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Introduction: Dietary choices affect both human and planetary health; however, they are not always linked to public policies. For example, Food Based Dietary Guidelines (FBDGs) do not always consider sustainability in their recommendations. To date, no methods have been developed and agreed upon to assess the five sustainability dimensions proposed by the Food and Agriculture Organization (FAO) (nutritional, environmental, cultural, physical, and economical access) as a whole. The objective of this study was to compare the levels of sustainability of traditional Chilean culinary preparations using a newly proposed method that integrates five unique dimensions of sustainable diets with reference databases to generate recommendations about sustainable culinary preparations; in which the Chilean population serves as a test case.

Methods: A database composed of 651 traditional Chilean culinary preparations was used. It was obtained through 10 focus groups from the Metropolitan Region. Culinary preparations were divided into eight different food groups based on their main ingredients. Sustainability estimations were conducted for physically accessible preparations. All the dimensions were estimated based on approaches and indicators previously used in scientific literature. Different weights were provided for all other dimensions: 30% for cultural and price, respectively, and 20% for nutritional and environmental dimensions. Culinary preparations we recommended as sustainable if they achieved a global sustainability score of 66% or above, provided each dimension individually scored 40% or above.

Results: After data management, 351 culinary preparations were analyzed. A total of 94 were selected as sustainable: 21/38 vegetables; 6/7 fruits; 28/105 proteins; 14/78 cereals; 6/41 soups; 0/32 dairy; 1/6 lipids; 18/443 beverages. The main reason a preparation was not classified as sustainable was failing to obtain 66% of global sustainability. No culinary preparations were excluded based on the economic dimension.

Discussion: This study shows that estimating sustainability of individual culinary preparations based on the five dimensions of sustainable diets of FAO is possible through the development of an innovative methodological approach that is useful for making dietary recommendations for a population, such as within FBDGs. Future research should continue developing this methodology as a tool for public health decision-making for healthier and sustainable diets. This would allow dietary patterns to develop into more sustainable ones, which is a useful strategy for public health and planetary health

Keywords
 sustainable diets; traditional preparations; estimation method; sociocultural; food based dietary guidelines


Introduction

Current estimates on population growth and climate change show that by 2050 food production is expected to increase between 50 and 90%, which is not a possible outcome considering planetary boundaries and natural resources (Springmann et al., 2018). It is currently known that the food system contributes up to 42% of the greenhouse gas emissions (GHGE) in the world (Masson-Delmotte et al., 2021). It is estimated that agriculture accounts for a third of the GHGE, 70% of the water use (Masson-Delmotte et al., 2021), and more than a third of cultivable land (Willett et al., 2019), varying greatly upon different foods and estimation methods. At the same time, food production is a major contributor to biodiversity loss. Furthermore, six of nine planetary boundaries are transgressed, evidencing the urgency to act on climate change (Richardson et al., 2023). Today, only five crops (rice, wheat, corn, millet, and sorghum) supply more than half of the caloric requirements of the population (FAO, IFAD, UNICEF, WFP, WHO, 2024). Higher food group diversity diets result in lower mortality and diet-related NCD rates and lower micronutrient deficits (WHO and FAO, 2024). Taken together, there is a dire need to change the supply and demand of these foods, while protecting and preserving both agricultural and dietary biodiversity.

Most of the adult Chilean population are overweight or obese. The prevalence of obesity increased in the last three national surveys (2003, 2010, and 2017), reaching 33.4% in 2017 (Ministerio de Salud Chile, 2018). In Chile, up to 80% of deaths are due to non-communicable diseases, higher than the mean of 50% for Latin America and the Caribbean (FAO, PAHO, WFP, UNICEF, 2019), and over 70% of food systems’ hidden costs are attributable to health costs (FAO, 2024). In addition, only 15% of the Chilean population consumes five servings of fruits and vegetables per day; and six out of seven people are sedentary (Ministerio de Salud Chile, 2017a). This scenario highlights the importance and urgency of improving lifestyle and diet for better population health in Chile.

The link between diet, human health, and sustainability is widely recognized, where sustainable diets could reduce the overweight and obesity risk by 0.69 and 0.61, respectively (Reger et al., 2024), the environmental synergies of dietary choices and their mitigation potential on greenhouse gas emissions (GHGE) are rarely considered in public policies. Diets pose a critical role in climate change mitigation, as changes in food demand could reduce the environmental impact and biodiversity loss of the food system (FAO, 2023a). Furthermore, when assessing the caloric sufficiency of a population, nutritional status should be considered, as an overweight person consumes 19% more calories than a normal weight one (Edwards and Roberts, 2009), contributing to greater use of natural resources and further biodiversity pressure, while generating more GHGE (Toti et al., 2019).

Population-level dietary recommendations often only consider human nutrition, with evidence based on nutrients, food items, or dietary patterns (Herforth et al., 2019; Mozaffarian et al., 2018). Rarely, in the design of dietary guidelines is it considered that dietary choices also affect planetary health and vice versa (Herforth et al., 2019; James-Martin et al., 2022). Even though it is currently known that high-income countries throughout the world, such as Chile, tend to have unhealthy diets that are a result of high environmental impacts (Gormaz et al., 2022; Gutiérrez et al., 2023). Only 17% of the world’s population have FBDGs that consider environmental sustainability (James-Martin et al., 2022). Since December 2022, Chile has been currently one of these countries (Ministerio de Salud Chile, 2022). The newly published FBDGs for Chile currently include socio-cultural and environmental sustainability dimensions (Ministerio de Salud Chile, 2022).

By the mid-1980s, the term “sustainable diets” emerged, but a consensus on a standard definition that includes specific indicator cutoff points has not been reached (Moreno-Miranda and Dries, 2022). According to the Food and Agriculture Organization (FAO), sustainable diets are determined by five dimensions: (1) environmental impact; (2) nutrition; (3) culture; (4) physical access and availability; and (5) economical access/prices (Burlingame and Dernini, 2012). In 2019, the first international proposal on environmentally sustainable diets was proposed (Willett et al., 2019). However, there is still no consensus about how to measure the five different dimensions of sustainable diets or which indicators should be selected for each dimension (Allen et al., 2019). The existing methods are very heterogeneous. Some are based on a binary outcome, e.g., having or not the organic label (Lisa Clodoveo et al., 2022); some focus on specific nutrients, e.g., <10% of the energy from saturated fat (Gustafson et al., 2022), but most focus on environmental indicators (Downs et al., 2023). Many metrics, impacts, and indicators of sustainable foods depend heavily on the local realities, and therefore, establishing global standard criteria for these dimensions has yet to take place (Hallström et al., 2018).

Considering the FAO definition of sustainable diets, there could be five dimensions of sustainable diets at the population level: nutritional adequacy, environmental impact, affordability, physical accessibility, and cultural acceptance (Burlingame and Dernini, 2012). The environmental dimension is most commonly assessed through indicators, such as GHGE (Berry et al., 2015; Jones et al., 2016), land use (Poore and Nemecek, 2018), water use, eutrophication potential (Ministerio de Medio Ambiente, Chile, Programa de las Naciones Unidas para el Desarrollo, GEF, 2017), water acidification (Poore and Nemecek, 2018), biodiversity loss (Ministerio de Medio Ambiente, Chile, Programa de las Naciones Unidas para el Desarrollo, GEF, 2017), and ecological footprint (global hectares). According to Global Footprint Network (2022), the ecological footprint considers the lifecycle of consumed products, the resources used to produce them, and the ability to regenerate and absorb the excess. In brief, or the biocapacity of a region or country, or how much is used in contrast to how much is available.

The nutritional dimension is often operationalized through indicators, such as fruit and vegetable consumption (Berry et al., 2015; Donini et al., 2016), food diversity (Berry et al., 2015; Donini et al., 2016), food security indexes (Berry et al., 2015; Donini et al., 2016), quality of life and life expectancy (Berry et al., 2015; Donini et al., 2016), nutritional status, and nutrient quality indexes (Berry et al., 2015). The latter are mathematical calculations that include different nutrients to be promoted or dissuaded for the consumer in comparison with standard requirements. Nutrient quality indexes allow for a direct comparison between the quality of ingredients, culinary preparations, and diets, such as the Healthy Eating Index or previous Nutrient Rich Food Indexes (Drewnowski et al., 2020; Krebs-Smith et al., 2018). However, these results do not often translate directly into health outcomes, as have been investigated and validated for nutrient-rich foods (NRF) 9.3 (Drewnowski, 2009; Fulgoni et al., 2008; Streppel et al., 2014).

The physical access dimension considers the availability in terms of quantity and the distance one must travel to obtain food. Examples of indicators are per capita availability (Berry et al., 2015; FAO, 2023b) and paved roads, infrastructure, and food markets (Berry et al., 2015; Jones et al., 2016). There seems to be a consensus for “local foods” as food that is produced within a certain distance from where it is sold (Downs et al., 2023; Kinnunen et al., 2020).

The cultural dimension takes into account mainly social aspects such as cultural identity with culinary preparation (Garnett et al., 2014), knowledge and beliefs (Berry et al., 2015), and diet adherence (Ponzo et al., 2017).

The economical access uses gross domestic product (GDP), percentage of food expenditure (Berry et al., 2015), and food waste and losses (Berry et al., 2015). Integrated methods that can be adapted for a given local context to estimate the sustainability of diets within complex food systems should be defined (Jones et al., 2016).

Globally, research on sustainable diets has mainly focused on Western Europe, with cultural preference being the least studied dimension (Jones et al., 2016). One study examined how nutritionists and non-experts conceptualize healthy foods (de Moraes Prata Gaspar et al., 2020). Despite the participants having a prior scientific knowledge of nutrition, the socio-cultural dimensions were also linked to their current understanding of healthy diets. To address the limitations of previous studies, sustainable diets should be defined and promoted, to be locally adapted and feasible to follow by a population (Willett et al., 2019). Thus, traditional culinary preparations may be a practical tool for promoting the consumption of sustainable diets.

There is a lack of evidence on how to implement and assess foods utilizing all the aforementioned sustainability dimensions. Most of the studies only use the environmental dimension (Marrero et al., 2022; Ran et al., 2024), and few use a combination of dimensions (Liu et al., 2024; Rei et al., 2024; Yacoub Bach et al., 2023), but to our knowledge, none has used five dimensions at the same time. A method to estimate sustainable diets that includes all five dimensions may help identify which dimensions contributed more or less to its sustainability and thus suggest areas for improvement.

Different structural and individual strategies exist to promote healthy diets in Chile, such as the front-of-package labeling law and the FBDGs. Despite these efforts, dietary habits continue to worsen along with the prevalence of nutrition-related non-communicable diseases (Ministerio de Salud Chile, 2022, 2017b). In general, healthy diets aligned with FBDGs are more expensive when compared to diets that include more processed foods or that only satisfy caloric requirements (FAO, IFAD, UNICEF, WFP, WHO, 2023; Verdugo et al., 2016). Furthermore, the price of a basic food basket in Chile has risen since the COVID-19 pandemic (Observatorio Social, Ministerio de Desarrollo Social y Familia, Gobierno de Chile, 2023). The lack of adherence to healthy diets could also be related to a lack of culinary abilities for traditional recipes. It is difficult to motivate behavior change, of which cost and taste have been identified in the United States as common barriers (Nicklas et al., 2013). In conclusion, both the health and the dietary intake of the Chilean population are worsening, which puts greater pressure on the climate, threatening the planetary boundaries of the food system for freshwater and carbon emissions (Gormaz et al., 2022). Thus, there is an urgent need in Chile, and elsewhere, to promote diets that are both sustainable and healthy in an integrative way.

Given this scenario, and the consequences it poses for humans and the planet, this study aimed to compare the degree of sustainability of traditional Chilean culinary preparations using a newly proposed method, with a primary aim of producing recommendations on sustainable culinary preparations for the Chilean population and a secondary aim of proposing a new method to estimate the sustainability of culinary preparations.



Materials and methods

To compare the sustainability of traditional Chilean culinary preparations, a novel method is proposed. As culinary preparations are the unit of analysis, recipe estimations had to be made. In addition, weighting among different sustainability dimensions was made. Five sustainability dimensions were considered: environmental, cultural acceptance, nutrition adequacy, costs, and physical access. The latter was first assessed, and if physically available, a weight for the other four dimensions was made.

Qualitative data on physical access and economic cost were coded to calculate the sustainability dimensions of each culinary preparation, further explained in the “Physical access and availability criteria” and the “Economic access and price criteria” sections. The weights are as follows: environmental impact with a weight of 20%, nutrition with 20%, culture with 30%, and economic cost with 30%. Physical access and availability were estimated as a pre-condition to be sustainable. Culture and economic access were given a higher weight in the final sustainability score as taste and cost are the main drivers of dietary decisions (Garnett et al., 2015; Nicklas et al., 2013), while nutrition and environmental sustainability seem to be less important or represent a trade-off for consumers (Elmor et al., 2024). Thus, for making more locally suited recommendations, cultural acceptability and economic access were given higher weight than nutritional adequacy or environmental sustainability. With these weights, it was possible to obtain a composite final score that represents how sustainable a certain culinary preparation is. Finally, all preparations were ranked according to their score.


Study sample

Data on traditional preparations known to the population were obtained from 10 focus groups between December 2017 and August 2018. Focus groups were developed in counties that were geographically and socio-demographically diverse, and participants were invited considering urbanicity, ethnicity, and income level. Little guidance on traditional meaning was given to capture the preparations that people remembered, encouraging adults who were not culinary experts. Each focus group had between 6 and 10 participants in 10 different counties in the Metropolitan Region of Chile (total n = 73), including socio-economically vulnerable areas. Two focus groups were conducted for each age and ethnic group: 25–45 y, 45–65 y, >65 y, First Nations descent, and not First Nations descent. In the focus groups, two large posters were used to guide the conversation and register the data. This study has been described in detail previously (Kanter and León Villagra, 2020). A database composed of the unique traditional culinary preparations (n = 651) listed in all 10 focus groups was used.



Instruments

Quantitative and qualitative data on culinary preparations were obtained through different methods, as described by Kanter and Leon (Kanter and León Villagra, 2020). The data used in this study are mainly based on 10 different focus groups from the Chilean Metropolitan Region, including vulnerable and peri-urban areas. Participants were asked to free list the top 10–15 culinary preparations per mealtime. For each culinary preparation named, the consumption frequency, likeability, and seasonality of consumption were collected and utilized in this study. Data were transferred two times to REDCap (research electronic data capture) hosted at the University of Chile (Harris et al., 2009, 2019). Qualitative data codification was used for the physical access and the economic access or affordability. This information was coded into numbers and transferred to a database. Price was coded: cheap, −1; normal/regular: 0; expensive, 1. Physical access was coded: local store (neighborhood markets), 0; supermarket, 1; harvest/gifts, 2.



Data management

Culinary preparations (n = 651) were ordered in different Excel sheets for 10 food groups (fruits, vegetables, protein and pulses, cereals, dairy, lipids, soups, beverages, sausages, and food rich in critical nutrients, i.e., sodium, trans fats, cholesterol, and added sugar). These food groups were selected as usually the same food grouping is made for FBDGs for nutrient-similar foods. Each food group included culinary preparations whose main ingredients were pertinent to each group. For example, the soups group is composed of mixed culinary preparations, such as soups, stews, and others that have a liquid component that is not a beverage. While the lipid group is composed of only nuts and avocado, the beverage group include hot and cold, alcoholic, and non-alcoholic beverages.

Sausages and other foods rich in critical nutrient groups were excluded. After the food group exclusion, 568 culinary preparations remained. Of the 568 culinary preparations, 217 were cleaned and consolidated because of naming similarities (e.g., sliced tomatoes, tomato salad, fresh tomatoes, and tomatoes as a side). Finally, 351 preparations were left to estimate its sustainability.

Sustainability estimations were made by the food group and its standard portions (further explained in the “recipe estimation” section) to calculate the final unique sustainability score for each culinary preparation.



Exclusion criteria for culinary preparations

Per the nutritional and health context described above, consumption of critical nutrients (i.e., sodium, sugar, trans fat, and calories) should be dissuaded in the Chilean population. Thus, preparations based on two food groups were excluded: (1) sausages (pate, cured meat, and derivatives) and (2) food or ingredients rich in critical nutrients, such as fast food, sweets, and fried food. A total of 83 preparations were excluded from this study for not being healthy nor traditional enough to be recommended at the population level as part of sustainable diets. Of 651 culinary preparations included in the initial study sample, excluding these two food groups resulted in 568 culinary preparations.



Standard recipe estimation

As this study did not intend to compile recipes, their estimation had to be made and standardized. Each culinary preparation ingredient was estimated as a standard portion (Gattás Zaror, 2011; Jury et al., 1995), with the aim to maintain similar nutritional composition and inter-changeability afterward. For example, if a culinary preparation includes raspberries but are difficult to find and purchase, or too expensive, this ingredient could be interchanged with another type of fruit, such as strawberry in the same 80 g per portion.

Each food ingredient within a specific culinary preparation is compared to its relative weight within its food group according to a standard portion size (g or ml). For example, if the culinary preparation was salad all the ingredients that are vegetables are compared within the vegetable food group (e.g., tomato, cucumber, and lettuce), but if the salad has cheese, the cheese is compared separately within the dairy group. Then, all the ingredients of the salad are weighted with respect to the food group to which they belong—vegetables vs. vegetables, dairy vs. dairy. Given that most culinary preparations are composed of multiple ingredients in different proportions, for each separate culinary preparation ingredient standard portions were used as already proposed in Chilean literature (Gattás Zaror, 2011; Jury et al., 1995). Food ingredient quantities were estimated as: 50 g for meat for the soups group, 100 g for meat in plates with sides; 150 g fish; 80 g cereals when as sides and 30 g in the soup group; 100 g of vegetables when as salads and 50 g when in soups; 130 g fruits; 200 mL for milk, 170 g for yogurt and 25 g for cheese; 60 g dried for pulses (Gattás Zaror, 2011; Jury et al., 1995). Every food ingredient had a relative presence (weight %) within the culinary preparation according to its average weight (kg) or volume (ml) of one serving. The percentage of each ingredient within a given sustainability dimension was estimated according to its own weight (%) within the preparation. For example, a raspberry smoothie was estimated as 200 mL of milk plus 80 g of raspberry (280 cc total), such that raspberry accounted for 28.5% of its environmental and nutritional footprint. Afterward, the sustainability footprints (%), whether environmental or nutritional, of each ingredient were weighted into one final sustainability percentage per dimension for each preparation as follows: nutrition sustainability for raspberry smoothie = (0.285 × [raspberry nutritional sustainability % within fruits group]) + (0.715 × [milk nutritional sustainability % within dairy group]). The same methods were used by the Barilla Center for Food and Nutrition (BCFN, 2016). For each dimension of sustainable diets, specific criteria were used as described in the subsequent sections.

The five dimensions of sustainable diets as established by the FAO were considered to estimate the overall sustainable diet score of each culinary preparation: (1) environmental, (2) nutritional, (3) cultural, (4) physical access and availability, and (5) economic access and price.



Environmental impact criteria

To determine the environmental impact dimension of a sustainable culinary preparation, carbon, water, and ecological footprints were used. Each footprint was weighted differently to construct an overall environmental footprint (Table 1). The ecological footprint has a higher relative weight (60%) than that of carbon (15%) or water (25%) given its consideration for both land and sea used to produce food. The environmental footprint was estimated first for each culinary preparation. Based on data from the “Double Pyramid” (BCFN, 2016), we constructed a database that included the weighted carbon footprint (gCO2, equivalent kg*0.15), water footprint (liters of water*0.25), and ecological footprint (global m2/ kg*0.60) for all food ingredients within each food group (Table 1). For example, the protein group consists of six individual food ingredients, each with its own environmental footprint. For each individual food ingredient in a food group, such as fish, legumes, cooked eggs, cooked poultry, cooked pork, and cooked meat in the protein group, an average value is separately assigned for its carbon footprint, water footprint, and ecological footprint. Each average footprint value is based on an average value from the BCFN database, accounting for cooking (e.g., boiling) if applicable. The overall environmental footprint for each culinary preparation included in the study sample (n = 351) was based on the relative weights assigned to each footprint type and the standard recipe for each culinary preparation. For example, for eggs the average carbon footprint with cooking is 5,233 gCO2 equivalent/kg, the average water footprint is 3,300 L/kg, and the average ecological footprint is 14 global m2/kg. When the weights described above are applied, the weighted average carbon footprint for cooking eggs is 784.95 (5,233 * 0.15), the average water footprint is 825 (3,300 * 0.25), and the average ecological footprint is 8.4 (14 * 0.60), resulting in a total average footprint of 1,618. Similar calculations were made for all the other five food ingredients in the protein group as well as for each individual culinary preparation in each food group. Once the total average footprint for each individual food ingredient was calculated, each individual culinary preparation was ranked according to its overall environmental footprint from least to most. Moreover, then given a weight (%) relative to the other individual culinary preparations in a particular food group based on the number of individual food ingredients in each group. Therefore, the environmental footprint of each culinary preparation was calculated according to a relative ranking for every food ingredient within each food group. The lowest scoring food ingredient within its food group (e.g., fish in the protein group) was subjectively assigned 100% environmental sustainability for its food group. The higher scoring ingredients were calculated as percentiles according to the total number of culinary preparations within its food group. For example, for the protein group there were six ingredients (100/6 = 16.6), such that the ingredients that did not achieve 100% environmental sustainability dropped by 16.6 percentage points relative to those that had the highest score. In the protein group, fish was 100% environmentally sustainable, then legumes at 83%, boiled eggs at 66%, and so on until cooked meat at the bottom at 17%. Finally, the overall environmental sustainability percentage of each food ingredient was estimated through a series of steps described below.



TABLE 1 Sustainability scoring method by sustainability dimensions.
[image: Table1]

As previously described, the environmental footprint of each culinary preparation was determined through a series of methodological steps based on the individual ingredients within each culinary preparation using a standard recipe. The second step was to calculate the weighted environmental footprint for each ingredient based on the relative proportion of each ingredient in the standard recipe used. Following the equation: relative weight (%) of the food ingredient within its food group*proportion of ingredient (%) in the overall weight of the standard recipe used summed across all ingredients in each standard recipe. An example is a vegetable omelet with mashed potatoes. According to our constructed database, eggs have a relative score*weight of 0.66*.17 g eggs in the standard recipe used + relative weight of cooked seasonal vegetables of 1*.33 g vegetables in the standard recipe used + relative weight of potatoes of 1*0.5 potatoes in the standard recipe used; for an overall environmental footprint percentage of 9.4.2% [=((0.66*0.17) + (1*0.33) + (1*0.5))*100]. This process was repeated for each culinary preparation included in the final study sample.



Nutritional criteria

To estimate the nutritional content of each included culinary preparation different indices were searched (Berry et al., 2015; Drewnowski et al., 2020; Fulgoni et al., 2008; Streppel et al., 2014), as they are simple mathematical calculations that include different nutrients to be promoted or dissuaded for the consumer, in comparison with the standard requirements. These indexes allow a quality comparison between food, dishes, and diets. NRF9.3 was selected over others because it is validated for the study of health impacts (Drewnowski, 2009; Fulgoni et al., 2008; Streppel et al., 2014).

This index uses nine healthy nutrients to encourage its consumption (i.e., protein, fiber, calcium, iron, magnesium, potassium, and vitamins A, C, and E) and three unhealthy nutrients to dissuade (saturated fats, total sugar, and sodium) according to their recommended daily values (DV), as shown below:

[image: image]

The NRF9.3 index data values used in this study were a compilation from the data published by Drewnowski, Berendsen as well as by Streppel by food group (Berendsen et al., 2016; Drewnowski, 2009; Streppel et al., 2014), as no author had included all ingredients in one comprehensive database. A database was assembled that included 15 of 21 foods from Drewnowski et al. (2020), 17 of 20 foods from the Berendsen database, and 18 of 20 foods from the Streppel database: or 50 foods (ingredients) in total. The foods excluded from the original NRF9.3 data sources included ingredients excluded from this analysis (e.g., “pastry, cakes, and biscuits”) and “mixed dishes” where the specific ingredients per “mixed dish” were not previously specified. In instances where the same ingredient was included in multiple data sources, a series of decisions was made to select the NRF9.3 value for the purpose of this study. For dough and sweets, those with negative values in the database were considered “0” because the nutritional sustainability scale in this study is from 0 to 100. The lowest value for bread and cereals was also used because Chilean bread is white, high in sodium, and often made with lard (animal fat). Most cereals are also made of refined white flour. For meat, cheese, and potatoes, the median value was used because two out of three data sources had a similar value. The largest NRF9.3 value was used for fruit considering that Chile produces and sells a lot of fruit rich in antioxidants. Fruits with higher levels of antioxidants should increase the NRF9.3 value. The largest value of NRF9.3 was also used for eggs, legumes, and fish because the consumption of these foods is low in the Chilean population (Ministerio de Salud Chile, 2017a) and their consumption should be promoted. Vegetables were both over 100, so these ingredients took on 100 as the maximum limit. The result was a table with 20 ingredients. From this table, the rule of three as is commonly used in elementary mathematics was used to determine the nutritional sustainability of each unique food (ingredient) relative to vegetables that had the highest NRF9.3 score of 102 that was given a nutritional sustainability score of 100%. Whereby if we know that the next highest NRF9.3 score is 94.2 for legumes, we can solve for its sustainability score (x) using cross-multiplication: x/94.2 = 100/102; such that x = 92.3%. The sustainability score values for each unique ingredient were used to determine the overall nutritional sustainability score for a given culinary preparation included in this study (Supplementary Table 1).

The same standard recipes used to estimate the environmental criteria were used to estimate the nutritional criteria. First, the relative proportion, or weight (g o ml), of each ingredient within the recipe was determined. To carry over the previous example, for the culinary preparation vegetable omelet with mashed potatoes, the standard recipe used was 50 g eggs, 100 g vegetables, and 150 g potatoes: for relative ingredient weights of 17% eggs, 33% vegetables, and 50% potatoes. Thus, the overall nutrition dimension for the vegetable omelet recipe is 68% based on the following: (63% nutritional dimension for eggs*17% proportion of the recipe with eggs +100% nutritional dimension for vegetables*33% proportion of the recipe with vegetables +49% nutritional dimension for potatoes*50% proportio of the recipe as potatoes).
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Cultural acceptability criteria

Data on taste preferences and frequency of consumption of each culinary preparation were used to assess the cultural acceptability dimension of a sustainable culinary preparation. The number of times participants highly liked or disliked a culinary preparation was used as proxies for cultural acceptability, as cultural pertinence could be defined as adherence to a diet (Drewnowski, 2009). Therefore, for each culinary preparation (n = 351), the cultural dimension was estimated through a multi-step process to create a composite indicator using data on taste preferences and consumption frequency. First, for each food group, the number of participants who recognized each traditional culinary preparation mentioned in a particular focus group was totaled across all culinary preparations and focus groups. For example, a vegetable omelet was recognized by 22 participants, but a vegetable omelet with mashed potatoes was recognized by only four participants, which would sum to a total of 26 times one of these two culinary preparations was mentioned over 10 focus groups. The proportion of times a given culinary preparation was recognized by participants over the 10 focus groups provides an indicator of how culturally salient it is at present. The cultural dimension is a composite indicator consisting of the following overall focus groups: (i) how many recognized the culinary preparation; (ii) how many said they liked the culinary preparation; (iii) how many said they did not like the culinary preparation; (iv) how many said they consumed the culinary preparation monthly; and (v) how many said they never consume the culinary preparation. In this case, a vegetable omelet with mashed potatoes was recognized by four participants out of 772 times (0.05%) culinary preparations were recognized in the protein food group; that is, the sum of how many people recognized a culinary preparation of all the unique culinary preparations mentioned over 10 focus groups within the protein food group. The sum of the values for each of the other four indicators (likes, dislikes, monthly consumption, and never consumed) is used to identify the proportion of participants that responded, given how many recognized the culinary preparation to begin with. Thus, for a vegetable omelet with mashed potatoes, three out of four participants said they liked it (75%); zero of four said they really did not like it (0%); two out of four (50%) said they consumed it monthly; and zero of four said they never consumed it (0%). For each culinary preparation in the database, these five proportions were determined and compared to the median value for its food group. If a culinary preparation is to be highly culturally accepted (close to 100% cultural sustainability to say), the preparation must be above the median for its food group. Specifically, for a preparation to be culturally acceptable, participants must recognize or know the preparation, participants must like it, and participants must eat it monthly. Conversely, if a particular preparation is below the median for its food group, it is a culturally negative attribute for the preparation, in that it is not well-known, well-liked, or consumed. For each culinary preparation, when the values of the first four indicators above were greater than the median of the food group an arbitrary value of 100% was assigned to indicate positive sustainability; and 0% when these proportions were below the median. However, when the proportion of how many people say they never consume the preparation was below the median an arbitrary value of 100% was assigned to denote that it is a commonly consumed preparation; and 0% when this proportion was above the median. Thus, when vegetable omelet with mashed potatoes is compared to its food group, protein, the median for recognition was 0.6%, liked 66.7%, not liked 0%, consumed monthly, 25%, and never consumed, 18.2%, resulting in the following values for vegetable omelet with mashed potatoes: recognition: 0%, liked: 100%, not liked 0%, consumed monthly: 100%, and never: 100%. Once all five indicators for each culinary preparation were compared to the median for its food group and the values of 100% or 0% assigned to denote cultural relevance, all preparations were weighed using arbitrarily assigned weights to be able to rank all culinary preparations independent of food group; and summed across the five indicators. Specifically, recognition 10%, liked 25%, not liked 15%, consumed monthly 30% and never 20%. Thus, for a vegetable omelet with mashed potatoes: recognition: 0% (10%*0), liked: 25% (25%*100), not liked 0% (15%*0), consumed monthly: 30% (30%*100) and never: 20% (20%*100); for a total of 75%. Once this process is completed for each culinary preparation, all culinary preparations can be ranked in terms of their cultural sustainability.



Physical access and availability criteria

Two indicators were used to estimate the physical access and availability dimension: physical access and monthly consumption. In the focus groups, physical access information was not collected for each specific culinary preparation but was collected for the main ingredients included in each culinary preparation. Thus, the physical access data were based on the type of food outlet accessed for the main ingredient in each culinary preparation, which was categorized as neighborhood stores, or good access; supermarkets, or regular access; and difficult access. Good access was defined as the main ingredient(s) that could be bought in local neighborhood markets, farmers’ markets, butcheries, etc. Within the Chilean population, local fruit and vegetable markets (indoor and outdoor), butchers, and bakeries are likely to be closer to consumers. Farmers’ markets also favor access to the more vulnerable sectors of the population as they are more concentrated in areas of lower socio-economic status, different from the large supermarket chains that have more concentration in wealthier neighborhoods (Carreño and Silva, 2019; Saez et al., 2010). Regular access was assigned if ingredients were mainly bought in supermarkets, and bad access if access to the ingredient(s) was only occasional or irregular, e.g., gifts from relatives or harvested. They were scored by weight in the final culinary preparation as with the previous dimensions. After each ingredient had its percent physical access determined, the percent physical access of the overall preparation is averaged according to the weight of each ingredient per standard portion of the culinary preparation. The frequency of consumption (never, monthly) as reported during the focus groups was used to indicate monthly consumption. Monthly consumption was incorporated into the physical access criteria based on the assumption that if one consumes a preparation every month, it is also because they can stock up on the ingredients on a “regular” basis. They were scored by terciles, subjectively attributed a 100% for those with good access, 66% if regular, and 33% if difficult. For the estimation of this dimension, physical access was given a weight of 70%; and monthly consumption a weight of 30%, as shown in Table 1. Physical access was given greater weight than monthly consumption because it is a more direct indicator of where they obtain the food and its availability within a certain county. While monthly consumption has a lower weight as it is more subjective than that of physical access, i.e., the availability of ingredients is presumably easy, and stable. To follow the example of the vegetable omelet with mashed potatoes because all the ingredients can be purchased from a farmers’ market, physical access for this culinary preparation was designated as good access for an overall value of 100%. Based on the same data used to determine the cultural sustainability dimension, of those that recognized vegetable omelet with mashed potatoes 50% reported monthly consumption that was over the median monthly consumption for the protein group; to give an overall value of 100%. Thus, the physical access dimension for vegetable omelet with mashed potatoes is 100%, or ΣPhysical Access (100%*0.7) + Monthly Consumption (100%*0.3).



Economic access and price criteria

Two key concepts were used to assess the sustainable diet dimension of economic access and price criteria. Price perception was designed as a categorical weighted indicator as the participants’ perception of the ingredient costs (inexpensive, regular, and expensive—granted 100, 66, and 33%, respectively) based on terciles of assumed affordability, where inexpensive ingredients had the best economic sustainability (100%) and expensive the worst (33%). When price perception data for an ingredient were not available, the price data for a similar ingredient were assumed (e.g., broccoli instead of cauliflower). Monthly consumption was considered as an indirect indicator of economic access, as it also has assumptions such as an ingredient could be consumed less if more expensive. The price was weighted 70% and the frequency of consumption 30% for this dimension, as the price is the most important indicator of economic access, while the frequency of consumption is a proxy of affordability and is based on assumptions. To follow the example of vegetable omelet with mashed potatoes, the economic access and price criteria were calculated based on the data that all main ingredients (i.e., eggs, vegetables, and potatoes) are inexpensive; and the monthly consumption is above the median monthly consumption for the protein group. Thus, the economic access and price dimension for vegetable omelets with mashed potatoes is 100%, or ΣPrice (100%*0.7) + Monthly Consumption (100%*0.3).



Global sustainability score criteria

Once all culinary preparations were assigned a score for each of the five sustainability dimensions, an overall global sustainability score was determined. The first step was to organize all culinary preparations according to their food group. For example, vegetable omelet with mashed potatoes is in the protein group; and as previously determined has a cultural acceptability dimension of 75%; physical access and availability of 100%; economic access and price of 100%; environment of 94%; and nutrition of 68%. The next step was to exclude any culinary preparation with <33% physical access and availability because such preparations could not be recommended if people could not access them. The global sustainability score was calculated as follows: Σ (30%*cultural dimension) + (30%*economic dimension) + (20%*environment dimension) + (20%*nutrition dimension). Then, among each specific food group, only those that had a global sustainability score of 66% or greater, and did not have any dimension <40%, were included. Within each food group, the final list of culinary preparations was ranked according to their overall sustainability score in descending order. By meeting the aforementioned inclusion criteria, the final list of classified culinary preparations was considered sustainable culinary preparations in which to promote consumption among the Chilean population.




Results

Thirty-five percent, or 124 of the 351 culinary preparations included in the final study sample achieved a global sustainability score of at least 66% (Figure 1). The best scoring sustainable culinary preparations are all plant-based and are shown in Table 2. The results follow for each specific dimension and then for the global sustainability criteria.
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FIGURE 1
 Culinary preparations and selection process.




TABLE 2 Top 10 culinary preparations.
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Environmental impact

Most of the culinary preparations in the vegetable and fruit food groups scored 100% in the environmental impact dimension (Table 3). Of the selected 32 culinary preparations in the protein group that achieved 66% global sustainability, 13 scored 100% in the environmental impact dimension, all of which included fish or seafood. Two-thirds of the culinary preparations in the cereal food group scored 100% in the environmental impact dimension that consisted of preparations with native grains (e.g., husked wheat or mote, quinoa) and potatoes. Nearly all the culinary preparations in the beverage group also scored 100% in the environmental impact dimension, such as juices, coffee/tea, and water. Only one culinary preparation (frozen vegetables) was excluded for not achieving at least 40% environmental impact (Figure 2).



TABLE 3 Best scoring culinary preparations by food group and sustainability dimension.
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FIGURE 2
 Number of culinary preparations with a final sustainability score ≥ 66% that were excluded for scoring any dimension below <40%.




Nutrition impact

All fruits and nearly all beverages scored 100% in the nutritional impact dimension (Table 3). Most of the vegetable preparations also scored 100% in nutritional impact, mainly stews and egg-based vegetable casseroles. More than a third of the protein group scored 100% within this dimension which consisted of fish and seafood. Moreover, about half of the cereals group reached 100%, all of which were ancestral grains such as quinoa, husked wheat, and amaranth. Five culinary preparations were excluded for not meeting at least 40% of the nutrition dimension (Figure 2).



Cultural impact

Among all food groups, only two culinary preparations from the vegetable food group scored 100% in the cultural dimension: vegetable and zucchini egg-based casseroles. Only 10 culinary preparations achieved 85% in the cultural impact dimension from the protein (n = 5), cereal (n = 2), beverage (n = 2), and fruit (n = 1) groups. Twenty-three culinary preparations were excluded for not meeting at least 40% of the criteria for the cultural dimension (Figure 2), such as dried figs, seaweed (cochayuyo) salad, canned fish with boiled potatoes, husked wheat salad, and water with oatmeal.



Physical access and availability

All the fruits and beverages scored 100% in terms of physical access and availability. All cereals and soups except one in each category (whole grain bread and chicken soup) also scored 100%. More than two-thirds of the protein group scored 100%, with the exceptions being seasonal legumes, canned, and frozen ingredients. Half of the vegetable preparations also scored 100%, mainly salads, egg-based casseroles, and omelets. The lipid group (avocado) scored 66%. Only one culinary preparation (seaweed stew) was excluded based on physical access and availability (Figure 2).



Economic access and price

All the fruit preparations and beverages scored 100% in the economic access and price dimension. Over half of the protein group scored 100% including eggs, legumes, and chicken, whereas meat, fish ceviche, and baked fish scored the lowest. Half of the soup preparations scored 100%, mainly those only with vegetables. One third of the vegetable group scored 100%, but not the vegetable culinary preparations with seaweed or frozen vegetables. Only four cereal preparations scored 100% in terms of economic access and price, mainly potatoes and pasta. The lipid group (avocado) scored 66%. No preparations were excluded because of economic access (Figure 2).



Global sustainability

Seventy-five percent, or 94, of the 124 culinary preparations that achieved at least 66% global sustainability also achieved at least 40% on each of the five dimensions (Figure 1). All the culinary preparations in the fruit group except for one were selected as sustainable (Figure 3). The vegetable food group was the only other food group in which over half (55%) of the culinary preparations were also included in the final study sample. In the beverages group, 18 of 44 culinary preparations were selected (41%). Within the proteins group, 28 of 105 culinary preparations (27%) were selected. In the cereals group, 14 of 78 culinary preparations (18%) were selected. In the soups group, 6 of 41 culinary preparations (15%) were selected. In the lipid group, only one of six culinary preparations (17%) was selected. Finally, in the dairy group none was selected, mainly due to low scores in nutritional and economic dimensions. Thus, after considering those that achieved at least a 66% global sustainability score and at least 40% on the four dimensions, in terms of global sustainability, the highest median value was 80% in the fruits group, such that fruit with gelatin achieved 92% and fruit pieces 86% sustainability, respectively. The median value of the vegetable group was 78%, with vegetable egg-based casserole achieving 100% global sustainability, while the median values of the protein, cereal, and soup food groups were 76, 73, and 70% (Table 3). Of the 94 culinary preparations included in the final study sample, the top 10 culinary preparations ranked according to global sustainability score are presented in Table 4.
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FIGURE 3
 No. of culinary preparations per scoring step. The first step refers to the food group total. Those culinary preparations that reached 66% of global sustainability are the second step. Selected are those culinary preparations after excluding those that had any dimension below 40% sustainability.




TABLE 4 Final sustainability percentage for the selected culinary preparations by food group.
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Discussion

The objective of this study was to integrate different dimensions of sustainable diets (e.g., physical access to foods) into one assessment method and translate these dimensions from diets to culinary preparations. Based on the estimation method for the sustainability of culinary preparations we constructed, 94 culinary preparations were identified as sustainable out of a total of 351 traditional culinary preparations (27%) for the Metropolitan Region of Chile. In which every sustainable culinary preparation is considered healthy, with a reduced environmental footprint, physically and economically accessible, and culturally acceptable.

Different dimensions account for high scores among the food groups. The vegetable group stands out for high scores in nutrition, environmental, and cultural dimensions, but not in terms of economic or physical access. The fruit, protein, cereal, and beverage groups have high scores in every dimension but the cultural one. Soups also scored very high in each dimension, except for nutrition. Only one of the culinary preparations from the lipids group and none of the dairy preparations were included in the final study sample. These results suggest that it is important to include multiple dimensions when assessing the dietary sustainability of culinary preparations. Only assessing dietary sustainability through a single dimension will prevent an understanding of the sociocultural and socio-economic factors related to promoting a particular culinary preparation or food group for healthy and sustainable diet consumption in the population.

The secondary aim of this study was to determine whether the methods used to estimate each dimension of sustainable diets are adequate for the determination of each dimension and the overall indicator of global sustainability. Approximately 24% (n = 30) culinary preparations were excluded from the calculation of the overall indicator of global sustainability because they did not achieve at least 40% on one dimension; the majority of which was due to the cultural dimension (n = 23). Thus, cultural acceptability may be the greatest limiting factor to sustainable diets when considering all five dimensions of sustainable diets. On the contrary, price was not the reason for exclusion (<40%) for any culinary preparation. Even though the focus group participants in this study were from vulnerable neighborhoods, suggesting that traditional preparations are still affordable for low-income Chileans.

Surprisingly, while pulses in this study are inexpensive culinary preparations, with a high cultural score and good physical access, they are only eaten by 14% of the participants. This is consistent with governmental data in which pulses are eaten two times a week by only one in four people (Ministerio de Salud Chile, 2017a). There may be cultural constraints of pulses being associated with poverty, higher cooking times and consider a difficult culinary preparation to cook, and where young people lack cooking knowledge (Barrientos-De la Rosa et al., 2023; Pinheiro et al., 2018). A similar case was found with fruits, where every fruit-based culinary preparation scored the highest within the economic dimension and therefore price did not seem to limit consumption. However, only 15% of the population eats two portions of fruits a day (Ministerio de Salud Chile, 2017a).

A compensatory effect could exist between taste and price, in which if the culinary preparation is very much liked or culturally important, people would be willing to pay a higher relative price. For example, in the case of vegetable-based salads, tomatoes are highlighted as a favorite, despite participants classifying them as more expensive than other vegetables. Other expensive culinary preparations that are eaten monthly are avocados and barbecued or stewed meats. Even though these preparations scored as the most expensive culinary preparations in their food group (17% in economic dimension), they were still eaten monthly by most participants as they are culturally very important. In contrast, participants had lower taste preferences for dairy foods, and thus people probably would not be willing to pay a higher perceived price. During the twentieth century, Chile has been through a nutritional transition. As a result, meat, dairy, and avocado consumption increased over this time. Specifically, meat consumption in Chile increased from 32 to 36 kg per capita from 1930 to 1980 to 86 kg in 2010 (Llorca-Jaña et al., 2022). This highlights the fact that interactions between different sustainability dimensions may arise, emphasizing the importance of integrating different dimensions in the same estimation for population recommendations.

Cultural acceptability appears as a main barrier to eating healthier and more sustainable diets. Together with lack of time, distrust of the food industry, and prices, dislike of specific foods persists (Muñoz-Martínez et al., 2024), highlighting that personal preferences are the ultimate goal when promoting more sustainable diets. Cooking workshops and recipe adaptations could be suggested. Fortunately, in general, traditional culinary preparations seem to be healthy, affordable, and sustainable, providing an excellent opportunity to promote these types of meals to the general population.

Most studies regarding food or diet sustainability have focused on whole dietary patterns (i.e., “healthy,” Mediterranean, vegan, western, etc.) considering mainly nutrition and environmental impact (Arrieta and González, 2018, 2018; Ridoutt et al., 2021; Sala et al., 2020; Springmann et al., 2018; Willett et al., 2019) leaving out other dimensions such as cultural acceptance and affordability. Recently, global efforts have included affordability (Bai et al., 2021; Herforth et al., 2020), but these attempts still lack the dimension of cultural acceptability.

Previous studies have also studied the sustainability of traditional culinary preparations but focused exclusively on carbon footprint (Goel et al., 2023; Mannheim and Avató, 2023; Torstensson et al., 2021). A recently published study in Chile has also studied different indicators in order to evaluate culinary preparations in collective food services/restaurants (Cáceres et al., 2024). Six indicators were selected: carbon and water footprint, local origin, waste when cooking, and the presence of meat and animal food. One similarity with our proposed method is that for the estimation the authors also used grams transformed into a percentage of ingredients within the culinary preparation. This method differs from the one proposed here most importantly by two factors: (i) the methods and quantities for obtaining the traditional preparations dataset (they selected 10 from an online survey, while we used over 350 obtained from focus groups); (ii) the sustainability dimensions included (they only estimated environmental sustainability from indicators chosen from expert consultation). We also propose a cutoff value for each dimension, and the inclusion of locally raised information, such as monthly consumption, likeability, and price perception.

Promoting sustainable culinary preparations rather than whole diets could be easier to promote and for the population to adhere to as they provide practical advice for consumers on what to buy or cook. In fact, in 2022 Chile released its new FBDGs (Ministerio de Salud Chile, 2022). This new version included for the first time the environmental sustainability dimension. Furthermore, in Chapter XV of these guidelines many recipes for traditional dishes were incorporated under the premise of “how to incorporate these guidelines in your routine.”

We did an attempt to propose a weekly meal plan based only on sustainable culinary preparations from our results (Suppl. Table S1) to check whether it could be a feasible diet, and afterward estimated its nutritional intake in terms of calories and macronutrients. The adequacy reached an adequacy of ±5% from the recommendations, which shows these suggestions of sustainable culinary preparations are nutritionally adequate (Suppl. Table S2). Finally, to double-check our proposal, we did a comparison from our preparation-based meal plan with the EAT-Lancet Planetary Health Diet (Willett et al., 2019), and our proposal stayed within all of the EAT-Lancets’ consumption ranges for every food group (Suppl. Table S3). This is a practical way of how our study methods and results could be used.


Limitations, strengths, and relevance of the study

This study has many limitations. Among them, ingredients were estimated according to a standard portion and not necessarily to its actual quantities as well as their ingredient estimation from generic nominations (e.g., fruit smoothie/vegetable omelet). Therefore, the weight (grams or milliliters) included within the actual recipe could differ in its final sustainability percentage. Future studies should aim to use recipe booklets or collect recipe information to be more accurate that could also serve as an input when ingredient substitutions are made or suggested. Another limitation is that there are approximately 25 culinary preparations out of 95 that participants generically named, “salads” or “pulses,” without naming any specific ingredient. It can also be argued that the qualitative data used in this study are subject to bias common to qualitative studies, such as individual opinions being influenced by others and group topic discussed control (Wong, 2008). To minimize some of these sources of bias, all the focus groups in this study were carried out by skilled and trained facilitators with a comprehensive knowledge of Chilean cuisine and ethnographic methods. Even though the Metropolitan Region in Chile contains half of the Chilean population, and the participants included people from peri-urban areas and indigenous ethnicity, these results and methods should be considered mainly for this geographic area. Different geographic locations, in Chile and elsewhere, have differences in culinary traditions, agricultural production, and food access (Gutiérrez et al., 2023). The use of the indicator “monthly consumption” in more than one dimension, signifies that it has more final weight in the global sustainability score. Even though food likeability is also used as a cultural food preference (Drewnowski et al., 1999; Kanter and Gittelsohn, 2020), future studies could use more indicators for cultural acceptance, such as dietary adherence using the Perceived Adherence Questionnaire (PDAQ) (Asaad et al., 2015), minimizing dietary change from the real diet (Sugimoto et al., 2022), food dairies (Heo et al., 2015), and 24-h dietary recall surveys. How the economic access dimension was assessed also has inherent limitations, as it was asked as a subjective perception of the costs and not through objective indicators, such as a share of the income in Chile, household budget surveys, or percentage of food expenditure (Bai et al., 2021; FAO, IFAD, UNICEF, WFP, WHO, 2023; Herforth et al., 2020). More recently, income per capita has been used to denote economic affordability (Bai et al., 2021; Herforth et al., 2020). Physical access and availability were also not measured directly. Finally, the nutritional content was measured by food groups and not by food items or ingredients; therefore, the nutritional content could not be differentiated between spinach and lettuce, for example. Further studies should aim to address individual food ingredients with nutritional databases and nutrient requirements, rather than relying on an index such as NRF9.3 or, if using NRF9.3, make comparisons with other indexes.

This study has similarities with other research studies that have examined diet sustainability also with subjective indicators. For example, Azzini et al. (2018) arbitrarily assigned scores (between 0 and 10) to nutrients and defined that above 5 was sustainable. In our study, we used terciles to classify each of the five dimensions consistent with that by Hallström et al. (2018) using a similar assignation as Azzini et al. (2018) by being above or below the median, as in the case of some indicators in this study. As we excluded some food groups (e.g., ultraprocessed red meat and fried foods), future studies should consider all culinary preparations to compare if this method can differentiate between healthy and unhealthy dishes, as well as for comparing the other sustainability dimensions.

This study also has many strengths. Among them, this study uses local cultural information rather than national surveys, conferring great internal validity for the Metropolitan Region population, where over half of Chile’s population resides. The participants were also diverse, women and men, from 25 years to older than 65 years, from different ethnic and socio-economic groups from both urban and peri-urban areas. This study provides a practical method that could contribute to the assessment of the national food-based dietary guidelines, so they could provide evidence-based sustainable culinary preparations recommendations, thus allowing for more local and practical recommendations. Finally, every analysis between culinary preparations or food ingredients has been made within their food group. We believe an aggregate analysis across food groups would not be methodologically sound, such as comparing meat and tomatoes, as their dimensions could be vastly different.



Recommendations

According to our knowledge, this is the first study that investigates the estimated sustainability of individual culinary preparations considering five sustainability dimensions and suggesting cutoff values. While this objective of the study was to examine the overall dietary sustainability of culinary preparations, this method could also be used to compare individual ingredients or dimensions. We recommend that when studying sustainable diets, at least these five dimensions should be considered, with a special focus on a consumer’s perceived price/cost and cultural acceptance, while considering that cultural acceptance and economic access are highly context specific. A question that remains unanswered is how and to what extent cultural and economic dimensions interact to determine the cultural preferences of diets. It seems that taste is more important than price in some cases, suggesting that for food that is very liked, people would be willing to pay a higher price (e.g., avocados). Future studies could evaluate this compensatory relationship. However, we would recommend using more indicators in the cultural acceptance dimension. For example, further inquiring on the likeability of ingredients or culinary preparations, and the reasons behind consumption or avoidance.

The thresholds and methodology used in this study can be adapted to other realities and local data globally as it is context dependent. Weights and indicators may be adapted to local realities as well the inclusion of more objective indicators. Validation with local experts will be an additional asset when adapting the methodology. These methods and results could be useful to propose feasible improvements to achieve more sustainable diets that are aligned with current national policies, such as within FBDGs, through specific recommendations on culinary preparations.

This method and results could serve as an important contribution to public policies, specifically through the provision of concrete recommendations in FBDGs. Academia, especially nutrition and food systems experts, should actively persuade policymakers on importance of sustainable diets for public and planetary health. Even though sustainability is increasingly considered in public policies, more emphasis and urgency is needed. Concrete examples for everyday life for consumers may be an efficient first step to improving adherence to healthy and more sustainable dietary guidelines.
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Indicators Components
Environmental impact (20%) Carbon footprint (grCO/kg food) 15%
‘Water footprint (water I/kg food) 25%
Ecological footprint (hectares/kg food) 60%
Nutrition (20%) Nutrient-rich food index, NRF9.3. NRD9.3: + Nine nutrients to promote proteins, fiber, calcium, iron, Score estimation by subgroup
Nine nutrients to promote and three nutrients to dissuade per 3 6DV/100 g)- ‘magnesium, potassium, and vitamins A, C, and E. according to ingredient weight
100 g of food according to each daily value. 3 (%DV/100g) + Three nutrients to dissuade: saturated fat, sugar, sodium within culinary preparations.
Culture (30%) o Likes . 2% 100% score if culinary preparation’s percentage of ikes is
above the median for the food group, 0% if below:
+ Dislikes . 15% 100% score if culinary preparations percentage of dislikes is
below the median for the food group, 0% if above.
+ Monthly consumption . 30% 100% score if culinary preparation’s percentage of monthly
consumption is above the median for the food group, 0% if
below.
« Never consumed . 20% 100% score if ulinary preparation’s percentage of dislikes is
below the median for the food group, 0% if above.
« “Tradition (frequency of culinary preparation’s epetition 10% 100% score if ulinary preparation’s percentage of monthly
among different focus groups) consumption s above the median for the food group, 0% if
below.
Physical access and availability « Monthly consumption 30% 100% score if culinary preparation’s percentage of monthly
(20%) consumption is above the median for the food group, 0% if
below
« Access type 70% Good 100%
Regular 66%
Difficult 33%
Economic access (30%) « Price perception 70% Cheap 100%
Regular 66%
Expensive 33%
+ Monthly consumption 30% 100% score if culinary preparation’s percentage of monthly

consumption s above the median for the food group, 0% if

below.

DV stands for daily value that is the recommended nutrient intake for each nutrient, and is weighted per 100 g of food.





OPS/images/fsufs-09-1496063-g001.jpg
651 culinary
preparations

351 culinary
preparations

- Data cleaning

Duplicate name
cleaning

¥ § i

Vegetables Fruits Proteins Cereals Soups Lipids Beverages| Dairy
(n=38) (n=7) (n=105) (n=78) (n=41) (n=6) (n=44) (n=32)
Culinary preparations <66%
- global sustainability
124 culinary
preparations
Vegetables] Fruits Proteins Cereals Soups’ Lipids Beverages Dairy
(n=25) (n=7) (n=32) (n=15) (n=10) (n=1) (n=34) (n=0)
Preparations with any
dimension <40%
94 culinary
preparations
Vegetables| T Proteins Cereals Soups Lipids Beverages Dairy
(n=21) Fruits (n=6)| | (n=2g) (n=14) (n=6) (n=1) (n=18) (n=0)






OPS/images/fsufs-09-1496063-g002.jpg
Excluded preparations by dimension (N°)
1 \\f f 1
\

\

® Environment = Nutrition @ Cultural \ Physical access and availability = Economic access and price





OPS/images/fsufs-09-1496063-t004.jpg
Culinary preparation

Vegetable group (21 of 38)
Vegetable soufflé

Zucchini soufllé

Vegetable stew

Zucchini stew

Green beans stew

Chard stew

Stuffed tomato

Stuffed Zucchini

“Tomato-based salsa with garlc [Pebre
con aji (trapiko)]

Roasted zucchini or eggplant

Fruit group (6 f 7)

Fruit, gelatin, fruit with gelatin
Fruit (diced/cubed)

Fruit (whole)

Seasonal fruit

Fruit or fruit juice

Toasted wheat with watermelon
Protein group (28 of 105)

Eggs with tomato

Beans stew with pasta

“Tuna

Vegetable omelet with mashed squash
or potatoes on the side

Black bean salad

Chickpeas or lentils

Chopped tuna mixed with tomato and
cheese (Causeo con atiin)

Baked fish
Green bean omelet

Shrimp

Only the top 10 per sustainability score per food group are shown. All percentages refer to the final global

100%

100%

94%

94%

90%

90%

87%

85%

84%

82%

92%

86%

85%

80%

79%

79%

91%

91%

85%

85%

84%

83%

82%

81%

80%

79%

Cereal group (14 of 78)
Quinoa (dawe or chewe)
Corn cake with soja
Boiled amaranth

Dried peaches with wheat
Quinoa with vegetables
Boiled potatoes

Filled potatoes

Corn cake

Quinoa (quinotto)

Salad w lettuce, carrots, potatoes,
hard-boiled eggs and chopped meat or
tuna (Salpicon)

Soup group (6 of 41)
Minestrone

Vegetable soup

Conger ecl soup.

Broth with seafood

Bone soup

Soups (chicken, other...)

Soups and natural creams soups
Meatball soup

Traditional Chilean chicken-vegetable

soup (cazuela con pollo)
Lipid group (1 0f 6)
Avocado with onion
Beverages group (18 of 44)
Natural orange juice

Tea or coffee

Herbal tea

Coffee with milk
Fruitjuice

Juices

Mate

Green tea

Wheat coffee with bold tea

Water

81%

79%

79%

78%

76%

76%

74%

72%

72%

82%

74%

72%

72%

71%

71%

71%

69%
68%

69%

96%

96%

88%

87%

stainability score. Culinary preparations are ordered by the food group.
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Culinary preparation Sustainability %

name

Vegetable egg-based casserole 100
Zucchini egg-based casserole 100
Green bean stew 97
Natural orange juice 955
Tea or coffee 955
Vegetable stew 94
Zucchini stew 94
Fruit,jello, or elly with fruit 921
Eggs with tomato 914
‘Traditional Chilean stew porotos con 905
riendas (Cranberry beans with

spaghetti, diced pumpkin, bell pepper,
onions) wisalad

Sustainability percentages correspond to the global sustainability score.
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Dimension Culinary preparatiol Percent Food group
Environment 20125 (e.g, casserole, stew) 100 Vegetables
617 (e.g. fruits, seasonal fruits) 100 Fruits
13/32 (e.g, all fish/seafood: tuna, fish, shrimp) 100 Protein
10/15 (e.g. quinoa, potatoes) 100 Cereals
4710 (e.g, vegetable soup) 100 Soups
28134 (e.g. juices, coffee/tea, flavored water, water) 100 Beverages
11 (avocado) 50 Lipids
Nutrition 3334 (e.g, tea, coffee) 100 Beverages
21/25 (e.g, vegetable- or green bean egg-based casseroles) 100 Vegetables
12/32 (e, seafood) 100 Protein
6/15 (e.g, quinoa, whole wheat) 100 Cereals
1/1 (avocado) 100 Lipids
717 (e.g. fruit pieces, fruit with gelatin) 8 Fruits
2/10 (e.g, fish soup) 65 Soups
Cultural 2125 (e.g. egg-based vegetable casseroles) 100 Vegetables
5/32 (e.g, eggs, tuna, meat, fish) 85 Protein
2/15 (quinoa, whole bread) 85 Cereals
2/34 (e.g, orange juice and tea/coffee) 85 Beverages
1/7 (e.g. fruit wigelatin) 85 Fruits
3/10 (meat, chicken, and vegetable soup) 65 Soups
1/1 (e, avocado wlonion) 65 Lipids
Physical access and 717 (e.g. seasonal fruit, ruit cubes) 100 Fruits
availability 34/34 (e.g., natural juice, coffee) 100 Beverages
14/15 (¢.g, quinoa, potatoes) 100 Cereals
9/10 (e.g, vegetables, seafood, chicken) 100 Soups
23/32 (e.g, eggs with tomatoes, bean stew) 100 Protein
12/25 (e.g, salads and omelets) 100 Vegetables
11 (avocado) 66 Lipids
Economic access and price | 7/7 100 Fruits
34134 100 Beverages
18/32 (e.g. eggs, legumes, chicken) 100 Protein
5/10 (e.g, vegetable soup, homemade soup, lefiover soup) 100 Soups
8125 (e.g, vegetable omelets and tomato salad) 100 Vegetables
4115 (e.g, potatoes, pasta) 100 Cereals
n 66 Lipids
Global sustainability (the Fruit with gelatin (92%) 80 Fruits
‘median value per food group | Fruit pieces (86%)
is shown, with a couple of Vegetables egg-based casserole (100%) 78 Vegetables
examples above the median  Algae (Ulte) with onion (79%)
value) Eggs with tomatoes (91%) 76 Proteins
Baked fish (81%)
Filled potatoes with meat (76%) 7 Cereals
Quinoa (81%)
Vegetable soup (74%) 70 Soups
‘Typical Chilean chicken-vegetable soup (cazuela con pollo) (68%)
Avocado (69%) 6 Lipids
No dairy fulfiled the criteria for global sustainability na. Dairy

Numbers in the culinary preparation's column by sustainability dimension (environment, nutrition, cultural, physical access and availabiliy, and economic access and price) correspond to the
quantity of culinary preparations that scored as sustainable from the total of their food groups meanwhile, percentages in the global sustainabilty score correspond o the final sustainability
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