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Ab s t r a c t. Maize grains were treated with electromagnetic
fields and nixtamalized with nejayote, in order to analyze the effect
of such treatments on the microbiological and viscoelastic properties of masa, and on sensory tests of tortilla. A sample of maize
grains was irradiated by electromagnetic fields for 7 and 12 min.
Then, following the nixtamalization with nejayote, masa and tortillas were obtained. The application of electromagnetic fields
did not decrease the growth of moulds in maize grains. However,
a synergistic effect of irradiation (12 min) and nixtamalization
with diluted nejayote (50 water/50 whole nejayote) improved the
sanitary quality of masa. Elastic and viscous moduli showed significant differences in all treatments. The masa from maize grains
irradiated for 12 min showed the highest values of elastic and viscous moduli, while the masa from grains irradiated for 7 min and
nixtamalized with diluted nejayote (70 water/30 whole nejayote)
presented the lowest values. These results seem to indicate that
the application of electromagnetic fields modifies the viscoelastic modulus of masa. Sensory tests showed that tortillas obtained
from irradiated (12 min) maize grains, nixtamalized with nejayote (70 water/30 whole nejayote), had the highest score of all the
attributes, i.e. texture, chewiness and taste.
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INTRODUCTION

Maize (Zea mays L.) is the most frequently produced
grain in Mexico. It is commonly consumed as tortillas
which represent the main source of calories for low-income
households (Bello-Pérez et al., 2002). An average Mexican
consumes more than 80 kg of maize tortillas annually
(Serna-Saldivar and Chuck-Hernández, 2016). During the
nixtamalization process, in the steeping stage, there is a gradient of calcium concentration throughout the pericarp
structure (Gutiérrez-Cortez et al., 2010, 2016), and maize
grains absorb water and swell due to changes in moisture distribution (Martínez-Bustos et al., 2001). Also,
Rodríguez et al. (1996), reported that nixtamalization at
calcium hydroxide concentrations up to 0.2% increased
tortilla crystallinity while higher concentrations decreased
that parameter.
Fernández-Muñoz et al. (2011a, b) demonstrated that
the presence of calcium increased the viscosity of nixtamalized flours by inhibiting starch gelling. Nevertheless,
crystallinity and viscosity modifications of the starch granules could occur well before maize nixtamalization, which
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may improve the rheological properties of masa. Zepeda et
al. (2011) studied maize grains of three varieties that were
irradiated with electromagnetic fields and were then used
to produce tortillas, observing changes to the physical quality of maize grains and tortillas. They showed that maize
grains irradiated for 15 min increased strength and tortilla
elongation, a parameter related to their rollability.
Nejayote is produced during the nixtamalization process and can be considered a highly contaminant wastewater which is discarded into the sewer system. In recent
years, research efforts have been made to find novel uses
for this by-product. Investigations have been performed
to assess the potential of filtration to treat nejayote, an
operation that results in filtrates with high calcium content
(Valderrama-Bravo et al., 2012, 2013). In addition, some
phytochemicals have been successfully extracted from
nejayote (Gutiérrez-Uribe et al., 2010) which can be used
as food additives to enhance fibre, calcium and ferulic acid
content in bread (Acosta-Estrada et al., 2014). Finally,
Valderrama-Bravo et al. (2016) reported that maize nixtamalization with nejayote lowered the microbiological load
in masa, thus increasing its shelf life.
In this context, adding nejayote solids to nixtamal
increases calcium carbonate content and significantly
reduces the rheological parameters of the produced masa
(Valderrama-Bravo et al., 2015). However, in order to
achieve this, a centrifugation and a drying step must be
added to obtain nejayote solids, which would involve greater time and costs for the process.
Some authors (Gutiérrez-Cruz et al., 2011; Zepeda et
al. 2011) recommended using electromagnetic irradiation
in order to increase the physical quality of maize grains
and, consequently, of both masa and tortillas. Therefore, it
is advisable to use technologies to improve the quality of
maize during the nixtamalization process with nejayote.
In the masa and tortilla industry, it is essential to perform sensory analyses because the attributes affect the
quality of food consumed by the population. Herrera et al.
(2007) evaluated the organoleptic quality of ten types of
tortillas in Texcoco, Mexico, finding that consumers preferred tortillas with pleasant odour and flavour that did
not break when rolling them up. Thus, it is important
to have reliable and specific techniques that contribute to
the characterization and improvement of these foodstuffs
in a friendly manner, which could be the case of electromagnetic methods (Hernández et al., 2012; 2016).
Therefore, the aim of this research was to expose
maize grains to different electromagnetic field regimes and
then carry out nixtamalization of these grains with a certain
dilution of nejayote to assess microbiological and viscoelastic changes in masa, as well as evaluate the sensory
quality of tortillas.

MATERIALS AND METHODS

Maize grains (M55xM54) used in the nixtamalization
process were obtained from one simple cross of two inbred
lines. The genotypes of white maize were generated by
the National Research Institute for Forestry Agriculture
and Livestock (INIFAP) in Texcoco, the State of Mexico,
in the experimental station of UACH at Chapingo, the
State of Mexico, during the spring-summer agricultural
cycle in 2016.
The moisture and weight of 100 grains were determined using the procedure described by Serna-Saldivar
et al. (1992). The hectolitre weight was evaluated using
the 84-10 method (AACC, 2000). Grain hardness is a quality parameter of the maize used in nixtamalization, which
is evaluated indirectly by the flotation index (Salinas
et al., 1992).
Two samples of maize grains (1 kg) were treated with
electromagnetic fields (EF) of 0.42 mT (measured with
F.W.Bell® Gauss/Teslameter, 5070 model), at two exposure times, i.e. 7 and 12 min, while placed in the middle
of a solenoid (an area of the greatest magnetic induction). The irradiator device was developed and built
by Dominguez Pacheco, and then used by the research
group of ESIME-IPN (Gutiérrez-Cruz et al., 2011; RicoMartínez et al., 2014).
The microbiological analysis of nejayote was performed according to the Mexican standard (NOM-111SSA1-1994), using a serial dilution method to identify
moulds, yeasts, total mesophyles and coliform bacteria. An
aliquot (1 ml) of each dilution was aseptically transferred
into several Petri plates in two different culture media:
potato dextrose agar (PDA; BIOXON) and malt extract
agar (MEA; BIOXON), while tergitol was added to both
media. The Petri plates were incubated (Precision Scientific
Mod 815) at 25°C for 48 h for bacteria, and for 4-5 days for
moulds and yeasts. Colonies were counted and the average
number of colonies per plate was multiplied by the dilution
factor to obtain the number of organisms per gram in the
original sample.
A factorial design 32 with three replicates was used.
The nejayote concentration factor in masa had three levels,
i.e. the masa obtained from nixtamalized maize without nejayote (control masa, CM), the MN1 masa obtained
from nixtamalized maize with 1:1 diluted nejayote
(750 ml water/750 ml whole nejayote), and the MN2 masa
obtained from nixtamalized maize with 2:1 diluted nejayote (1050 ml water/450 ml whole nejayote). The time of
maize irradiation by electromagnetic fields, with three levels (0, 7 and 12 min), constituted the second factor. The
CM, MN1 and MN2 samples were prepared by cooking
500 g of maize in 1500 ml water, 1500 ml of 1:1 diluted
nejayote, and 1500 ml of 2:1 diluted nejayote, respectively,
containing 5 g food-grade calcium hydroxide (Fermont,
Monterrey N. L. México). Maize samples were cooked at
90°C for 40 min and then steeped for 12 h. The cooking
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liquid was separated and the nixtamalized samples were
washed with 500 ml water, and then ground in a hand mill
(Nixtamatic, Edo. Mex., México). The obtained masa was
dried by means of a forced circulation air oven, at 55°C
for 24 h. The dried samples were pulverized using a hammer mill (Pulvex 200, Mexico) with a 0.8 mm mesh. The
maize flours thus obtained were packed in hermetic polyethylene bags and stored at 4°C until they were used. Flours
were rehydrated to reach 54% moisture, in order to obtain
rollable masa which was then shaped into discs (diameter
10.9 cm; thickness 1.3 mm; and weight 20 g) using a manual tortilla machine. The discs were laid on a ‘comal’ and
cooked (at 220°C) for 30 s on one side, turned over and
cooked for another 30 s, and turned over again to cook until
they formed ampoules. The masa (CM-7, CM-12, MN1-7,
MN1-12, MN2-7 and MN2-12) were processed under the
conditions presented in Table 1.
A decision was made to use dilutions instead of the
whole nejayote for nixtamalizations because previous
reports showed that masa obtained with the latter was hard
and its viscoelastic modulus values were very high; whilst
diluted nejayote produced masa with better viscoelastic
behaviour (Valderrama-Bravo et al., 2015).
The agar plate method was employed to identify fungi
colonies in the maize grains used in this research. Fifty
maize grains were plated aseptically into several Petri plates
using the two types of culture media mentioned above. The
plated grains were incubated at 25°C for 5 days. At the end
of incubation period, fungi growing out from grains on the
agar were examined, counted and identified. Identification
was based on the colony and morphology characters using
specialized keys (Barnett and Hunter, 1998; Mathur and
Kongsdal, 2003; Leslie and Summerell, 2008, Samson and
Pitt, 1990; Pitt, 1979).
Ta b l e 1. Description of masa and tortillas code

Treatment

Exposure
times
(min)

1

0

2

7

3

12

4

0

5

7

6

12

7

0

8

7

9

12

Description
nixtamalization
agua/whole
nejayote
(ml/ml)

0

50/50

70/30

Identification code
Masa

Tortilla

CM
CT
(Control)
CM-7

CT-7

CM-12

CT-12

MN1

TN1

MN1-7

TN1-7

MN1-12

TN1-12

MN2

TN2

MN2-7

TN2-7

MN2-12

TN2-12
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The microbiological analysis of masa was carried out
according to the Mexican standard (NOM-111-SSA1-1994),
using a serial dilution method for identifying moulds. A 10-1
dilution was obtained as follows: 10 g of each masa sample
was aseptically mixed in a laboratory blender (Warring®)
with 90 ml 0.1% sterile peptone water (BIOXON) for 30 s.
A 10-2 dilution was prepared by adding 1 ml volume of this
mixture to a test tube containing 9 ml sterile peptone water
(0.1%). This method was repeated until a 10-4 dilution was
obtained. Dilutions of 1 ml were aseptically transferred into
Petri plates with different culture media (PDA and MEA,
plus tergitol; BIOXON), and then incubated at 25°C for
4-5 days. Colonies were counted and the average value
per plate was multiplied by the dilution factor, providing
the number of organisms per gram of the original sample.
Single colonies were transferred aseptically to agar plates
for further identification. Moulds were counted and categorized, based on their morphological features, colony
size, shape and colour. Isolated fungi were identified at the
genus level using Barnett and Hunter (1998) morphological
keys, and at the species level for Acremonium according to
Giraldo et al. (2015); for Fusarium specialized key Leslie
and Summerell (2008) and for Penicillium Samson and Pitt
(1990) and Pitt (1979) keys.
The viscoelastic parameters of masa, i.e. elastic (G´)
and viscous (G´´) moduli, were measured by running oscillatory tests in a TA Instruments Rheometer, model RT 20
Haake, New Castle (USA). The device employed to perform the test was a 35 mm rough plate. The reference
methodology was developed according to ValderramaBravo et al. (2015).
Thirty consumers (70% women and 30% men; aged
19-40 years) evaluated the colour, odour, taste, texture,
rupture resistance, chewiness and the overall acceptability
using a 9-point hedonic scale (Peryam and Pilgrim, 1957).
The points were labelled, according to Hernández et al.
(2012), as follows: I extremely like it (9), I really like it
(8), I like it moderately (7), I like it slightly (6), I neither
like nor dislike it (5), I dislike it slightly (4), I dislike it
moderately (3), I dislike it (2), and I extremely dislike it
(1). The test was conducted using a general randomized
block design. The nine types of tortillas (Table 1) were processed from maize flour before passing them to consumers.
Two tortillas of each treatment were served to consumers
by a group of volunteers. Consumers responded to a questionnaire containing: (1) General information, and (2) The
table to record their preferences. The duration time of the
sensory test was 1 h. The hedonic test was carried out in
a single day, in a laboratory located in Cuautitlan Mexico,
the State of Mexico.
Minitab® Statistical software, version 16 (Minitab Inc.,
State College PA, USA), was used to analyze the data by
applying an analysis of variance (ANOVA) at a probability
of ρ < 0.05. Differences between the means were determined using the Tukey test. All the measurements were
carried out in triplicates.
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RESULTS AND DISCUSSION

Maize genotype M55xM54 contains an average of
12.89 g 100 g-1 (±1.24) of content moisture, according to
NMFX-FF-034/1-SCFI-2002 (SAGARPA, 2002), which
established a moisture maximum of 14 g 100 g-1 to store
and preserve maize. The weight of 100 grains was 36.2 g
(±0.84). The flotation index was 28 g 100 g-1 (±2.04) which
designates a hard grain according to NMFX-FF-034/1SCFI-2002 (SAGARPA, 2002). Therefore, the cooking
time of maize was established, in relation to the results
of the flotation index, as 40 min. The hectolitre weight
was 75.75 kg hl-1 (±0.35). The Mexican Official Standard
NMX-FF-024/1-SCFI-2002 (SAGARPA, 2002) establishes a hectoliter weight minimum of 74 kg hl-1, and a flotation
index maximum of 40 g 100 g-1, for white maize grains
used in the elaboration process of tortillas.
The microbiological analysis of nejayote showed no
growth of fungi, yeast and bacteria which, according to
Valderrama-Bravo (2016), could be due to the high pH of
the liquid (11.89±0.06). Figure 1 shows fungi growth in
non-irradiated (control) and irradiated (7 and 12 min) maize
grains M55xM54 in two different culture media (PDA and
MEA). Fusarium verticillioides, Fusarium graminearum,
Penicillium oxalicum and Penicillium chrysogenum were
isolated from the control grain. The statistical analysis
conducted did not show any significant differences (ρ >
0.05) among the non-irradiated and irradiated maize grains
for Penicillium species. During its growth and harvest,
maize is colonized by different fungi genera, such as
Fusarium, Alternaria and Penicillium; while the genera
Aspergillus and Penicillium can develop during storage
(Lacey, 1989). Penicillium grows in both non-irradiated

Fig. 1. Fungi genera in non-irradiated (0 min) and irradiated (7
and 12 m in) maize grains, grown in two media: a – PDA and
b – MEA.

and irradiated maize on PDA at about 13 CFU g-1,
while on MEA the number of colonies is 11-12 CFU g-1.
Therefore, the EF application in maize did not show an
inhibitory effect on the Penicillium species identified.
Penicillium kernel infection can occur in the field or in the
storage, caused by an internal discoloration (‘Blue eye’)
of the embryo (Stack, 2000). In contrast, both species of
Fusarium were completely inhibited in the maize irradiated
for 7 min. Fusarium is the principal genus ear rot of corn.
Figure 2 shows the growth of moulds in masa. F. verticillioides and F. graminearum were absent in all masa
samples, and it has been reported that the nixtamalization
process reduces their growth in about 50-80% (Palencia et
al., 2003; Voss et al., 2001).
On the other hand, in the CM masa (not irradiated),
CM-7 and CM-12 min (irradiated 7 and 12 min, respectively) Acremonium zea (Current Name Sarocladium zea)
specie was able to grow, contrary to the masa obtained from
maize nixtamalized with nejayote. The genus Acremonium
has a worldwide distribution and is reported as a soil-borne
fungus while the Acremonium zeae species is one of the
most prevalent endophyte fungi colonist of preharvest corn,
producing symptomless infection of corn seeds. It has been
isolated from the stalks of mature plants and grows most
vigorously in artificial media containing xylan as carbon
source (Nicolau de Almeida, 2011; Bischoff et al. 2009).
It possesses a suite of hemicellulolytic enzymes such
as xylanase, xylosidase and arabinofuranosidase, which
reduce corn fibre (Bischoff et al., 2011). Endophytes that
produce cellulases and hemicelullases should be able to
compete with other types of fungi, thus optimizing their
growth in masa. Wicklow et al. (2005) showed that organic
extracts from maize grains fermented by Acremonium zeae
produce pirrodicines A and B, which have antagonistic
effects against Aspergillus flavus and Fusarium verticillioides, which might explain the absence of Fusarium
species in masa.
Even though Acremonium is an innocuous mould,
it could potentially reduce the physical quality of masa
and, as a consequence, of fermentation processes. Using
nejayote as nixtamalization water could inhibit the growth
of Acremonium, since it contains phenolic compounds
(Valderrama et al., 2016). However, the MN1 and MN17 masa samples developed other ear rot genera, such as
Alternaria, Cladosporium and Penicillium. Alternaria is
frequently found in cereals, causing grey discoloration
and producing mycotoxins, while Cladosporium ear rot is
a field mould whose toxicity has not been clearly defined,
but the growth of these species can also result in grey discoloration (Pitt and Hocking, 2009). Interestingly, Fig. 2c
shows no microorganism growth for the MN1-12 masa
samples, which could indicate that a higher sanitary quality
of masa is best achieved by the synergistic effect between
the application of EF and nejayote as nixtamalization water.
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Fig. 2. Fungi genera of masa grown in two media PDA and MEA obtained from maize grains: a – non-irradiated (0 min) and irradiated
b – 7 min and c – 12 min.

Figure 3 shows the results of the measurement of viscoelastic parameters, elastic (G´) and viscous (G´´) moduli,
versus the frequency of the masa obtained from maize treated with EF and nixtamalized with nejayote. Statically, data
showed significant differences (p < 0.05) among all treatments. Masa showed values of G´ higher than G´´ which
indicates an elastic behaviour. The CM-12 masa showed
the highest values of G´ and G´´, while MN1, MN2 and
MN1-7 displayed the lowest values. The results indicate
that the EF application to maize nixtamalized with nejayote
modifies the viscoelastic modulus of the produced masa.
In this study, treating maize with EF for 12 min could have
modified the structure of the starch granules, causing a concomitant change in the viscoelastic parameters of masa.
Non-irradiated and nejayote-nixtamalized maize did not
show any significant differences in the elastic modulus of
the MN1 and MN2 masa samples, and their modulus were
lower than in CM. On the other hand, the masa obtained
from irradiated and nejayote-nixtamalized maize (MN17, MN1-12, MN2-7 and MN2-12) showed significant
differences. These results differ from those presented by
Valderrama-Bravo et al. (2015), because they nixtamalized
maize with nejayote and added nejayote solids to masa. The
authors attributed the increases in masa elastic modulus to
the calcium carbonate contained in nejayote, which gives
greater stiffness to the masa. In the present study, masa
was obtained from maize flour, thus showing a homogeneous particle size, in contrast to the above-mentioned study
where masa was prepared in a manual wet mill. Particle
size uniformity may facilitate the absorption and diffusion

Fig. 3. Elastic (G’) and viscous (G’’) moduli of the masa obtained
from maize grains irradiated by electromagnetic fields and nixtamalized with nejayote.
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of water molecules, so they could interact better with the
polysaccharides present in nejayote (mainly arabinoxylans)
(Niño-Medina et al., 2009). Arabinoxylans are similar to
other hydrocolloids, such as carboxymethylcellulose, and
gums like guar, xanthan or Arabic, which display thickening, stabilizing and gelling functional properties (Gurkin,
2002). Another functional compound found at high concentrations in nejayote is ferulic acid (Gutiérez-Uribe et al.,
2010).
It is possible that these compounds influence the elastic behaviour of masa. On the one hand, arabinoxylans
are non-starch polysaccharides found in the aleurone and
pericarp, which form covalent and physical linkages with
other cell wall components, resulting in a structure that is
insoluble in water, but soluble under alkaline conditions.
On the other hand, ferulic acid can crosslink with polysaccharide chains to form ferulic acid dehydrotrimers and
dehydrodimers, which are relevant to the gelation process
of arabinoxylans (Berlanga-Reyes et al., 2011). Given that
the nixtamalization process is an alkaline cooking, which
causes hydrolysis of cell wall components of the pericarp,
the presence of a part of arabinoxylans and ferulic acid is
expected in the cooking liquid (nejayote). Ayala-Soto et al.
(2014) obtained arabinoxylans from different maize fibres,
and the arabinoxylan gels produced with nejayote presented a weaker structure, showing lower G’ value, while the
elastic modulus of gels produced with white maize fibres
were higher. This fact was attributed to a higher ferulic acid
concentration, and a lower ferulic acid dehydrotrimer concentration, during the hydrolysis in nixtamalization. In this
study, the ferulic acid, ferulic acid dehydrotrimer and arabinoxylans were not evaluated. Nevertheless, we suppose that
the interactions between these components could influence
the elastic behaviour (G’) of the MN1 and MN2 masa samples which contain nejayote, which is why the values were
the lowest. This contrasts with Valderrama-Bravo et al.
(2015), who found higher elastic modulus values when nixtamalizing maize with nejayote. Izydorczyk and Biliaderis
(2007) mentioned that arabinoxylans and ferulic acid concentrations might vary depending on the grain genotype,
environmental factors and maturity stages. The maize
M55xM54 employed in the present work was obtained by
crossing two inbred lines, thus possessing different maize
characteristics than the grains used by Valderrama-Bravo
et al. (2015). Also, the authors used control masa, masa
nixtamalized with nejayote, and masa with added nejayote
solids, all of which were processed by wet-milling, whereas, as mentioned above, the masa used in this study was
made from nixtamal (whole maize hominy) flour. During
wet-milling, nixtamal is ground 3-4 times, which allows
starch and arabinoxylans to gel, developing an increase in
the elastic modulus of masa.
Ayala-Soto et al. 2014 supported this fact, as they
worked with arabinoxylans from maize fibres by wet-milling, and their results showed the gel structure to be more

elastic and stiffer. On the other hand, by applying EF to
maize grains, their molecular structure could be modified.
Aladjadjiyan (2002) showed that the application of EF to
biological materials developed molecular alterations that
changed the path of ions. Therefore, it could be possible
for nejayote compounds to develop interactions with the
altered molecules in grains treated with EF, which could
explain why the masa obtained in this study showed lower
stiffness.
Figure 4 shows the results of consumer preferences
regarding odour, colour, taste, texture, chewiness and the
overall attributes. The sensory test of nine different tortillas
showed differences in preferences for the evaluated attributes, according to the scale used in the evaluation.
The scores for tortillas CT, CT-7 and TN1 with TN212, indicated that the EF irradiation time and nejayote
concentration are the factors influencing the final product. Although TN2 had a high odour score, due to some
nejayote compounds that could improve tortilla flavour,
its texture and chewiness showed low scores. The reason
for this could be the lower elastic module value of MN2
(Fig. 3) when compared to the masa obtained from irradiated maize. TN2-12 had the highest score of the overall
attributes, texture, chewiness and taste, whereas CT
showed the lowest score. The results indicated that a combination of EF irradiation of maize grains, and the use of
diluted nejayote as nixtamalization water, improved tortilla
quality. We attribute the changes observed mainly to the
modifications of the starch granule structure in irradiated
maize, which could affect its functional properties. Ponne
and Bartels (1995) reported that the electromagnetic waves
were discrete quanta, absorbed by the matter. The quantum
energies of radio waves are several orders of magnitude too
low to break chemical bonds. However, there are structures
in biological materials which may be affected by very low
energies, such as hydrogen bonds, where proton displacement can occur.
Zepeda et al. (2011) demonstrated increases in the
force and elongation of the tortilla obtained from maize
treated with electromagnetic fields for 15 min. Elongation

Fig. 4. Sensory test of tortillas shows differences in evaluated
attributes.
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is a determinant parameter in the rollability and sensorial
quality of tortillas (Herrera et al., 2007). Other nejayote
compounds, such as calcium carbonate, arabinoxylans and
fibre, might also affect the physical properties of masa and,
in consequence, the sensorial attributes of tortillas.
CONCLUSIONS

1. The sanitary quality of masa is improved by the synergistic effect between the application of electromagnetic
fields and the nixtamalization of maize with nejayote.
2. Electromagnetic fields applied in maize grains increases viscoelastic modulus; conversely, the masa obtained
from irradiated maize and nixtamalized with nejayote
showed lower stiffness. This indicates that nejayote compounds can interact with maize molecules that have been
modified by electromagnetic fields.
3. The irradiation of maize grains by electromagnetic
fields and the use of diluted nejayote during the nixtamalization process improve the sensory attributes of tortillas.
The highest score of the overall attributes was presented in
the tortillas produced by a combination of 12 min irradiation and a mixture of 70 g 100 g-1 of water and 30 g 100 g-1
of whole nejayote.
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