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ABSTRACT

Objective To identify the corn variety with the best yield, nutrients, flavor, and profitability to use as main
input for a future tortilleria (tortilla store) operated by the Sociedad de Produccién Rural Campo Lima (SCL).
A mixed research methodology was used to compare key values of the transformation chain of corn grains
into nixtamalized tortilla. In addition, interviews with key players and participant observation were used
as information tools and included weights, properties, and vyields of the tortillerias. The findings allowed
a comparative evaluation of the four corn varieties (Niebla, HS-2, native corn, and Sinaloa) and included
the following yield indicators: nixtamalization-to-dough-to-tortilla, nutrient content, sensory perception,
and benefit/cost analysis. The hybrid HS-2 (developed by the Colegio de Postgraduados) stood out with the
highest average value. A limitation was the scarce literature about this type of research carried out in semi-
mechanized tortillerias. In conclusion, the identification and selection of the most efficient and balanced corn
input will help the small producers of the Sociedad de Produccién Rural Campo-Lima to carry out a better
decision-making process and responsibly invest in the creation of a fortilleria. This step will get them closer to a
fair market inclusion, consequently, generating a fair income. This process will add value to the corn they grow
and will motivate new generations to continue sowing corn.

Keywords: yield, nutrients, profitability, tortilleria.

INTRODUCTION

Despite the public policy regarding guaranteed fixed prices for food, the economic
situation of most small producers in Mexico has not improved (CONEVAL, 2023).
Approximately 94% of the population eats tortillas and —according to the estimations of
the CONEVAL database regarding the cost of the basic food basket in the Poverty Line for
Rural Income (LPIR)— the average consumption of tortilla per capita in urban areasis 56.7
kg, while in the rural areas it reaches 79.5 kg (an average of 9 tortillas per day). According
to LPIR, in December 2021, corn tortilla was the most consumed food of the rural basic
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food basket (217.9 grams per day), reaching a monthly cost of MXN$129.78. Regarding
the daily nutrient requirements of Mexicans, tortilla provides about 45% carbohydrates,
39% proteins, and 49% calcium. In rural areas, these values are higher, because tortillas
are prepared with fresh nixtamalized dough (Rivera Chavira et al., 2021; Colin-Chavez ez
al., 2020). Flores et al. (2007) pointed out that =33.6% of the corn produced in Mexico is
used to prepare tortillas (8,775,000 t). According to the Directorio Estadistico Nacional de
Unidades Econémicas (INEGI, 2022), 121,445 establishments are part of the corn grain-to-
tortillas transformation chain (i.e., tortillerias and mills). Based on the Grupo Minsa (2021)
credit ratings developed by HR Ratings, 30% of Mexican fortillerias use fresh nixtamalized
corn, 20% use enriched flour, and 50% use a mixture of fresh nixtamalized dough and
corn flour. In Puebla, Mexico, most consumers (=65%) chose fresh nixtamalized tortillas,
produced in nearby mechanized tortillerias or buy them in retailer stores (Escobedo and
Jaramillo, 2019).

The study area is located in the municipality of Tlaltenango, in the central-western
area of Puebla. It borders with the municipality of Huejotzingo (north and west), the state
of Tlaxcala (north), San Miguel Xoxtla (east), and Juan C. Bonilla (south). The area is
located at 2,200 m.a.s.l. and covers 37 km”. In 2020, it had 7,425 inhabitants (population
density: 355 per ka). According to the Secretariat of Social Development, the high
marginalization and social backwardness of this municipality places it in 38 place out of
the 217 municipalities of the state (H. Ayuntamiento de Tlaltenango, 2022). In Tlaltenango,
farmers use several corn varieties —such as the native white, blue, red, and yellow corn—
and hybrids —such as Niebla, produced by the Ceres company, and HS-2, developed
by the Colegio de Postgraduados. HS-2 was created from a cross of several corn types
with desirable characteristics. This hybrid has an improved yield and is more resistant
to weather and pests (Nufiez and Sempere, 2016). The tortillerias of Tlaltenango use a
mixture of hybrids and corn flour. These hybrids come from Sinaloa and are bought at a
very cheap price. Sinaloa corn is grown using a large volume of agrochemicals and a wide
variety of pesticides (Cruz and Leos, 2019). According to the interviews with members
of the Sociedad de Produccién Rural Campo Lima in 2023, only a small percentage of
tortillerias use the Niebla, native corn, or HS-2 varieties. In addition, most of the regional
tortillerias and intermediaries pay farmers between MXNS$5 and MXN$8 per kilogram of
white corn. According to the Anuario de Granos del Sistema Nacional de Informacién e
Integracién de Mercados (SNIIM, 2022), the consolidated price of white corn (Sinaloa) in
the Central Market of Puebla reached a minimum price of MXN$8.75 and a maximum
price of MXN$24 (average: MXIN$16.37), while a kg of tortilla cost between MXN$15.72
and MXN$17.67 (SNIIM, 2023). The guaranteed price fixed by the Ministry of Agriculture
of Mexico (2022) was MXN$6.8 per kg of corn grain; however, the small corn producers of
Tlaltenango believe that MXIN$9.50 per kg is a fair minimum purchase price.

In 2023, the situation of the Sociedad de Productores Rurales Campo Lima (SCL) was
diagnosed. The results indicated a lag in the income of its members, as a consequence of
the low price of corn in the market. Therefore, a responsible investment was suggested
to the SCL. The investment should be equally divided among all the members and it

should be used to develop, install, manage, and operate a tortilleria in Tlaltenango. The
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aim of this proposal was not just to promote local consumption, but also to help the SCL
to transform their corn grains into a fair price tortilla. In order to achieve a responsible
investment (FAO-CSA, 2014) the following five strategies were proposed: a) to analyze
the yield and the nutritional properties of corn varieties; b) to conduct a marketing study
about the small tortillerfas in the region; c) to develop a business and investment plan for
a tortilleria; d) to improve the input for sustainable corn production; and ¢) to develop an
organizational-management plan for the SCL. Consequently, this study contributed to
three (a, b, and ¢) of the five strategies. Subsections 3.1 and 3.2 describe how this research
meets strategy a. In addition, subsection 3.3 includes a sensorial analysis and interviews
conducted with owners and employees of local tortillerias. Meanwhile, subsection 3.4
consists of a benefit/cost analysis that advances strategy c. Finally, subsection 3.5 describes
a comparative evaluation that will help the SCL to make management decisions, such
as the selection of the most suitable corn variety for the production, transformation, and
commercialization of the corn-to-nixtamalization-to-dough-to-tortilla chain. In addition,
the results will help the SCL to establish a new tortilleria in Tlaltenango, promoting the
rural, local, and sustainable development of the region.

MATERIALS AND METHODS

Inductive and exploratory-descriptive methodologies were used in the analysis. They
included qualitative methods, such as the study case and situational participation. In
addition, quantitative methods —such as experimental design and comparative analysis—
were used (Herndndez Sampieri and Mendoza Torres, 2018). The diagnosis and research
problem of this study were developed based on 8 interviews conducted with key rural
producers of the SCL in Tlaltenango. In addition, the Mexican context was subjected to
a documentary review. The corn comparative evaluation methodology used in the study
(Table 1) is described from subsection 3.1 to subsection 3.5. The materials and methods
used in this research are included in these subsections. This research was carried out from
February to July 2023.

Subsection 3.1 of Table 1 shows the mechanized methods used for nixtamalization
and the preparation of dough and tortillas, as well as their yields. Twelve employees and
3 owners of fortillerias from the rural areas of the valley of Puebla were interviewed.
Out of all the tortillerias visited for the study, the tortillerfa that had the most traditional
transformation (grain-to-tortilla) method was selected. Its transformation method
included nixtamalization, milling, kneading, and cutting. In addition, this fortilleria uses
the type of tortilla machine that is most popular in the Valley of Puebla. In this tortilleria
(a.k.a., “tortilleria 1), the transformation process from grain corn into tortilla was
carried out thrice, using the 4 corn varieties most used in Tlaltenango (Niebla, HS-2,
native corn, and Sinaloa). These three samples were subjected to a comparative analysis
between their means and variances (descriptive and inferential statistics), in order to
determine the corn grain-to-tortilla process of the four corn varieties. A randomized
complete block design with three replicates was used to analyze corn weight at every
stage of the transformation process (nixtamalization, dough, and tortilla), to determine

significant differences in weight yield (kg). The R software was used to conduct an analysis
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of variance, in order to compare the mean values resulting from the three transformation
processes and to determine if the statistical significance of p-value < is less than 0.05 for
the recorded treatments. In addition, statistically significant yield differences between
corn varieties were identified, during the nixtamalization, dough, and tortilla stages
of the process. Tukey’s mean comparison test was used to find differences between
means. Meanwhile, in subsection 3.1, additional tortilla samples were used for a sensory
perception study: 30 inhabitants of the region participated in a convenient sampling.
Cronbach’s Alpha was used to determine the reliability of the survey (subsection 3.2). In
addition, the samples included in subsection 3.1 were used for a bromatological nutrient
analysis (subsection 3.3). Therefore, the study included the benefit/cost analysis of the
corn grain-to-tortilla process (subsection 3.4). Finally, the results included in subsections
3.1 to 3.4 were used to compare the indicators (%). These results are included in the
tables and graphs (subsection 3.5).

RESULTS AND DISCUSSION
Nixtamalization, dough, and tortilla yields

According to the yield responses of nixtamalization, the highest results (nixtamalization
kg/ grain kg) were recorded by Sinaloa (1.878), followed by Niebla (1.837), HS-2 (1.801),
and native corn (1.793). Regarding fresh dough, the highest result (nixtamalization kg/
grain kg) was recorded by Sinaloa (1.989), followed by Niebla, HS-2, and native corn.
However, the yield varied in tortilla production: the highest result (nixtamalization kg/
grain kg) was recorded by HS-2 (1.486), followed by Niebla, native corn, and Sinaloa
(Table 2). These results are similar to the yield rates recorded by Salinas and Aguilar (2010)
and Ramirez-Munoz (2021). However, no references were found about dough-to-tortilla
yield calculations made directly in a tortilleria in Tlaltenango.

Regarding weight increase and loss, Niebla and Sinaloa recorded higher weight
increases (84 and 88%, respectively) than HS-2 and native corn (80 and 79%, respectively),
during the corn grain-to-nixtamalization transformation. This phenomenon is the result of
the medium hardness of Niebla and Sinaloa grains, which produces a flourier endosperm,
while HS-2 and native corn have a more vitreous endosperm. Sinaloa recorded the highest
loss weight percentage (24%) during the dough-to-tortilla transformation stage, followed by
Niebla (21%), native corn (20%), and HS-2 (17%). According to Salinas and Aguilar (2010),
this behavior is the result of the capacity of each corn variety to preserve moisture and the
high cooking temperature (285 to 300 °C) inside the tortilla machine, where evaporation
causes a great moisture loss. Sinaloa recorded the highest moisture absorption during the
nixtamalization and dough stages. However, this variety lost the greatest water volume
during the tortilla preparation stage and, consequently, it obtained the lowest yield. These
results match the findings of Gaytan-Martinez et al. (2013).

Nutritional value of white corn tortillas prepared in tortillerias

The tortillas prepared with HS-2 and native corn varieties recorded a lower wet
weight in the bromatological analysis (47 and 46%, respectively) (Table 3). In addition,
these varieties absorbed less water during the nixtamalization process and lost less water
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Table 1.

Materials and methods: four corn varieties, from crop to tortilla.

Steps

Description

3.1

Yields of nixtamal, masa and tortilla in a convenience tortilla factory, 3 replications.

3.1.1

Nixtamalization process

The corn kernels used had a moisture content between 12.9 and
13.1 percent and a weight of 5 kg per corn variety. All grains were
harvested in the 3™ quarter of 2022. For cooking, 12 liters of potable
water from a municipal well and 50 grams of food-grade lime were
used at a temperature of 91° in accordance with NMX-FI-034/1-
SCFI-2020.

Milling and kneading
process

The nixtamal was transported to the “tortilleria 1” mill to be
ground into nixtamal flour. Before grinding each variety of corn,
it was verified that the stones and the mill were perfectly washed
to avoid adding to the weight of the fresh dough. Subsequently, a
kneading machine was used for 4 minutes to achieve a homogeneous
consistency in the texture of the dough (Serna-Saldivar, 2021).

Die-cutting, cutting and
cooking process in tortilla
machine

In “tortilleria 17, the fresh nixtamal dough was placed in the feeder
of the tortilla machine rollers, which flatten the dough and then it
is cut into 2 discs of 15 cm in diameter for transport on a belt and
baking in an oven at 285 to 300 °C for a time of 30 s (%5). Upon
leaving the oven, they are stacked in a container for packaging and
refrigeration in hermetically sealed polypropylene vacuum bags
for shipment for bromatological analysis (Espinosa-Ramirez et al.,
2021). Tortilla samples were separated for the perception surveys.

Measurement of nixtamal,
dough and tortilla yields.

Subsequently, the incoming corn product and the outgoing corn
product were weighed on an analytical balance for each corn variety.
It is clarified that the weight of the tortillas was obtained 5 minutes
after processing (Salinas & Aguilar, 2010). The basic hygienic
practices of the official Mexican standard were used, NOM-187-
SSA1/SCFI-2002 & NOM-120-SSA1-1994.

3.2

Bromatological analysis
and nutritional declaration
of tortillas

The methods and materials of analysis and the nutritional
declaration are described in the Mexican standards: NOM-116-
SSA1-1994, “NOM-F-68-S-1980, NMX-F-089-S-1978, NMX-
F-066-S-1978, NOM-F-90-S-1978, NMX-F-496-SCFI-2011 and
NOM-051-SCFI/SSA1-2010. These analyses were performed at
the food laboratory of the Universidad Tecnolégica de Huejotzingo
(UTH), Puebla, Mexico. Tortilla samples were taken for analysis.

3.3

Tortilla sensory evaluation

A 15-item Likert-scale questionnaire to evaluate the perception
of flavor (sweet, bitter, salty, sour), texture (consistency, hardness,
viscosity), odor (pleasant whimsical aroma), freshness (recent
processing), flexibility (elasticity, softness and rollability) and
reheatability in freshly made and unrefrigerated nixtamal tortilla

(Escobedo & Jaramillo, 2019).

3.4

Benefit/cost evaluation

Semi-structured interviews of 10 items to the 8 producers of the
“Campo Lima”(Ortiz Pech et al., 2020), and to 15 convenience
tortilla factories (Boué et al., 2018). As well as sources of information
from the National Tortilla Council, FIRA and SNIIM. Some of
the items are: a) Minimum price MXN of 1 kg of corn grain; b)
Price MXN of 60 thousand corn seeds; ¢) Cost MXN of sowing,
fertilizers, pest control, tillage and harvest in 1 ha; d) Price 1 kg of
tortilla in rural areas; e) Cost of production of 1 kg tortilla in rural
areas.

3.5

Comparative Evaluation

A table compares the results of steps 3.1, 3.2, 3.3 and 3.4, with
percentages of the values obtained, as well as a presentation in a
Hexa-radial graph.
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Table 2. Grain-to-tortilla yields of the three transformation processes.

it (3 replicates), 5 kg shelled corn base
Varieties Mean* Mean* Mean* Yield** Yield** Yield**
nixtamal dough tortilla nixtamal dough tortilla
Nicbla 9.214 9.910 7.269 1.837" 1.976" 1.449"°
HS-2 9.059 9.678 7.475 1.801¢ 1.924°¢ 1.486%
Criollo 9.007 9.599 7.222 1.793¢ 1.911¢ 1.438¢
Sinaloa 9.437 9.995 7.175 1.878° 1.989° 1.428¢

*Mean values are shown in kilograms. **Yield=kg of the result product/kg corn grain. Different letters
in superscript indicate significant differences between corn varieties (one-way ANOVA, Tukey’s mean
comparison test, p<0.05).

due to evaporation during their transformation into tortillas. Vazquez-Carrillo (2020)
pointed out that this phenomenon is mainly a consequence of their vitreous consistency
and harder grain.

According to the proximate composition included in Table 3, tortillas prepared with
freshly nixtamalized dough mainly provide carbohydrates, crude protein, crude fat,
sodium, and, in a lower proportion, fiber. Consequently, the tortillas with the highest
protein content were those prepared with native corn, followed by those prepared with
HS-2, Niebla, and Sinaloa. Meanwhile, HS-2 and native corn are the varieties that
provide more energy (carbohydrates), followed by Sinaloa and Niebla. Following the
proposal of Figueroa et al. (2001), the highest ash content and the lowest sodium content
were recorded by HS-2. None of the four corn varieties recorded any sugar content.
Regarding the total energy content in 100 g of tortilla, native corn recorded the highest
results, followed by HS-2, Sinaloa, and Niebla. The results of this bromatological
analysis match the findings of Michael Latham (2002), who recorded that corn mainly
provides energy as carbohydrates; however, it also has significant amounts of proteins

and lower fat/oil, fiber, and micronutrient content (vitamins A, Bl, B2, and B3 and

Table 3. Results of the bromatological and physico-chemical analyses.

Chemli)::la(rln:::;onent Niebla HS-2 Criollo | Sinaloa Unit Mean
Moisture ' 51.53 47.00 46.06 50.10 g/100g 48.67
Crude protein 2 4.40 4.50 4.80 4.20 ¢/100g 4.48
Ethereal extract (fat) 5 1.30 1.70 1.60 1.80 g/100g 1.60
Ashes * 0.73 0.98 0.89 0.95 g/100g 0.89
Crude fiber ° 0.20 0.30 1.20 2.00 g/100g 0.93
Sodium chloride (Salt) 6 11.00 7.30 11.50 10.60 g/100g 10.10
Reducing sugar 7 0.00 0.00 0.00 0.00 g/100g 0.00

"Moisture level determination (NOM-116-SSA1-1994 Mexican Official Standard). *Crude protein
determination (NOM-F-68-S-1980 Mexican Official Standard). *Ether extract determination (fat) (NMX-
F-089-S-1978). *Ash content determination (NMX-F-066-S-1978). “Crude fiber determination (NOM-F-
90-S-1978 Mexican Official Standard). *Sodium chloride determination (Morh’s method) (975.20, AOAC).
"Reducing sugars determination (NMX-F-496-SCFI-2011).
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Ca, P, e, Cu, and Zn). The ether extractor or crude fat contains triglycerides, fatty
acids, wax, sterols, pigments, and fat-soluble vitamins. Unlike saturated fat and trans-
fat, crude fat does not cause health problems. All the tortillas prepared with the four
corn varieties under study recorded a low-fat content. Overall, the four corn varieties

showed basic micronutrients values conductive to a healthy diet: 50.7 kecal per 25 g of

tortilla (INCMNSZ, 2016).

Tortilla sensory perception analysis

The sensory perception for the grain-to-tortilla transformation and commercialization
stages was surveyed. The surveys included the following elements of the four tortilla
varieties: flavor, texture, color, freshness, flexibility, and reheated. The surveys had a
Cronbach’s Alpha of 0.842, indicating a good reliability. The sample consisted of n=30
interviewees. Out of this total, 57% were women and 43% were men and their age
ranged from 19 to 55 years old, with a mean age of 39. During the first part of the
survey, 73% of the interviewees responded with an overall liking to the flavor, texture,
aroma, freshness, and flexibility of the tortillas. This stage recorded the following liking
percentages: 41% Niebla, 31% HS-2, 18% native corn, and 10% Sinaloa. The remaining
27% of the sample obtained the following results: 35% Niebla, 30% native corn, 23%
HS-2, and 12% Sinaloa. Freshly made tortillas were compared with reheated tortillas;
in addition, the average of both tortillas was used to determine which was the best. In
average, all the evaluated characteristics of tortillas recorded a 95% congruency, which
reinforces the reliability of the tool. Consequently, the average results of the two-day
surveys indicate that Niebla was the best qualified variety regarding flavor (92%), aroma
(74%), and freshness (78%), while HS-2 recorded the best texture (74%), flexibility (70%),
and reheated (68%). The tortilla control sample was prepared with corn flour bought in
a supermarket and recorded the lowest percentages in all the surveyed characteristics,
both for freshly made tortillas and reheated tortillas. These results were expected, as a
consequence of the chemical differences in the preparation process between the freshly

nixtamalized dough and the corn flour dough.

Benefit/cost analysis of the corn chain, from crop to tortilla

The highest benefit/cost (B/C) was recorded in the production, transformation, and
commercialization of tortillas made with HS-2 (1.7 in 5 years). This result shows the
feasibility of the proposal made to the SCL about the tortilleria. A tortilleria partnership
should include at least 8 producers. Each producer should make an initial investment of
MXN$37,000 to obtain a net profit of MXN$319,648.99 in 60 months. The tortilleria
should sell 25 kg per partner and per day and the producers should sow an annual
total of 6,250 m? of HS-2 white corn. The economic benefit would be 8.6 times higher
than the initial investment. A larger cultivation would enable the increase of the
business, whether the additional tortillas were sold in same tortilleria or if the producers
invested in a new tortilleria. The partners could focus on the production of corn grains,
because the ftortilleria would be managed by employees. If each member of the SCL
produced 1.25 ha of HS-2 corn in a year and sold 50 kg of tortillas per day, the 5-year
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net profit would be MXNS$639,297.99 per partner, which would result in a 3.41 B/C
ratio (MXN$10,654.97 per month). Minimum estimated values were used in this B/C
calculation; therefore, the profit could increase if the market price of tortilla increases.
Regarding the abovementioned projection (1.25 ha/5years/50 kg per day, per partner),
the B/C ratio of HS-2 would be 23, 43, and 32% higher than Niebla, native corn, and
Sinaloa respectively, which makes it the best mid-term sustainable economic choice.
Mexicans consume an average of 7 to 8 white corn tortillas per day. According to the
Guia Alimentaria y de Actividad Fisica en Contexto de Sobrepeso y Obesidad en la Poblacion
Mexicana (Bonvecchio and Ferndndez, 2015) 19-59 years old persons who exercise lightly
should consume 7.5 portion of cereals per day. The Plan de Desarrollo Municipal of
Tlaltenango established that this municipality has 7,425 inhabitants and, consequently,
a tortilleria could sell a minimum of 200 kg of tortillas per day. In addition, Tlaltenango
is not the only area in which a tortilleria could sell its product: other selling points could

be established in nearby localities of the Izta-Popo valley area.

Comparative evaluation of four corn varieties, from crop to tortilla

The analysis of variance showed statistical differences (p<0.05) in the grain-to-
tortilla transformation process, using the usual tools and machinery of the tortillerias
located in the rural and peri-urban area of Tlaltenango. Out of the four corn varieties,
HS-2 recorded the highest yield during the tortilla stage. Taking into account all the
nutrient and sensory values, costs of the value and production chain, and the yield
of the four corn varieties (Table 4), HS-2 is the most comprehensive, balanced, and
complete variety.

Figure 1 shows a comparison between the main value indicators of the production,
transformation, and commercialization chain of nixtamalized tortillas in a tortilleria. The
values of the parameters in Table 4 were transformed into equivalent percentages to
develop this figure, establishing 100% as the maximum value of corn variety for each
indicator. This figure shows that the HS-2 variety recorded the most balanced indicators.
However, Niebla recorded the best sensory parameter. Consequently, tortillas should be
prepared with a combination of both varieties, because they complement each other.

Table 4. Main indicators of the corn grain-to-nixtamalized tortilla chain.

Parameter Niebla HS-2 Criollo Sinaloa
Tortilla Yield 1.449 1.486 1.438 1.428
Dough Yield 1.976 1.924 1.911 1.989
Protein * (g) 4.4 4.5 4.8 4.2
Carbohydrates * (g) 38.8 45.5 45.5 40.9
Sensory P. % 38 27 24 11
Benefit/Coost** 3.18 3.41 2.98 3.09

Tortilla Yield (tortilla kg/grain kg). Dough Yield (dough kg/grain kg). *=in a 100-g tortilla
sample. P=average perception. **=growing 10 ha of corn per year and selling 400 kg of
tortilla per day, in a 5-year period.
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Niebla HS2
Tortilla Yiel Tortilla Yield
1.0 %8% 1.0 100%
0.8 0.8
e 0.6 . i 0.6 .
Benefit/Cost, 04 Dough Yield Benefit/Cost 04 Dough Yield
93% i 99% 100% 0.2 97%
0.0 0.0
Sensory P. Protein Sensory P. Protein
100% 92% 71% 94%
85% 100%
Carbohydrates ! Carbohydrates ’
Criollo Sinaloa
Tolr'télla Yield97% T()lltt(i)lla Yield9 6%
0.8 0.8
. 0.6 . 0.6 -
Benefit/Cost 04 Dough Yield Benefit/Cost 04 Dough Yield
87% 0.2 96% 91% 0.2 100%
0.0 0.0
Sensory P: Protein Sensory P: Protein
63% 100% 29% 88%
100% 9
Carbohydrates ’ Carbohydratcsg 0

Figure 1. Comparison of the value indicators between the four corn varieties studied.

CONCLUSIONS

This study focused on the generation, analysis, and systematic comparison process of
the yield, nutrition, sensory perception, and benefit/cost of tortilla dough prepared with
four white corn varieties in Tlaltenango. The results identified HS-2 and Niebla as the two
best corn varieties. These findings would help the SCL in the decision-making process and
in a responsible investment aimed at the creation of a small company for the transformation
of nixtamalized corn into tortillas or the establishment of a tortilleria. The ultimate aim is
to improve the socio-economic conditions of the SCL families. In addition, the balanced
nutrients of freshly nixtamalized dough prepared with the HS-2 and Niebla varieties,
without commercial corn flour, promotes a healthy diet. Meanwhile, Niebla recorded the
best flavor, aroma, and freshness qualifications. However, HS-2 recorded better results
regarding texture, flexibility, and reheated. In addition, HS-2 recorded better yield and
B/C than Niebla and the other corn varieties. The purpose of this study was to help the
SCL to take concrete actions in its consolidation process and to create a company that
manufactures and commercializes tortillas. Consequently, the SCL would obtain a better
price for its corn grains, avoiding intermediaries and generating a sustainable income with
the transformation of corn grains into tortillas. The HS-2 variety is locally produced by the
Colegio de Postgraduados and favors endogenous development.

Finally, a 60% HS-2 and 40% Niebla mixture should be evaluated for the preparation
of tortillas, because, according to the results of the indicators of this study, they could

complement each other in flavor and yield.
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