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Abstract

Nutritional tools for dietary assessment are crucial elements for nutritional and diet-related study methodologies.
Environmental indexes such as water footprint (WF) are essential for assessing diets' environmental impact. Currently, no
available software in Mexico and the world simultaneously allows the evaluation of diet and its environmental impact.
This study aimed to design and develop a Mexican online nutritional ecologic software for dietary assessment, automatic
diet quality calculation, and diet's environmental impact. The software was developed using the waterfall life cycle
methodology. A multi-stage process was followed. The program includes diet evaluation through a 24-hour recall and a
validated and adapted Food Consumption Frequency Questionnaire (FFQ). The software also integrates automatic
calculation of diet quality through an adaptation of The Mexican Diet Quality Index (ICDMXx): the Alternate Mexican Diet
Quality Index (IACDMx). An automatic WF assessment for Mexico's context was also included. The assessment accounts
for multi and single-ingredient foods WF, cooking, food-washing water, and applying correction factors. We created
Nutriecology®, a novel technology for assessing diet aspects and WF simultaneously, making data collection and
analysis time efficient in transversal and longitudinal studies. Further environmental impact indices, clinic history, and
socioeconomic elements will be added to the software in future actualizations.

1. Introduction

Dietary assessment is challenging in nutritional studies because of the complexity of estimating consumed food and the
time and costs required to apply and analyze dietary instruments (1~4). Recently, the evaluation of dietary environmental

impact has also taken relevance, and every time is more common for nutrition experts to address the environmental
impact of food consumption and sustainable diets (578).

Both for the assessment of diet and its environmental impact, the use of technologies is an emerging area that has helped
improve evaluations and reduce time in the research (2-4)_ At the international level, several online nutritional softwares

(2-4,9)

have been developed, however, they do not consider ecological aspects . When assessing diet and its related

environmental impacts, contextualization is essential, for which each country must have specific tools (V). In Mexico's
context, although some nutritional software exists, (10'12), up-to-date, no nutritional software has considered
environmental aspects in their features, to the best of our knowledge. Also, softwares to assess diet, diet quality, and

dietary environmental impact simultaneously, has not been identified.

When evaluating diet and its related environmental aspects, it is crucial to select adequate instruments to obtain clear and
replicable data. In the nutritional context, three appropriate tools for dietary assessment and the evaluation of the
environmental impact of diets have been highlighted. Those corresponds to 24-hour recalls (:5.8), Food Consumption
Frequency Questionnaires (FFQ) (1:6.13-16) and diet quality ("17-19),

24-hour recalls consist of evaluating the food consumed a day before dietary assessment. Dietary assessment through
this instrument includes food consumed in grams or established portions, as well as the preparations methods,
ingredients, times, and places of eating. When applying this tool, using food replicas, food pictures, and household

measurements (e.g., spoons, cups) is recommended (.

The FFQ measures the frequency of consumption of various foods or food groups over a certain period. The
questionnaire includes a list (usually close-ended) of foods, dishes, and beverages and a frequency category section (1-20),
Using food examples (i.e., replicas and pictures) is also recommended (). Generally, the data obtained in dietary
assessment is energy, macro, and micronutrients ?1). However, food classification in groups is common (V). Although both
24-hour recalls and FFQ are valid dietary assessment methods, FFQ reports habitual food intake for specific periods and

can be superior to 24-hour recalls when measuring dietary patterns through posteriori methods like cluster analysis,
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principal component analysis, or reduced rank regression (1.22,23) 24-hour recalls must be applied on three or more
occasions and non-consecutive days if assessing habitual diet 2'-24). The 24-hour recalls and FFQ can be self or
interviewer-administered (V). Also, both instruments are complementary to each other to provide a detailed dietary
assessment, for which using both tools can provide a more robust evaluation of the diet (V).

Diet quality is a relatively new term that has emerged in the scientific literature during the last two decades, especially in
nutritional epidemiology, to assess the eating habits of the population, the efficacy of dietary interventions, the adherence
to a specific dietary pattern, and to assess the risks of mortality or contracting chronic diseases (17:2526) Numerous
dietary indices have been developed, tested, and validated to reflect various aspects of diet quality. Some indexes only
measure the adherence to nutritional recommendations, meanwhile, others require substantial analysis of the macro and
micronutrient intake (17:27),

Regarding the environmental impact of diet, the most used indices at the international level have been the carbon
footprint or the estimation of greenhouse gas emissions (GHGE) of diets ('3), fossil energy use 8, and land and water
use 29731 |n Mexico's context, 24-hour recalls (5 15.16) FFQ’s (15.16.32,33) and diet quality indexes (193435 have been
developed and validated for dietary assessment and to evaluate the environmental impact of diet ®). The assessment of
water use in food production through water footprint (WF) (i.e., the volume of freshwater needed to produce a good or
service, including food) has been prioritized among environmental impact indices because of its direct relationship with
the population diets (143%). Currently, the agriculture sector uses more than 76% of water resources in Mexico ®7), which
has generated the 85% of the Mexican territory to have a severe water shortage (%), with deficits of more than -

600 million m? of water yearly (38).

Based on available information and the necessity for new dietary and ecological tools for dietary and environmental
impact assessment in Mexico's context, the objective of this work was to design and develop a Mexican online nutritional
ecologic software for dietary assessment, automatic calculation of diet quality and environmental impact of diet. This
development aimed to provide a tool to evaluate food consumption and its environmental impact for nutritional and
environmental studies, both at the individual and population levels. To facilitate field work, make data collection and
analysis time efficient in studies, and improve standardization in research, both regarding data acquisition and analysis.

2. Materials And Methods

2.1 Software design

The software was named Nutriecology®, and its design started in May 2018. Development began in June 2019 and was
concluded by December 2019. In January 2020, the final tests were carried out. The methodology waterfall life cycle for
software development (a multi-stage process methodology) was used to design and develop Nutriecology®. Engineers in
informatics and computer systems programmers collaborated in the programming of the software. The multi-stage
process described in Figure 1 was used. As can be seen, we included the following five stages regarding requirements and
analysis, design, coding, testing, and maintenance: 1) Formative research, 2) Definition of software features,

3) Development of Nutriecology®, 4) Tests for internal validation, and 5) Launch of Live Site. Stages 1 to 4 are presented
as part of the methodology (features and development of the software). The results section shows stage 5. It is essential
to mention that since the software was designed and developed for Mexico's context, it was all done in Spanish. This
development is already registered in the National Institute of Copyright INDAUTOR) under the name of Nutriecology® as
computational software development with registration number: 03-2022-012812203100-01.
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Insert Figure 1. Process followed for the development of the nutritional ecologic software Nutriecology®. Note: FFQ =
Food Consumption Frequency Questionnaire.

2.1.1 Ethical considerations

Although no participants were involved in this study, since personal data questions are included in the interface of the
software, the study was approved by the Ethics Committee of the University of Guadalajara CEICUC (registration number
CEICUC-PGE-004). Also, data collected with this software will be protected by the Federal Law on Protection of Personal
Data Held by Private Parties. For further validation studies, the Declaration of Helsinki will be followed. Also, informed
consent will be obtained from all subjects involved.

2.2. Stage 1 (Requirements and analysis): Formative Research

Literature research was launched to define the requirements of the software. That included the search for other online
nutritional or ecological software to identify the main features provided. Also, a search to identify complete 24-hour
recalls, FFQ's and dietary quality indexes available internationally and those validated for Mexico's context was
performed. Once identified, we interacted with the software available on the web. Besides, informal interviews were done
with nutrition and software experts to decide the features to include in Nutriecology®.

At the formative research and international level, the more remarkable nutritional software identified was myfood24®,
which is available for the UK, USA, Germany, Denmark, France, Middle East, Norway, Australia, Caribbean, and Peru (39 In
Mexico's context, some nutritional software has been designed, such as Nutrimind® (), Aznutrition® ('2, and Nutricloud
Nutricién Digital® (19). However, most of them are orientated to provide nutritional consultation, except for Nutricloud
Nutricién Digital® (19, a platform designed for nutritional studies that evaluate diet and diet quality using a validated FFQ,
24-hour recall, and a diet quality index (*9). Although it does not consider dietary environmental impact assessment, that
software was used as a reference for the development of Nutriecology®.

To identify available tools to measure dietary intake in Mexico, we consulted the Nutritools® platform to identify
international dietary assessment tools. This platform reports over 20 types of 24-hour recalls and over 79 FFQ's, but only a
Mexican validated FFQ was identified ®9). However, elsewhere other FFQ's used in Mexico at state and national levels
were identified. Those include the ones from Macedo-Ojeda et al. ('® and Denova-Gutierrez et al. (519, which have been
used in the country, both for dietary assessment and WF estimations (). Concerning diet quality, The most used indexes at
the international level are the Healthy Eating Index (HEI) 4%47), the Alternate Index of Healthy Eating Index (AHEI) 2, and
the 2015 Dietary Guidelines Adherence Index (DGAI) 43). However, these were developed for specific populations out of
Mexico. In the country, some indexes have been created, including the Mexican Diet Quality Index 44, the Mexican
Alternate Healthy Eating Index %), and the Mexican Diet Quality Index (ICDMx) (19).

Although all those were designed based on the Mexican dietary guidelines, each has some limitations, such as no

differentiation of meat products, and only the ICDMx includes food sub-groups, was recently validated (19:46)

,is integrated
into Nutricloud Nutricion Digital® (the base for this project) (19, and considers the “correct” diet Mexican term, which
refers to a diet to meet the following characteristics: (1) Sufficient as it completely satisfies the nutritional needs,
regarding energy, iron, calcium, fiber and water requirements intake; (2) Balanced regarding the proportions of nutrients
that make it up (proteins, lipids, and carbohydrates); (3) Complete, as long as it includes foods from three groups: (a)

vegetables and fruits, (b) cereals, (c) legumes and animal products; (4) Varied, as it includes different foods from each
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group, for example, fruits and vegetables of different colors (e.g., red: tomato, strawberries; blue-purple: blackberries,
beetroot; yellow-orange: carrots, papaya; green: spinach, lime; and white: onion, banana); different cereals types (e.g., corn,
wheat, rice), and different protein sources (e.g., beans, poultry, unsweetened milk); (5) Innocuous, regarding its regular
consumption does not represents health risks, for example regarding saturated and polyunsaturated fatty acids, sodium
and alcoholic beverages. The sixth aspect, “adequate,” which refers to factors such as the tastes and culture of its
consumers and the food's affordability, is not considered in the ICDMx (1946). The ICDMx gives a score to the participant.
A maximum of 100 points represents a diet of the highest quality. To calculate the ICDMX, it is necessary to fill out an
FFQ or a 24-hour recall ("9). However, only the FFQ was considered for this study since it is a more robust instrument to

assess the habitual diet (.

Despite Nutricloud Nutricién Digital® having strengths such as dietary assessment through 24-hour recall and FFQ’s, and
diet quality evaluation by the ICDMX, this software has some limitations. The principal one is that the included FFQ lacks
several highly consumed foods in the Mexican current and traditional diet, such as pozole tacos, sopes, chilaquiles,
enchiladas %), Also, the ICDMx has significant limitations, especially regarding the aspects “complete”, “innocuous;” and
“adequate”. Currently, the “complete” aspect does not differentiate between the foods in the animal-based food group and
provides points for consuming and exceeding 120 g of animal products and legumes. No differentiation between animal
and plant foods is an important issue both from a nutritional and sustainability perspective. The nutritional composition
of milk, yogurt, cheese, eggs, white meats (chicken and fish), red meats (pork and beef), and legumes vary greatly (1947).
Evaluating meats and legumes at the same level generates fundamental problems when addressing diet quality. For
example, chronic disease prevention has been related to fish and legumes intake 4849, Meanwhile, the development of
certain cancers has been linked to red meat consumption 9. Regarding environmental impact, the WF of red meats is up
to 6 times graters than fish and legumes, for example, a kilogram of fish has a WF of 3,110 liters, a kilogram of beans a

WF of 5,789.87 liters, and a kilogram of beef has a WF of 21,566 liters (357,

On the other hand, the “innocuous” aspect of the ICDMx does not consider the recommendation of maximum sugar intake
in the diet, although it is widely known that excessive sugar intake is related to chronic disease development (5253), Finally,
the ICDMx does not evaluate whether the diet is “adequate” or not according to the concept of the correct diet (1946). This
element is essential in sustainable diets, which must consider economic and social aspects, besides health, nutrition, and
the environment %),

Regarding environmental impact assessment of dietary aspects, the most remarkable softwares were Optimeal® and
Agri-footprint® (55), which allow the design of sustainable diets by optimization, and the dietary environmental impact
assessment, respectively. Those tools include several environmental impacts indexes, such as terrestrial acidification,
freshwater eutrophication, land use, and water consumption (56) However, those tools are not considered nutritional
instruments for assessing diet and diet quality in parallel with environmental impact. Also, although those are complete
tools for environmental impact assessment, they are only based on the Life Cycle Assessment method and do not provide
other environmental perspectives such as the Water Footprint Assessment method (WFA), which is the most used method
for evaluating dietary WF (®. Also, the softwares were designed for the European context, for which they do not include
highly consumed foods in Mexico and are not contextualized to the country's characteristics. For Mexico's context, a new
methodological approach based on the WFA was recently proposed (). However, software for dietary environmental
impact assessment has not been identified.

2.3. Stage 2 (Design): Definition of software features

A user's and administrator sections were considered in the design of Nutriecology®. Table 1 presents the characteristics
incorporated in Nutriecology® for the user's segment. In that segment, the following five sections compose the software:
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1) Registration, 2) Sociodemographic and nutritional evaluation (body composition data, purchasing information,
physical activity), 3) 24-hour recall, 4) FFQ, 5) Diet quality, and 6) Dietary environmental impact assessment.

Insert Table 1. Features of Nutriecology® in users’ section

In section 1, we included the option for the user to register and log in later, as well as an informed consent. For section 2,
general information is requested, including the name, last name, phone, email, age, date of birth, sex, place of birth,
residence, time living there, and other comments. Educational level was included, with the option to respond according to
the Autonomous University of Mexico (UNAM) (57) based on the last group of studies. Following, Nutriecology® included
the National Institute of Statistic and Geography (INEGI) classification for occupational level (Supplementary material

1) (60),

Additionally, this section included the type of work, workdays, schedule, and monthly income of the user. All these aspects
have been reported as reliable and practical data for assessing sociodemographic aspects in the Mexican population ©1).
Other aspects relevant to nutrition were included, such as food purchasing data, monthly money spent on food, principal
place of purchasing, days a week eating out of home, and types of food consumed out of the house. Also, physical
activity evaluation was included, following the International Physical Activity Questionnaire (IPAQ), including questions
related to the type of physical activity, weekly frequency, minutes a day, and intensity (low, moderate, and high) (9.
Finally, in section 2, an open-ended question about disease presence was added, which included asking for disease type,
time since diagnosis, and medication used. Also, Nutriecology® incorporated a section for registering the user's
anthropometric and body composition data. These data included estimated self-report (by the user) weight and height in
case the user was not nutritional measured (i.e., weighed and measured by the study investigator). In case a nutritional
evaluation was performed by the research team using Nutriecology®, blank spaces to fill in were established for
information related to body composition. The data included were height, weight, body mass index, percentage of body fat,
muscle mass, corporal water, metabolic rate, metabolic age, visceral fat, waist and hips circumferences, and bone mass.
Nevertheless, the software allows users to provide self-reported data for these parameters for cases where the researcher
asks subjects to enter their information.

Section 3 considered the most common characteristics used in 24-hour recalls. Those included food time divided into
breakfast, morning snack, meal, evening snack, and dinner. Also, it included a space for the exact hour of the eating
episode, the place of consumption, the menu (set of ingredients included in the dish), or the preparation method (grill,
boiled, fried). Besides, it is presented a displayable list of foods with images and quantities of habitual consumption. A
displayable list of food portions was included too, for a more precise dietary analysis. Additionally, it was added a
question about water consumption.

Section 4 included an adaptation of two of the most used FFQs in Mexico. The base was the questionnaire of Macedo-
Ojeda et al. (15 which was used in Nutricloud Nutricion Digital® and included 162 food items. Also, it provides more
specific food options such as skim, semi-skim, whole, or condensed milk, or chicken with or without skin, instead of only
milk or chicken, as in other FFQ (161962) That FFQ was adapted based on the questionnaire of Denova-Gutiérrez et al. (19),
which is used in The National Survey of Health and Nutrition (ENSANUT) from Mexico and includes 140 food items. We
also used the food list reported in an exploratory study searching for consumed foods in Mexico (). Some foods that were
not included in the analyzed FFQs, but were reported in that list include chilaquiles, burritos, chickpeas hummus, vegetable
drinks such as almond and coconut “milk”, berries, peanut butter, rice cakes, quinoa, sweet potato cooked with sugar, oats
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prepared with milk and sugar, and whole versions of rice and wheat tortillas, among others ). Although some of those
foods are not considered basics in the Mexican current diet, there is a growing trend toward its consumption ().

In total, we included a food list of 248 items (Supplementary Materials 2 and 3). The consumption frequencies range
options were also adapted to provide a more accurate and comprehensive analysis regarding the consumption
temporality (®3). The frequencies were extended to yearly frequency, from 1 to 5 times and 6 to 11 times (3 and 8.5 times
per year, respectively, on average). The monthly frequencies were divided into 1, 2, and 3 times a month. The same was
done for the weekly frequency, from 1 to 7 times a week. In addition, in this adaptation of the FFQ, the frequency per day
was included according to the frequency of consumption previously reported (annual, monthly, or weekly). Considered
daily frequencies were 1, 2, 3, or 4 or more (4+) times by day. The number of eaten portions was also included, considering
established units: %, %, 1, 2, 3, 4, 5, or 6 or more (6+). Therefore, for calculating the average daily amount of consumption
of a specific food, according to frequency and number of portions, the following formula must be followed:

_gxmxdxp

G 0 (1)

Where G is the average amount of food consumed a day, g is the reported consumed portion in grams or milliliters
(establish portion in the FFQ); mis the frequency of consumption a month (i.e,, five times a week will be multiplied for four
weeks a month, so consumption of 5 times a week will be equal to 20 times a month); dis times consumed a day (i.e., in
breakfast and dinner); p is the number of portions consumed (i.e., two cups each time the food is consumed); divide
between 30 days a month.

The portions were obtained from both questionnaires (1519) and the food list from Lares-Michel et al. ©) and correspond to
portions of habitual consumption. Supplementary Material 3 presents the written version of the designed FFQ. For the
digital version of the FFQ at Nutriecology®, reference images of each of the 248 foods were attached, which were taken
by us or were obtained from free internet downland (4.

Both for 24-hour recalls and FFQ nutritional composition, we used the Mexican System of Equivalent Foods (SMAE) (47)

and the Mexican Tables of Food Composition of Ledesma et al. (65 Also, labels of foods from different brands not
available in nutritional composition tables were consulted. Analyzed labels included cookies, sauces, sweet bread,
packaged ice cream, milkshakes, granola bars, instant soups, candy, and chips, among others. Complete data regarding
label analysis is presented in Supplementary material 4. For food groups and food sub-groups classifications, we also
relied on the Mexican System of Equivalent Foods (SMAE) 47) and the Mexican Tables of Food Composition of Ledesma
et al. (63 However, the environmental impact of foods was also considered, especially in the food sub-groups
classification (552). Supplementary Material 2 provides the complete food classification.

Regarding section 5, which corresponds to the diet quality index, the Mexican Diet Quality Index (ICDMx) was used as a
reference but was adapted. All the components of ICDMx were included, incorporating the aspects 1) sufficient, 2)
balanced, 3) complete, 4) varied, and 5) innocuous. However, the index was modified in its "complete" and "innocuous”
aspects. Nutriecology® also included the “adequate” aspect, which is not included in the ICDMx (46). Table 2 presents the
complete values considered for the calculations. Supplementary material 5 shows the specific instructions for the
calculations. Based on the modifications performed, the adapted version of the ICDMx was called as the Alternate
Mexican Diet Quality Index (IACDMx for its initials in Spanish). The dietary data for the automatic calculation of the

IACDMx was taken only from the FFQ as it provides dietary data from a longer period regarding the 24-hour recall (V).
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The first adapted aspect (complete) was modified based on the subdivision of the group of foods of animal origin and
legumes. Instead of evaluating the consumption of 120 g or more of those foods, as suggested in the ICDMx (1%, we
separately assessed the consumption of 1) at least 60 g of legumes, 2) less than 71 g of red, and industrialized meats, 3)
less than 56 g of poultry (chicken and eggs), 4) at least 26 g of fish and shellfish, 5) less than 240 ml of milk, and yogurt,
and 6) less than 40 g of cheeses. Additionally, the intake of 7) at least 400 g of fruits and vegetables and 8) at least 200 g
of cereals without fats were evaluated. The recommended grams of consumption per day are shown in Table 2 and were
obtained from Bonvecchio Arenas et al. ¢®) and the Ministry of Health ¢7). This adaptation was carried out by what was
suggested by Hawkes et al. ®®), who insist that diet quality indexes should not only focus on complying with
recommended portions of certain food groups or nutrients, as was traditionally carried out to combat undernutrition but
evaluating not exceeding portions must be included, because of the obesity pandemic that the world is facing. In this
sense, the evaluation of sugar intake concerning recommendations (not exceeding 10% of energy intake according to the
World Health Organization, OMS) was added in the "innocuous" aspect (9.

Regarding the “adequate” aspect, we attached the previously described definition of normativity in Mexico 4¢). Based on
that, a literature search was performed to identify the average weight of Mexican traditional foods and dishes. From the
revision, an average amount of 30 g was considered for Mexican foods since is the approximate weight of a corn tortilla,
which is one of the most traditional Mexican foods consumed daily by the majority of the population 4779, An average
weight of 180 g was identified for typical Mexican dishes such as pozole, tamales, sopes, tacos, and enchiladas, among
others. Nevertheless, based on the revision, it was considered “adequate” to consume at least one traditional Mexican dish
a week 7). Therefore, the “adequate” aspect evaluates the consumption of 30 or more grams per day of foods considered
Mexican and the intake of 180 g or more of Mexican dishes per week, equivalent to 26 g per day. Likewise, it was
evaluated the consumption of less than 30 g of foods considered westernized and the intake of less than 180 g of
westernized dishes (<26 g per day). For the determination of western foods' weights, a literature search was also
performed, and similar trends were identified for foods such as packaged bread and chips (30 g), and burgers (180 g).
Therefore, 30 g/day and 180 g/week (<26 g/day) were also considered for unifying Mexican and Western foods.
Supplementary Material 2 (Table S2) shows the food classification of Mexican foods and dishes and western foods and
dishes (47.70-75),

Unlike the quantitative diet quality proposed by Macedo-Ojeda et al. (19, this element was evaluated qualitatively. Instead
of numbers, the diet was qualified as 'inadequate’ or 'adequate’ with letters from a to d, according to adherence to the
parameters established and shown in Table 2. Additionally, for providing grades to the level of ‘adequat€, a tertile analysis
was performed based on the nutritional data reported in Lares-Michel et al. /%), where a dietary and environmental impact
assessment was performed in a representative sample of Mexican population. Full description of this analysis is shown
in Supplementary Material 5.

It is worth mentioning that the scores of the other components of the ICDMx were rearranged to obtain a maximum score
of 20 points per aspect in the IACDMXx. In other countries, such as the United States, these modifications to diet quality
indices have been reported. An example is the Healthy Eating Index and its modified version, the Alternative Healthy Eating
Index (AHEI) 7).

Insert Table 2. Calculation and components of the Alternate Quality Index of the Mexican Diet (IACDMXx)

Regarding dietary environmental impact assessment, Nutriecology® included dietary WF calculation. WF is the volume of
freshwater needed to produce a good or service, including food. This index comprises three WF types: green, blue, and
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grey. In a food production context, green WF quantifies the amount of rainwater stored in the soil that is used by crops
within the evapotranspiration process. The blue WF estimates the amount of water used for agricultural irrigation. Grey
WF is considered the water necessary to assimilate a certain pollutant load, such as water used in food industries, food
washing, and cooking (i.e., boiling, scalding, poaching, and stewing). The sum of those three WFs is considered the total
WF of a product or food (530),

The method of Lares-Michel et al. ), which is based on WFA method ©9), was carefully followed and charged

into Nutriecology® for the automatic calculation of the total, green, blue, and grey WF of each of the 248 foods from the
FFQ. The first step for WF calculation is identifying the daily consumption of each food (g or ml), by the 24-hour recall or
the FFQ. The software identifies if the food requires a process before consumption (washing, cooking, or peeling). For
example, a cooked potato needs to be washed, peeled, and cooked; meanwhile, milk is directly consumed as was bought.
For converting food already processed to its raw version, the formulas and correction factors provided in Lares-Michel et
al. ® were used (for example, 1.45 for meats). In Supplementary Material 2 we present the foods to which correction
factors were applied into Nutriecology®. Once food raw weight is obtained, the software determines if washing and/or
cooking is required before consumption. If washing and/or cooking were needed, the software considered the grey WF
reported by Lares-Michel et al. ©). That corresponds to 10 liters/kg for cereals and legumes, 1 liter/kg for meats, and 14.44
liters/kg for food in general. The foods for which washing and/or cooking water was considered are presented in
Supplementary Material 2. After those steps, the WF of each food is quantified using the formulas and databases
provided in Lares-Michel et al. ®), which considers green, blue, and grey WFs. For foods composed of more than one
ingredient, the individual's WF of each food was summed according to the corresponding formulas or using already
calculated data for Mexican dishes (.

Considering all those aspects in dietary WF calculation is essential for accurate dietary environmental impact
assessments. In previous studies, the WF quantifications have been carried out in cooked (or ready-to-eat) versions, but
the environmental data was calculated in raw food (578). That generates essential variations that can lead to WFs up to
135% higher or lower than the values calculated, considering correction factors and quantifying the water involved in
washing and cooking food. An example of these variations can be provided for beef. Before cooking, beef has an average
weight of 145 g, but after cooking, it loses water and weighs 100 g. That would generate to report a WF of 2,156.60 liters
instead of 3,127.07 liters ®.

Regarding Nutriecology® administrator section, Table 3 shows the sections integrated there. Section 1 allows the
administrator's log in with a pre-established account and password. Once into the software, a menu is presented to the
administrator. All available options are presented in Table 3, which includes viewing, editing, adding, or eliminating foods,
food groups, and sub-groups. Also, a section for data exportation and importation from excel sheets is available.

Insert Table 3. Features of Nutriecology® in the administrator section

Nutriecology® included 33 nutrients and environmental aspects that are automatically calculated. Those are presented in
Table 4, and include energy, macro, and micronutrients, including vitamins and minerals. Regarding the environmental
aspect, Nutriecology® currently only includes green, blue, and grey WF, as well as water involved in cooking and food
washing.

Insert Table 4. Nutritional composition and environmental impact aspects incorporated in Nutriecology®
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2.4. Stage 3 (Coding): Development of Nutriecology®

The development of Nutriecology® was done in collaboration with software developers, engineers in informatics,
nutritionists, environmental science researchers, behavioral science experts, and psychologists. The methodology for
software development “waterfall life cycle”, was applied in all stages. This process was performed following the workflow
shown in Figure 1. During the development of Nutriecology®, in-house testing and feedback were constantly done by the
research team and the software programmers. In-house testing and feedback included aspects regarding interface colors,

letter type, presentation of the tools, and excel sheets, among other aspects (79,

2.5. Stage 4 (Testing): Tests for internal validation

The validation of Nutriecology® was done by calculating nutritional composition and WF manually and using the
software. Then both calculations were compared to ensure the software is providing accurate data. The manual
calculations were performed using Excel® sheets and the formulas provided there. Both for the first and second sections
of the software, the correct registration and user information were verified manually by checking entered data and
exportable excel sheets. For the third section, the nutritional composition and WF of 24-hour recalls were calculated by
multiplying or dividing the amounts consumed by each nutrient. For WF data, the method of Lares-Michel et al. ®) was
manually performed, applying the correction factors suggested there, accounting for the water used in cooking and
washing, and using the WF datasets which were loaded to Nutriecology®. For the fourth section, the nutritional
composition and WF of the FFQ (Supplementary Material 3) were calculated according to formula 1, multiplying or
dividing by datasets of nutrients and WF. For the five-section, diet quality was both calculated manually and by using
Nutriecology®. Supplementary Material 5 presents the manual calculation steps followed for diet quality calculation
using the IACDMx. Finally, for WF calculations, both the WF from the 24-hour recall and FFQ sections were re-checked by
following the method of Lares-Michel et al. ).

3. Results
3.1. Stage 5 (Maintenance): Launch of Live Site

Nutriecology® was launched on the website www.nutriecology.com. For access to the user’s section, it is necessary to
ingress to www.nutriecology.com/invitados. Once there, users must register with their email and generate a password
(Fig. 2), with which they can access their session later, in case they do not complete the survey at once. Subsequently, is
presented a general informed consent for answering the asked questions. If the user accepts to answer the questionnaires
presented, they must click on “accept”. Extended information in this section is presented in Supplementary Material 6
(Figure SM6.1 to SM6.3).

Insert Fig. 2. Users’ registration in the users’ section of Nutriecology®. The complete interface of Nutriecology® is
presented in Supplementary Materials 6.

Once the user is registered, their general information is requested (Fig. 3). Extend data is shown in Supplementary Material
6, Figures SM6.4 to SM6.15.

Insert Fig. 3. General data of user’s section in Nutriecology®. The complete interface of Nutriecology® is presented in
Supplementary Materials 6.

Following, Nutriecology® presents a section for the fill-in of the 24-hour recall (Fig. 4). The complete interface of this
section is provided in Figures SM6.16 to SM6.19.
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Insert Fig. 4. 24-hour recall of user’s section in Nutriecology®. The complete interface of Nutriecology® is presented in
Supplementary Materials 6.

After the 24-hour is filed in, Nutriecology® presents the adapted FFQ (Fig. 5). Once the user responds to all items, a thank
you and farewell appear. Diet quality corresponds to an internal calculation that is only available for the administrator as
well as the dietary WF. The complete FFQ interface is presented in Supplementary Material 6 in Figures SM6.19 to
SM6.63.

Insert Fig. 5. Food Consumption Frequency Questionnaire (FFQ) of user’s section in Nutriecology®. The complete
interface of Nutriecology® is presented in Supplementary Materials 6.

The administrator section access is available at www.nutriecology.com (Fig. 6). An exclusive email and password were
created to enter. Once there, a menu is provided for viewing, editing, adding, or deleting foods, food groups, food sub-
groups, and adequate food sub-group. Also, a section for visualization of the sociodemographic and nutritional
evaluation, 24-hour recall, and FFQ is available. A section for importing and exporting data in excel sheet format is also
presented. By clicking on an option (i.e., foods, food groups, etc.), all the current charged data is present, incorporating all
nutrients and WF data previously uploaded (Table 4, Table S2, and Table S3.1). The data presented is editable and can be
erased. Also, new data can be added to the system. Then, in the exportation section, there is an option for downloading
nine different excel sheets that correspond to 1) Exportable excel sheets with registration, sociodemographic, and
anthropometric and body composition data; 2) Exportable excel sheet with total nutritional composition and WF from 24-
hour; 3) Exportable excel sheet with the nutritional composition and WF by food registered from 24-hour; 4) Exportable
excel sheet with the total nutritional composition and WF of FFQ; 5) Exportable excel sheet with nutritional composition
and WF of FFQ by food registered; 6) Exportable excel sheet with the nutritional composition and WF of food groups
classification; 7) Exportable excel sheet with the nutritional composition and WF of food sub-groups classification; 8)
Food group “adequate” classification exportable to excel sheets, including nutritional composition and WF; 9) Diet quality
total score and by component, exportable to excel sheet. Examples of downloaded excel sheets and exportable sheets are
provided in Supplementary Materials 6 (Figure SM6.64 to SM6.110).

Insert Fig. 6. Administrator section in Nutriecology®. The complete interface of Nutriecology® is presented in
Supplementary Materials 6.

4. Discussion

The objective of this work was to design and develop a Mexican online nutritional ecologic software for the assessment
of dietary elements and their environmental impact. With this development, we aimed to provide a tool for nutritional and
environmental studies at the individual and population levels. We created a novel technology for Mexico's context that
allows dietary assessment and automatically calculates diet quality and their environmental impact simultaneously and
only by responding to a 24-hour recall or a FFQ. With these, we hope future research will collect and analyze data more
easily and quickly, improving standardization. To the best of our knowledge, this is the first software to combine dietary
and environmental aspects in Mexico and internationally. Compared with international tools for dietary assessment, such
as the software myfood24® ®) we provided a tool that includes three dietary assessment instruments (24-hour recall,
FFQ, and diet quality) and environmental impact assessment, in this case, water use by WF.

4.1 Strengths of Nutriecology®

Each of the features included in Nutriecology® was improved regarding available tools. In the first place, the user's
general information provides a section for evaluating aspects that are not always considered in nutritional and

environmental software’s, such as sociodemographic aspects, physical activity, and body composition data (3.10) That
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could allow faster and more complete population and individual analyses. On the other hand, the 24-hour recall used
provides not only close-end options, such as the food list included, but allows qualitative analysis by including
preparation methods, times, and places of eating, and portion options. Also, although the design of that section was
orientated for retrospective analysis, the 24-hour section can be also used for the analysis of dietary records in
prospective studies where data was previously collected (V).

Regarding FFQ, besides of expanding the food list provided in other FFQ (15.19) extending the frequencies of consumption
options allows for providing more accurate data about food intake and environmental impact. Some foods hide important
environmental impacts, although not usually consumed. An example is Christmas'’s Turkey, which, although often

consumed once a year, involves environmental impacts that are not usually addressed in studies €%

. Also, regarding other
FFQ (15.16) Nutriecology® combines annually, monthly, and weekly frequencies of consumption with daily frequencies,
and portion options, providing more accurate data about food intake and its environmental impact. Another important
strength of Nutriecology® is that using two instruments, such as 24-hour recalls and a FFQ allows a more robust dietary

assessment.

Diet quality assessment was also improved and orientated to sustainability aspects by modifying the ICDMx component’s
“complete”, and “innocuous”, and by adding the “adequate” aspect. The “complete” aspect improved from a health-
nutritional perspective by dividing animal and plant-based foods and providing more points to the diet quality score by
consuming more foods related to disease prevention (e.g., legumes, fruits, vegetables, whole grains), and taking points
away for consuming superior quantities of meats (except for fish) and dairy regarding dietary guidelines. The
differentiation made could be crucial for future studies assessing associations between cardiovascular and type 2
diabetes risks and diet, since saturated fats and fiber content varies significantly among white (chicken and fish) and red
meats (beef, pork), and legumes % 52.81.82) Concerning the environment, the differentiations made allowed to provide
more accurate WF data since the WF of polygastric animals (cows, sheep, and goats) (83 differs significantly from
monogastric animals (pork, chicken) 4. For example, the WF of the boneless beef overpass 20,000 liters per kilogram.
Meanwhile, chicken has a WF of close to 4,000 liter per kilogram, which is similar to the one of legumes (% 51.85),

The IACDMXx also improved the evaluation of the innocuity of diet by adding the evaluation of sugar intake. Exceeding the
recommended intake of 10% of energy intake has also been related to non-communicable diseases development (e.g.,
obesity, cardiometabolic diseases, and dental diseases) (89), for which this index could be used for future studies exploring
the relationships between diet and those alterations. Besides, we included an aspect that can help to assess sustainable
diets. That is the “adequate” aspect, which evaluates if the diet is in accordance with food culture and economic aspects
in Mexico. This aspect can be useful for analyzing diet change processes such as nutrition transition (/). Although the
“varied” aspect was not modified, the inclusion of more foods in the FFQ, which were added to the food groups and sub-
groups, indirectly improved that aspect by providing more “variety” options. An example is the inclusion of oats, quinoa,
and amaranth among cereals, which consumption can increase the IACDMx score.

Regarding environmental impact assessment through WF calculation, the most crucial strength of Nutriecology® is that it
provides an automatic calculation that will allow nutrition experts with little or no background in environmental impact
assessment to evaluate this aspect when performing nutritional studies. Besides, this is the first nutritional ecologic
software to account for the water involved in cooking and food washing, as well as applying correction factors to convert
cooked food to raw, and peeled to unpeeled. These aspects have not been considered before in other studies and can
cause WF variations of more than 135% (578). Therefore, Nutriecology® provides a more accurate way of assessing
dietary environmental impact. Also, Nutriecology® is loaded with a WF database that accounts for the WF of food
composed of several ingredients. This will facilitate the calculation of the Mexican diet environmental impact, which
includes a large number of dishes with many ingredients (/9.
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One of the principal strengths of Nutriecology®, both from a nutritional and environmental perspective, is that the charged
nutritional/environmental database is editable. This means that new foods can be added, as well as new nutritional data
(e.g., other vitamins, phytochemicals, food additives), and environmental indicators (e.g., greenhouse gas emissions, land
use, biodiversity loss, eutrophication potential). Also, already foods and data charged can be edited or erased. This feature
of Nutriecology® also has an essential application for future studies outside of Mexico, since any food and its
characteristics (nutritional and environmental), can be added. Therefore, if, for example, performing a Mediterranean diet
assessment, as far as the administrator includes the appropriate and national data, the software can perform the
evaluation.

4.2 Limitations of Nutriecology®

Despite the strengths of Nutriecology®, the software has some limitations. The first one is that currently, among
environmental impact indexes, the software only allows the assessment of WF. Also, Nutriecology® resulted in a long tool
to respond. In field research, this could be a problem causing bias if participants do not provide accurate data. Besides,
unless data is collected by trained personnel, self-reported data could likely introduce measurement errors. For this reason,
it is recommended that the response of Nutriecology® is made by trained personnel only or that users get specific
instructions to answer the instrument correctly.

It is important to mention that, although we used validated instruments, the software must be validated as we adapt them.
Another limitation is that currently, the IACDMx is only calculated based on the dietary data from the FFQ, and diet quality
from 24-hour recalls is not currently available. It is important to mention too that, after the development of Nutriecology®
a novel diet quality index was launched. That is the Global Diet Quality Score ©7), which classified diet quality by healthy
and unhealthy foods, an interesting classification that was not considered in Nutriecology®. Also, Valerino-Perea et al. (88),
recently proposed an index for assessing adherence to the traditional Mexican diet. That index provides a deeper analysis
of the consumption of Mexican foods that were not included in the “adequate” aspect of the IACDMXx.

4.3 Maintenance of Nutriecology®: Planned Future Work

Within the methodology for software development we used, the waterfall life cycle, the maintenance of the software is
essential /9. Therefore, the first maintenance activity for Nutriecology® is its first version's validation and feasibility
assessment. Also, we are working on improving the current limitations of the program. The first one is separating FFQ's
food groups to answer the questionnaire in sections on different occasions if it would be necessary. Answering the FFQ by
sections could reduce the bias generated by the software being long to respond. The second one is regarding
environmental impact assessment. Initially, Nutriecology® was thought to contain several environmental metrics.
However, it was decided to launch the first version with WF only. Nevertheless, we are currently calculating greenhouse gas
emissions expressed in kilograms of carbon dioxide equivalents (kg CO,/eq), land use in square meter-year (m2*y), fossil

energy use in megajoules, and a weighted score of the three (pReCiPe score), of the food list shown in Table 2(28). For
future actualizations, other environmental impact indexes, such as biodiversity loss, acidification, and eutrophication, will
be considered.

The third limitation we are working on is evaluating diet quality from 24-hour recalls besides FFQ. In the fourth place, the
IACDMXx will be updated based on the Global Diet Quality Score (¢7), and the index for assessing adherence to the
traditional Mexican diet (88). In fifth place, we are working on extending food nutritional information since we will include
food additives, bioactive compounds, economic aspects of foods, and glycemic aspects, among other features. Sixth, we
plan to expand the evaluation of the “adequate” aspect, where we are currently working on providing ranges to assess the
level of "adequate" of the diet. We already have a beta version of that part, shown in Table 2 and Supplementary Material
5. In seventh place, the general user’s information will be expanded regarding the addition of a complete clinical history,
including personal and familiar pathologies history, medicaments and supplements use, nutritional signs and symptoms,
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food preferences, allergies and intolerances, clinical indicators, etc. Displayable options will also be incorporated to
educational level according to national classification, including displayable options, and work options will also be
expanded. In general, all questions will include displayable options for a better user experience. Finally, we are working on
the development of a new dietary sustainability index that will be added to Nutriecology®. A further challenge of this
project is to replicate the work in other countries, so, future collaborations will be done to expand the frontiers of
Nutriecology®.

5. Conclusions

We created Nutriecology®, providing the first nutritional ecologic software for Mexico's context that allows the evaluation
of diet, and provides automatic calculations of diet quality and dietary environmental impact simultaneously. The diet
quality index, ICDMx, was improved and orientated to sustainable food consumption through the formulation of the
IACDMXx. Additionally, an automatic assessment of dietary WF is available for the first time, considering correction factors
from cooked to uncooked food and peeled to un-peeled food. Also, this is the first time a software for dietary WF
assessment considers water involved in food washing and cooking. As well as the accounting for the WF of each
ingredient included in the diet. We are continuously working on other features of Nutriecology®, that will improve their
functions and the addressed environmental aspects.

6. Patents

This development is registered in the National Institute of Copyright INDAUTOR) under the name of Nutriecology® as
computational software development with the number of registration 03-2022-012812203100-01.
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Tables

Table 1. Features of Nutriecology® in users’ section

Software sections Features in users’ section

Section 1: Sign up, log in, informed consent, accept / no accept
Registration
Section 2: User General information (name, last name, phone, email, age, date of birth, sex, place of birth, place of
information residence, time living there, comments)

Educational level (to respond according to UNAM (57) according to last level of studies

Occupational level according to INEGI (58) (type of work, workdays, schedule, monthly income)
Food purchasing data (monthly money spend in food, principal place of purchasing, days a week user
eats out of home, types of food consumed out of home)

Physical activity (according to IPAQ (59) (type of physical activity, times a week, minutes a day,
intensity)
Presence of disease (open-ended question)
Anthropometric and body composition data (estimated weight, estimated heigh, body composition):
height, weight, body mass index, percentage of body fat, percentage of muscle mass, corporal water,
metabolic rate, metabolic age, visceral fat, waist circumference, hips circumference, bone mass)
Registration button

Section 3: 24-hour Food time, divided by breakfast, morning snack, meal, evening snack, and dinner

recall Time (hour) of the eating episode

Place of consumption
Menu / Preparation
Displayable list of foods with images
Quantity of food consumed in portions
Water consumed
Registration button

Section 4: Food Displayable food list with images (248 items with extension, reduction, or edition option)
Consumption Portion of consumption in common food portions of ingestion
Frequency Type of food, branch, flavor, or preparation method
Questionnaire Average frequency of consumption during the last year (selection of 1 option among the 3 provided
(FFQ) frequencies [yearly, monthly and weekly])

Average frequency of consumption by day of ingestion (selection of 1 option per day)
Number of portions eaten (selection of how many servings are consumed each time the food is eaten)
Section 5: JACDMx  Internal calculation of the IACDMx
Section 6: Total dietary water footprint (WF) assessment (sum of green, blue, and grey WF). All calculations
Environmental applying correction factors for cooked and peeled food (for the detailed calculation method and
impact assessment . rrection factors list see Lares-Michel et al. (5)).
(WF) Green dietary WF assessment, which corresponds to the water used during the evapotranspiration
process in agriculture (rainwater stored in the soil as moisture)
Blue dietary WF assessment, which accounts for water involved in agricultural irrigation
Grey dietary WF assessment, which estimates the water needed to assimilate pollutants, such as water
used in food industries, processing, cooking, and food washing

Note: UNAM: National Autonomous University of Mexico; INEGI: National Institute of Statistics and Geography; IPAQ: International Physical Activity
Questionnaire; FFQ: Food Consumption Frequency Questionnaire; WF: Water footprint; IACDMx: Alternate Quality Index of the Mexican Diet
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Table 2. Calculation and components of the Alternate Quality Index of the Mexican Diet (IACDMx)
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Dietary recommendations for a correct diet

IACDMx component (maximum 100 points)

Scoring Criteria

Component 1: Sufficient (20 points)

The diet covers 100% of the energy requirements.!

It satisfies all nutritional needs, so the adult subject has

good nutrition and a healthy weight.

>90%0 <110% =38

>80% - 90% or
110% - <120% =7

>70% - 80% or
120% - <130% =6

>60% - 70% or
130% - <140% =5

>50% - 60% or
140% - <150% =4

>40% - 50% or
150% - <160% = 3

>30% - 40% or
160% - <170% = 2

>20% - 30% or
170% - <180% =1

200180% =0

Iron intake is atleast 21 mg for women or 15 mg for men.!

100% =3

50% - <100% = 1.5

<50% =0

Calcium intake is atleast 1 g.!

100% =3

50% - <100% = 1.5

<50% =0

Fiber intake is atleast 30 g for women or 35 g for men.!

100% =3

50% - <100% = 1.5

<50% =0

Water consumption is atleast 1500 mL.!

1500=3

1000 - <1500 =1.5

<1000=0

Component 2. Balanced (20 points)

Nutrients are consumed in balanced proportions with

respect to total energy intake.

Proteins, 12% - 15% of energy intake.!

12%-15%=7

10 - <12% 0 >15%
-19% =235

<100>19%=0

Lipids, 25% - <30% of energy intake.!

25%-<30% =7

21% - <25% 0 30%
-33% =235

<21%0>33%=0

Carbohydrates, 55%-63% of energy intake.!

55%-63% =6

51% - <b55%o0
>63%-67% =3

<51%0>67% =0

Component 3: Complete (20 points)

Include at least 400 g from the vegetable and fruit group.!

400=14

300 - <400 =3

200 - <300 =2

<200=0

Include at least 200 g from the fat-free cereal group.!

200 =2

150 - <200=1.5

100-<150=1

Contains all the nutrients. It is recommended to include

foods from the groups evaluated in each meal.

<100=0
Includes atleast 60 g from the legume group.! 60 =2
45-<60=1.5
30-<45=1
<30=0
Includes less than 71 g of the subgroups, red meats and £71=4
processed meats.? 72-107=3
108-142=1
>142=0
Includes less than 56 g of the chicken and eggs subgroup.? £56 = 2
57-84=1.5
85-112=1
>112=0
Includes less than 240 ml of the foods whole milk, low-fat milk, £240 =2
low-fat milk, full-fat yogurt, and low-fat yogurt.3 241-360=1.5
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361-480=1

>480=0

Includes less than 40g from the cheese group.3

£40=2

41-60=1.5

61-80=1

>80=0

Includes atleast 26 g from the fish and shellfish subgroup.3

26=2

25-13=15

12-6=1

<6=0

Note: Own elaboration. 'Macedo-Ojeda et al. (19); 2Rivera etal. 69; 3Health Ministry of Health of Mexico (67)

Table 2. Cont. Calculation and components of the Alternate Quality Index of the Mexican Diet (IACDMx)

Page 23/31



Dietary recommendations for a correct diet ICDMx component (maximum 100 points) Scoring Criteria
Component 4: Varied (20 points)

Include atleast four of five subgroups (red, blue-purple, 405=38
yellow-orange, green, and white) from the vegetable 3=6
and fruit group.! 2=3
Different foods from each group are <2=0
consumed. This implies a variety of Includes at least three of eight subgroups from the 3-8=6
textures, colors, flavors, etc. nonfat grain group (wheat, rice, corn, whole grains, 2=3
tubers, oats, quinoa, and amaranth).! <2=0
Includes at least three of six subgroups (beans, poultry, 3-6=6
red meat, fish and shellfish, unsweetened milk, and 2=3
low-fat cheese).! <2=0
Component 5: Innocuous (20 points)
Saturated fatty acids, £7% of energy intake.! £7% =4
>7%-12% =2
>12% =0
Polyunsaturated fatty acids, 6% - 10% of energy.! 6%-10% =4
Its regular consumption does not imply ~10%-15% 0 <6% = 2
health risks because itis consumed in ~15% = 0
moderation. Sodium intake, 1600 mg.! £1600 = 4
>1600 - 2600 =2
>2600 =0
Intake of alcoholic beverages, £14.4 g of ethanol £144 =4
(equivalent to 1 alcoholic beverage).! >14.4-21.6 =2
>216=0
Sugar intake less than 10% of total energy intake . £10% =4
>10%-15% = 2
>15% =0
Component 6: Adequate
Category Grade according to
consumption tertiles (g p-td
1yx
Consume less than 30 grams of Mexican food per Inadequate a =< 33.60 | 461.59 754.86
day.>67.8 - -754.85
461.58
Consume less than 180 grams of Mexican recipes per Inadequate b 0- 89.31 -
week. This equates to less than 26 grams a day. 567.8 89.30 180.88 180.89
Eat more than 30 grams of Western foods a day.>® Inadequate c 0- 248.94 - 533.29
248.93 533.29
Regularly consume foods that adhere Consume more than 180 grams of western recipes a Inadequate d 0- 41.98 -
to the Mexican food culture and are week. This equates to 26 grams or more per day. 5678 41.97 85.82 85.83
inexpensive
Eat 30 grams or more of Mexican foods per day.>6 Adequate a < 33.60 | 461.59 754.86
- - 754.85
461.58
Consume 180 grams or more of Mexican recipes per Adequate b 0- 89.31 -
week. This equates to 26 grams or more per day.>67.8 89.30 180.88 180.89
Eatless than 30 grams of Western foods per day. 56.7.8 Adequate c 0- 248.94- | 533.29
248.93 533.29
Consume less than 180 grams of Western recipes per Adequate d 0- 41.98 -
week. This equates to less than 26 grams a day. >67-8 41.97 85.82 85.83

Note: Own elaboration. 'Macedo-Ojeda et al. (19); 4World Health Organization (53); SMexican System of Equivalent Foods (SAME) (47); 6valerino-
Perea et al. (70); 7Almaguer-Gonzalez et al. (71); 80rtiz-Hernéndez et al. (74). * For classifying the “adequate” aspect of the IACDMX, consumption
tertiles were calculated based on the dietary data reported in Lares-Michel et al. (76), full description of this analysis is shown in Supplementary

Material 5.

Table 3. Features of Nutriecology® in the administrator section
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Software

Feature in administrator section

sections
Section Log in of administrator
1: Menu for viewing, editing, adding, or deleting foods, food groups, foods sub-groups, and adequate food sub-group.
Also, a section for visualization of the sociodemographic, and nutritional evaluation, 24-hour recall, and FFQ is
available. A section for import and export data in excel sheets format is also presented.
Section Exportable excel sheet with registration, sociodemographic, and anthropometric and body composition data
2
Section  Exportable excel sheet with total nutritional composition and water footprint from 24-hour
3 Exportable excel sheet with the nutritional composition and water footprint (WF) by food registered from 24-hour
Section  Exportable excel sheet with the total nutritional composition of FFQ
4 Exportable excel sheet with nutritional composition of FFQ by food registered
Exportable excel sheet with the nutritional composition of food groups classification (see Supplementary Material 2)
Exportable excel sheet with the food sub-groups classification
Section Diet quality assessment (IACDMx)
5 Food group “adequate” classification, exportable to excel sheets

Diet quality by components, exportable to excel sheet

Note: FFQ: Food Consumption Frequency Questionnaire; WF: Water footprint; IACDMx: Alternate Quality Index of the Mexican Diet.

Table 4. Nutritional composition and environmental impact aspects incorporated in Nutriecology®

Data calculated by Nutriecology®
Dietary data

Grams consumed (g)

Energy intake (kcal)
Macronutrients

Carbohydrates (g)

Sugar (g)

Fiber (g)

Protein (g)

Lipids (g)

Saturated fatty acids (g)

Monounsaturated fatty acids (g)

Polyunsaturated fatty acids (g)

Cholesterol (mg)

Ethanol (g)
Micronutrients

Minerals

Calcium (mg)

Phosphorus (mg)

Iron (mg)

Magnesium (mg)

Sodium (mg)

Potassium (mg)

Zinc (mg)

Selenium (mg)

Vitamins

Vitamin A (ug RE)

Ascorbic acid (mg)

Thiamine (mg)

Riboflavin (mg)

Niacin (mg)

Pyridoxine (mg)

Folic acid (ug)

Cobalamin (mg)
Environmental indicators

Total WF (calculated with correction factors from €
Green WF (calculated with correction factors from )

Blue WF (calculated with correction factors from )
Water needed for cooking
Water needed for food washing

Note: WF = Water footprint; g = grams; kcal = calories; mg = milligrams; pg RE = microgram.
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Figures

Interaction with other online Informal interview with
Literature review nutritional / ecologic nutrition and software
software's programing experts

Section 2: Section 5: Section 6:

Section 1: User Section 3: Section 4: Diet quality Environmental
Registration 24-hour recall FFQ automatic impact
information
calculation assessment

Develop a design specification for external

software developers In-house testing and feedback

Underlying food and environmental database developed in parallel

Manual assessment and calculation of:

Sociodemographic Diet though Diet though ) Environmental
and E“”‘d;';apmmc 24-hour recall FFQ Diet quality Impactassessinont

Final round of usabili ; S ; : —
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launch studies studies Nutriecology® first version

<

Figure 1

Process followed for the development of the nutritional ecologic software Nutriecology®. Note: FFQ = Food Consumption
Frequency Questionnaire.
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@ Nutriecology | Registro * + ~

& 5 C A NotSecure | nutriecology.com/register o h & DEHesON»T@® :

Nutriecology

Registrarse

Figure 2

Users’ registration in the users’ section of Nutriecology®. The complete interface of Nutriecology® is presented in
Supplementary Materials 6.
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@ Nutriecology | Paso 1

« C* A NotSecure
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> 2 Nutriecology
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Figure 3

x4+

nutriecology.comfinvitados

Nutriecology

Apellido Patemo

Celular

Fecha de nacimiento

Lugar de residencia

Afos de estudios

Trabajo y tipo de trabajo

No trabaja

Ingreso mensual en pesos

0-2699

Actvidad fisica

Menos de 3 veces a la semana

Datos generales

Apellido Materno
Correo electrénico

Sexo

Hombre

Tiempo de residencia

Datos de trabajo

Dias a la semana

1

Gasto mensual en alimentos

Actvidad Fisica

Caminar

th & EH s ©»

Nombre

Edad

Lugar de nacimiento

Ultimo grado de estudios

Horario

Lugar principal de compra de alimentos

Veces a la semana

1

General data of user’s section in Nutriecology®. The complete interface of Nutriecology® is presented in Supplementary

Materials 6.
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@ Nutriecology | Paso 2 *® + -

&« C A NotSecure | nutriecology.com/invitados LR - 4 P O N . i

Nutriecology “Pn
X LN utriecology

Por favor, escriba todos los alimentos que consumio el dia de ayer e incluya la hora en la que los consumid, el lugar donde lo hizo, el mend o la preparacidn de los platillos que
consumio, asi como lodos los ingredientes que contenia su preparacion. Las raciones que aparecen junto a los alimentos son una racion de referencia. Usted debera seleccionar que
cantidad de raciones consumid de cada alimento que ingirid. Para agregar mds alimentos hay que elegir la opcién de Agregar alimento. Un ejemplo de lo anterior seria; Desayuno: Hora
8:00 am. Lugar: Casa. Men( / Preparacion: Tacos de frijoles. Ingrediente / Alimento: 108. Tortilla de maiz - 1 pieza (30 g). Cantidad: 2. (Agregar alimento) 103. Frijoles refritos - 1/2 taza
(99 g). Cantidad: 1

Tiempo de
comida Hora Lugar Ment / Preparacion Ingrediente / Alimento Cantidad

Desayuno 1. Leche entera- 1 taza (240 ml) =« € Agregnr

1. Leche entera - 1 taza (240 mil)

2. Leche semidescremada - 1
taza (240 mi)

3. Leche descremada (kght) - 1

= 1aza (240 mi
Colacion ( )

Agregar alimento

n

4. Leche de almendra - 1 taza
(240 ml)

5. Leche de soya (especificar si
-]

Comida

1. Leche entera- 1 taza (240 mi)  «

n

15

Figure 4

24-hour recall of user’s section in Nutriecology®. The complete interface of Nutriecology® is presented in Supplementary
Materials 6.
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@ Nutriecology | Paso 3 B + v
“ C A NotSecure | nutriecology.com/invitados a8 % B P O H .
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Figure 5

Para cada alimento, sefiale por favor cuantas veces al mes o a la semana lo consume. Posteriormente, indique cuantas veces al dia lo consume, el dia en que lo ingiere. Por ejemplo, si
usted toma 2 tazas (480 mililitros) de leche entera 3 veces a la semana y es0s 3 dias la consume en la mafiana y en la noche, usted la consume 3 veces a la semana y 2 veces al dia, en
una cantidad de 2 porciones. Las imagenes que aparecen debajo de cada alimento corresponden a las porciones de referencia, usted indicard cuantas porciones de la imagen
consume. Asi mismo, la marca que aparece es Unicamente un ejemplo del producto, usted debera indicar la que usted consume o el tipo de preparacion, sabor o lugar de compra
Ademds, es importante considerar que en el cuestionario se incluyen alimentos co

il it

$108 COMO q h, hot dog, hamburguesa, torta, etc. Por ello es que alimentos
individuales como una rebanada de pan de caja, solo se deberan considerar si se consumen aparte de sandwwh por ejemplo para acompafar la comida. En esos casos la indicacion se
encuentra entre paréntesis en el alimento. También es importante tomar en cuenta la variacién verano/invierno. Por ejemplo, si usted consume helados 4 veces a la semana los 3

meses de verano, su consumo promedio es de 1 vez a la semana

. N Consumo med:::rmte el ano Py loc e No. de poomones_
Alimento Porcién e miasay g veces al dia lo hace? M ,
preparacion (Marque 1 opcion de entre (Ma 1 i6n al dia) consume cada vez que lo
estas 3 frecuencias) otk o come)

1. Leche entera

1 taza (240 mi) 1 < 1 1 _ {

14
2
2

F

1 taza (240 mi) Nunca

1 taza (240 mi) Nunca

Food Consumption Frequency Questionnaire (FFQ) of user’s section in Nutriecology®. The complete interface of
Nutriecology® is presented in Supplementary Materials 6.
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Show 1 entries Search:

Name Description Created At Actions

=1 2
- 2
EIED

Figure 6

Administrator section in Nutriecology®. The complete interface of Nutriecology® is presented in Supplementary Materials
6.
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