L Ruini 
email: luca.ruini@barilla.com
  
R Ciati 
  
C A Pratesi 
email: pratesi@uniroma3.it
  
M Marino 
email: marino@studiolce.it
  
S Pignatelli 
email: pignatelli@studiolce.it
  
Is healthy eating, healthy for the environment? Barilla Center for Food and Nutrition Double Food Pyramid

Keywords: Nutrition, ecological footprint, carbon footprint, water footprint

Barilla Center for Food and Nutrition decided to repropose an updated food pyramid, involving global warming and impacts of food on the environment. It has been made a reclassification of foods that together with their positive impacts on health also included their environmental impacts. These values were overlapped in descending order to obtain an upside-down pyramid that reproposes the same succession of foods. The new "Double Pyramid" shows that foods with higher recommended consumption levels are also those with lower environmental impact, and foods with lower recommended consumption levels are those with higher environmental impact. Two daily menu were analysed: both balanced from a nutritional point of view, but in the first one the protein is of plant origin, while in the second one it is mainly of animal origin. Vegetarian menu has an environmental impact that is two and a half times lower than the animal protein-based one.

Introduction

It is generally known that proper nutrition is an essential condition to health. This is a natural law that, however, has not received due attention in the last few decades. Indeed, the growing impact of disorders related to overeating serves as testimony of this last observation. Common disorders are: obesity, diabetes and cardiovascular pathologies -in people of all ages, including the younger portion of the population [START_REF] Must | The Disease Burden Associated With Overweight and Obesity[END_REF][START_REF] Burton | Health implications of obesity: NIH consensus development conference[END_REF].

In the 1970s, American physiologist Ancel Keys explained to the world the diet he dubbed "Mediterranean" based on balanced consumption of natural foods (olive oil, fruit, grains, legumes, etc.), thanks to which death rates from heart disease were shown to be lower than with saturated fat-rich diets typical of Northern Europe. In 1992, the US Department of Agriculture developed and released the first Food Pyramid which concisely and efficaciously explained how to adopt a nutritionallybalanced diet.

Aimed at commencing nutritional education, at the start of the 1990s the US Department of Agriculture elaborated and disseminated the first "food pyramid", based on the scientific studies of Ancel Keys. This structure provided a synthetic and efficient explanation on how to adopt balanced nutrition, serving as a general guideline. Since then, there has been an enormous increase of researches related to confirmation of disease prevention through proper nutrition.

During the last years the Food and Agriculture Organization (FAO) together with Biodiversity International, pointed out the importance of "sustainable diets" that recognize the interdependence between food production and consumption, dietary requirements and nutritional recommendations, while at the same time confirming the concept that human beings' health cannot be disconnected from the health of ecosystems (FAO, 2010).

Despite these studies, public awareness seems to still lag well behind. This is the first reason that leads the Barilla Center for Food & Nutrition (BCFN) to the re-proposal of the food pyramid, 20 years after its conception. This elaboration of the food pyramid put forth by BCFN has been updated to carefully integrate the latest findings by research. The second reason involves global warming and, more in general, the impact of man's activities on the environment.

Research background and results

In recent years, confirmation regarding the importance of proper diet in preventing illness has increased enormously thanks to further laboratory studies and empirical evidence.

However, the same cannot be said about the public awareness, which has grown more slowly. This is the reason why, it was decided to offer once again the Food Pyramid, a familiar and well-established tool in the scientific and nutritional circles. The second reason is less obvious and is connected to the problem of climate change and, more generally, the impact of human activity on the environment [START_REF] Wackernagel | Our ecological footprint: reducing human impact on the earth[END_REF].

It has been demonstrated that agriculture and animal farming are among the sources that yield the greatest amounts of greenhouse gasses (beating out transportation) [START_REF] Foster | Environmental Impacts of Food Production and Consumption: A report to the Department of the Environment, Food, and Rural Affairs[END_REF][START_REF] Williams | Determining the environmental burdens and resource use in the production of agricultural and horticultural commodities[END_REF]. Therefore, as it's explicitly emphasized and suggested by the paper "Climate Smart Food" -drafted in November 2009 by SIK -the Swedish Institute for Food and Biotechnology, as charged by the mandate of the Presidency of the European Union hold by Sweden -environmental variables must also be taken into account in regards to food and nutritional diet selection [START_REF] Sonesson | Really More Expensive? It Depends on How You Measure the Price[END_REF]. From this standpoint, the various food groups can be evaluated in terms of their environmental impact.

The environmental indicators that have been selected to built BCFN Food Pyramid are: "(i) the Carbon Footprint, which represents greenhouse gas emissions responsible for climate change and is measured in terms of amount of CO2 equivalent; (ii) the Water Footprint (or virtual water content), which quantifies the amount of water resources consumed and how they are consumed; it measures water use in terms of volume and (iii) the Ecological Footprint, which measures the biologically productive land and sea area human activity requires to produce the resources it consumes and to absorb the waste it generates; it is measured in square meters or global hectares" (BCFN, 2010).

The use of the Life Cycle Assessment method places all environmental markers at the same level for the duration of the analysis: in this work, carbon, water and ecological footprint have been studied as key performance indicators of food production chains. The data came from available public studies (Ecoinvent Database; Environmental Product Declaration Database; LCA Food Database; [START_REF] Andersson | LCA of Food Products and Production Systems[END_REF][START_REF] Baroni | Evaluating the environemntal impact of various dietary patterns combined with different food production systems[END_REF].

As stated in the BCFN publication (BCFN, 2010, p. 64): "the information is presented grouping foods according to the following categories that reflect the detailed process description: (i) foods derived from agriculture (fruit, vegetables, grains, etc.); (ii) foods derived from cultivation agricultural products (sugar, oil, pasta, etc.); (iii) foods derived from animal husbandry (dairy products, meat, etc.); (iv) foods from fishing; and (v) beverages. For every category examined, the values connected with each environmental indicator are given (…). The results for each of the environmental indicators examined (for both scientific studies and processed data) are expressed as a range of values since a specific value would not be representative of the category as a whole. For example, fruit includes a number of varieties with different cultivation processes and, as a result, a single value for the category "fruit" cannot be given for each indicator". However, once results have been obtained, a need for both communicational conciseness and clarity imposes a simple method that accounts for all outcomes. This is why the ecological footprint served as base indicator in the construction of the double pyramid. All motivations shall be illustrated in the main BCFN paper, but it can be briefly stated that these essentially depend on the ability to easily convey the environmental impacts linked to food chains. Thereby, analysis of the food pyramid and its categories reveals a wide array of values concerning the environmental impact of each category in terms of Ecological Footprint [START_REF] Ewing | The Ecological Footprint Atlas 2010. Global Footprint Network[END_REF].

Thus, the reclassification of food goes beyond their positive impact on health, encompassing their impact in descending order to obtain an upside proposes the same succession of foods. When this new Environmental Pyramid was brought alongside the Food Pyramid, it c called "Double Pyramid of Food and Environment" (BCFN, 2009(BCFN, , 2011(BCFN, , 2012)). It shows that those foods with higher those with lower environmental impact. Contrarily, those foods with lower recommended consumption levels are also those with higher environmental impact (Fig. 1).
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Fig. 2. Comparison between vegetarian and animal protein

An additional analysis was based on the calculation of the features for four different weekly menus, all balanced from a nutritional point of view, but with the only difference that their source of protein is from animal or plant origin. The sustainable (or BCFN) menu includes both meat and fish, with a preference for white meat, and provides a balanced consumption of protein both vegetable or animal origin. The meat menu and the meat and fish menu provide more conspicuous consumption of protein of animal ori from the vegetarian menu, and the sources of protein are animal etc.), as well as of plant origin (legumes).

Regarding environmental impact, the two menus richest in meat and fish have values that are higher compared to the sustainable (BCFN) and to the vegetarian menu. In fact the sustainable and vegetarian menus have a Carbon Footp respectively of 21 and 19 k Footprint of 32 kg CO 2 As it's shown in the figure 4, with a sustainable menu you can save up to 7,000 litre of water per week.
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Comparison between vegetarian and animal protein-based menu (Source: BCFN, 2012). additional analysis was based on the calculation of the features for four different weekly menus, all balanced from a nutritional point of view, but with the only difference that their source of protein is from animal or plant origin. The BCFN) menu includes both meat and fish, with a preference for white meat, and provides a balanced consumption of protein both vegetable or animal origin. The meat menu and the meat and fish menu provide more conspicuous consumption of protein of animal origin. Lastly, meat and fish are obviously excluded from the vegetarian menu, and the sources of protein are animal-based (cheese, eggs, etc.), as well as of plant origin (legumes).

Regarding environmental impact, the two menus richest in meat and fish have values that are higher compared to the sustainable (BCFN) and to the vegetarian menu. In fact the sustainable and vegetarian menus have a Carbon Footp respectively of 21 and 19 kg CO 2 eq. per week while the meat menu attains a Carbon 2 eq. per week (Fig. 3). As it's shown in the figure 4, with a sustainable menu you can save up to 7,000 litre of water per week.

To finish, if you chose a sustainable menu, you can have less environmental term of ecological footprint (Fig. 4).
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To finish, if you chose a sustainable menu, you can have less environmental In the last version of the Double Pyramid publication (BCFN, 2012) it was pointed out the costs of sustainable diets, and in particular the Mediterranean on research question was: "Does sustainable diets cost more?".

As was used for the analysis of environmental subjects, public information sources are also used for this study. In this manner, the prices in Italy for typical diets are estimated, demonstrating that, when they have the same nutritional value, menus rich in protein of animal origin (meat and, especially, fish) have a slightly higher cost (about 10% more). Comparing the outcomes with the results of other research studies conducted in other countries as United States, France, and Great Britain (USDA, 2012; Drewnowski et alt., 2005;[START_REF] Aggarwal | Nutrient Intakes Linked to Better Health Outcomes Are Associated with Higher Diet Costs[END_REF][START_REF] Drewnowski | Obesity and the food environment: Dietary energy density and diet costs[END_REF]Drewnowski et alt., 2007;[START_REF] Cade | Costs of a healthy diet: analysis from the UK Women's Cohort Study[END_REF]WWF, 2011), the situation does not appear to be the same. In fact, in expensive for families, even if this fact can be at least partially conditioned by the different calculation criteria used (price per protein, price per gram, etc.).

Aside from some sectors for which additional be affirmed in any case that the Mediterranean diet is the cheapest, as long as the foods are selected judiciously, preferring those which have a low cost and high nutritional value, such as pasta, legumes, certain type fruit. In particular, low protein. The creation of a single modest addition of meat may be the best method to prov nutritional intake at a limited cost.

Therefore, sustainable eating definitely does not necessarily mean spending more money. However, this generally requires an additional effort by families in terms of the time dedicated to the Is healthy eating, healthy for the environment? Barilla Center for Food and Nutrition Double Food Pyramid Ecological footprint of the 4 menu analysed, all nutritionally balanced.

In the last version of the Double Pyramid publication (BCFN, 2012) it was pointed out the costs of sustainable diets, and in particular the Mediterranean on research question was: "Does sustainable diets cost more?".

As was used for the analysis of environmental subjects, public information sources are also used for this study. In this manner, the prices in Italy for typical diets are rating that, when they have the same nutritional value, menus rich in protein of animal origin (meat and, especially, fish) have a slightly higher cost (about 10% more). Comparing the outcomes with the results of other research studies ountries as United States, France, and Great Britain (USDA, 2012; Drewnowski et alt., 2005;[START_REF] Aggarwal | Nutrient Intakes Linked to Better Health Outcomes Are Associated with Higher Diet Costs[END_REF][START_REF] Drewnowski | Obesity and the food environment: Dietary energy density and diet costs[END_REF]Drewnowski et alt., 2007;[START_REF] Cade | Costs of a healthy diet: analysis from the UK Women's Cohort Study[END_REF]WWF, 2011), the situation does not appear to be the same. In fact, in some countries, the sustainable diet is more expensive for families, even if this fact can be at least partially conditioned by the different calculation criteria used (price per protein, price per gram, etc.).

Aside from some sectors for which additional analyses would be desirable, it may be affirmed in any case that the Mediterranean diet is the cheapest, as long as the foods are selected judiciously, preferring those which have a low cost and high nutritional value, such as pasta, legumes, certain types of vegetables, oil, and dried fruit. In particular, low-fat dairy products and eggs are the least expensive source of protein. The creation of a single-course meal based on vegetables enriched with a modest addition of meat may be the best method to provide the proper caloric and nutritional intake at a limited cost.

Therefore, sustainable eating definitely does not necessarily mean spending more money. However, this generally requires an additional effort by families in terms of the time dedicated to the selection and preparation of food.
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Ecological footprint of the 4 menu analysed, all nutritionally balanced.
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Conclusions

The evidence of true interest that emerges from this new elaboration is the coincidence, in a single food model, of two different objectives that share fundamental importance for man: health and environmental protection. In other words, it has been demonstrated that following a diet put forward by the traditional food-nutrition pyramid not only leads to an improvement in quality of life (longer life-span and enhanced health conditions), but also yields a decisively lower impact, better expressed as Ecological Footprint, on the environment. Indeed, food that should be consumed in greater quantities, for example following the Mediterranean diet, fits into the category that inflicts less environmental impact overall. Vice-versa, foods falling into a recommendation of limited quantity consumption have also the higher impact on the environment. It has been demonstrated, that a vegetarian menu reduced by one third the environmental impacts compared to a animal protein-based menu.

The Double Pyramid model proposes the evaluation of all the choices and eating behaviours, even those which apparently, and at the present time, determine less obvious impacts on the individual or the community, but which can become substantial when measured cumulatively and over time.

With this in mind, the declination of the food and environmental pyramid regarding future generations, beginning with children, leads to some implications briefly mentioned below that can be further analysed and distributed to families and educators.

On the one hand, the dietary habits that are increasingly widespread among large sections of the population are leading to a gradual deterioration of the health of children and a consequent reduction in life expectancy, a fact which reverses an established trend of gradual improvement.

On the other hand, the excessive intake of certain foods -generally the same ones that should be eaten less frequently -determines a significant impact on the environment and the natural resources which, ultimately, can further reduce the quality of life and the overall well-being of future generations.

Therefore, for its positive nutritional and environmental effects, the adoption of a correct food model impacts both directly and indirectly on the future of our children.

This makes it absolutely vital today to start a process of collective responsibility. At this point, the BCFN's next focus is to promote actual implementation of the sustainable diet, by investigating potential obstacles, which would slow its spread or, in some cases, cause it to be abandoned by those who traditionally used it.

The first variable dealt with is that of price, rightly considered a potential obstacle, especially during the current economic crisis. The studies collected indicate that the situation is still debatable, although it would appear possible to state that the sustainable diet generally does not cost more, especially if its costs are evaluated using more appropriate criteria. The BCFN has found that the Mediterranean diet is, albeit slightly, more sustainable economically. And this cost comparison does not include the "hidden" costs of a poorly balanced diet, in terms of the environment and, especially, of people's health.

Certainly, much more research can be carried out on the topic of economic sustainability, especially if developing countries are included in the analysis (and it is indispensable that this be done) since, in these countries, the lack of resources and infrastructure, along with greater demographic growth, may render less economical that which is easily accessible in industrialized countries. How to make a sustainable diet truly accessible "to all" will be the subject of the BCFN's upcoming publications.
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