263 3,9604
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and becoming more elastic (deformable) tortillas. 
In wheat flour doughs the hardness increased with 
Maya nut flour, but the cohesiveness decreased, 
with the consequent compensation in the texture, 
which was reflected in more ductile bread (lower 
chewiness values). The use of 10% Maya nut seed 
flour showed to have the most acceptable texture 
values (with lower hardness and greater cohesiveness, 
or vice versa). The variations detected in instru-
mental color are not considered necessary by 
consumers since this attribute was not considered 
different from the control that did not have Maya 
nut flour. The increase in the total dietary fiber 
content increased by using 10% Maya nut flour 
in 26% for tortillas, and 54% for bread, being the 
most important feature in the nutritional improve-
ment of these highly consumed and accepted foods 
without affecting their sensory acceptance.
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