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Abstract
Villa, G. A., R. S. Rosiles; R. R. Villalobos; F. R. González, J. de D. F. Cárdenas and J. A. M. Albores, 2017. Structural, thermal and rheological properties of nixtamalized maize masa obtained from varying the concentration of
calcium hydroxide and cooking time. Bulg. J. Agric. Sci., 23 (4): 653–663
In this work, we have evaluated the effect of the concentration of calcium hydroxide (0.1 – 3.9% w/v) and cooking time
(15 – 85 min) of maize grain (Pioneer 30G54 and QPM H-374C) on the structural, thermal and rheological characteristics
during the nixtamalization process and compared with those without nixtamalization. The X-ray diffraction analysis of both
samples of maize grain were shown to be standard type A-pattern, characteristic of most starches of cereal origin with a relative
crystallinity of 44.39 – 34.12% and 42.29 – 32.51% for Pioneer and QPM, respectively. The ∆H showed values of 6.22 to 4.93
(J/g) and 5.8 to 4.24 (J/g) for both samples. The results showed that both the yield stress and the ﬂow curves were inﬂuenced
by the increasing calcium concentration and cooking time. The yield stress in the “masa”, increase sharply (e.g., from 2.51 to
63.10 Pa) and the viscosity signiﬁcantly (p < 0.05) decreased with the increasing of shear rate, due to processing conditions
and that the water retention capacity increases with temperature and particle size. SEM micrographics showed that when the
concentration of lime increases, agglomerates occurred only in the Pioneer sample; however, this situation is lost when the
temperature varies. For QPM sample SEM micrographics showed that the nixtamalization process did not affect the granules
with the increasing of calcium hydroxide.
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Introduction
Maize (Zea mays L.) is the main cereal in the world, with
extensive area planted in many countries due to its adaptation
and higher productivity and, with uses such as food, feed and
industrial (Šeremešić et al., 2016; Shafea and Saffari, 2016),
considered as the usual food food for millions of people in
Latin America. In México, is consumed as tortillas and others related products from nixtamalized maize grains (Serna*Corresponding author: rendonrodolfo23@gmail.com

Saldivar et al., 1998). The nixtamalization process includes a
thermo-alkaline treatment, in which maize kernels are cooked
and steeped in an oversaturated calcium hydroxide solution
(Serna-Saldívar et al., 1993; Gutiérrez et al., 2007; RuízGutiérrez et al., 2012). After washing and grinding the “nixtamal”, is produced a soft dough, known as “masa” which is
used in the production of tortillas. During the alkaline cooking, the OH´s ions react and dissolve the pericarp compounds,
and is formed a calcium concentration gradient through the
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all structures of maize grain. This promotes physicochemical
changes in the germ and endosperm, as such as in the internal anatomical structures of the grain. These changes alter the
grain structure and the rheological properties due of heat and
mass transference phenomenon (Verma and Prasad, 1999).
Rheological properties are sensitive to variations in molecular
structure, and are useful in developing structure–function relationships for systems of polysaccharide solutions and intermolecular interactions. The knowledge of rheological behaviour
of the food ingredients is important to optimize applicability,
stability, sensory properties, storage and processing of foods,
stability measurements, and in predicting texture of foods
(Kulicke et al., 1996; Abu-Jdayil et al., 2004). The texture of
masa is very important during the production of tortillas. Both,
in the industrial and the domestic process, the masa should
be readily cohesive and adhesive to allow the formation of a
sheet and thus, favour its cutting and shaping as round disks or
another shape. Studies using the Rapid Visco Analyzer (RVA)
have correlated the functionality of nixtamalized maize ﬂour
with the produced masa consistency. In addition, have been
correlated the particles sizes and polymers with the texture of
the masa (Sahai et al., 2001); however, few studies about the
rheological characteristics of nixtamalized maize are found in
the literature. The objective of this research was to evaluate
the effect of the concentration of calcium hydroxide and cooking time of maize grain during the nixtamalization process on
the structural, thermal and rheological characteristics of masa
obtained from nixtamalized maize ﬂour.

Materials and Methods
Maize variety Pioneer 30G54 (called sample A) and
Quality Protein Maize (QPM H-374C) a white dent maize
hybrid (called sample B) was harvested on 2012. Instituto
Nacional de Investigaciones Forestales Agrícolas y Pecuarias (INIFAP) located in Celaya, Guanajuato, Mexico, provided both materials. The lime (CaOH)2, was food-grade.
Samples preparation
The samples were nixtamalized as described by Arámbula-Villa et al. (2001) and Trejo-Gonzalez et al. (1982), with
some modiﬁcations. For this, 2 Kg of maize in different lime
concentrations (0.1, 1.0, 2.0, 3.0, and 3.9%; w/v) at times (15,
25, 35, 45, 55, 65, 75 and 85 min) were cooked. The cooked
grains were steeped in the same cooked liquor (“nejayote”)
for 16 h and ﬁnally this was discarded. This solution contains
some parts of pericarp and other soluble solids from the maize
grains, contains most of the lime used in the process. In a nixtamal-stone mill (FUMASA US-25, Mexico) the nixtamalized
maize was milled to obtain a masa (dough), a common step in

the traditional nixtamalization process. Through a ﬂash dryer
was dehydrated at 240 – 260°C for 3 s to obtain instant maize
ﬂour with 12% (w/w) moisture content and the ﬂour was
ground in a hammer mill (Pulvex 200, Mexico) and screened
in No. 60 sieve (Mont-Inox, Mexico). In addition, a sample
of each maize, which does not have the nixtamalized process,
was included as control (called C1 and C2).
X-Ray diffraction (XRD) and crystallinity
The samples were analysed with a RIGAKU diffractometer, model Dmax2200 (RIGAKU Corp., USA.) working at a
voltage of 30 kV, 20 mA, Cu-K radiation, and wavelength of
1.54 Å. The tests were done with the following parameters:
angle interval 4- 60° (2θ), chart speed was 10 mm 2θ with a
running rate of 2 θ min-1 and a measuring time of 5 s. The
percent crystallinity was calculated as the ratio of the total
area respect to crystalline area between 13° and 26° using a
straight-line background (Manful et al., 2008). The following formula was applied:
total cristalline peak areax × 100
%Cristallity = ––––––––––––––––––––––––––––––– (1)
Total area of diffraction pattern 13–32º
Thermal analysis
The thermal properties were studied using a differential
scanning calorimeter (DSC) (Mettler-Toledo model 822a,
Switzerland). The calibration was done with Indium (point
of fusion of 156.4°C; enthalpy of 6.8 cal/g). The base line
was achieved by running a heating program from 25°C to
250°C. The initial (To), peak or gelatinization (Tp), ﬁnal temperature (Tf) and transition enthalpy (∆H, evaluated by integrating the peak area, corresponding to such transition), were
obtained from the tests. About 3.0 μg sample (dry basis) was
weighed with a micro balance (Perking-Elmer Corp., Model
AD2Z, USA) ± 0.01 mg of precision, on an aluminium pan.
This pan was sealed and could stand for 30 min before running the analysis; as reference, an empty aluminium pan was
used. Through a heating program (run three times) over a
temperature range from 30 to 110°C and a heating rate of
10°C min-1 with nitrogen ﬂow rate of 50 mL min-1 (Quintanar
et al., 2009).
Rheological properties
The rheology properties of samples were determined using a stress controlled rheometer (AR1000, TA Instruments,
USA), assembled with serrated plate system, 60 mm of diameter, and a solvent trap to minimize moisture loss during test.
Samples are left standing (5 min) before conducting rheological measurements such as equilibration time after loading the
sample on the sensor system. Temperature control was carried
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where τ (Pa) is the shear stress, γ is the shear rate (s-1), k
(Pa·sn) is the consistency index, and n is the ﬂow behaviour
index (dimensionless).
Scanning electronic microscopy (SEM)
The morphology of the granules from all samples was
observed with a Philips XL30 SEM (Philips, Holland) an
observed at a voltage of 10 kV. Using SEM, a thin layer of
maize ﬂour was mounted on aluminium specimen holder by
double-sided tape and micrographs from the surface (magniﬁcation 1200 and 1500 X) were taken (Duodu et al., 2002).
Statistical analysis
An experimental design of factorial arrangement was
used to evaluating lime solution, cooking time, ﬂour moisture content and type of maize. To analyse the data, the Statistical Analysis System and Duncan’s means comparison
were used (SAS ver.).

Results and Discussion
X-Ray diffraction patterns and percent crystallinity
The X-Ray diffraction patterns for raw samples (C1 and
C2) showed a distinctive A-pattern crystal structure (Zobel,
1988), gave identical and superimposable patterns in the 2θ
angular region: 15.1°, 16.4°, 17.5° and 22.6° (Figures 1 and
2). On the other hand, the d-spacings of the identiﬁed peaks
(5.95, 5.39, 5.2 and 3.9 Å) are agree with Flores-Farías et al.
(2002) and Castillo et al. (2009) who indicate that A-type
pattern was observed in grain of maize.
Although both samples (A and B) were severely cooked
in the laboratory, also showed A-type X-Ray diffraction
spectra, and only at 85 min of cooking this pattern was al-

Intensity (arb. units)

n

A)

Intensity (arb. units)

out with a Peltier Plate system (-40 to 180°C). All tests were
run isothermally at 25°C in triplicate. For this, mixtures of
each of the samples (5 g) were prepared with distilled water
(60 and 52% w/v) to obtain wetted mases of each of the samples. The viscoelastic properties of samples were determined
by running amplitude (stress range from 0.1 to 100 Pa, at a frequency of 6.28 rad s-1, to deﬁne the linear viscoelastic region)
and frequency (0.1-100 rad s-1, at a stress of 3 Pa) sweeps, to
determine the storage (G’) and loss (G’’) moduli (Pa) from
each test for every sample. In addition, ﬂow ramp (shear rate
0.1-100 s-1) to estimate shear viscosity and yield point (τc)
from all samples were made using both the logarithmic mode
and linear mode of shear rate ramp. The power law model (Eq.
2) was ﬁtted to the experimental data both from the ascending
and from descending segments of the shear cycle:
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Fig. 1. X-Ray pattern and crystallinity (%) of sample A
and B using different Ca(OH)2 concentrations
most disrupted for both samples, as can be seen observed by
the decreased intensity of the X-Ray patterns (Figure 2a y
2b), as the severity of cooking time increased which is manifested in to have low percent crystallinity.
The X-Ray crystal structure for control sample showed
very little change between them, mainly for not having had
some cooking process. However, Manful et al. (2008) reports
that a sample extremely cooks accompany to show low percent crystallinity. This situation was presented in our study
when the samples (A and B) were cooked at different times at
65, 75 and 85 min (Figure 2), where the most marked variation in the X-Ray source intensity and the crystallinity were
lower with respect control sample C1 and C2. Nevertheless,
when the samples were treated with different concentrations
of calcium hydroxide, the crystallinity decreased signiﬁcantly.
Also the amorphous state turn around ordered changing shape
as the concentration increases, principally from 2.0 to 3.9%
for QPM maize. When smaller concentrations were used (0.1
and 1.0%), changes in crystallinity are probably due that the
ﬁrst phase of the endosperm in this class of maize is hard
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Rodríguez et al. (1995) who described that the calcium introduced into the system, intercede for prevail the starch structure
and the process of nixtamalization is not affected.
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Fig. 2. X-Ray pattern and crystallinity (%) of sample A
and B using 2% of Ca(OH)2 at different cooking time
(Rojas-Molina et al., 2007). Minor changes in percent crystallinity were observed in the variety Pioneer for same condition
studied, going from 44.39% for control sample C1 till 37.33%
for sample with 3.9% of concentration of calcium hydroxide.
This behaviour agrees with what has been studied by Enrique-

Thermal analysis
Results of temperature and transition enthalpy (∆H) for
samples A and B with a cooking time of 25 min and to which
were varied concentration of calcium hydroxide, are showed
in Table 1 and 2. The Tp values for both samples, increased
from 68.84 to 71.39ºC (sample A) and 69.80 to 72.08ºC
(sample B) in relation to C1 (69.32ºC) and C2 (69.93ºC).
Sample A with the minor percentage of lime (0.1%)
showed a ∆H of 4.93 J/g and crystallinity of 41.53%, values
that were lowest in relation to that with 3.9% of lime with
∆H of 5.43 J/g and 37.33% in crystallinity. On the other hand,
sample B whit 0.1% and 3.9% of lime showed a ∆H of 4.51
and 4.24 J/g, with crystallinity values of 41.06 and 34.85%,
respectively. For both samples, the crystallinity values of C1
(44.39%) and C2 (42.29%) were higher that nixtamalized samples A and B. This represents a loss of crystallinity for samples
A and B and that can be attributed to nixtamalization process
and the variations in lime concentration since presumably Ca++
modiﬁes the conditions found in the starch components when
it penetrate the maize. With different cooking times and only
one concentration of calcium hydroxide (2%), the samples A
and B showed at 15 min cooking a ∆H value of 4.87 J/g and
5.53 J/g (Table 2); however, when the samples were cooking
for 85 min showed a decrease of 34.36 and 23.76% for this parameter in both samples. This situation likewise presented in
crystallinity percentage where this pattern varies from 39.39
to 34.66% (sample A), and 38.95 to 32.51% in sample B, with
15 and 85 min of cooking time, respectively.
In accord with Méndez-Montealvo et al. (2005), sample B is
a harder material and with content less starch, which imply that
∆H value is lower and is less destroyed their crystallographic

Table1
Thermal parameters of maize grain Pioneer 30G54 (A) and QPM H-374C (B) using different concentration of calcium
hydroxide with time cooking at 25 min
Sample

A
Crystallinity (%)
by XRD
44.39

Tp (ºC)

ΔH (J/g)

69.32c

ΔH
(J/g)
5.38c

69.93b

4c

Crystallinity (%)
by XDR
42.29

68.84b
70.09b
71.08b
71.39a
71.37a

4.93c
5.44c
4.87c
6.22a
5.43bc

41.53
40.46
37.65
37.87
37.33

69.80b
70.13b
69.92b
70.9ab
72.08a

4.51bc
5.8a
5.53ab
5.16b
4.24bc

41.06
38.73
37.35
35.16
34.85

Tp (ºC)
C1, C2
Ca(OH)2 (%)
0.1
1.0
2.0
3.0
3.9

B

Mean values of three measurements. Same letters after entries within each column indicate that there are no signiﬁcant differences (p > 0.05)
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Table 2
Thermal parameters of maize grain Pioneer 30G54 (A) and QPM H-374C (B) at different cooking times using a
concentration of calcium hydroxide of 2%
Sample

C1, C2
Time (min)
15
25
35
45
55
65
75
85

Tp (ºC)

A
ΔH (J/g)

Tp (ºC)

B
ΔH (J/g)

5.38c

Crystallinity (%)
by XRD
44.39

69.93b

4.00b

Crystallinity (%)
by XRD
42.29

69.32c
65.59d
77.93a
68.48cd
70.45c
70.4c
71.79bc
73.63b
65.5d

4.87d
6.88c
2.46e
11.57a
11.38a
9.83b
4.69d
7.37c

39.39
35.56
35.97
34.42
34.29
34.12
34.29
34.66

70.42b
69.92bc
71.42b
72.12ab
71.71b
72.23ab
73.10a
70.42b

5.53a
4.04b
3.74bc
4.31b
4.39b
4.25b
3.4c
4.46b

38.95
37.35
37.84
36.63
35.96
34.18
33.17
32.51

Mean values of three measurements. Same letters after entries within each column indicate that there are no signiﬁcant differences (p > 0.05)

arrangement (Singh et al., 2003). Nevertheless, these changes in
enthalpy may be because the samples are not composed only of
starch (70%, dry base), since it is a mixture of protein, lipids and
minerals (Cruz-Requena et al., 2011). The interaction of Ca++ in
the nixtamalization process can strengthen the bonds between
starch-lipids, protein-starch, starch-protein and calcium with the
components already mentioned which entails that the starch can
be gelatinized (Quintanar et al., 2011).
Rheological properties
Stress curves versus shear deformation for the control
sample and the nixtamalized masa (A and B) using different
concentration of calcium hydroxide with time cooking at 25
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min, are showed in Figure 3. It can be seen how the control
sample C1 (Figure 3a), exhibited a continuous deformation
curve throughout the range of efforts studied.
This behavior is typical of a shear thinning non-Newtonian
ﬂuid (Figure 4); while the nixtamalized samples indicate a discontinuous deformation curve with three different ﬂow regions.
This type of deformation curve is characteristic of materials
with yield stress (τc), which indicates that the nixtamalized samples of Pioneer maize (Figure 3a), displayed the formation of a
structure that is responsible to induce the τc. The low deformation region (10-4 to 10-2), is related to the rigidity of the formed
structure by the interaction of the Ca(OH)2 with the components
of maize ﬂour. The region of discontinuity is characterized by a

10-4

10-3

10-2

10-1

100

101

102

103

104

101

100
10-5

10-4

10-3

10-2

10-1

C1,

0.1% Ca(OH)2,

1.0% Ca(OH)2,

2.0% Ca(OH)2,

100

101

102

103

104

STRAIN

STRAIN
3.0% Ca(OH)2,

3.9% Ca(OH)2

C2,

0.1% Ca(OH)2,

1.0% Ca(OH)2,

2.0% Ca(OH)2,

3.0% Ca(OH)2,

3.9% Ca(OH)2

Fig. 3. Shear stress as a function of strain in Pioneer (a) an QPM (b) maize, using different concentrations of Ca(OH)2
and 25 min of cooking time
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Fig. 4. Experimental ﬂow curves at 25°C for nixtamalized maize ﬂour (Pioneer), with different concentrations of
Ca(OH)2 and that one using a concentration of Ca(OH)2 of 2% and cooking at different times
sharp leap (100 to 102) in the deformation of the material which
appeared in the low deformation region. This leap is related to
the breaking of the formed structure by the interaction of the
Ca(OH)2 with the components of maize ﬂour previously described. Finally come the region of high deformation where the
material is already well deformed and ﬂowing in this region.
Also, it is observed that as the lime concentration increases in
the nixtamalization process, masa showed an increase in yield
stress (Figure 3a) as well as in the viscosity (Figure 4). This
result suggests that the Ca(OH)2, when it penetrates the maize
during cooking, changed the conditions of the different constituents of maize grains. On the other hand, in the Figure 3b can
be seen that all nixtamalized samples of QPM maize, as well C2,
displayed continuous deformation curves indicating that these
masas have behaviour of a shear thinning non-Newtonian ﬂuid.
It is also possible to distinguish that all samples exhibited ﬂow
(Figure 3b), but when a shear stress of ~100 Pa was reached,
occurred a breaking in the masa which caused them to be expelled from the measurement system. With all the above, it can
be mentioned that all the nixtamalized mases of Pioneer maize
required a greater effort to be subjected to shear deformation,
indicating that their masas have a greater ﬁrmness in the formed
structure by the interaction of the Ca(OH)2, which agrees with
thermal and RDX analysis of this study. Stress curves versus
shear deformation for nixtamalized maize ﬂour (Pioneer, QPM)
and control samples at different cooking times using a concentration of calcium hydroxide of 2%, are shown in Figure 5.
This masas evidenced an analogous rheological behaviour which presented the samples treated with different
concentration of calcium hydroxide (Figure 3a, b), observing also that just as cooking time increase, masas showed

a greater ﬁrmness that manifested with an increase in shear
viscosity and yield stress (Table 3 and Figure 4).
This result indicates that the maize cooking time in the
presence of Ca(OH)2, is an important factor to obtain nixtamalized masas with more ﬁrmness. Otherwise, the τc values
(Table 3 and 4) for masas prepared with nixtamalized maize
ﬂour of Pioneer maize, was determined employing a linear
regression to the data of the low deformation region of the
Figures 3a and 5a. The τc values for pioneer maize (Table 3)
increased as the Ca(OH)2 concentration increases, suggesting that this masas exhibited greater ﬁrmness with respect to
C1 sample (Rodríguez-Sandoval et al., 2005).
The viscoelastic properties of nixtamalized sample A and
B, including control (C1 y C2), were evaluated by oscillaTable 3
Results obtained from mathematical modelling of rheogram data of nixtamalized maize ﬂour (Pioneer maize)
using different concentration of calcium hydroxide with
time cooking at 25 min
Ca(OH)2 (%)
τc
n
K
0
np
0.608a
3.773
0.1
2.51d 0.532ab 44.072
0.5
32.62a 0.285b 111.952
1.0
15.85bd 0.296b
96.21
2.0
19.95b 0.399b
67.54
3.0
19.95b 0.289b
87.74
3.5
19.95b 0.236b
91.98
3.9
25.12ab 0.068c 108.53

γ
0.027
0.0011
0.0019
0.0013
0.0018
0.004
0.0011

R²
0.9878
0.9913
0.9959
0.9713
0.9723
0.9813
0.9698
0.8610

Same letters after entries within each column indicate that there are no
signiﬁcant differences (p > 0.05). τc: yield stress (Pa); n: ﬂow behaviour index; K: consistency index; γ: deformation; R2: coefﬁcient of determination
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Table 4
Results obtained from mathematical modelling of rheogram data of nixtamalized maize ﬂour (Pioneer maize) at
different cooking times using a concentration of calcium
hydroxide of 2%
Time (min)
0
15
25
35

n
0.608a
0.369b
0.399b
0.058c

τc
Np
31.6b
19.95c
63.10a

K
3.773
88.83
67.54
130.41

δ
0.0014
0.0013
0.0014

R²
0.9878
0.973
0.9723
0.796

Same letters after entries within each column indicate that there are no
signiﬁcant differences (p > 0.05). τc: yield stress (Pa); n: ﬂow behaviour index; K: consistency index; γ: deformation; R2: coefﬁcient of determination
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tory experimental measurements, and the results are shown
in Figure 6. The storage and loss modulus (G´ and G´´) are
independent of angular frequency, in addition there is predominance of the storage modulus (G´ > G´´) over the entire
temperature range, indicating that masas displayed a behaviour of a viscoelastic material.
This behaviour establishes that both masas have a stable
structure to mould tortillas (Tabilo-Munizaga and Barbosa-Cánovas, 2005; Quintanar et al., 2011). Figure 7 shows the viscoelastic properties of nixtamalized masa sample (A, B, and C1,
C2), at different different cooking times using a concentration of
calcium hydroxide of 2%. A similar behavior is observed such
as that already described in Figure 6 where the predominant behavior is G´> G´´, typical of a viscoelastic material.

A)

105

10

104

G′, G″ (Pa)

SHEAR STRESS (Pa)

A)
2

101

103

G′ C1,

102

,
,

100
10-5

G′,
-4

10

-3

10

-2

10

-1

10

0

10

1

10

2

10

3

10

4

G″ C1
G″ 0.1% Ca(OH)2

G″ 2.0% Ca(OH)2

G″ 3.9% Ca(OH)2

0.1

10

1

STRAIN
0 MIN,

15 MIN,

25 MIN,

105

B)

104

102

G′, G″ (Pa)

SHEAR STRESS (Pa)

100

35 MIN

B)

101

103

G′,
G′,

102

G′,
G′,

100
10-5

10

Angular Frequency (rad/s)

0.1
-4

10

-3

10

-2

10

-1

10

0

10

1

10

2

10

3

10

4

10

STRAIN

Fig. 5. Shear stress as a function of strain in Pioneer
(a) an QPM (b) maize using a concentration of Ca(OH)2
of 2% and cooking at different times
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ever, the sample A has some granules get attached by adhering themselves (Figure 8a, b, c, d), as the concentration
of calcium hydroxide increases. In contrast, for sample B
it shows that the nixtamalization process did not affect the
granules with the increases of calcium hydroxide (Figure
8e, f, g).
The effect of lime induces destruction and granular swelling in dry masa ﬂour because of calcium-starch
interaction (Quintanar et al., 2011; Robles et al., 1988).
When the samples A and B were cooking at different
times using a 2% of lime, agglomerated granules can be
observed (Figure 9), being more marked this behavior
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at different cooking time. Closed symbols represent G′;
open symbols represent G′′.
a) = Pioneer and, b) = QPM sample
The results obtained in the present work are comparable
with what was observed in masas of wheat ﬂour added with
minerals, and those on the rheological properties of extruded
nixtamalized corn masa, where G´> G´´ (Salvador et al.,
2006; Mariotti et al., 2009; Contreras-Jiménez et al., 2017).
Firmness behaviors shown by both samples can be correlated
with crystallinity, temperature and enthalpy of gelatinization
previously discussed.
Scanning electron microscopic
Microscopy revealed that, in both samples is observed
mainly granules with polyhedral shapes (Figure 8); how-

Fig. 8. SEM micrographs of nixtamalized maize ﬂour
with different concentrations of Ca(OH)2: Pioneer maize
= a) control, b) 0.1%, c) 2.0%, d) 3.9% and QPM maize
= e) control, f) 0.1%, g) 2.0%, h) 3.9%
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at 65 min. Heating causes the starch granules to swell
and become deformed by losing their polyhedral shapes
(Maizeejo-Villegas et al., 2013; Quintanar et al., 2011). In
the absence of nixtamalization process did not were observed agglomerated granules in control samples (Figure
9a, e). Scanning electron microscopic images show evidences that when the conditions of nixtamalization (lime
concentrations, time cooking and maize variety) has been
changed, the material becomes more rigid (Pineda-Gómez
et al., 2012) as could be observed in the thermal and rheological properties described in this study.
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Conclusions
Notwithstanding both maize samples (Pioneer 30G54
and QPM H-374C) were cooked with Ca(OH)2, remains Atype X-Ray diffraction spectra even if it was accompanied
by loss in its structure, showing low percent crystallinity.
The Ca(OH)2 addition on the nixtamalization process, causes
an increase in temperature and enthalpy of gelatinization in
a dependent concentration, although QPM H-374C sample
exhibited the lowest values and their crystallographic arrangement was less destroyed. The control samples showed
a typical behavior of a shear thinning non-Newtonian ﬂuid
in comparison of the nixtamalized samples that display a
discontinuous deformation curve, characteristic of materials
with yield stress, evidencing that the nixtamalized samples
of Pioneer 30G54 maize, displayed the formation of a structure that is responsible to induce the yield stress. In another
way, there is predominance of the storage modulus (G´ >
G´´) over the frequency range applied, indicating that masas
displayed a behaviour of a viscoelastic material and that both
both masas have a stable structure to mould tortillas. SEM
micrographics showed that as the concentration of calcium
hydroxide increases some granules for Pioneer maize get attached by adhering themselves, contrary situation was observed in QPM maize when the nixtamalization process did
not afected the granules.
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