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t is mecessary to propose educational interventions in the population due to economic, social, and en-

vironmental situations. Thus, in this research, a transdisciplinary model of an educational intervention

to increase lentil consumption was proposed. The population was known based on their lifestyle charac-
teristics, health, and pro-health habits, including lentil consumption. The types of lentils marketed in the
Mezico zone were investigated and characterized in terms of their quality attributes: sanitary, physical, and
saponins, choosing the best option. Lentil-based foods were formulated to teach their preparation and sensory
evaluation preferences. As part of the intervention strategy, food dishes were formulated. The training
was provided in their preparation and awareness was raised about the importance of lentil consumption
for sustainable development. The changes of the participants were evaluated, and they indicated that their
changes were mainly attributed to economic aspects, health reasons, and care for the environment. The
lentil dishes were accepted by the focus group.

Keywords: Educational intervention, model TD, sustainable development, Lens culinaris.

1 Introduction

In 2016, the UN established the international year of pulses, to raise awareness of the nutritional benefits
as part of sustainable food production (Rios Castillo, 2018) [1]. Among the legumes with a lower glycemic
index besides chickpea is lentils (Becerra-Toméds, 2017) [2]. However, in some countries, its consumption
was reduced during the pandemic (Pye et al., 2021) [3]. Despite the fact that it would be a suitable food
product in the face of the cormobilities that were associated with severe cases of COVID-19 disease (Valdes,
2020; Aquino-Canchari et al., 2020) [4, 5].
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This pandemic made evident the need to continue joining efforts in a world in crisis, with declining
living standards for some people in some countries, added to the pain that has enveloped so many families
because of the losses and the way in which the death occurred. (Perkins, 2021; Sarkis, 2020; Egger
et al., 2021) [6, 8]. In relation to available or excess food, we still have a world where two extreme
problems persist: malnutrition and overweight and obesity (Dominguez-Herndndez et al., 2022; Rue et
al., 2017; Tanumihardjo, 2007) [9-11]. In the case of children, statistics show that 150 million children are
underdeveloped in height and physical structure. However, approximately 40 million are overweight. The
2030 agenda has zero hunger, food security, sustainable agriculture, and health as part of its objectives. In
this sense, promoting consumption of healthy foods among the poor, diabetic, malnourished, and obese
population is relevant (Nabarro, 2020; Colglazier, 2015; Boto—Alvarez, 2020) [12-14]. Tt is necessary to be
aware and assume responsibilities, for example, the one that each of us can take in relation to our lifestyle
for health. In the case of children, the fathers or tutors be responsible of them for developing nutritional
resilience in the face of current and future viruses. In this way, the variety of food is important. This
situation was affected in the pandemic in diverse populations and economic levels (Robayo et al., 2022)
[15]. Despite the various reasons why it is convenient to consume legumes, intake in Mexico is less than the
recommended 1.5-2 servings per day (1 serving = 1/2 cup) (Monge et al., 2019) [16].

Lentil (Lens culinaris) consumption in recent years has decreased, and the consumption of other
products has increased (this for the population that can access them). INSP (2016) [17] indicated that the
adult population consumes lentils, but in urban population and young people this consumption decreases
considerably (Monge et al., 2019; INSP, 2016; Gutiérrez et al., 2013) [16-18]. Although in this pandemic
season consumption has improved, it still does not meet the necessary requirements for each person.

A critical problem in the country is diabetes, which has one of the highest percentages of diabetic
population in the world. In addition, the population needs to educate or re-educate itself to prevent, and
or control glucose. By exercising and consuming low glycemic index foods (Carcavilla, 2009). Educating or
re-educating the population is of interest to improve the quality of life of society, improve the environment,
and the respective economic impact that these actions may have in a changing society and having to adapt
to pressing situations, such as the changes left by the pandemic. Some authors point out the importance of
promoting legume consumption, thus educational interventions are relevant (Wang et al., 2011; Baldzs et al.,
2021). The objective of this research is to establish a transdisciplinary model to carry out an educational
intervention in a focus group belonging to the area of high valleys in Mexico, raising awareness of the
need to change decisions and attitudes for the benefit of oneself, others, and the environment. Changes in
human actions should continue to be promoted by the academy since many of them could be detrimental
to everyone’s life. The consumer benefits may be due to the consumption of lentils, but it has multiple
benefits. In the environmental dimension, it could have as well. Among others, is that by consuming lentil
protein, meat consumption could be reduced.

It is well known that human decisions and, consequently, human actions produce excess emissions of
gases into the atmosphere, which are considered pollutants. Generating an impact on the environment
measured through the ecological footprint (De la Torre, 2016) [22], to be aware of the damage done with
the actions performed and can prevent affectations (Castillo, 2007) [23].

One of the human activities that generate a significant environmental impact and damage sustainable
development is the industry. As it is known, in this industry several transformation actions are carried
out, converting raw materials into products (Cardoso et al., 2020) [24]. This human activity is classified
according to the type of raw material to be transformed. In the food sector, we have the meat industry,
which has 30% of the terrestrial surface destined for its development and production (ONU, 2016) [25].

On the other hand, there is the agricultural industry, which occupies 40% of the surface area (OECD-
FAO, 2019) [26], where 70% is destined to the planting of fodder. It is estimated that 11% of the emissions
come from this industrial activity. However, 2/3 of the emissions in this sector are a consequence of the
planting of fodder for livestock feed (Carmona et al., 2005) [27].

The meat industry produces gases such as CO2 (9%) and CH4 (20%), which are classified as greenhouse
gases according to the UN (Cuatecontzi and Gasca, 2004) [28]. Tt is important to consider that the more red
meat consumption, the more production is required in the meat industry. Consequently, the environmental
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impact also increases (Costantini et al, 2018) [29]. Due to the above, it is important to consider food
alternatives to red meat.

Red meat consumption is related to several factors. Some people indicate that the preference and high
frequency of consumption of red meat is related to the ease and variation of existing dishes (Vilaboa-Arréniz
et al., 2009) [30]. Other authors indicate that high consumption is related to the taste and flavor that
it generates (Taddei et al., 2012) [31]. However, despite the above, the complexity that exists in the
consumer’s perception and his or her possibilities of acquiring it for regular consumption depends on several
factors (Troy and Kerry, 2010) [32], such as economic level, and cultural aspects, dietary habits.

In general, people are taught the habits and eating styles at home and later at school. In this, the
children have their approach to information about foods, identifying and knowing them from a nutritional
point of view (Borges et al., 2015) [33]. Although nutrition education varies among countries. In some
countries, nutrition and health care are taught in school. In underdeveloped countries, which also have
different economic levels, do not have nutritional education and there are several consequences related
to diseases. Therefore, educational interventions are required in various dimensions such as food, health,
environment, etc. to help sustainable development. In addition, it is necessary to raise awareness of what
we eat and the environmental impacts they cause. Awareness of the impact generated by the planting,
harvesting and/or production of food.

In this way, it is necessary to carry out educational interventions related to food, the environmental
impact of producing it, the cost, the way to prepare dishes, and the benefits that could be obtained. In
this sense to lead to changes in habits that improve their own health and that of their ecosystem. In this
research as a strategic food for sustainable development, lentils, and their sprouts are proposed as an option
to teach the population to adopt changes in eating behavior to decide on this type of food, given their
nutritional properties and low environmental impact.

Lentils have an important nutritional contribution for the benefit of the consumer. In countries with
micronutrient deficient population, low economic resources and health problems related to food would be
a viable option (Herndndez et al., 2017; Meléndez-Sosa et al., 2020; Herndndez et al., 2020) [34-36]. It
is worth mentioning that not all deficiency is linked to malnutrition, but can also occur in obesity, since
”hidden hunger”, as this deficit is known, is not related to excess or limited food intake, but to the quality
¥ quantity of food (Hernandez et al., 2010; Cintrén et al., 2012) [37, 38].

In view of the points mentioned above, the consumption of legumes has become relevant nowadays due
to their nutritional value and medium glycemic index, mainly green legumes (Rebello et al., 2014) [39].
Legume seeds contain a high concentration of protein (15 to 45%), followed by carbohydrates (25 to 60%),
oils (7 to 20%), and crude fiber (3 to 15%) (Maya et al., 2013) [40]. In the case of lentils, the presence of
antioxidants such as polyphenols (Silva et al., 2010) [41] promotes the proper functioning of the immune
system. These could contribute to the reduction of health problems such as diseases related to metabolic
syndrome and cancer (Curran, 2012) [42], if they are consumed in an adequate amount. In this sense, there
are several dimensions of sustainability that make it necessary to promote educational interventions for
lentil consumption.

2 Methodology

The present research is a longitudinal, non-probabilistic study with a sample of 53 people and a focus
group of 10 people for convenience.

2.1 Educational Intervention Strategy

In order to carry out an educational intervention related to increasing lentil consumption as an option to
sustainable development, a model was developed for such intervention (Figure 1). The model is built based
on the transdisciplinary methodology [43], starting by getting to know the subject of study through field
research using the survey as an evaluation instrument. In this way, general information is collected, as
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Figure 1: Educational intervention model for lentil consumption based on a transdisciplinary approach [43].

well as lentil consumption preferences. The frequency of consumption of lentils and certain foods is also
collected in the survey. Finally, the physical activity they perform per week and their state of health.

The information obtained in the survey includes the e-mail, which is a means of contact to make an
invitation to the activity that is related to the knowledge of their glycemic response according to their
usual diet. They are provided with the general information and objective of the educational intervention,
as well as the objective and the process to follow their blood glucose monitoring during the period of one
week considering the food menu they consume during that period. The glucose monitoring participants
were provided with a glucometer and a monitoring manual. This was to make them aware of the glycemic
response after consuming their food, according to their common diet.

In step 2 of the model, it is intended to know the lentils and sprouts as a nutraceutical option. This is
achieved according to the information that is investigated in relation to lentils, which allows knowing the
physical characteristics and nutritional properties of different varieties of lentil seeds, such as roundness
index, volume, density, wet weight, dry weight, germination, nutrients, and saponins. The resulting
information is used to select the lentil varieties with the best characteristics for purchase and consumption.
In this research, the classification is made by means of principal component analysis.

In the third aspect of the model, strategies and tools are created to carry out the educational intervention.
In this stage, the dishes, recipe manual, and Infogram are formulated with important information on
lentil consumption: economic, sustainable advantages, and nutritional contributions and its environmental
impact compared to meat consumption. Proposals for lifestyle changes are also incorporated. In this way,
a local invitation is made via social networks to the population where the importance of eating habits and
physical exercise in their lives for the optimal development of their lives is mentioned.

In the next point (4) the educational strategy is applied to the test subjects, knowledge is communicated,
and awareness is raised. Lentil-related information is shared and contained in an infogram that is provided
to the participants along with the results. As well as the lentil-based food options are presented, the
nutritional data of the formulated foods are provided, and the participants are taught how to prepare
them and to become aware of their consumption due to the possibility of reducing the impact on the
environment. It is proposed to consume lentils as an option to reduce the consumption of meat and thus
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the environmental impact or simply to avoid nutritional deficiencies due to lack of protein and improve
their health, highlighting the importance of moderation in the consumption of foods that have a medium
and high glycemic index.

Subsequently, in step 5 (Figure 1), the tasting of food products with the proposed formulations and
their sensory analysis are carried out. The participants are provided with the control dishes (meat-based)
with which the lentil-based dishes will be compared. This is so that through their senses they can verify
if the lentil-based dish presented is acceptable and preferable to them, using the hedonic scale for the
evaluation.

In addition, we continued to provide nutritional knowledge and to sensitize the subjects investigated
about the importance of lentil consumption.

A survey was applied to know the frequency of consumption that they would have after the knowledge
and awareness were acquired. Afterward, step (4) was retaken, and the lentil-based food recipe booklet was
provided. All the above with constant dialogues where doubts are solved. Finally, we propose to evaluate
the changes in habits and the introduction of lentil consumption in their daily lives. If the participant
has accepted, learned, and become aware of the importance of lentil consumption, we continue with the
follow-up strategy (6) to ensure that over time he/she remains motivated and enthusiastic. However, if
the participant needs to continue teaching, raising awareness, and providing information, we return to
step 1 of the model. It should be noted that the follow-up of participants is a strategic point for them to
maintain their adopted habits over time. It is therefore proposed that follow-up, cooperation, teaching,
and motivation groups be formed.

2.2 Knowledge of the Subject of Study.

Field research with community members was conducted. A survey on eating habits and tastes, as well as
exercise and life routines, was applied. All the above is necessary since the objective is to know (through
a first approach with the population) the health situation of the subjects to be investigated. Fifty-three
people participated in the survey and were asked to send a formal invitation for the following activities
that are part of the educational intervention.

In the application of the educational intervention model, a focus group of 10 test subjects was formed.
Of which 2 were men (between 35-40 years old) and 8 women (2 between 15 and 30 years old, and 6 between
30 and 60 years old) (see Table 1). The weight and height of the participants were determined using scales
and tape measures and from which it was possible to obtain the body mass index (BMI) according to
equation 1 and the basal energy content (eq. 2 and 3) (Calleja et al., 2012 and ISSSTE, 2018). As part of
the knowledge of the participants, information was also obtained about their conditions, medications taken,
and foods consumed which were classified by their glycemic index.

« _ Weight(k
BMTI* = heigght(g‘n;gg (1)
Woman 9.99*Weight (kg) + 6.25* size(Height-cm)-4.92* age (years)-161  (2)

Man 9.99*Weight (kg) + 6.25* size(Height-cm)-4.92* age (years)+ 5  (3)

2.3 Characterization, Classification and Selection of Lentils.

2.3.1 Characterization of Lentils

Fifteen varieties of lentil seeds commercialized in the municipality of ”El Marqués” in the state of Querétaro
were used. Of these varieties, 10 were acquired in supermarkets and 5 are marketed in bulk.

2.3.2 Physical Dimension

The tests carried out for lentil knowledge were roundness index, lentil weight, density, and germination.
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Roundness index (RI) was obtained from eight replicates of 10 seeds each, to which the equatorial
diameter, polar diameter, as well as thickness of these were measured by using a vernier. Dry weight of
lentils was determined from 4 replicates of 100 seeds each, placed in aluminum baskets and then dehydrated
in an electric oven for 12 hours at 100 °C. Lentil density was obtained from the initial weight and the
volume obtained: p = m/V (Raviolo et al., 2005) [44]. Volume was obtained by a test tube; the water
differential when the seeds were placed at the bottom was measured and used to determine the density
(Ortega et al., 2010) [45].

The germination test was performed under two conditions: environmental and under cold stress (at
1°C) for a period of 8 days, which consisted of placing 40 seeds in Petri dishes with moistened blotting
paper. Under a randomized complete block experimental design with four replications. Daily monitoring
was carried out by counting germinated seeds. Finally, on the last day of planting, seedling length and
fresh weight were measured. In an electric oven (Crownful with a capacity of 17.98 1t, weight of 11.34 kg),
the seedlings were dehydrated at 60°C for 24 h.

2.3.3 Saponins

The method used to measure the amount of saponins was according to the foam quantity method (Zamora
et al., 2010) [46]. This consisted of measuring the foam generated by the extracts of each of the lentil
varieties (5 varieties were selected for their attributes: protein, low carbohydrate levels and affordable cost).
The raw lentil was first soaked for 30 min in distilled water for 25 g of lentil, then the lentil seed soaking
water was filtered. The filtered water is then placed in a test tube, shaken vigorously for 30 s, and left to
stand for 15 min. Finally, the height reached by the foam is measured.

2.4 Strategies and Tools for Intervention
2.4.1 Formulation and Nutritional Information of Food Products

Four food products were prepared: two based on lentils (Lentil Bolognese and Lentil Ceviche) and two
based on meat (Beef Ceviche and beef Bolognese - controls). The formulation of each food product was
established (Table 1), and the nutritional value was calculated according to the table of equivalents (Table
A - Annex).

Table 1: Formulation of the 4 dishes made

Ingredients TO T1 TO* T2
% % % %
Lentils 0 20.66 0 24.64
Salt 2 041 0.29 0.49
Pepper 2 0.41 0.29 0.49
White onion 9.05 16.53 11.63 24.63
Tomatoes 21.05 41.33 29.07 49.26
Garlic 0 0 0.58 0.49
Chopped mango 22 20.66 0 0
Ground beef 0 0 58.14 0
Shredded meat 43 0 0 0
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2.4.2 Color

The color of the different food products (meat and lentil-based dishes) was determined with a handheld
colorimeter (FRU WR-10QC, China). The color parameters corresponding to the CIELAB uniform color
space (L*, a* and b*) were obtained directly from the instrument. L* indicates lightness (100=White and
0=Black), ”a” indicates greenish-reddish [negative (-a) (green) to red (+a) (positive)] and ”b” indicates
blue-yellowish [negative (-b) (blue) to yellow (+b) (positive)].

2.4.3 Infogram: Advantages of Lentil Consumption

The purpose of the Infogram is to provide information about lentils to the population in a didactic way.
Three dimensions of information was relevant: a) the environmental benefits of lentil consumption, b) the
cost and ¢) the nutritional contribution. In addition to this, a manual of recipes and other information was
prepared.

2.5 Apply Strategies: Teaching and Sensitizing

The objective of this educational intervention was to present the benefits of lentil consumption compared
to animal protein consumption, due to its impact on health, the economy, and the environment. The study
population were people living in the Los Encinos subdivision in the municipality of El Marqués, Querétaro.
It has 49 condominiums with approximately 99 houses each, making a total of 4,851.

2.6 Sensory Analysis

The objective of the analysis is to know the sensory preferences of food products formulated with lentils
and animal protein. In addition, information was obtained regarding the lifestyle of the participating
population. In this sensory analysis, the hedonic scale (Herndndez et al., 2021) [47]. was used, with which
the participants evaluated the characteristics of these food products using their senses (smell, taste, touch,
and sight). The parameters evaluated are chewiness, appearance, flavor, odor, taste, digestive process, and
nutritional contribution.

2.6.1 Evaluation of Possible Changes in Lentil Consumption

In this section of the model, an evaluation of the population participating in the educational intervention
is carried out. The purpose is to determine whether there is any change in awareness of the benefits of
lentil-based dishes, their preference, and frequency of consumption.

2.7 Periodic Follow-up

The follow-up to the population participating in the educational intervention consists of offering support
in the preparation of dishes, as well as in the feedback of the information provided with the purpose of
increasing the frequency of lentil consumption, providing encouragement and motivation. Create a group
that generates a space for the exchange of experiences, etc.

3 Results and Discussion
3.1 Field Research

According to the results obtained through the field research with the 53 participants, data were obtained
regarding the monthly frequency of lentil consumption, as well as the consumption of lentil sprouts and
their taste for them. The results are shown in Figure 2, where it is indicated that the consumption of lentil
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Figure 2: Results of the survey applied to the population a) Frequency of consumption of lentils and sprouts, and
b) Consumption preferences.

seeds is higher than the consumption of sprouts (Fig. 2a). Likewise, people have a greater taste for lentils
than for lentil sprouts. Likewise, people do not have the culture of germinating seeds in general.

For 21 participants the consumption of lentil seed per month is frequent, while for 17 of the 53
participants mentioned that their consumption is occasional. However, only 11 participants mentioned that
they consume lentil sprouts frequently. Figure 2b shows that 17 people out of 53 participants indicate that
they like lentil seeds very much, while in the case of sprouts; 13 indicate the same level of liking.

In general, from this first approach with the population, it was observed that, of the 53 participants, 26
indicate frequent consumption of lentil seeds per month. While only 12 people consume sprouts frequently.
On the other hand, in relation to preferences, 43 of the 53 indicated that the taste for lentil seeds is quite
high, while a smaller number of people indicated a taste for lentil sprouts.

3.2 Knowledge of the Subject of Study

Table 2 shows the characteristic results obtained from the intervened study subjects (focus group). Of
which 4 are in the normal BMI range. However, 2 are overweight, 3 have type I obesity and one participant
has type II obesity. In health subjects, 7 of the 10 participants present a metabolic condition related to
eating habits. In the last column we have included the glucose of the participants taken half an hour after
having consumed food in their common daily life.

Table 3 served as a support to locate whether people had diabetes, prediabetes, and no diabetes.
Comparing the findings found in the population studied and the data provided by the CDC, it was found
that 6 of the 10 subjects investigated presented levels that indicated to consider a possible pre-diabetes.
This may be related to insulin resistance (Pollak, 2016) [48]. Therefore, people should consume foods
with a low or medium glycemic index, such as lentils. Thus, the participants were recommended to visit
their physician and perform the pertinent studies to confirm or rule out any diagnosis related to blood
glucose levels. They should also be alert to their eating habits. The educational intervention can serve as
a support to detect the possibility of preventing diseases to the extent that people become aware of and
make decisions about the habits they follow.
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Table 2: Characteristics of focus group

C . . Average
alories Calories lucose 30
Reseflrch Sex Age Disease Weight Heigh *BMI Waist mail.ltain lo.se TMB Medication mgiuutes after
subject years (kg) (cm) (cm)  weight  weight N
Kcal/dia Kcal/dia °°“fs““““g
food
ST M 41 Possible g5 165 316 93 2020 1,826.001,790 None 191
diabetes (obesity 1)
S2 F 54 None 55 161 21.2 75 1,547 1,425.001,219 None 123
PCOS and 275 metformin
S3 F 15 insulin 74 164 ~ 90 2,369 2,095 1,590 500 mg 100
h (overweight)
resistance c/12 horas
sa Feo Hypothyroidism o5 55 308 4.5 4559 4399 1372 EUOXTS g4y
and fatty liver II. (obesity 1) mg.
S5 F 29 None 495 158 19.5 61 2,029 1,684 12278 None 101
38.27
S6 M 36 None 108 168 . 2,500 2,100 2,141 None 156
(obesity II)
" Metformin
Hypoth
s7  F 40 Lk e T S 100 1,766 1,501 1,471 500 mg 125
and PCOS (obesity 1)
c/12 h.
None
S8 F 35 50 149 22.52 65 1709 1,448 1,239 None 15
75 174
s9 F 34af0s fatty liver . 24.8 88 2,335 2,000 1,519 None 123
Triglycerides 29.9
1 M 34 7 2 2,2 1 N 107
S10 3 159 mg/d| 3 90 (overweight) 80 ,658 ,259 1,933 one
PCOS: polycystic ovaries. BMI: Body mass index.
Table 3: Blood sugar levels (mg/dL) - (CDC, 2019) [49].
Health condition with respect ~ Fasting glucose levels (before Glucose levels
to blood sugar level. consuming foods)- (mg/dL) 2 h after food consumption.
(mg/dL)
No diabetes <99 <140
Prediabetes 100 a 125 140 a 199
Diabetes > 126 >200

3.3 Characterization of Lentils
3.3.1 Physical Dimension

Figure 3 shows an analysis of the main components of lentil seed (according to the 15 varieties studied and
the characteristic attributes of density, protein, germination, volume, weight, price, carbohydrates, plumule
size and IR). Three clusters were observed (I. 1,3,4,5,6,7,8,9 and 10; IT 11,12,13,14 and 15; IIT 2). The
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Figure 3: Principal component analysis of the 15 lentil seed varieties evaluated in this research (density, Price,
proteins, carbohydrates, weight, germination, plumule, and volume).

grouping of the 15 lentil treatments into 3 clusters is due to similarities in characteristics. For cluster I
the lentil varieties have similar characteristics in: Weight, germination, plumule and volume. In group II,
proteins and carbohydrates are the characteristics that are similar. Finally, in group III is lentil variety 2
whose characteristics are different from the rest of the varieties.

It is possible said that there is a positive correlation for group II for the variables of protein and
carbohydrates of lentils and for group III, there is a positive correlation for the variables weight, germination,
length of plumule and volume of lentil. The lentil varieties that are part of group II, of which it is agreed
that they have affinity between protein, carbohydrate, price, and density. Density is a good indicator of
grain quality, Ebru (2008) [50] mentions that the apparent density of lentils is 0.818g/cm? and the density
obtained in this work was around 1 g/cm?, so it can be deduced that the quality of the lentil is acceptable,
it may be that the storage is adequate or that it has been stored for a short period of time.

140~ =

10}~ ol

Germination

12 3 4 5 6 7 8 8 10 11 12 13 M 15

Variety

Figure 4: Germination in 15 varieties of lentils.

3.3.2 Germination

The 15 lentil varieties were set up to carry out the germination process under stress conditions. This means
that the lentil seeds were subjected to different temperatures for periods of time. Figure 4 shows the results
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of this process showing a significant difference between varieties 1 and 2 with the rest of the varieties, the
latter showing a lower germination percentage. Varieties of Lentil (9: 3, 4, 5, 6, 9, 11, 12, 13, 15) show a

higher germination percentage (> 80%).

3.3.3 Saponins and Lentil Selection for the Elaboration of Food Products

Based on the knowledge obtained about the 15 lentil varieties, cost, and nutritional intake (carbohydrates
and proteins), the most suitable varieties to be consumed by the population were selected (Latham, 2002)
[61]. Five varieties were selected whose behavior is similar and suitable for consumer consumption and
purchase (See Table 4).

Table 4: Selection of 5 varieties of lentils in relation to certain properties (protein, cost, and
carbohydrates), for the preparation of food products.

Varieties RI* Density Weight Cost Protein  Carbohydrate Germination
1000g (500 g) 100 g 100 g
4 1.01 1.01 30 219 9 22 91.25
5 0.94 1.01 30 13.25 9 12 95.62
6 1.01 1.31 40 14.5 9 12 90.00
7 1.24 1.17 30 17.9 21 18 96.25
8 1.05 1.39 40 20.85 23 35 97.50
*RI: Roundness Index.
Table 5: Statistical results of saponin determination.
Response variable
Fch (cm) Ech (cm) Fch (cm)
Treatment Raw Raw lentil with
lentil turmeric Cooked lentil

4 0.26? +0.153 0.16° +£0.115 1.169% + 0.289

5 036°+0.231 0.10°+0.000  1.00°+0.000

6 1.23%+0.252  0.36%+0.115 1.66% + 0.577

7 1332+ 0.577 0.2392+0.115 1.169%+ 0.289

8 0.56% £0.115 0.10? + 0.000 0.90% +0.173

C.V. 34.231 49.97 29.172
Significance 0.0024** 0.0453* 0.1588ns
Media 0.753 0.193 1.18
LSD 0.4855 0.1819 0.6481

Means + standard deviation with different letters in a column are statistically different (p<0.05). LSD
(LSD: Least Significant Difference) (LSD, a=0.05), C.V.: Coefficient of Variation. Significance: ns;
indicates no significance; *: indicates significance; **: high significance.
Fch: foam column heights
|

Table 5 shows the comparison of means of the foam column heights obtained in the saponin test. The
higher the column height, the higher the saponin content. Of the 5 varieties in the three lentil conditions
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(1. raw, 2. raw and turmeric, 3. cooked) it was found that the raw and raw lentil conditions added with
turmeric have significant statistical differences (p j 0.05) when compared between varieties. In the case of
raw lentils and lentils added with turmeric, lentils 6 and 7 had the highest column height with respect to
the other lentils. It is important to mention that the addition of turmeric to lentils reduces the saponin
content. Therefore, in addition to providing phytonutrients, it also reduces the saponin content. This is
convenient for people intolerant to legumes, due to the inflammation produced by saponins. In the present
investigation, in the case of lentil 7, it was reduced by more than 50%.
Thus, the type of lentil selected to prepare food products is the variety 7 (Table 6).

Tabla 6: Characteristics of selected lentils

Variety Cost Protein  Carbohydrate  Germination
0, .
500 g ($) 100 g 100 g (%) Saponin
: 72 2l 18 96.25 Lesser amount of lentil grain.

Table 7: Presentation of formulated food products, color and saponins.

Food products Name Color Saponin
(measurement of
foam-cm)
1. Beef ceviche L* a* b* 0
(To) 54.48 4.30 24.51
2. Lentil ceviche L* a* b* 0.2
(T1) 5475 8.81 24.71

3. Beef Bolognese
(TO%)  a* bt 0
74.06 3.28 16.25

ORCROIC)

4. Lentil Bolognese L* a* b* 0.1
(T2) 59.69 6.19 25.38

3.4 Create Strategies and Tools for Intervention
3.4.1 Formulation of Food Products

Table 7 represents the image of the food products obtained, the name of the dish, the color in the dimensions
(L*, a*, b*), and the saponins. The color is related to the nutritional content of the dishes. It is possible to
observe that lentil-based foods have a higher value of the color dimension a*. According to the literature, a
positive value of a tends to a reddish color (Hernandez et al., 2022) [52]. So, meat-based dishes have lower
reddish color intensity. Yellow, orange, and reddish colors are related to carotenoid content. In this research,
there is a higher value of a*, so there would be a higher value of carotenoid content when compared to
meat-based dishes, but a lower chlorophyll content due to the decrease in green color. Regarding saponins,
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the presence of saponins was evident in the lentil-based dishes (the height of the foam column was less
than 0.2 cm) and absent in the meat-based dishes.

3.4.2 Implement Strategies: Teach and Raise Awareness Sensory Analysis

Preferences in attributes Al (Appearance), A6 (Digestive process), A7 (Price) and A8 (Nutritional
contribution), showed significant statistical differences (p<0.05) when comparing the scores obtained for
each of the dishes (Table 8). With respect to appearance (A1), the ceviche based on lentils or meat was
preferred over the Bolognese dish (meat or lentils). But there was a greater preference for both dishes
which were prepared with lentils.

Table 8: Comparison of response variables (attributes) of 4 food dishes.

Saucers Statistical results
Response
variable 1 2 3 4 C.V. Significance Media LSD
Al 7.10% +1.287 7.70°+0.823  7.70° +£0.823  6.8°° +1.398 19.469  0.0416* 6.875 1.228
A2 6.40° + 1.430  8.00% +0.943 6.20° +0.789 687 +1.814 19.965 0.2426ns 6.85 1.254
A3 7.70% £1.059  7.70°+1.059  6.20" +0.919 6.60%? 18.168  0.0981ns 7.05 1.175
+1.955
A4 5.90” + 1.595 8.0% + 0.816 5.7° + 1.494 6.99 +1.595 22.831 0.1545ns 6.62 1.388
A5 7.290 +1.317 7.8% +0.919 6.3" +1.636 6.6"+1.430 17.982 0.0756ns 6.97 1.150
A6 5.9 + 1,663 7.1% + 1.524 4.7° + 1.160 699+ 1.729  21.949  0.005** 6.15 1.238
A7 4.9% +1.729 8.5% +0.527 4.9% +1.729 8.0 +1.414  20.336 <0.0001** 6.57 1.227
A8 5.57 +1.269 8.4% +0.669 5.57 +1.841 8.4%+0669 14.886 <0.0001** 695 0.949

Means =+ standard deviation with different letter in a column are statistically different (p<0.05). LSD (Least Significant
Difference) (LSD, 0=0.05), C.V.: Coefficient of variation. Significance: ns; indicate that there is no significance; *:
indicates that there is significance; **: When there is high significance. Appearance (A1), Chewiness (A2), Flavor (A3),
Odor (A4), Taste (AS5), Digestive process (A6), Price (A7) and Nutritional contribution (A8).

It is possible to observe, in relation to attribute A6, lentil-based dishes were rated higher for both
ceviche and bolognese when compared to meat-based dishes. Similarly, with respect to price (A7) and
nutritional contribution (A8), lentil-based foods were rated better than meat-based foods. The highest
preferences for lentil were due to its price and nutritional value. Participants are aware of the nutritional
value of lentils and sprouts and their low price. Learning other options for dishes and controlling the
amount of saponins can be a strategy to opt for more frequent consumption. The participants do not
have the same awareness of the possible environmental benefits of consuming lentils and reducing meat
consumption.

3.4.3 Evaluation of the Increased Frequency of Lentil Consumption

Figure 5 shows the evaluations obtained from the 10 subjects investigated regarding why they would make
changes in their lentil consumption, after having received the transfer of knowledge and sensitization. The
dimensions evaluated were P1: Sensory preference, P2: Importance because it could improve digestive
processes, P3: Price, P4: Health benefits due to its nutraceutical power, P5: Environmental impact, P6:
Savings in protein cooking costs due to the gas used and P7: Reduction of environmental impact-reduction
of gases in the atmosphere. The maximum score for the importance of the change to be adopted and the
reason for it is 5. The question indicated with question P4 has the highest score (4.8), followed by P3 and
P5 (4.7). This means that the participants will make the changes mainly because of the possible benefits
to their health for its nutraceutical power, for price and for reducing the environmental impact, being their
highest priority of people to decide about their changes.

3.4.4 Periodic Follow-up

The last step of the educational intervention model is the periodic follow-up. This point focuses on people
who obtained a positive result in the evaluation of changes in awareness, generating interest in adjusting
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Sensibilization
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4.8

4.7 4.7
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4.2

Average

4.6 4.6

Figure 5: Importance of factors leading to changes in lentil consumption frequency (Scale 1-5) (P1: sensory
preference, P2: importance because it could improve digestive processes, P3: price, Pj: health benefits
due to its nutraceutical power, P5: environmental impact, P6: gas savings, and P7: reduction of
environmental impact-reduction of gases into the atmosphere) .

their habits to incorporate lentil-based dishes as a sustainable option. The follow-up is offered from a close
accompaniment to give advice and guidance, as well as feedback according to individual needs that arise
along the way. The discussion was about the importance of forming follow-up groups to encourage and
teach each other. In an exercise of mutual learning, as is marked by transdisciplinarity.

3.4.5 Economic Aspects of Food Dishes

Table 9 shows the cost of Mexican pesos for each ingredient involved in the formulation of the four dishes.
Dishes T0 and T0* are those prepared with beef (shredded and ground). The costs of these dishes amounted
to $230,145 and $240,145, respectively. In the case of T1 and T2 dishes made with lentils, the cost is
$40.39 and $22.39 pesos. The costs are calculated for a yield of 4 to 6 servings. In a population with low
minimum wages, with the need to choose nutritious foods with a lower glycemic index, as well as to have
sustainable development, the option of lentil consumption would be appropriate due to its beneficial social,
economic, and environmental impacts.

Table 9: Costs in Mexican pesos of 2 lentil-based and 2 beef-based dishes.

Cost in Mexican pesos (8).
Dishes Image of the Lentils Salt Pepper ‘White Tomatoes Garli Choppe Ground  Shredded

dishes onion c d o beef beef.
TO 0 0.75 0.64 9 10 0 20 0 190
Tl 9 0.75 0.64 9 10 0 20 0 0
TO* 0 0.75 0.64 9 10 2 0 200 0
T2 9 0.75 0.64 9 10 2 0 0 0

TO: Shredded beef ceviche; T1: Lentil ceviche; TO*: Ground beef bolognese; T2: Lentil bolognese.

Sustainable development is one of the imperatives worldwide, one of the foods of the future that have
been established among others, is legumes (FAO, 2018) [53]. Lentils not only could be foods of the future
but of the present. They are also one of the crops that have a tolerance to various stress conditions (Balboa,
2020) [54].

According to estimates, in the near future (a few years) more than 50% of the world’s adult population
will be overweight or obese (Sénchez-Garcia et al., 2014) [55]. For this reason, strategies have been sought
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to help reduce this percentage and improve health.

One of the strategies is to bring about changes in the population by implementing educational interven-
tions. In general, these cover a set of motivational, pedagogical, methodological, and evaluation actions,
whose objective is that the participants reach the points established in the program and make changes in
some dimension of their lives (Jordan et al., 2011) [56]

In the present investigation, the purpose of knowing different lentil seeds is to select those with the best
nutritional attributes and with an accessible cost for the preparation of dishes. Of the 15 varieties analyzed,
it was found that they have differences in relation to the amount of protein, carbohydrates, and cost. In
this way, the model used proposes a characterization stage in the process of knowing to choose. In addition,
there are bioactive elements in lentils such as saponins. Saponins are glycosidic substances considered
as anti-nutrients and are found in the seed shell (Bonilla et al., 2019) [57]. Saponin is the cause of some
gastrointestinal problems, such as bloating, diarrhea, and flatulence in some people who consume legumes
(Carolina et al., 2014) [58]. Because of the possible discomfort caused in some consumers, alternatives
are sought to reduce them. In the present intervention, people were also taught how they could reduce it,
through the heating of the lentil, through UV-C radiation, or through the germination process, etc.

In the model used for the intervention, the follow-up stage of the participants is distinguished. Some
authors have reported significant results from the follow-up of people in educational interventions (Pimentel
et al., 2014) [59]. Follow-ups focused on motivation and accompaniment, as well as providing constant and
adequate information according to the doubts that arise help people to generate security and better results
(Garcia and Sudrez, 2003) [60]. Follow-up in a purposeful environment that allows participants to feel
confident in the steps they will take to prevent or treat a health situation according to the required needs
gives a better result than just carrying out the educational intervention without any follow-up (Trento et
al., 2004) [61]. In fact, there is the opportunity to generate changes over time and not just momentary ones.
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Figure 6: Lentil consumption, a strategy for sustainable development.

In this educational intervention, it was found that the main changes people would make would be due
to the low cost of lentil-based dishes, health benefits, and environmental protection. In this way, these
decisions could have an impact on sustainable development, as shown in Figure 6, impacting due to the
invested cost, in the face of populations that cannot afford to invest in meat-based dishes. Opting for
lentil consumption leads to a chain of favorable impacts. It would have an impact on a decrease in meat
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consumption, a decrease in energy used to cook food (meat takes longer to cook than lentils). The amount
of land used to produce foliage for livestock feed would be reduced. In this way, gas emissions into the
atmosphere could be reduced. In this chain of impacts, the environment could be improved. Finally, and
very relevant is the improvement in the nutritional health of the population.

Thus, an educational intervention model is proposed to increase the consumption of this legume.

4 Conclusions

Almost all the people (71% of whom had an age range between 20 and 40 years and 73.6% had a bachelor’s
degree) surveyed in the population evaluated were from families with diabetes and arterial hypertension.
Of the people surveyed, more than 50% were overweight or obese, no one knew the glycemic index of foods,
all consumed a diet with high carbohydrate foods such as bread rolls, sweet bread, fruit, rice, and tortillas,
and no one had a culture of periodically self-monitoring their blood glucose, nor did the participating
diabetes patients. Knowledge and interest in health issues was scarce. They consumed the meat and knew
little about the sustainable benefits of lentil consumption, nor were they accustomed to sprouting lentils
for consumption. They also had low consumption of lentils before the intervention. Only 18.86% of the
respondents agreed to participate in the educational intervention, forming a focus group with them.

The proposed intervention model could be useful in other populations, since it allowed changes in
decisions and preferences in the focus group, people could increase their consumption by becoming aware
of the importance of lentil consumption for sustainable development, and could modify their preferences
and frequency of consumption by learning about the diversity of lentil-based dishes, have possibilities to
choose the most appropriate lentil characteristic and also learn to eliminate saponins from lentils so that
they do not produce inflammation.

In the process of lentil characterization, it can be concluded that all varieties have affordable costs with
different capacities to germinate, differences in carbohydrates and amount of saponin. The study of lentils
allowed to choose the most convenient to be consumed by people and not to impact discomfort (intestinal
inflammation) by its consumption.

The 10 people who participated in the sensory analysis indicated liking and surprise for the dishes
presented, highlighting their interest in increasing the frequency of lentil consumption. The food dish (T1),
named lentil ceviche, was the most accepted. All participants indicated that they wanted the recipe booklet
as well as the infographic that was previously explained. People who are interested in knowing their health
status mostly look for alternatives to modify their eating habits and economy, since lentil consumption is
cheaper than beef, and lentil sprouts increase their nutraceutical properties.

In the intervention strategy, the follow-up of the participants was a relevant element in the intervention.
The changes of the participants were mainly due to the cost of lentils, environmental awareness, and their
own health benefits.
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