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A B S T R A C T

Objective

Food insecurity and child malnutrition are central topics in many food programs around the world; however, 
these indices do not diminish. The creation of strategies is necessary to increase the effectiveness of nutritional 
improvement programs. The objective of this research was to improve the nutritional quality of three local dishes 
included in the regular diet of the population by adding amaranth and to evaluate their acceptance by children 
from three communities in Tochimilco, Puebla, Mexico.

Methods

The study was carried out in three communities of “Tochimilco”, Puebla, Mexico, in order to evaluate three local 
dishes: banana smoothie, beans and corn tortillas, which were chosen by mothers of the region in participative 
workshops on preparation of local dishes enriched with amaranth. Two sensory tests were applied: paired-
comparison and hedonic scale to 208 and 210 children of preschool and scholar age, respectively. 
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Results

It was found that consumers showed similar preference for banana smoothie and beans enriched with amaranth 
compared to non-enriched dishes; while the amaranth enriched tortilla gained more preference in the different 
statistical tests and it was the dish with higher content of amino acids. Sensory attributes were similarly assessed 
and there were no significant differences among rural and urban communities and school year.

Conclusion

Children easily accept the addition of amaranth to the dishes they are accustomed to, as it does not change their 
food culture. It is possible to improve child nutrition by designing healthier dishes and incorporating them into 
the daily cooking of those who prepare the food.

Keywords: Amaranthus hypochondriacus L. Child malnutrition. Community participation. Nutritional development 

strategy. Sensory evaluation. 

R E S U M O

Objetivo

A insegurança alimentar e a desnutrição infantil são temas centrais de muitos programas alimentares ao redor 
do mundo; no entanto, esses índices não diminuem. É preciso criar estratégias para aumentar a eficácia dos 
programas de desenvolvimento nutricional. A presente pesquisa teve como objetivo melhorar a qualidade 
nutricional de três pratos típicos da dieta normal da população local, adicionando amaranto às comidas típicas e 
avaliando a aceitação dele por crianças de três comunidades em Tochimilco, Puebla, México.

Métodos

O estudo foi realizado nas três comunidades para avaliar os três pratos típicos desta mesma região: vitamina 
de banana, feijão e as tortilhas de milho. Estas comidas foram escolhidas por mães da região em oficinas 
participativas de preparação de pratos locais enriquecidos com amaranto. Dois testes sensoriais foram aplicados: 
comparação pareada e escala hedônica para 208 e 210 crianças em idade pré-escolar e escolar, respectivamente.

Resultados

Verificou-se que os consumidores mostraram uma preferência semelhante pela vitamina de banana e feijão 
enriquecido com amaranto do que os mesmos não enriquecidos; enquanto a tortilha de milho enriquecida 
com amaranto ganhou mais preferência nos diferentes testes estatísticos e foi o prato com maior teor de 
aminoácidos. Os atributos sensoriais foram avaliados da mesma forma e não houve diferenças significativas 
entre as comunidades rurais e urbanas e as notas escolares.

Conclusão

As crianças aceitam facilmente a incorporação de amaranto nos pratos típicos da dieta delas, pois não repre-
sentou nenhuma alteração da sua cultura alimentar. É possível melhorar a nutrição infantil, criando pratos mais 
saudáveis e incorporando-os na culinária cotidiana daqueles que preparam a comida.

Palavras-chave: Amaranthus hypochondriacus L. Desnutrição infantil. Avaliação sensorial. Estratégia de 
desenvolvimento nutricional. Participação comunitária.

I N T R O D U C T I O N

Food Insecurity (FI) occurs when a person 

or a group of people does not have physical or 

economical access to nutritious, sufficient and 

innocuous foods that their meet nutritional 
needs and preferences for an active and healthy 
life [1]. It is one of the most serious contemporary 
worldwide problem [2] and it is the main issue 

of many social and health problems. Some 
consequences of FI are psychological stress, 
monotonous diet, high energy density food 
intake and cycles of restriction and binging [3]. 
These behaviors increase the risk of malnutrition 
(from malnutrition to obesity) and some infectious 
diseases [4].

Important steps are being taken around 
the world to reduce this problem; regional, 
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national and international programs are being 
implemented, as well as studies aimed at monitoring 
the problem and proposing strategies to reduce 
the FI indices and its consequences [3-7]. Many 
countries have proposals to fight the causes and 
consequences of food insecurity; for example, 
unconditional cash transfers [8], nutrient-
dense food enriched with micronutrients [9] 
or grains of amaranth or sorghum [10], own 
food production through agricultural activity, 
government social grants and interest money 
lending, and food from shops [11].

Mexico is a fertile field for strategies 
against FI, since the severity of FI in the 
country is increased by many factors such as 
poverty, marginalization, indigenous languages, 
average household size, existence of extended 
households, educational level of the household 
heads, monthly income and variety of foods in 
the family diet [6,7,12]. Likewise, rural areas 
are at a high risk because a higher incidence 
and level (moderate to severe) of FI is present 
[6,7,13]. In 2012, Encuesta Nacional de Salud y 
Nutrición (ENSANUT) [14] reported that 80% of 
the households in the rural stratum in Mexico 
were classified at some level of FI, compared to 
67% in the urban area. Children under the age 
of 12 are the most vulnerable group; in fact, the 
degree of food insecurity is directly related to 
the degree of malnutrition in Mexican children 
as households with moderate food insecurity 
have a higher prevalence of low height and 
emaciation [12].

The main initiatives proposed by the 
Mexican federal government are the Crusade 
Against Hunger [15], the Human Development 
Opportunities Program (HDOP), now called 
“Prospera”, the Food Support Program (FSP), 
the Social Milk Supply Program (SMSP) and the 
Rural Supply Program (RSP) [16]. However, FI 
and its serious consequences still prevail [14]. 
The low effectiveness of these programs is 
due to the poor implementation of strategies 
(lack of regionalization, modification in food 
culture and poor professional supervision) and 

the influence of paternalism, which causes 
a decrease in community participation and 
empowerment of the population [17].  That is 
why well-designed, implemented and supervised 
strategies are required to reduce the impact of 
food insecurity, to ensure adequate nutrition to 
the most vulnerable, that is, to the children in 
the countryside.

The objective of this research was to 
improve the nutritional quality of three local dishes 
included in the regular diet of the population by 
adding amaranth and to evaluate its acceptance 
among children from three communities in 
Tochimilco, Puebla, Mexico. The central element 
of this study is to improve local dishes and food 
resources. The strategy of adding amaranth to 
traditional culinary preparations is suggested 
as a measure to improve the nutritional quality 
of these preparations in regions where food 
insecurity is recurrent.

M E T H O D S 

Location and characteristics of the 
region of study

The study was carried out in the 
municipality of Tochimilco, in the state of 
Puebla, Mexico, located in the center-west 
of the state of Puebla, between the parallels 
18°50’ and 19°02’NL and the meridians 97°18’ 
and 97°27’WL [18]. This municipality has a total 
area of 233.45km2 and 17,025 inhabitants. The 
main economic activity is agriculture [19]. 

The municipality consists of 24 localities, 
of which three are urban and 21 are rural. 
The study was carried out in three localities, 
two are classified as rural and one as urban: 
Santiago Tochimizolco with 747 inhabitants, 
San Miguel Tecuanipa with 1,378 inhabitants 
and La Magdalena Yancuitlalpan with 2,201 
inhabitants. The three localities have a high 
level of marginalization and medium social 
underdevelopment [20].
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Materials

Information was collected during the 
months of August to October 2015 using 
sensorial analysis tests. Three previously selected 
dishes were evaluated: beans, banana smoothie 
and handmade corn tortilla. The selection was 
based on the results of two previous studies: the 
first study conducted a community diagnosis to 
determine which were the most highly consumed 
foods by the study population and the typical 
food of the region’s culture [21]; the second 
one were amaranth-enriched food preparation 
workshops (Amaranthus hypochondriacus L.) 
during which the participating housewives 
proposed which dishes would be enriched [22]. 
The results of both studies converged in the 
choice of the dishes to evaluate.

The preparation of the local dishes was 
carried out by a native and resident lady of the 
community of La Magdalena Yancuitlalpan, 
Tochimilco, familiar with local food customs; 
there were only small differences in the dishes 
enriched with amaranth. The concentration of 
popped amaranth seed in the dishes were as 
follows: 2.22% in beans, 1.78% in the banana 
smoothie and 2.11% of amaranth flour in the 
corn tortilla. We selected the amaranth crop due 
to the high nutritional quality of the grain; it has 
high-quality protein, carbohydrates, lipids and 
several minerals and vitamins [23]. Since most 
of the population grow the grain, it is a widely 
available local resource [21]. In fact, Tochimilco 
occupies the second place in the production 
of amaranth at national level. In 2015, the 
production of the municipality was 1,111t and 
its average yield was 1.01tha-1 [24].

Two tests were applied to obtain 
the information. In the first one, the paired-
comparison test [25], each child in different 
school years was given two samples (A first, 
B second) of one dish, one sample without 
amaranth and one sample with amaranth, to 
measure the taste preferences of the dishes. 
In the second test, the hedonic scale test [25], 
three dishes enriched with amaranth were used 
to evaluate acceptability using a 5-point facial 

hedonic scale with the categories: (1) “I hated it”; 
(2) “I did not like it”; (3) “Indifferent”; (4) “I liked”; 
and (5) “I loved it”. Four sensory attributes were 
evaluated in the following order: appearance, 
odor, consistency or texture and taste. In both 
tests, evaluation cards were given to each child 
where they recorded their observations for later 
analysis.

Population and study sample size

In this study we used two different 
samples. For the paired preference test, a 
total of 208 preschool and school children 
from kindergarten and elementary school 
participated. The participants were 51 children 
from the community of Santiago Tochimizolco, 
74 children from San Miguel Tecuanipa and 
83 children from La Magdalena Yancuitlalpan. 
Children participation was distributed as follows: 
there were 7 children in 1st kindergarten, 28 in 
2nd grade, 39 in 3rd grade, 24 in 1st elementary, 
24 in 2nd elementary, 15 in 3rd elementary, 23 in 
4th elementary, 24 in 5th elementary, and 24 in 
6th grade. 

A total of 210 children participated in the 
hedonic scale test: of which 51 children were 
from Santiago Tochimizolco, 75 children from 
San Miguel Tecuanipa, and 84 children from La 
Magdalena Yancuitlalpan. Considering school 
year, there were 7 children in 1st kindergarten, 30 
in 2nd grade, 38 in 3rd grade, 22 in 1st elementary, 
26 in 2nd elementary, 15 in 3rd elementary, 24 in 
4th elementary, 24 in 5th elementary and 24 in 6th 
elementary.

The sample size was not calculated 
as the children were chosen for their degree 
of willingness to participate; the number of 
children per school was proportional to school 
enrollment, and the school grades among all 
children were equal.

Analysis of the amino acid profile

The amino acid profile contained in 
the three dishes with and without amaranth 
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was carried out in the Laboratory of chemical 
analysis for foods of the Department of Animal 
Nutrition and Biochemistry of the Universidade 
Nacional Autónoma do México (UNAM, 
National Autonomous University of Mexico). The 
determination of the amino acid content was 
carried out in duplicate and the technique used 
was the AccQ-Tag amino acid analysis using 
HPLC, Waters [26]. 

Statistical analysis

With the information obtained from the 
418 evaluation ballots, descriptive statistics tools 
in Microsoft Excel were used to analyze the data 
(Microsoft Corp., Redmond, Washington DC, 
United States). Likewise, multivariate statistical 
techniques were applied. In the case of the 
paired preference test, a two-tailed binomial 
test was applied first, since the preference 
could not have been known before the study 
was carried out [27]; subsequently, the non-
parametric one-way variance analysis using the 
Kruskal-Wallis test was used to evaluate the 
effect of the communities and school grades. 
For the analysis of the hedonic scale test, the 
multivariate correspondence analysis and Tukey-
Kramer means test for the variables ‘community’, 
‘school grade’ and ‘sensory attribute’ were 
used. The significance level was p≤0.05. The 
Statistical Analysis System software, version 9.1, 
(SAS Institute Inc., Cary, North Carolina, United 
States) [27] was used for all the data.

R E S U L T S

The amino acid profile of each chosen 
dish was obtained; results are presented in 
Table 1. Few increases of amino acids were 
observed in the enriched beans and smoothie, 
compared to the non-enriched sample, even 
depreciation in some amino acids was shown, 
probably because the amount of amaranth was 
not relevant. However, increases in histidine 
and phenylalanine in the banana smoothie 

were significant, 127% and 52%, respectively. 
In the case of beans, the maximum increase in 
isoleucine was 32%.

Corn tortilla with and without amaranth 
yielded excellent results; although some 
amino acids were reduced, other contents 
were remarkable increased. For example, 
glutamic acid content increased 11-fold, histidine 
increased by almost 4-fold, methionine increased 
approximately 700%, and arginine and 
isoleucine practically doubled their content.

Two tests were performed for the 
sensorial analysis of the three dishes; results 
are shown in Table 2. The paired preference 
test was applied between a dish enriched with 
amaranth and a dish prepared in the traditional 
way. According to the results of the two-tailed 
binomial test, the children’s preference for 
dishes without amaranth and those enriched 
with it were similar, although in the case of the 
smoothie there was a slight preference for the 
food that did not contain amaranth. On the 
other hand, amaranth-enriched corn tortilla had 
a higher percentage of preference (58%) than 
the non-enriched one.

As a result of the non-parametric analysis 
of variance, in the Kruskal-Wallis test, we found 
that there were no significant differences 
between school year and their preference per 
dish (enriched or non-enriched); but significant 
differences were found for the “community” 
factor in the preference for amaranth-enriched 
corn tortilla. In this case, the urban community 
preferred amaranth-enriched tortillas.

Likewise, an analysis of correspondences 
was carried out between community, school 
year and dish. In the case of beans, no significant 
statistical differences were found among children 
who chose beans without amaranth and those 
who chose beans enriched with amaranth. 
Schooling did not influence the decision of the 
children, although it was observed that the 
children from San Miguel Tecuanipa and those in 
the third grade were the most frequent groups 
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that chose beans enriched with amaranth. In the 
case of the smoothie, there was no significant 
numerical difference among the decision taken 
by the children in all communities and school 
year/educational stage. Graphically, the children 

Table 1. Composition of essential amino acids (g/100 g of true protein) in samples of bean, banana smoothies and corn tortilla with 

and without amaranth evaluated by children of different ages in three localities of Tochimilco, Puebla, Mexico, 2015.

Beans Dif Smoothie Dif Tortilla Dif

AA (E) (NE) (%) (E) (NE) (%) (E) (NE) (%)

Asp 11.749 12.316 -5 6.184 5.227 18 5.122 5.496 -7

Ser 7.545 7.596 -1 4.043 3.990 1 3.186 3.475 -8

Glu 15.224 15.043 1 14.895 40.915 -64 8.640 0.715 1108

Gly 4.563 4.167 10 1.981 1.748 13 0.350 5.320 -93

His 5.188 5.574 -7 2.634 1.162 127 20.580 6.103 237

NH3 1.002 1.320 -24 1.114 1.527 -27 0.767 2.552 -70

Arg 6.761 6.690 1 2.764 2.184 27 7.716 3.428 125

Thr 5.426 5.302 2 3.127 3.108 1 3.227 2.768 17

Ala 4.406 4.374 1 2.827 2.303 23 4.904 6.732 -27

Pro 4.308 4.196 3 6.764 6.596 3 5.633 7.783 -28

Cys 0.494 0.543 -9 0.208 0.203 3 0.365 0.655 -44

Tyr 3.738 3.450 8 2.413 3.584 -33 4.593 3.428 34

Val 3.368 2.896 16 2.134 3.134 -32 1.920 2.884 -33

Met 0.654 0.539 21 1.325 1.682 -21 9.647 1.209 698

Lys 6.148 5.928 4 5.293 5.253 1 2.008 1.820 10

Ile 3.336 2.521 32 1.786 2.104 -15 3.352 1.910 76

Leu 6.714 7.160 -6 5.853 6.643 -12 8.740 10.693 -18

Nleu 1.412 1.640 -14 1.410 1.779 -21 2.819 3.536 -20

Phe 6.199 6.580 -6 5.098 3.346 52 3.423 3.809 -10

Note: AA: Amino acid; E: Enriched with amaranth; NE: Not enriched with amaranth; Dif: Difference.

Asp: Aspartic Acid; Ser: Serine; Glu: Glutamic Acid; Gly: Glycine; His: Histidine; NH3: Ammonia; Arg: Arginine; Thr: Threonine; Ala: Alanine; Pro: 

Proline; Cys: Cysteine; Tyr: Tyrosine; Val: Valine; Met: Methionine; Lys: Lysine; Ile: Isoleucine; Leu: Leucine; NLeu: Norleucine; Phe: Phenylalanine.

Table 2.	Statistical two-tailed binomial test and Kruskal Wallis test to determine the preference of local dishes enriched with amaranth 

by children of different ages in three localities of Tochimilco, Puebla, Mexico, 2015.

VF

Local dishes

Beans Smoothie Tortilla

B KW B KW B KW

Pr>Z %(E) Pr>ChiSq Pr>Z %(E) Pr>ChiSq Pr>Z %(E) Pr>ChiSq

C 0.7218 47.9 0.8716 0.0523 38.2 0.3694 0.1854 57.9 0.0141

SG 0.7218 47.9 0.3278 0.0523 38.2 0.1731 0.1854 57.9 0.2992

Note: VF: Variation factor; B: Two-tailed binomial test; KW: Kruskal Wallis test; C: Community; SG: School year. % (E): Percentage of the sample 

who chose the enriched dish.

from La Magdalena Yancuitlalpan and students 
in 2nd and 6th grades had a greater preference for 
enriched food. Corn tortilla did show a significant 
difference, particularly when the Wilcoxon 
test was carried out between communities. La 
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Magdalena Yancuitlalpan was the community 
that most frequently chose amaranth-enriched 
tortilla, while the children who most frequently 
chose enriched tortilla were in the 2nd and 3rd 
kindergarten grades and 6th grade (Figure 1).

As part of the analysis of the information 
collected, the scaling test with hedonic facial 
scale was performed using descriptive statistics 
and multivariate analysis. The children evaluated 
sensory attributes of the three dishes enriched 
with amaranth. The box plots (Figure 2) show 
the values given by children to each sensory 
attribute and dish. In general, the ratings were 
high: the lowest was “Indifferent”, except for 
the smoothie flavor that was rated “I liked it”. 
That is, 25% of the population assigned values 

between “Indifferent” and “I liked it” to the 
“appearance”, “smell”, “consistency/texture” 
and “flavor” of the dishes, while the remaining 
75% rated between “I liked it” and “I loved it”. 
Visually, the average of the tortilla’s flavor was 
slightly higher than the rest of the evaluations.

In the results of the analysis of multivariate 
and univariate variance (in general and attribute 
by attribute) no significant differences were 
found between the communities (p>0.05). 
Likewise, the same analysis was performed for 
the factor “school year”. In this case, significant 
differences (p≤0.05) were found taking into 
account the four sensorial attributes and 
individual analysis of each attribute, except for 
flavor. In the analysis of multivariate variance for 

Figure 1. Correspondence analysis for community and school year variables for tortilla enriched and not enriched with amaranth in 

three localities of Tochimilco, Puebla, Mexico, 2015.

Note: TORTILLA (E): Enriched with amaranth tortilla; TORTILLA (NE): Not enriched with amaranth tortilla; YANCUI: La Magdalena Yancuitlalpan 

locality; TOCHI: Santiago Tochimizolco locality; TECUA: San Miguel Tecuanipa locality; K: kindergarten school; P: elementary school.
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Figure 2. Assigned values in the scaling test to the sensory attributes of the dishes enriched with amaranth according to children of 

different ages in three localities of Tochimilco, Puebla, Mexico, 2015.

Note: 5: “I loved it”; 4: “I liked”; 3: “Indifferent”; 2: “I did not like it”; 1: “I hated it”.

dish in relation to the four sensorial attributes, 
there was no statistical significance (p>0.05), 
so no preference was observed for a particular 
dish; however, there was a significant difference 
only for appearance in the univariate analysis.

D I S C U S S I O N

In the amino acid profile of the dishes, 
different quantities than those described in 
previous investigations were shown. Juan et 
al. [28] mention that beans have high values 
of sulfured amino acids (methionine + cysteine), 
contrary to the results of this study; however, 
they match the results presented by Guzmán et 
al. [29], who reported that lysine, phenylalanine 
and tyrosine are found in high quantities and 

methionine and cysteine are deficient. The 
probable explanation for the results in the 
amino acid profile of beans may be the natural 
content of proteins in these legumes; because 
beans have high quantity of amino acids on their 
own, no significant increases are observed when 
enriched with amaranth.

The most relevant increase in banana 
smoothie enriched with amaranth was for 

histidine: wich is an essential amino acid for 

children; involved in the immune system, binds 

to the prosthetic heme groups of hemoglobin, 

prevents apoptosis, and promotes cell growth 

and antibody production [30,31]. Milk is a 

regular food in families who have young children 

[21]. If milk were to be added with banana 
and amaranth, it could increase the intake of 
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histidine in the children and would improve its 
response to antigens.

Although banana smoothie is a good 
option, amaranth-enriched corn tortilla is the 
ideal option to enrich the diet of the child 
population in Tochimilco, Puebla, because 
corn tortilla is consumed daily [21] and it is an 
“element that identifies Mexican food” as well 
as a part of the culinary heritage [32].

The enriched tortilla was the most preferred 
dish among the children in the degustation tests 
and greater increases in the concentration of some 
amino acids were obtained. Amaranth and maize 
complement each other in the concentration 
of some amino acids [23,33], which increases 
the biological value of the protein. Histidine, 
methionine, isoleucine, glutamic acid and 
arginine increased considerably when adding 
amaranth flour; the first three are essential amino 
acids. In contrast, Amaya [34] found low values 
of histidine, methionine+cysteine and threonine 
in amaranth flour. The literature also describes 
methionine and lysine as amino acids present 
in amaranth [23,35], but lysine did not increase 
significantly. On the other hand, Juan et al. [28] 
concluded that the species A. hypochondriacus 
is deficient in tyrosine, phenylalanine, lysine and 
histidine; the first three agree with our study, 
but in the case of histidine, high quantities were 
found; likewise, a higher content of methionine 
was present than the one reported.

In the sensory tests, the population 
gave high scores for the dishes evaluated; 
these results indicate that preschoolers and 
schoolchildren can accept foods rich in 
amaranth in their regular diet. We can point 
to the phenomenon of “flavor-flavor learning” 
[36], since a new ingredient was added to dishes 
widely accepted by children. Therefore, the 
nutritional improvement strategy can be more 
efficient when it includes base dishes of the 
family nourishment. Osorio et al. [37] confirm 
this when mentioning that the alimentary 
conduct is conditioned by different factors and 
the most important is experiencing a variety of 

flavors, particularly during the first years of life; 
that is to say, the constant consumption of food 
improves the disposition to eat it later in life, 
since its flavor is familiar [38], and contributes 
to educate taste; other influential factors are 
the mother’s culture [39] and the psychological 
and social components of the child [37]. It was 
observed in the applied sensory tests that the 
stage of growth (preschool and school), age 
of the population and belonging to any of the 
communities do not significantly determine the 
preference of the local dishes evaluated.

Although a sample design was not 
performed, the probability of bias was reduced 
due to the high representativeness of the study 
population, since the children participating 
in the study lived in communities with similar 
characteristics [21]. Likewise, Bergel et al. [40] 
mentioned that the perception and representations 
about family feeding practices is similar in 
rural, peri-urban and urban areas; for example, 
families of the three areas decide their meals 
according to the criterion of “good nutrition”; 
in addition, the consumption of food is related 
to the adjustment of habits and tastes, more 
than to other limitations.

The children showed willingness to 
participate and their participation was voluntary; 
thus, probably their responses correspond to 
their tastes and preferences in terms of food 
consumption as part of their regular diet.

The previous selection of the three main 
local dishes, with help of the mothers, may have 
contributed to the high acceptability of the dishes 
with amaranth, since they know the preferences 
of the children, and they are accustomed to the 
traditional foods of the region [39]. Therefore, 
knowing the preferences and the usual dishes 
of the population [21], added to the easy access 
to amaranth crops, increased the probability of 
adding healthier amaranth-enriched dishes to 
the regular diet of children.

Amaranth-enriched corn tortilla is an 
excellent way to improve nutrition in Mexico 
due to the children’s acceptability, high values 
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in the scaling test and because their sensory 
attributes changed minimally. There was only 
a significant difference for appearance in the 
univariate analysis, which indicates that the 
appearance of food influences the degree of 
preference, and it is in agreement with the study 
carried out by García et al. [41], who showed 
that “for children the sensorial attributes of 
appearance and color are imperative and of 
high priority for the preference and approval of 
any food product that focuses on the children 
population”. The appearance of local dishes 
enriched with amaranth must be a priority, 
perhaps using amaranth flour instead of whole 
grain, with the aim of obtaining an appearance 
that pleases most children.

It should be mentioned that the tortilla 
was prepared in a completely traditional way 
in the studied communities and it is a national 
food that is consumed on a daily basis and in 
high quantities, so it is representative of Mexican 
food culture and life [32]. In fact, it has been 
the object of many studies where it is used as a 
vehicle for beneficial substances for the human 
being; various foods have been added to this 
food (banana, cassava etc.) or substances, such 
as amino acids, with the aim of increasing its 
nutritional value [9,42] and even denominate it 
as functional food. That is why it can be used in 
rural regions that are also main producing areas 
of amaranth, since its addition to the tortilla can 
be constant until it becomes a regular food in 
their diet without changing the identity and food 
culture; however, education must be provided 
to raise the awareness of those responsible for 
feeding the family. 

Various food products have been made 
based on amaranth [10], but most of them have 
high calorie density and high content of simple 
carbohydrates and lipids; this composition 
diminishes the nutritional quality of the food 
with amaranth. In this study, the evaluated 
enriched dishes provide a better balance of 
macronutrients, which represents greater health 
and nutrition benefits to the children, because 

they are regular foods in the habitual diet 
of the inhabitants of the region and locally 
available [21], increasing chances of acceptance 
among children at risk or with malnutrition. A 
minimal modification (addition of amaranth) 
improves protein quality, amino acid content, 
carbohydrates and micronutrients [23,43] and 
these can improve the nutritional status of 
children [44]. Furthermore, they are low-cost 
foods, which contributes to decrease food 
insecurity of families in rural localities, since 
prevalence was 84% in the families of Puebla 
in 2012 [14].

C O N C L U S I O N S

Children easily accept dishes to which 
they are accustomed to in their regular diet, 
even if they are nutritionally enriched, so they 
can be a vehicle for increased protein intake. The 
population can add amaranth, a local resource, 
to their diet as long as they do not change their 
food culture and know how to prepare healthier 
dishes. Further studies should be conducted to 
observe the addition of amaranth to regular 
dishes and the effects on the children’s health.
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