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1 Introduction
Tortillas alone provides 38.8% of the protein, 45.2% of the 

calories and 49.1% of the calcium in the diet of the general 
population, and in Mexican rural areas it provides approximately 
70% of the total calories and 50% of the protein ingested daily 
(Figueroa Cárdenas et al., 2001; Vázquez Rodríguez & Amaya 
Guerra, 2010). Corn proteins are considered to have poor 
nutritional quality because, in the zein, the main protein fraction 
of corn, the concentrations of the essential amino acids lysine 
and tryptophan are low (Paredes-López et al., 2009). Legumes 
are well suited for protein fortification due to their high protein 
content. Early research on the tortilla in Mexico was carried out 
in the 1950s by the National Onstitute of Nutrition. Subsequently, 
studies were performed on the fortification of tortillas with 
soy flour and chickpea flour. Ot was found that the addition 
of the limiting amino acids (lysine and tryptophan) improves 
the nutritional value of the proteins of the tortilla; however, 
the nutritional value is further improved when corn flour is 
fortified simultaneously with amino acids and vitamins, such 
as thiamine and riboflavin (Drganización Mundial de la Salud, 
2009). On some cases, there have been significant advances; in 
others, fortification has altered the taste, color or product hardness 
(Torres  et  al., 1996). On previous studies on the effect of the 
addition of white beans on certain nutritional, physicochemical 
and textural properties of the tortilla, it was found that with 

the addition of 25% white bean, the contents of lysine and 
tryptophan increased from 56 and 36% of the value of the FAD 
profile to 95 and 84%, respectively. Moreover, the textural and 
physicochemical properties of the tortillas that incorporated 
white bean were similar to those prepared only with corn flour 
(Cuevas-Martínez  et  al., 2010). Lupinus species are widely 
distributed in Mexico (Villavicencio & Pérez-Escandón, 1998), 
but there are few studies on the use of native species as a food 
source (Ruíz & Sotelo, 2001; México, 2015). Usually, Lupinus 
is used for its oil, which can be extracted and used as biodiesel 
(DeHaan et al., 2010; México, 2015). The byproduct of that process 
is a flour that contains a rich profile of protein and essential amino 
acids (Day, 2013; Chirinos-Arias, 2015), which can be used in 
animal feed and food for people (Drtega-David  et  al., 2010; 
Paraskevopoulou et al., 2012). However, Lupinus flour must first 
be detoxified for those uses. Lupinus flour has been tested as an 
additive to bread, and it was reported that the crumbs made with 
the flour mixture (Lupinus + wheat) had more moisture than the 
control (100% wheat). Additionally, the breadcrumbs containing 
lupine protein isolate (with and without brea gum) had a lower 
hardness (*P < 0.05), and this improved its acceptability for 80% 
of consumers (Doxastakis et al., 2002). Another study showed 
that the nutritional, phytochemical and bioactive composition 
of refined wheat flour bread is significantly improved with the 
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Abstract
Many people base their food consumption on corn flour tortillas (tortillas), which has deficiencies in protein. For that reason, 
the aim in this work was to incorporate Lupinus flour, a legume that is high in protein, into maize tortillas, and to evaluate the 
texture profile analysis (TPA) and adhesiveness in the doughs at various percentages of Lupinus flour addition, including 2.5%, 
5% and 7.5%. Doughs treated with 2.5%, 5% and 7.5% Lupinus flour had higher adhesiveness values of 2.84, 2.38 and 4.62 N, 
respectively. The same effect was observed for the hardness measurements of the same treatments (2.38, 2.56 and 2.84 N, 
respectively). Based on the adhesiveness results, the doughs were subsequently used to make tortillas. The lowest tensile strength 
was found in the 7.5% treatment, with a value of 3.35 N, and the highest tensile strength was 6.61 N, corresponding to the 2.5% 
treatment. Rollability and inflation were good in the samples from the 2.5% and 7.5% treatments, without breaks and with full 
blister formation, while in the 5.0% treatment, 25% rupture was observed, and inflation was only medium. The color was light 
yellow in the 5.0, 7.5, and 2.5% treatments, which was equal to the control.

Keywords: texture; doughs; legumes; adhesiveness; rollability.

Practical Application: On this study used Lupin flour for fortification maize of tortillas, product popular consumption.
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addition of Lupinus angustifolius flour, indicating that Lupinus 
flour/wheat flour bread may have useful nutritional and health 
functionality (López & Goldner, 2015). Studies have shown that 
substituting wheat with Lupinus flour can significantly improve 
the protein and dietary fiber contents of wheat bread (López & 
Goldner, 2015; Villarino et al., 2015). The aim of this study was to 
evaluate the use of detoxified Lupinus flour to make corn tortillas 
(tortillas) and to test the nutritional and quality characteristics.

2 Materials and methods
Lupinus albus seeds were provided by the Herbarium of 

the Universidad de Guadalajara, México. Creole maize seeds 
(Zea mays L) employed in tortilla production were obtained at 
the Central de Abastos market, in Tulancingo, México during 
the month of November, two months after the 2015 harvest.

Lupinus detoxification was performed by cooking the 
seeds in boiling water for 5 min, followed by continuous water 
washing for 10 h to eliminate the water-soluble alkaloids 
(Güémes-Vera et al., 2008). Finally, seeds were dried in an oven 
at 60 °C before being milled and sieved through a mesh sieve, 
no. 80, to obtain Lupinus flour.

Maize nixtamalization was carried out according to the 
technique described by Méndez-Montealvo et al. (2008). Maize 
seeds (5 kg) were cooked in 15 L of 1% (w/v) lime solution for 
30 min at boiling temperature and subsequently steeped in the 
same cooking vessel for 15 h. Cooked maize seeds were washed 
twice with tap water to remove excess lime and then milled and 
sieved. The nixtamalizated maize batter/paste was stored in 
polyethylene bags at 4 °C.

2.1 TortillasTortilla dough elaboration and textural analysis

Tortillas dough was elaborated by replacing the nixtamalized 
maize dough with different proportions (0%, 2.5%, 5.0% and 
7.5%) of Lupinus flour that was 30% hydrated with water.

The tortilla dough was elaborated replacing the dough of 
nixtamalized corn with different proportions (0%, 2.5%, 5.0% 
and 7.5%) of Lupinus flour that was hydrated by 30% with water.

2.2 Dough texture

A texture profile analysis test was performed on the dough. 
A total of 100 g of dough was compressed in a texture analyzer 
(TA-HDi, Texture Technologies, New York, USA/Stable 
Microsystems, Surrey, UK) to half its original height in two 
consecutive cycles with a 2.54 mm diameter acrylic probe, at 
a constant cross-head speed of 1.7 mm/s with a 5 s waiting 
period. Texture profile parameters were calculated from the 
force-deformation curves, including hardness (maximum force 
required to attain a given deformation), adhesiveness (work 
necessary to overcome the attractive forces between the surface 
of the food and the probe surface), cohesiveness (strength of 
the internal bonds making up the body of the product) and 
springiness (degree to which a product returns to its original 
shape once it has been compressed).

Dough adhesiveness tests were carried out in the same 
texture analyzer, employing the SMS/Chen-Hoseney accessory 
(Texture Technologies Corp., New York). Five grams of dough 
was placed in the interior of the rig, and force was applied to 
obtain dough filaments of approximately 4 mm. The same 
probe attached to the same texture analyzer was employed to 
compress 50% of each filament. The Hoseney adhesiveness 
parameters were calculated from dough stickiness force-time 
curves, including adhesiveness (area under the curve, defined as 
dough adhesion work) and stringiness (distance that the sample 
is extended on probe return, defined as an indicator of sample 
cohesion/strength), as described by Chen & Hoseney (1995).

2.3 Tortillas preparation and analysis

Tortillas were elaborated with the maize/Lupinus dough mixture 
in a manual tortilladora machine, model MT15 (5” diameter 
tortillas, Ecomaqmx, Puebla, México). Raw tortillas were cooked 
for 30 to 45 s on each side on a hot griddle at 280 ± 10 °C. Cooked 
tortillas were stored in polyethylene bags to maintain moisture 
levels until further analysis within 24 h of elaboration.

2.4 Tortilla composition analysis

A proximal analysis of the tortillas was performed to determine 
their moisture content (Association of Dfficial Analytical Chemists, 
1995 Dfficial Method 934.01), protein content as total nitrogen 
(Association of Dfficial Analytical Chemists, 1995 Dfficial 
Method  955.04), fat content as ethereal extract (Association 
of Dfficial Analytical Chemists, 1995 Dfficial Method 920.39), 
and crude fiber content (Association of Dfficial Analytical 
Chemists, 1995 Dfficial Method 950.02). Carbohydrate content 
was determined by calculating 100 − (% moisture + % protein 
+ % fat + % ash + % crude fiber). The content of the limiting 
amino acid lysine incorporated into tortillas by the inclusion 
of Lupinus flour was calculated; the lysine content primarily 
came from the lysine content of maize (2.6 g/100 g) and lupine 
(6.6 g/16 g), as indicated by Güémes Vera et al. (2008).

2.5 Tortillas texture

The force and deformation of the tortillas samples were 
determined by puncturing the samples attached between two 
parallel plates (10 mm diameter) with a 40 mm-diameter 
spherical metal probe (TA-54) attached to a texture analyzer, at 
a constant speed of 10 mm/s and a distance of 10 mm. From the 
force-deformation curves, the tortillas firmness (maximum force 
detected before tortillass break apart) and elasticity (distance before 
tortillass breaks apart) were calculated. Puncture deformation 
was calculated according to Sobral et al. (2001) (Equation 1):

2 2(D +L )-L
Puncture deformation (%)= 100

L
×  (1)

The stress was perfectly distributed along the film, where D 
is probe displacement (elasticity) and L is the initial film length 
(radius of the parallel plate cell, 10 mm).

Tortillas tensile strength was determined using the same 
texture analyzer. Tortillas samples were cut to obtain 100×25.1 mm 
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sections, which were fixed in the TA-96 tensile grips and stretched 
at a constant speed of 2 mm/s until breakdown. Tensile strength 
was calculated by dividing the peak load by the cross-sectional 
area (tortillas width×thickness). The elongation percent was 
calculated as the ratio of the extension values and the initial 
grip separation multiplied by 100.

2.6 Rollability and puffing

Tortillas samples were rolled around a wooden rod (4 cm 
diameter) to determinate the breaking degree, according to a 
subjective scale from 1 to 5 (1= no breaking, very flexible, 5= breaks 
immediately, cannot be rolled). Additionally, tortillas puffing or 
inflation during the cooking process was determined, using a 
subjective three-point scale (1= complete puffing, approximately 
70-100%; 2= medium puffing, approximately 40-70%; and 3= no 
puffing, approximately 0-40%).

2.7 Instrumental color

Color was determined with a colorimeter MicrDptix S560 
i-LAB, USA. The reading was taken directly on the central 
portion of the tortillas, rotating the sample 90° to obtain an 
average measurement of each sample to report luminosity L*, 
redness a*, and yellowness b* of the samples.

2.8 Experimental design and data analysis

The effect of the Lupinus flour incorporated into the 
nixtamalized maize tortillas was evaluated with the following 
proposed model:

Yi= μ+αi+ϵi

where Yi represents the experimental results at the ith level 
of Lupinus flour, αi is the main effect for the percent of Lupinus 
flour incorporated; ϵi is the residual error, assuming a Normal 
distribution with at least mean or variance equal to zero since the 
model is over-parameterized and constrained. The results were 
analyzed with the PRDC ANDVA procedure using SAS Software 
v 8.0 (SAS System, Cary, NC, USA). Significant differences 
between means were determined by the Duncan means test.

3. Results and discussion
3.1 Tortillas composition

Table 1 shows the results of the proximal composition of 
maize dough fortified with Lupinus flour. The incorporation 
of 2.5% Lupinus flour resulted in significantly (P<0.05) higher 

moisture values, and the control sample (no added Lupinus 
flour) presented the lowest moisture content. From the protein 
content analysis, samples with 7.5% Lupinus flour presented 
significantly (P<0.05) higher values, and the lowest values were 
observed, as expected, in the control samples. The incorporation 
of Lupinus flour resulted in a significantly (P<0.05) lower fat 
content. Higher incorporation of Lupinus flour (>5.0%) resulted 
in a significantly (P<0.05) 1.17±0.10 to 1.74±0.04 ash content. 
Similarly, higher Lupinus flour incorporation resulted in a 
significantly (P<0.05) 1.89±0.01a higher fiber content. Lower 
Lupinus flour incorporation (<2.5%) resulted in a significantly 
(P<0.05) lower carbohydrate content.

The replacement of maize by lupinus was mainly due to the 
content of amino acids that lupinus has since they satisfy the 
deficiency that the maize has the lysine is low, the protein content 
of lupinus is higher in comparison to that of maize, the content 
of fiber is also improved by adding lupinus. This substitution 
improvement the sensorial, physical and chemical propierties of 
final product, the proximate analysis conducted on the fortified 
tortillas is presented in Table 1. The moisture content of the 
fortified tortillass ranged from 36.21% to 35.61%. According 
to Gutiérrez-Dorado  et  al. (2010), the moisture content of 
tortillass typically ranges between 35% and 50%, depending on 
the conditions that occur during nixtamalization. Moreover, the 
variety of corn used also affects moisture. The moisture values in 
tortillass fortified with white bean were reported to be between 
47.11% and 48.16%, which were higher than the values obtained 
in this study (Cuevas-Martínez et al., 2010).

As expected, the addition of Lupinus flour increased 
the protein content of the final product (10.45% to 12.02%). 
This increase was due to the high protein content of Lupinus 
flour (42.63%), which is superior to grains, and which may serve 
to increase the levels of essential amino acids in which maize 
is deficient. This effect was observed in studies conducted by 
Figueroa Cárdenas et al. (2001) on soy tortillass fortified at a level 
of 4%, which reported a 3% increase in protein compared to the 
Nixtamal Tortilla (10.91%). Likewise, (Rendón-Villalobos et al., 
2012) observed a similar effect with the addition of chia flour 
(Salvia hispanica L.), obtaining protein content values of 9.41% 
to 12.48%, at flour replacement levels of 5 to 20%, respectively.

No significant differences in lipid content were found with 
the addition of Lupinus flour (p ˃  0.05), with lipid values of 4.39% 
to 4.12% obtained. The ash content was higher in the fortified 
tortillas due to the minerals present in Lupinus, including calcium 
(1.5 to 2.2 g/kg), magnesium and potassium.

Table 1. Proximal Analysis of maize tortilla with Lupinus flour.

% of Lupinus flour 
(w/w)

Moisture  
(%)

Protein  
(%)

Fat 
 (%)

Ash  
(%)

Fiber  
(%)

Carbohydrates  
(%)

0.0 33.07±0.53d 9.60±0.06d 4.50±0.23a 1.17±0.10c 1.5±0.06d 47.82a

2.5 36.21±0.61a 10.45±0.10c 4.39±0.07b 1.40± 0.04b 1.64±0.03c 45.68a

5.0 35.61±0.47b 11.25±1.40b 4.29±0.16c 1.71±0.07a 1.77±0.01b 48.17b

7.5 35.08±0.05c 12.02±0.25a 4.12±0.04d 1.74±0.04a 1.89±0.01a 55.16c

a,b,c,d Means with different letters within the same column differ significantly (P<0.05).
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For fiber content, the tortillas tested in this study had lower 
values compared to those reported in previous studies, which 
reported 1.87% in nixtamalized tortillas, and 2.39% in tortillas 
fortified with 4% soybean meal. Those studies noted that the full 
use of all parts of the grain caused an increase in the nutritional 
value of the tortilla.

3.2 Dough texture

On the textural profile analysis, the incorporation of 7.5% 
of Lupinus flour resulted in a significantly (P<0.05) harder 
dough texture. Similarly, the higher percentage of Lupinus 
flour incorporation (7.5%), resulted in significantly (P<0.05) 
higher dough adhesiveness. The incorporation of Lupinus 
flour into tortillas significantly decreased (P<0.05) the dough 
cohesiveness and springiness (Table 2). On the Hoseney test, the 
incorporation of Lupinus flour significantly decreased (P<0.05) 
dough adhesiveness; however, in contrast, the incorporation 
of Lupinus flour significantly (P<0.05) increased the dough 
stringiness (Table 2).

Dough texture is critical in the tortillas-making process. 
When the dough has the right texture, it is sticky enough to 
adhere to the rolling mills of the tortilla machine and separate 
properly, a property influenced by processing conditions, such 
as temperature and cooking time. Dver-cooking produces very 
adhesive dough that is difficult to handle and becomes overly 
sticky; under-cooking produces an inadequate tortilla texture 
consisting of non-cohesive dough that does not form or bind. 
Dough from NCF (nixtamalized corn flour) is less cohesive 
than NFCM (nixtamalized fresh corn dough) (Gasca-Mancera 
& Casas-Alencáster, 2007).

Table 2 shows the texture profile analysis of dough with the 
blend of corn and Lupinus flours. As the percentage of Lupinus 
increased in the blend, the hardness and cohesiveness increased, 
and the adhesiveness decreased. The increase in hardness and 
cohesiveness is related to the protein content of Lupinus, and 

the decrease in adhesiveness is due to the lower starch content 
present in the blends with increased Lupinus content. The TPA 
results of the dough fortified with Lupinus flour showed that 
such a blend can be appropriate for making tortillas.

Previous studies (Flores-Farías, 2004; Bedolla & Rooney, 
1984) conducted on tortillas with added fiber sourced from 
wheat, soybeans and oats showed that increasing the fiber 
content diminished the adhesiveness and cohesiveness, likely 
due to a dilution effect on the starch. Acceptable hardness values 
of 209 to 530 gf (2.06 N to 5.19 N) in dough made with native 
maize varieties were reported, and the values obtained in this 
study are within that range.

3.3 Tortilla texture

The incorporation of Lupinus flour (2.5% to 5.0%) resulted in 
significantly (P<0.05) greater firmness and elasticity. When 2.5% 
Lupinus flour was added, the tortillas puncture deformation 
was significantly (P<0.05) higher. Similarly, when 2.5% Lupinus 
flour was added, the tensile strength was significantly (P<0.05) 
higher as well. This resulted in a more rollable and puffable 
tortillas (Table 3).

Table 3 shows an increase in hardness found in the 2.5% 
and 5.0% treatments. The tortillass hardened due to starch 
retrogradation, which begins in the tortillas immediately as it 
begins to cool after being cooked. This quality loss in the tortillas 
is due to amylose, which degrades faster than amylopectin, 
which, due to its highly polarized and linear nature, tends to 
form hydrogen bonds between the hydroxyl groups of adjacent 
molecules (amylose and amylopectin), causing them to lose their 
hydration capacity compared to their original state, resulting 
in a partial shrinkage of the starch. This hardening can also be 
caused by processes of association with protein, fiber and other 
chemical components (Gomez et al., 1991; Martínez-Flores et al., 
1998; Rangel-Meza et al., 2004). The functional properties of 
corn (Zea mays) products, including tortillass, are strongly 

Table 2. Texture profile analysis and Hoseney adhesiveness of maize dough with Lupinus flour.

% of Lupinus flour 
(w/w)

TPA Hardness  
(N)

TPA  Adhesiveness
(-N) TPA Cohesiveness TPA Springiness

(cm)

Hoseney 
Adhesiveness 
strength (N)

Hoseney 
Stringiness (mm)

0.0 2.44±0.01b 2.48±0.19c 0.130±0.09a 0.233±0.06a 0.196±0.020a 0.46±0.02a

2.5 2.38±0.58b 2.84±0.13b 0.122±0.07b 0.227±0.01b 0.193±0.011b 0.35±0.85b

5.0 2.56±0.28b 2.38±0.22c 0.116±0.02c 0.267±0.08b 0.172±0.001c 0.32±0.02c

7.5 2.84±0.85a 4.62±0.96a 0.117±0.04c 0.238±0.04b 0.155±0.001d 0.21±0.01d

a,b,c Means with different letters within the same column differ significantly (P<0.05).TPA: Texture Profile Analysis.

Table 3. Textural properties (puncture and tension) of maize tortilla with Lupinus flour.

% of Lupinus flour 
(w/w)

Firmness  
(N)

Elasticity  
(mm)

Puncture 
deformation (%)

Tensile Strength 
(N) Rollability Puffing or Onflation

0.0 56.54±0.85b 7.00±0.62b 22.89±1.54b 4.62±0.45c 1 1
2.5 63.59±0.17a 8.14±0.88a 24.25±1.35a 6.61±0.13a 2 2
5.0 64.79±0.12a 8.17±0.99a 17.35±1.64c 5.57±0.54b 1 1
7.5 43.39±0.56c 6.78±0.77b 17.24±1.01c 3.35±0.12d 1 1

a,b,c,d Means with different letters within the same column differ significantly (P<0.05).
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influenced by starch, as opposed to other cereals, such as wheat 
(Triticum aestivum), which mainly derive their characteristics 
from proteins (Rodríguez-Sandoval et al., 2005). On general, the 
texture profile analysis shows no significant differences (p> 0.05) 
between treatments with respect to the control parameters, in 
terms of hardness, elasticity, cohesiveness and chewiness. Similarly, 
as a result of the doughs being somewhat adhesive, they dried 
out faster, and, therefore, the tortillas hardened. Consequently, 
moisture plays an important role. Agama-Acevedo et al. (2004) 
reported that tortillass with low humidity are rigid, which may 
have occurred in the 2.5% treatment in the present study, which, 
at 33.07%, had the lowest humidity value. While the moisture 
of tortillass typically ranges between 35 and 50%, according to 
Rendón-Villalobos et al. (2012), the value obtained for the 2.5% 
treatment is below this range.

Dther investigations conducted with nixtamalized flour 
corroborate this effect (low humidity in the tortillas requires 
high shear forces), which translates into a loss of softness and 
flexibility. Moreover, the presence of Lupinus flour at a higher 
concentration has a positive effect on the hardening of the 
tortillas, which can be seen in the reduced hardness found 
with the 7.5% treatment due to the Lupinus proteins absorbing 
a greater amount of water, thus improving the texture of the 
tortillas. On a similar study, it was found that using soy protein 
improved the texture of the tortillas since soy protein retains 
more water (Almeida & Loyd, 1996).

Elasticity results for the tortillas are shown in Table 3, where 
it is noted that the elasticity for all treatments was statistically 
the same (p ˃  0.05). Tortillas from the 7.5% treatment was soft, 
due to the high elasticity distance before rupture, a distance 
effect that was also observed in the 5.0% treatment but not in 
the lower concentrations. This effect is also related to the water 
absorption capacity of Lupinus flour. Hard tortillass require 
greater deformation force and exhibit shorter distances before 
breaking (Suhendro et al., 1999). Table 3 shows the values found 
for cohesiveness. Ot was observed that, on the whole, cohesiveness 
tended to decrease with the addition of Lupinus flour, except in 
the 5.0% treatment, which had a higher cohesiveness compared 
to the other formulations tested (0.405).

Chewiness, which refers to the force required to chew solid 
food until it is ready to be swallowed, is measured by elasticity. 
A food with high elasticity has a rubbery texture, while a product 
with low elasticity is frangible. Table 2 shows the values obtained 
for chewiness. As the 2.5 and 7.5% treatments had the lowest 
values for this parameter, it can be said that those tortillass 
required less force to chew, which can be interpreted as being 
soft and pliable tortillass.

3.4 Rollability and inflation

The rollability and inflation characteristics of the tortillass 
prepared in this study are presented in Table 3. The 2.5% and 
7.5% treatments showed good rollability and inflation, with no 
significant differences compared to the control, yielding a value of 
1. This means that the tortillass inflated, forming a 100% bubble 
and, in the same way, when rolled, the tortillass did not rupture. 
This was due to a greater absorption of water, which gave the 

tortillas greater flexibility and superior rollability. Semi-inflation 
occurred with the 5% treatment, and, in terms of rollability, 
researchers found a minor rupture of 25% with this treatment, 
according to the established scale Cuevas-Martínez et al. (2010).

On a study by Cuevas et al. 2010, tortillass made from 
extruded nixtamalized flours showed better rollability when 
lower concentrations of GP (germ and pericarp) were used. 
Poor rollability is attributed to high concentrations of GP and a 
low percentage of moisture, indicating a lower water absorption 
capacity, which does not facilitate an interaction between the 
components. These factors result in brittle tortillass.

A study conducted by Cuevas-Martínez et al. (2010) on corn 
tortillas fortified with beans at higher substitution percentages 
than those presented in this study obtained good rollability and 
inflation results. The fact that one of the functional properties 
of Lupinus is its increased water absorption is reflected in the 
rollability results.

3.5 Shear and tensile strength of fortified tortillass

Shear and tensile strength are the properties of tortillas that 
determine their degree of hardness. The softer and smoother the 
tortillas, the less work is required for chewing, and the higher 
the product quality. The perception of quality is also related to 
the subjective assessment by the consumer, in terms of elasticity, 
wherein the force required to tear a tortillas by stretching it 
simulates tearing it with the hands (Figueroa-Cárdenas et al., 
2001). The addition of Lupinus in different proportions had a 
significant effect (p ˂ 0.05) on the tension force in the 5.0% 
treatment, compared to the control, resulting in a higher 
tension force (1.95 N), which was not observed in the 2.5% 
and 7.5% treatments, for which the values of 1.29 N and 1.54 N, 
respectively, were markedly similar to the control (Table 3). Tensile 
strength values of 1.13 N have been reported in tortillass with 
10% bean fortification, compared to a control value of 1.11 N 
(Cuevas-Martínez et al., 2010), values that are similar to those 
found in this study. The 5.0 treatment resulted in tortillas that 
was stronger and had a higher tensile strength, while the 7.5% 
and 2.5% treatments had the lowest values.

The test for shear strength simulates the cutting force of a 
tooth during chewing. Significant differences were observed 
among the treatments, with the softest levels recorded for the 
fortification level of 7.5%. Lower levels of moisture in the tortilla 
generally cause both higher tension and shear forces, as observed 
in the 5.0% treatment, which presented the lowest moisture value 
of 33.07% (Vázquez-Rodríguez et al., 2011).

3.6 Color characteristics of tortillass with Lupinus

Finally, the incorporation of Lupinus flour did not significantly 
(P>0.05) affect luminosity. Higher Lupinus flour incorporation 
resulted in significant (P<0.05) changes in both redness and 
yellowness (Table 4).

From the information outlined in Table 4, it is possible to 
analyze the values generated for the color of the flour tortillass 
fortified with Lupinus albus. Ot can be seen that the 2.5% treatment 
was similar to the control in all the determined parameters, in 
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that no significant differences were present (p> 0.05). Values of 
77.32, 1.68 and 24.69 were found for L*, a* and b*, respectively, 
corresponding to the control, and values of 71.03, 2.21 and 22.48 were 
found for the sample with a 4% addition of defatted soya, values 
that are similar to those found in this study. Dverall, the additions 
of Lupinus flour ranging from 2.5% to 7.5% tended to produce 
a white coloring, with all treatments presenting high L* values. 
With respect to the color yellow (b*), the 2.5% sample showed 
values equal to the control, whereas at higher percentages, the 
values were higher. Therefore, the addition of Lupinus albus flour 
up to a fortification level of 2.5% did not significantly affect color, 
contrary to what was found in the 7.5% treatment, where a slight 
increase in the b* values was observed. This is attributed to the 
yellow color of the Lupinus flour, which comes from carotenoids. 
Porras-Saavedra (2006) mentioned that the seeds of Lupinus albus 
and Lupinus montanus have a high carotenoid content. On a 
study by Figueroa-Cárdenas et al. (2001), the use of 4% defatted 
soya in corn tortillas was recommended because, at higher 
percentages, it produces a dark color. Moreover, Amador-Pérez 
(2009) reported that the color intensity is reflected in the final 
product with the increase in the ratio of legume-based flour. 
Nasar-Abbas & Jayasena (2012) showed that the yellow color 
increased with the increase of lupin flour.

4 Conclusions
The addition of Lupinus flour resulted in an increase in protein 

and lysine content, which were highest in the 2.5, 5 and 7.5% 
treatments, in which a lysine content of 10.45, 11.25 and 12.02% 
was found, respectively. Based on the parameters obtained in the 
Texture Profile Analysis, the optimal replacement percentage 
for nixtamalized corn flour doughs is 5% or lower since higher 
concentrations increasingly affect the textural properties. The Texture 
Profile Analysis and quality analysis of the tortillas revealed that 
the treatments that showed the most desirable characteristics 
were 2.5 and 5%. During the sensory color analysis, consumers 
showed a preference for the 2.5% treatment, which suggests 
that Lupinus may be a viable new alternative for fortification.
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