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The carbon footprint of ltalian
schools meals: An optimal
choice of dishes in vegan,
vegetarian, and omnivorous
menus

Luca Benvenuti!, Alberto De Santis*, Marika Ferrari?,
Deborah Martone? and Laura Rossi?

1Department of Computer, Control and Management Engineering, Sapienza University of Rome,
Rome, ltaly, *CREA Council for Agricultural Research and Economics, Research Centre for Food and
Nutrition, Rome, Italy

This study aims to assess the carbon footprint associated with vegan,
vegetarian, and omnivorous menus for primary school lunches in ltaly. For
this purpose, healthy and acceptable menus with minimal greenhouse gas
emissions have been designed by a binary linear programming model. The
results show that the adoption of a specific diet may help in reducing the
carbon footprint of menus, but it is the optimal selection of dishes that
ultimately makes the difference. Interestingly enough, the optimal choice of
dishes and the restriction of meat consumption in omnivorous menus can lead
up to a 40% emission reduction compared to the current school lunch menu
of the municipality of Rome. Moreover, the optimal choice of dishes in vegan
menus provides the menu with the lowest carbon footprint among all kinds
of diets.

KEYWORDS

binary linear programming (BLP), carbon footprint (CF), school menus, vegan diet,
vegetarian diet

Highlights

e The optimal selection of dishes in menu design is the main driver to
reducing GHGE.

e A generic vegan (vegetarian) menu may impact more than a vegetarian
(omnivorous) menu.

e The optimal selection of dishes in vegan menus provides the lowest impact.

e The optimal selection of dishes in omnivorous menus leads to a 40% GHGE
reduction compared to actual menus.
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Introduction

The food system is a primary sector of the economy that
accounts for 34% of total anthropogenic GHG emissions (1).
Hence, reducing the related GHG emissions is at the heart
of the European Green Deal (2) that, through the Farm to
Fork Strategy (3), aims to make food systems fair, healthy, and
environmentally friendly. In more detail, one of the goals is
to ensure food security, nutrition, and public health, making
sure that everyone has access to sufficient, safe, nutritious,
and sustainable food. This corresponds to the promotion of
sustainable diets as defined by the Food and Agriculture
Organization of the United Nations (4), that is “diets with low
environmental impacts which contribute to food and nutrition
security and healthy life for present and future generations.
Sustainable diets are protective and respectful of biodiversity and
ecosystems, culturally acceptable, accessible, economically fair
and affordable; nutritionally adequate, safe and healthy; while
optimizing natural and human resources.”

Adopting a sustainable diet can effectively help to reach
the goal since diets and consumer behaviors strongly affect
the food system. In fact, because of the relationship between
supply and demand, the choices of consumers drive what,
and how much, is produced. For example, the choice of
locally sourced and organic food helps reduce food miles and
the use of pesticides, fertilizers, and antibiotics. In general,
consistent evidence indicates that a dietary pattern higher in
plant-based foods (e.g., vegetables, fruits, legumes, seeds, nuts,
whole grains) and lower in animal-based foods (especially
red meat), as well as lower in total energy, is both healthier
and associated with a lesser impact on the environment (5-
7). For example, the replacement of a meat meal with a
vegan or a vegetarian meal significantly helps to lower GHG
emissions (8).

Diets and consumer behaviors, that is food preference
and preparation techniques, are greatly affected by traditions,
beliefs, and values shared by a community. They define the
structure of each meal and the set of foods and dishes that are
appreciated and considered edible and acceptable (9). Cultural
habits are quite rooted in the population and therefore a shift
in consumer behaviors may require some effort. In this respect,
school is a privileged environment for acquiring and solidifying
eating habits through health and nutrition education as well as
environmental awareness.

School lunch programs have contributed significantly
to shaping dietary habits (10, 11) in line with dietary
recommendations. Indeed, school meal menus are classically
designed to promote healthy eating habits aimed to prevent
overweight and obesity and their consequences in terms of the
incidence of non-communicable diseases (12). Italian National
guidelines for school feeding programs are provided by the
Ministry of Health (13). These guidelines address nutritional
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issues and also introduce special therapeutic diets, for example
for food intolerance and allergies. Moreover, intercultural
menus are promoted to accommodate the eating habits of
an increasing foreign school population, and special menus
are guaranteed for ethical, religious, and cultural reasons.
Therefore, vegan and vegetarian menus, as well as menus with
religious restrictions such as pork-free recipes, can be requested.
Further indications about the acceptability of the menus, and
consequently the reduction of food waste, were released in
2018 (14).

The possibility of choosing either vegan or vegetarian
menus, as well as the concern about food waste reduction, are the
only items in the guidelines that, though indirectly, pursue the
goal of reducing GHG emissions. This goal can be indeed further
pursued by taking explicitly into account the GHG emissions in
the design of school menus.

To this end, a suitable design tool has been recently
developed (a detailed description can be found in (15)). The
tool makes use of a binary (0-1 integer) programming method
to provide the sequence and composition of daily lunches that,
over a given period, minimize the GHG emissions needed for
their preparation. The meals composing the lunches are chosen
using dishes out of a given recipe book. Therefore, instead
of defining just a level of consumption of food groups or
food items, the tool provides a realistic menu. To cope with
the nutritional recommendations, each dish is characterized by
its energy and nutritional content. Furthermore, the variety
of the menu can be explicitly taken into account in a very
natural way, that is bounding the daily, weekly, or total
repetitions of single dishes and dishes in the same food
group. This is a basic issue to make the menus acceptable.
Acceptability is however a broader concept implying the food
preferences of the pupils. This is implicitly included in the
optimization model since only the actual recipes from school
menus are considered.

The tool has been used to design school lunch menus
with minimal carbon or water footprint. In more detail, in
(16) such a design was performed using the recipe book
of the Municipality of Rome, while a sample of 52 Italian
school menus from Italian macro-regions (North, South,
Center, and Islands) was used in (17). The results show
that a significant reduction of the environmental impact
can be obtained while satisfying all the nutritional and
acceptability recommendations.

This study aims to use the above tool to compare the
GHG emissions associated with different kinds of menus, such
as vegan, lacto-ovo vegetarian, and omnivorous, for a two-
week schedule for the primary school lunch. To this end,
an extension of the recipe book in (17), including vegan
recipes, was considered. These recipes are not included in
the standard school lunch menus but are provided only
by demand.
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Materials and methods

The data consist of a set of dishes, whose composition
and serving sizes are fixed, for which the energy, nutrient
contents, and carbon footprint are available. The schedule must
be organized by choosing within the given set of dishes the
sequence of daily lunches while satisfying some constraints
related to adequate energy and nutrient intakes and food
acceptability. These constraints are related to the composition
of the lunch (first and second-course dish, side dish, bread, and
fruit), daily and weekly bounds on energy and nutrient intakes,
and bounds on weekly and total repetitions of dishes in the same
food group.

Recipe book, nutritional and carbon
footprint data of dishes

A sample of 52 Ttalian primary school menus (children aged
6-11 years) was collected, by considering all the Italian macro-
regions (North, South, Center, and Islands). From the menus,
single dishes were extracted to have a list of first-course dishes
(in general including pasta or other carbohydrate sources), a
list of second-course dishes (in general a source of protein), a
list of side dishes (vegetables, potatoes, or salad), fresh fruit,
and bread. Each dish has a fixed portion size, according to the
Italian recommended dietary allowances (RDAs) (18). The final
sample consists of 209 dishes grouped as 69 first-course, 103
second-course, 35 side dishes, fruit’, and bread. Tap water is the
only beverage allowed for lunch. The sample of dishes collected
seems to cover all the typical recipes in Italian school meals
since checking some further menus did not provide new dishes
significantly differing from the already collected ones. It includes
vegan, vegetarian, and omnivorous dishes as reported in Table 1.

The energy and nutrient composition of the dishes were
calculated from their ingredients using the Italian Food
composition and Nutrition database (19) completed with the
French Food composition and Nutrition database in case of
missing items (20). The GHG emitted to prepare each dish is
computed from its ingredients using the database developed
in the framework of the EU SU-EATABLE LIFE project (21).
The missing items, mainly corresponding to vegan ingredients,
were retrieved from the Supplementary material given in (22).
The list of dishes considered and the corresponding energy

1 Itis assumed that seasonal fruit is administered. Since the proposed
menu does not refer to a specific season, then a generic fruit is considered
with nutrient values and carbon footprint obtained as the average of
the corresponding values of the following fruits: clementine, mandarin,
orange, pomelo, tangerine, apple, apricot, avocado, banana, cherry, fig,
grapes, kiwi, melon, peach, pear, pineapple, plum, watermelon, and

strawberry.

Frontiersin Nutrition

03

10.3389/fnut.2022.854049

and nutrient content, and carbon footprint, are given in
Supplementary Tables SM1-SM3.

The bounds on energy and nutrient intakes were established
based on Italian recommendations (18), and their average
values for lunch in primary school canteens were obtained
considering that this meal should cover 35% of the daily
amount as recommended by Italian Guidelines for healthy
eating (23). Energy and nutrient intakes variability is guaranteed
by defining appropriate daily and weekly ranges around
average values, as reported below in Table 22. The ranges are
chosen to allow a slightly larger variation on the single lunch
while keeping the weekly intake closer to the average. This
corresponds to focusing on nutritional adequacy mainly on a
weekly basis.

Constraints were imposed also for fiber, sodium, calcium,
and iron, in addition to those fixed for macronutrients. Fiber
consumption is particularly low in Italy in the considered
age group (24), (25), thus it is important to stress adherence
to the recommendation in menu design. On the other hand,
restriction on sodium intake was set up considering the
preventive value of early reduction of salt intake in this age
group, as recommended by WHO (26). A weekly lower bound
for iron and calcium intake was considered based on the
age-specific dietary allowance recommendation (18). Similarly,
a daily lower bound for vitamin Bj, was also considered
according to (18). The bounds on lunch intake of calcium and
vitamin By, do not represent 35% of recommended intake.
Indeed, they are determined by taking into account that, in
a non-vegan diet, Italian breakfasts include a glass of milk
and then provide a significant amount of these two nutrients
(27). As a matter of fact, a breakfast glass of milk (200 ml)
contains on average 246 mg of calcium and 1 g of vitamin
Bio®.

Some further
eating processed meat due to public health authorities’
recommendations (28). The meal plan covers the school

recommendations consist in avoiding

lunches over 2 weeks. Variety of the menus is accomplished
by avoiding that the same dish appears twice in the meal plan.
Moreover, the total number of dishes in the same food group
is constrained within a defined range to design menus with
different frequencies of red meat, dairy products, etc .... In
addition, this allows characterizing omnivorous, vegetarian, and

vegan menus.

2 Theranges were obtained from average and standard deviation of the
RDAs (18) for pupils from six to eleven years old.

3 The population reference daily intake of vitamin B, for the considered
age group is equal to 1.6 jLg. Apart from the 1 g provided by breakfast,
it is assumed that lunch and dinner have to provide 0.35 png and 0.25

1Lg, respectively.
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TABLE 1 Number of first-course, second-course, and side dishes divided according to the ingredients food group.

Vegan Eggs, dairy Vegetarian Red meat White meat Fish Omnivorous
recipes® recipes recipes§ recipes recipes recipes recipes§
First-course 36 16 52 11 0 6 69
dishes
Second-course 21 14 35 33 12 23 103
dishes
Side dishes 25 9 34 1 0 0 35

*Some first course dishes are not vegan just because they are topped with a sprinkling of parmesan cheese. When designing a vegan menu this topping was not considered in the recipe.

8Vegetarian recipes include vegan recipes and eggs and dairy recipes; Omnivorous recipes include vegetarian recipes and recipes with meat and fish.

TABLE 2 Lunch energy and nutrient constraints for children aged 6—11 years.

Daily average value Daily range Weekly average value Weekly range
Lower Upper Lower Upper

Energy (kcal) 700 500 900 3,500 3,000 4,000
Carbohydrates (g) 100 70 130 500 450 550
Protein (g) 27.5 15 40 137.5 100 175
Fat (g) 25 10 40 125 100 150
Sugar (g) 20 0 40 100 50 150
Fiber (g) 10 0 20 50 25 75
Sodium (mg) 400 100 700 2,000 1,500 2,500
Calcium (mg) - 200 x 5 -
Iron (mg) - 5x5 -

Vitamin By, (jug) 0.35

Mathematical modeling and optimization
method

The problem consists of specifying, for every day d (d =
1,---,5) and every week w (w = 1, 2), the set of dishes
composing the lunch. To this end, a binary variable xfj)w is
associated with every recipe i (i = 1,- - -, 209): it assumes value
1 if the 7 -th dish is part of the lunch of the day d of the week
w, and 0 otherwise. Therefore, the quantity QZ’Wof the k-th item
(energy, fat, ..., CO; equivalent) in the lunch of the day d of the
week w is:

209
k i k
Qd,w - Zxd,w X Qi
i=1

where Qf-‘ is the k-th item content in the i-th dish, as reported in
the Supplementary material. The quantity Q’V‘V of the k-th item in
the week w and the quantity QX in the whole menu are:

5 2
d=> a5, =Y d
d=1 w=1
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As previously discussed, quantities Q]:i,w’ and ka are bounded
by lower and upper limits, see Table 2, and this restricts the
admissible schedule of dishes.

In addition to the nutritional requirements, the schedule
must be healthy and varied. Variety is achieved by imposing that
every dish can be proposed at most once on the menu and by
limiting the total number of dishes of the same food group in
the week and on the whole menu. The healthiness of the menu
mainly depends on nutritional recommendations and is further
pursued by avoiding the consumption of processed meat. The
number of times that dishes in food group G (red meat, dairy,
...) are proposed within the week w and in the menu are:

5 2
Ro=2_D %, RO=D R,
i€G d=1 w=1
so that variety can be ensured by fixing lower and upper values
for RS and RC. The menu is determined by minimizing the
objective QCOZf‘i, that is the total amount of CO2eq emission.
The objective is a linear function of the 2090 binary variables

xil as follows:
W
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5 209

2
Q0= 313 < 6

w=1d=1 i=1

where QiCOZeq is the GHGE amount needed to serve the dish i.

Note that the problem is not a classical Linear Programming
optimization problem since the variables may assume only
two values (0 or 1) and do not vary continuously in a
range. Therefore, the problem is a constrained binary linear
programming one. The optimization was carried out by
using the online version of CPLEX for AMPL on the NEOS
server (https://neos-server.org/neos/); the model is extensively
described in (15).

The optimization procedure provides a menu, that is a set
of dishes and their daily schedule. From the mathematical point
of view, the solution is not unique since, for example, different
optimal menus can be obtained by a simple permutation
of lunches within the days of the same week?. The set of
dishes composing the menu may not be unique as well
since, for example, there may be dishes sharing the same
energy, nutrients, and environmental impact values that can
be interchangeably used®. Furthermore, there may also be
interchangeable combinations of dishes that, if present, could be
identified only by an exhaustive enumeration of all admissible
menus, however unpractical given their very huge number. The
procedure provides just one of the optimal menus that may
be considered as equivalent since they have the same carbon
footprint and satisfy the nutritional constraints of Table 2, the
acceptability constraints on lunch structure and dish repetitions,
and the health recommendation on avoiding processed meat.
However, several different optimal menus can be obtained by
substituting interchangeable dishes or by a simple permutation
of lunches within the days of the same week. This may allow
obtaining a more palatable sequence of lunches.

The optimization procedure was applied to design four
different two-weeks menus with minimal total GHGE. The
first menu refers to a vegan diet and, according to Table 1, is
obtained by selecting dishes among 36 first-course, 21 second-
course, and 25 side dishes. The second menu is a vegetarian
one and, according to Table 1, is obtained by selecting dishes
among 52 first-course, 35 second-course, and 34 side dishes. The
last two menus are omnivorous. Health (29) and environment
(6) issues ask for a reduction in the consumption of animal-
based food, especially red meat. Indeed, red meat produces the
most greenhouse gas emissions and is related to a high risk
of non-communicable chronic diseases, such as some cancers,

4 This is due to the daily and weekly nature of the constraints.

5 This happens when different recipes have the same ingredients with
the same quantity, i.e., they have only a different food preparation such
as, for example, Backed potatoes, Boiled potatoes with olive oil, Crispy

backed potatoes, and Sauteed potatoes (see Supplementary Table SM1).
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cardiovascular and cerebrovascular diseases, and an overall
impact on populations’ mortality rates. To this end, one menu
drastically agrees with the recommendation by totally avoiding
red meat dishes, while the other includes a limited consumption
of red meat. Hence, according to Table 1, the first omnivorous
menu is obtained by selecting dishes among 58 first-course, 70
second-course, and 34 side dishes, the second one considers
instead all the dishes in the recipe book.

Results and discussion

It was not possible to design a vegan menu satisfying
all the nutritional constraints of Table 2. This is due to the
lack of vitamin By, content in most vegan dishes since no
fortified foods are considered. This is a well-known problem
in vegan diets, usually solved by either considering fortified
foods or by taking supplements. The vegan menu is then
designed without constraints on the vitamin Bj, intake and
assuming the use of appropriate supplements for it and the
breakfast intake of calcium. Moreover, to promote vegetable
consumption, vegetable side dishes must be offered a minimum
of four times per week. The optimal menu is given in
Supplementary Table SM4 and has an average weekly GHGE
equal to 1,742 g of COpeq-

The vegetarian menu satisfies all the constraints given in
Table 2, including that on vitamin Bj; intake. In addition to
the vegetable dishes frequency of the previous menu, both dairy
and egg dishes must be proposed at least once a week but no
more than twice a week and three times on the whole menu. The
optimal menu is given in Supplementary Table SM5 and has an
average weekly GHGE equal to 2,570 g of COpeq.

In addition to the frequencies already fixed for vegetables,
eggs, and dairy dishes, the first omnivorous menu must not
contain red meat dishes, while white meat dishes must be
proposed at least once a week but no more than twice a week
and three times in the whole menu. The optimal menu is given
in Supplementary Table SM6 and has an average weekly GHGE
equal to 2,678 g of CO2eq.

The second omnivorous menu must contain, in addition to
the food groups frequencies of the previous menu, a red meat
dish once a week and a beef dish once in the whole menu®. The
optimal menu is given in Supplementary Table SM7 and has an
average weekly GHGE equal to 3,578 g of COp¢q.

A comparison of the nutritional content and carbon
footprint for the above optimal menus is given in Table 3 and
illustrated in Figure 1. Vitamin By has a daily lower bound
of 0.35 pg and hence the value for the weekly lower bound

6 The constraints assigned on the frequencies of dairy, eggs, fish, white
and red meat, determine that there is exactly one dish for every food
group each week. The variety of menu can be improved with more

sophisticated constraints for a menu covering more weeks.

frontiersin.org


https://doi.org/10.3389/fnut.2022.854049
https://neos-server.org/neos/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Benvenuti et al.

10.3389/fnut.2022.854049

TABLE 3 Weekly average energy, nutrients, minerals, and GHGE for the four optimal menus considered.

Menu Energy  Carbs  Protein  Fat (g) Sugar  Fiber (g) Sodium Calcium  Iron VitBj;  CO2¢q
(Kcal) ®) (® ®) (mg) (mg) (mg) (ng) (®
Weekly lower 3,000 450 100 100 50 25 1,500 1,000 25 1.75 N/D
bound
Weekly upper 4,000 550 175 150 150 75 2,500 N/D N/D N/D N/D
bound
Vegan 3,533 501 113 100 117 75 1,956 1,003 323 0.01 1,742
Vegetarian 3,654 476 135 115 114 73 2,255 1,509 30.8 2.89 2,570
Omnivorous 3,555 450 147 111 108 66 2,340 1,292 29.0 3.80 2,678
(6]
Omnivorous 3,665 451 158 119 109 64 2,472 1,265 27.5 3.67 3,578
(2
GHGE (g) Energy (Kcal) Carbohydrates (g)
4000 4000 600
3000 3000 400
2000 2000
1000 . 1000 200
0 0 0
Fat (g) Sugars (g) Fibres (g)
120 120 80
90 90 60
60 60 40
30 30 20
0 0 0
Iron (mg) Protein (g) Sodium (g)
40,0 160 2500
30,0 120 2000
1500
20,0 80
1000
10,0 40 500
0,0 0 0
FIGURE 1
Weekly average energy, nutrients, minerals, and GHGE for: Vegan optimal menu [} vegetarian optimal menu M, 5nd first and second
omnivorous optimal menus ( & and | } respectively).

in Table 3 is just five times the daily one and, as previously
discussed, is not satisfied by the vegan menu.

As Figure 1 makes clear, the GHGE doubles from the
vegan optimal menu to the omnivorous optimal menu of the
second kind. This variation mostly depends on the second-
course dishes, since all the menus share similar first-course and
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side dishes. The carbon footprint significantly increases when
passing from the vegan optimal menu to the vegetarian optimal
menu and from the omnivorous optimal menu of the first kind
to that of the second kind. The first GHGE variation (+48%)
is due to the addition of eggs and dairy dishes to the diet; the
second variation (+34%) is due to the addition of red meat, in
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GHGE (g)
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CEem@®e]mo
0 500 1000 1500 2000 2500
Fibers (g)
(1 X 1} ([ ] [ ] [ ]
(X X X J
e 1 N J [ ] [ X J
e o ] [ X J [ N ] [ ] [ BN J [ e 06 06 ©® e o ® o
0 1 2 3 4 5 6 7 8 9 10 11
Iron (mg)
o 000D ®™e o000 [ ] ([ ] [ ]
oap o o»
o @ (] o ®oo@ o [ ] [ ]
® o0 e oeoo0o0 (X ] 4] ° oo o0 o0
0 1 2 3 4 5
Protein (g)
e o 5000 BED o0 ® o0 O
66 @ o ®
[ ] (] © IO © J
® @O0 O 00 ¢ 0 ® O (LN J
0 5 10 15 20 25 30 35
LA
e v = g Vd
® © Red meat dishes ®White meat dishes ~ ®Fish dishes @ Eggs & dairy dishes ® Vegan dishes
FIGURE 2
GHGE (grams of COz¢q) and some nutrients and minerals associated with the second-course dishes considered in the recipe book (excluding
dishes with processed meat). Eggs and dairy dishes can be offered on the vegetarian and omnivorous menus, meat, and fish dishes can be
offered only on the omnivorous menus.

particular beef meat. Interestingly enough, the GHGE related to
the vegetarian optimal menu and the omnivorous optimal menu
of the first kind is quite the same, because only fish and white
meat dishes were added to the menu. This is made evident by
the first picture in Figure 2, where the GHGEs associated with
the second-course dishes are depicted. Indeed, eggs and dairy,
fish, and white meat dishes show similar GHGE values. On the
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other hand, vegan dishes have the lowest impact while ruminant
meat dishes have the highest one.

Let us now consider the nutritional characteristics of the
four optimal menus. The weekly average values of energy,
carbohydrates, fat, and sugars are quite the same. They show a
deviation of a maximum of 10% from their average on the four
menus. The other nutrients and minerals show more evident

frontiersin.org


https://doi.org/10.3389/fnut.2022.854049
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Benvenuti et al.

10.3389/fnut.2022.854049

0 1000 2000 3000 4000

FIGURE 3
Weekly average GHGE ranges for vegan menus
upper values for the omnivorous menus are 7,493 and 9,123 g.

5000

, vegetarian menus M, and first and second omnivorous menus (

6000 7000 8000 9000 10000

and Il respectively). The

variations. In particular, as shown in Figure 1, fibers and iron
decrease when passing from one menu to the other, with a total
variation equal to —15% from the vegan optimal menu to the
omnivorous optimal menu of the second kind. As above, this is
also made evident by the second and third pictures in Figure 2
that show how vegan second-course dishes, consisting mainly of
legumes, are richer in fiber and iron. On the contrary, as shown
in Figure 1, the intake of protein and sodium increases when
passing from one menu to the other, with a total variation equal
to +40 and +26%, respectively. Again, the protein increase can
be explained considering the protein content distribution over
the dishes, given in the fourth picture in Figure 2.

Note that the average values for all the menus of energy and
nutrients over the 2 weeks do not attain the maximum weekly
allowed values (save for Fiber in the vegan menu). This means
that the optimal menus do not provide maximum values for
all the weeks. Should it happen and be an issue, two model
improvements are possible to deal with it: either narrow the
weekly ranges or add a further range on the whole menu.

As a general remark, we can observe that the vegan optimal
menu has the lowest carbon footprint and that the introduction
of just eggs and dairy in the diet significantly worsens the
impact. Although the adoption of a vegan diet helps in reducing
the carbon footprint of a menu, it is the optimal selection
of dishes that ultimately makes the difference. Indeed, the
GHGE associated with a generic vegan menu can be much
greater than that associated with the vegan optimal menu. The
maximum GHGE of a menu which is nutritionally adequate can
be computed by just maximizing the total amount of COgeq
emission instead of minimizing it. In the case of vegan menus,
this results in a menu (see Supplementary Table SM8) with an
average weekly GHGE equal to 2,937 g of COzeq which has
an impact greater than the vegetarian optimal menu and the
omnivorous optimal menu of the first kind, respectively (see
Supplementary Tables SM5, SM6). Hence, eating vegan is not
sufficient to guarantee a pressure reduction on the environment,
but it is also necessary to make an appropriate selection of dishes.
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Similar arguments hold when considering vegetarian menus.
In particular, the most impacting vegetarian menu (see
Supplementary Table SM9) produces an average weekly GHGE
equal to 4,723g of COjeq which is far higher than that
produced by the omnivorous optimal menu of the second
kind (see Supplementary Table SM7). In other words, a non-
optimal choice of dishes in the design of a vegetarian menu
may lead to an environmental pressure higher than that of some
omnivorous menus.

Figure 3 makes clear these results by showing that the
possible values of GHGE associated with generic vegan,
vegetarian, and omnivorous menus partially overlap. This
means that there are vegan menus producing pressure on the
environment higher than some vegetarian menus. Similarly,
there are vegetarian menus that exhibit higher GHGE than some
omnivorous menus.

In general, adding fish and non-ruminant meat to the
vegetarian menu does not change its overall impact, but
ruminant meat consumption determines a further worsening.
The impact increment depends on the meat food groups
introduced and on their frequencies on the menu. Nevertheless
just optimizing the menu, i.e., the optimal selection of the
dishes composing the menu may reduce significantly its carbon
footprint. This is made evident by computing the carbon
footprint of the current school lunch menu proposed by the
municipality of Rome. This menu is defined over 9 weeks
and has nutritional values in line with the daily and weekly
bounds given in Table 27. It has been developed by nutritionists
and it is guaranteed to be nutritionally adequate and balanced
in carbohydrates, fats, and proteins, along with all essential
minerals, vitamins, and health-promoting substances. It is quite
rich in every food group and can hence be compared with the

7 To be more precise, the menu is a little bit richer in protein, that is
within 19 and 44 g per day, and 144 and 185 g per week. Sodium intake is
instead quite high and this is mainly due to dishes with a very high content

of salt, such as quiche Lorraine and pizza.

frontiersin.org


https://doi.org/10.3389/fnut.2022.854049
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Benvenuti et al.

omnivorous optimal menu of the second kind that contains
exactly 1 second-course dish with fish, one with red meat, one
with white meat, one with eggs, and one with dairy, every
week. The weekly GHGE average of the menu of Rome is
equal to 5,841 g of COzeq so the omnivorous optimal menu
shows a reduction by about 40% of the carbon footprint. This
is precisely in line with the target of the European Green
Deal® and is mainly due to the optimal selection of dishes
made in the design of the menu. For example, the two red
meat dishes on the menu are a dish with pork (roast pork)
and a dish that contains beef together with pork (beef/pork
meatballs). Indeed, the menu must contain one red meat dish
once a week and one beef dish once in the whole menu, and
roast pork and beef/pork meatballs are the dishes with minimal
GHGE among all the red meat dishes and red meat dishes with
beef, respectively.

The properties of the menus considered in this paper are
similar to those at the single recipe level presented in (22), where
a total of 311 recipes from six different German omnivorous,
vegetarian and vegan cookery books were analyzed in terms
of GHG emissions and costs. Moreover, the results are in
line with the observational studies on the adult population
made in France (8) (using a food frequency questionnaire
over about 29,000 participants), the UK (32) (using a food
frequency questionnaire over about 55,500 participants aged
20-79), and Italy (33) (using a 7-days dietary record over 153
participants), in which the environmental impacts of different
diets with different levels of animal product consumption
were compared. Similar results were obtained by designing
diet plans using linear programming (34, 35). In particular,
the diet plans are obtained by minimizing their deviation
from a reference/current diet while fulfilling nutrient and
climate footprint constraints. Constraining the diet GHG
emissions results in a reduction in meat, dairy products, and
processed foods.

In general (36), the results available in the literature show
that diets and observed dietary patterns in the population are
less impacting on the environment the higher they are rich in
plant-based foods. In more detail, the results suggest that the
vegan diet is the optimal diet for the environment because,
out of all the other diets, its production results in the lowest
level of GHG emissions. Nevertheless, there is the possibility of
significantly reducing the environmental impact of a given diet,
without excluding the meat and dairy food groups, but rather, by
reducing them substantially.

8 The EU’s ambitious target is to reduce net emissions by at least
55% by 2030 compared to 1990 and become the first climate-neutral
continent by 2050 (30). Since 1990 EU emissions have already dropped by
approximately 26.4% in 2019 (31), a 55% reduction target, using 1990 as a
baseline, represents about a 40% reduction target using 2019 (or today's)

emissions as a baseline.
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Our findings confirm and enhance these results. Indeed, they
show that the above properties of diets and observed dietary
patterns remain true when considering school lunch menus
with minimal GHGE. This conclusion is not obvious since the
tool used in this work provides realistic menus in place of diet
plans. Moreover, it is shown that although the adoption of a
specific diet may help in reducing the carbon footprint, it is the
optimal selection of dishes that ultimately reduces the impact of

a menu.

Conclusions

This study shows that, in general, a low carbon footprint
menu is plant-based. It also results that meat consumption, and
in particular ruminant meat, is the most important contributor
to the carbon footprint within the protein source dishes. Hence,
meat dishes should be partially replaced with legumes, cereals,
fruits, and vegetables. Anyway, to comply with cultural habits,
it is possible to include on the menu fish and white meat dishes
that are nutritionally beneficial and more sustainable than red
meat dishes.

The added value of the proposed methodology, based on an
integer optimization approach, is that the choice of a particular
diet (vegan, vegetarian) does not, per se, guarantee a GHGE
reduction as compared to a generic menu: it is the optimal
selection of dishes on the menu that determines the minimal
carbon footprint. Moreover, the optimal choice of dishes on
omnivorous menus can lead up to a 40% emission reduction
compared to the current school lunch menu of the municipality
of Rome. This allows to progressively shift food behavior toward
the direction of environmental protection, avoiding drastic
changes to achieve environmental objectives step by step.

This result could be further improved by considering aspects
related to the promotion of food short supply chain and seasonal
products, as well as agricultural and processing techniques (37).
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