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ABSTRACT

This study focuses on evaluating the compliance of menus from Higher Education Institutions (HEI) with the Mediterranean Diet (MD) and calculates their respective
carbon and water footprints. From September 2023 to June 2024, menus from 52 HEI's across Portugal, Croatia and Turkey were analysed using a Mediterranean
Diet Compliance Index (MeDCIn). Also, the footprints of 300 meals from 30 different menus were calculated.

Overall results show a low compliance with the MD (mean score 2.7 + 3.4). Turkish menus scored the highest values (5.2 + 1.7) while Portuguese menus scored
the lowest (1.10 £ 3.7) (MeDClIn varies between —20.5 and 27). The limited availability of dishes with eggs, wholegrains, olive oil, nuts, seeds, and seasonal products
was a key factor contributing to the low compliance observed, as well as insufficient variety in Mediterranean dishes, vegetables, pulses, seafood and lean meat.

The average water footprint was 1785.41 + 909.3 m3/ton, with Turkish menus having the highest consumption (2271.90 + 1016.11 m3/ton) and Portuguese
menus the lowest (1485.46 + 767.28 m3/ton). The average carbon footprint was 1.9 kg CO2-eq, with Turkish menus again scoring the highest (2.91 + 2.13 kg CO2-
eq) and Portuguese menus the lowest (1.42 + 1.26 kg CO2-eq).

The findings reveal a complex relationship between MD compliance and environmental footprints, with moderate positive correlations observed. These results
provide valuable insights to develop targeted interventions to improve menu options in HEI cafeterias and reduce their environmental impact.

Implications for gastronomy
1. Introduction
The findings reveal a complex relationship between MD compli-
ance and environmental footprints, providing valuable insights to
develop targeted interventions to improve menu options in HEI
cafeterias and reduce their environmental impact.

For decades, the Mediterranean Diet (MD) has gained attention from
researchers worldwide in terms of both individual benefits and public
health perspective. Initially, conceptualised by Ancel Keys (1904-2004),

Lowh cqmpl}ilaqce and var;a.tionsd a(;rossh the threﬁ countries a high intake of fresh, local, and seasonal foods, including vegetables,
empnasise t, eln?portanceo %ntro ucing changes t(?t € menus to whole-grain cereals, pulses, nuts, and fruit, characterises this food
improve university food services, highlighting the importance of . . .

pattern. It also emphasises moderate fish and low-fat dairy products

tailored interventions that consider culinary traditions, . R i .

gastronomy practices, food availability and cultural preferences. consumption, while limiting meat intake to lean varieties. Central as-
pects are also the preference for vegetable oils, particularly olive oil,

over saturated fats; moderate wine consumption with emphasis that the

consumption occurs within meals, and reduced salt and added sugar

intake. In recognition of its cultural significance and health-promoting

The results suggest that there is a complex relationship between
MD compliance and environmental sustainability that requires
further investigation.
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properties, the MD was designated as a UNESCO Intangible Cultural
Heritage in 2010, each country adapting the diet to its culinary tradi-
tions, food seasonality and availability (Garcia-Meseguer et al., 2014;
Willett et al., 1995; Bach-Faig et al., 2011).

In addition to all the health benefits that MD has, it is also considered
a sustainable diet as it is mainly based on a high consumption of vege-
tables and fruits and a reduced consumption of meat and its products. In
this study we specifically focus on the environmental dimension. In
general, a plant-based diet is associated with lower carbon emissions
and water use in food production, leading to smaller carbon and water
footprints compared to other diets with a predominant meat based meals
consumption (Willett et al., 2019; Alcorta et al., 2021). However the
authors acknowledge that the overall environmental impact of
plant-based diets can vary depending on factors such as the origin of the
plants products (i.e. importation of crops), the type of production (e.g.
the high use of agrochemicals) and the utilization of Genetically Modi-
fied Organisms (GMOs), which have their own set of environmental
considerations (Jwaideh and Dalin, 2025; Lacour et al., 2018).

Numerous studies have linked adherence to the MD with various
health benefits, including reducing risk of chronic diseases such as
cardiovascular diseases, cancer and obesity. Ensuring a healthy diet is
essential at every stage of the life cycle (Antonopoulou et al., 2020;
Gotsis et al., 2015; Schwingshackl and Hoffmann, 2015; Trichopoulou
et al., 2005; Widmer et al., 2015; Mendez et al., 2006).

The transition to university represents a vital period in a young
adult’s life, marked by significant changes and new challenges at the
environmental, psychological, physiological and many other levels.
During this phase, students often change their lifestyle and habits for
example, by modifying their eating habits. Generally, these are influ-
enced by increased autonomy as they leave their parents’ house; the
perception of preparing and cooking food as a time-consuming activity;
busy schedule and/or economic reasons. All of this may lead to an in-
crease in the consumption of pre-prepared meals, fast food and eating
out (Garcia-Meseguer et al., 2014; de Liz Martins, 2009; Sogari et al.,
2018; SHARMA et al., 2008). Many authors documented changes in
Body Mass Index (BMI), with weight gain, less consumption of vegeta-
bles and fruit and increased consumption of alcohol in this period of life
(Alves, 2014; Kasparek et al., 2008; Deliens et al., 2013; Fernandes,
2011; Borrego et al., 2012).

A study conducted in Indonesia demonstrated that universities caf-
eterias frequently provide an inadequate food offer, characterized by
imbalances in the nutritional content, in both micro and macronutrients
as well as excessive salt content (Sakai et al., 2022). Similarly, another
study in Portugal corroborates these findings, highlighting an inade-
quate offer of fruit and vegetables, in smaller portions, far from the
recommendations. In contrast, meat and fish remain the most prevalent
component on the dishes and it is also noted that there is a lack of
plant-based options, when compared to the abundance of the
animal-based options (Silva et al., 2024).

More comprehensive research demonstrates the notorious differ-
ences in nutrient density and quality among various campus dining
venues, with dining halls being the providers of a wider variety of main
meals and offering the most nutritious options. It’s also important to
understand the variations in terms of food options in the different types
of locations, which will help to implement specific interventions to
improve the students food habits (Andersen et al., 2025).

All of these findings reinforce the influential role of universities in
shaping students’ dietary habits, underscoring their responsibility to
actively provide a healthy offer to their students. Considering they are
strategic settings to induce dietary changes, campuses should not only
expand the availability of nutritious meal options in the cafeterias but
also promote more sustainable food patterns, discouraging the con-
sumption of less healthy foods with higher environmental impact (Li
et al., 2022). As we seen before, the MD is one of the healthiest and most
sustainable food patterns, and the efforts of universities should be
directed towards the implementation of this dietary pattern into their
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cafeteria menus (Sakai et al., 2022; Fonseca et al., 2021).

To achieve this goal, the authors have developed the Mediterranean
Diet Compliance Index (MeDClIn), a pioneering tool designed to assess
adherence to the MD among cafeteria menus (Neto et al., 2024). It helps
understand the gaps and improvements needed on universities menus
while providing guidance on the transition towards more mediterranean
menus. The current study seeks to apply the MeDCIn to menus from
different university cafeterias across 3 countries - Portugal, Croatia and
Turkey - to assess their alignment with the MD key points and to
calculate the Water and Carbon Footprint of these menus. The findings
from this analysis hold significant implications for understanding the
current food offered at higher education cafeterias as the starting point
to develop and further implement tailored interventions to improve
meal options and promote adherence to the MD among university
students.

2. Methods
2.1. Sample and data collection

A quantitative cross-sectional study was conducted, using menus
from different higher education institutes (HEI). Menus were collected
from several higher education institutes in different cities in each
country to provide a broader sample, representing different regions and
universities within the respective countries. Invites were sent to all
public universities from the 3 countries and menus were retrieved from
the one who accepted to participate in the study. The menus from the
three countries were collected from various regions, to ensure that the
evaluated menus covered foods traditionally consumed in each country.
52 HEIs provided their menus (24 from Portugal - 8 from the North; 6
from the Center; 8 from the South, 2 from the Islands; 14 from Turkey - 5
from the North; 4 from the South; 3 from the West; 2 from the East, and
14 from Croatia — 8 from the East; 4 from the South; 1 from the North).
All 52 menus included in the analysis followed a cycle of 4 weeks,
varying from September 2023 to June 2024. The application of the index
considered only one meal per day, such as lunch or dinner, and included
only the regular options from the menus, excluding specific options such
as vegetarian, diet, etc.

For the water and carbon footprints calculation, the researchers used
a subsample of the previously collected menus from cafeterias in
Portugal, Croatia, and Turkey. The dataset comprised two weeks of
menus, the equivalent of 10 working days referring to menus from May
and June. In all the countries, each meal included one to four main
courses options that could be chosen by the consumer (e.g. beef course,
seafood course, vegetarian course), and each option was considered
separately as an independent meal in the evaluation. Standard recipes
were obtained from university cafeterias and recorded in Excel format
for the calculations. Before the assessment, the countries translated all
the menus and standard recipes into English. For the purpose of cross-
country comparison, results were presented at the country level rather
than at the level of dishes or weekly menus.

2.2. Assessment of compliance with the Mediterranean Diet

The first dimension of the Mediterranean Diet Compliance Index
(MeDCIn) was applied to all the menus, aiming to provide a score on
Availability and Variety (Neto et al., 2024). This dimension evaluates
the availability (12 items) and the variety (10 items) of meal options
available on the menus, based on the key principles of the MD. The
menus are classified based on the final score of this dimension in terms
of their compliance with the MD. The scale classifies menus that score
—20 points to 4.5 as very low compliance; 5 points to 11 as low
compliance; 12 points to 19 points as moderate compliance; 20 points to
24 points as good compliance and 25 to 27 as very good compliance with
the MD.

Two researchers were provided with guidelines and a prior



B. Neto et al.

explanation on how to use the index to ensure uniformity in the tool’s
application.

The menus were evaluated using an Excel® spreadsheet that auto-
matically calculates the respective scores for each item and the total
score of each dimension of the index.

2.3. Carbon and water footprint calculation

2.3.1. Carbon footprint calculation

The carbon footprint of the menus was assessed using the Life Cycle
Assessment (LCA) approach (ISO 14040) (ISO 14040, 2006), a scien-
tifically robust method that evaluates the environmental impact of each
food product at every stage of its life cycle (from raw material to
disposal). The life cycle approach considers all stages of a product’s life,
from raw material extraction to production, transportation, consump-
tion, and final disposal. The food service industry has significant envi-
ronmental impacts tied to various stages, including agricultural
practices, energy use in cooking, maintaining food storage, and trans-
portation logistics. The life cycle approach allows food service organi-
sations to identify and quantify emissions across the entire supply chain,
rather than just focusing on a single phase when preparing the menu.
The carbon footprint of all the dishes on each menu was calculated using
the data from a systematic review by Clune et al. (2017) (Clune et al.,
2017). Spices and some flavourings were excluded from the calculations
as they are present in very small quantities in the dishes. Additionally,
greenhouse gas emissions values for vermicelli, parsley, tomato paste,
noodles, wheat flour, sugar, semolina, tarhana, bread, margarine,
pomegranate, coconut, cauliflower, lamb liver, dill, leek, white cheese,
and starch were not included as they were not available.

The estimation of the greenhouse gas emissions values was assessed
using a bottom-up approach. At the ingredient level, the mass of each
ingredient (gr, in grams) was converted into kilograms. At the dish level,
the carbon footprint was calculated by multiplying them by the corre-
sponding emission factors (Clune et al., 2017). The emissions of all in-
gredients were then summed to obtain the total carbon footprint of the
per dish (a). The dish level carbon footprint computed as.

(a) CFd = z;lzl ( mi,kg X EFCi)

Where EFCi is the emission (kg CO2/kg) for ingredient i.

At the daily level, each menu was composed of a set of courses
typically including a first course (e.g. main dish, roasted meat), a second
course (e.g. soup, such as lettuce or lentil) and a third course consisting
of either dessert or fruit. The daily carbon footprint was determined by
summing the footprints of these dishes (b).

(b) CF_day,t = CF_first,t + CF_second,t + CF_dessert,t

The weekly footprint was calculated as the sum of the daily values(c).
Finally, at the country level, the weekly totals from the two weeks were
summed to obtain the national footprint (d). For the countries with more
than one cafeteria, weekly results were first calculated separately for
each cafeteria and subsequently aggregated by summation of these to
obtain the country-level value.

(C) CFweekaW = E[ETWCFdﬂyat
(d) CFcounby = CFyeck; W1 + CFyeer, W2

2.3.2. Water footprint calculation

The water footprint values for each food item on the menu were
determined using the study by Mekonnen and Hoekstra, 2011, 2012.
Their research was based on the guidelines provided by the Water
Footprint Network (Aldaya et al., 2012). In our calculations, the water
footprint (WF) consists of all water consumed throughout its various
production stages, excluding additional water needed for cooking.
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The authors conducted a literature search to gather values of the
water footprint of fish and seafood and realised that there are few studies
on the subject and, in the existing, the value is very low compared to
meat and other animal products (Joyce et al., 2019), with some re-
searchers even considering that the value is not relevant for the calcu-
lations (Gephart et al., 2014; Troell et al., 2014). After combining the
water footprint values from several studies, the authors decided that it
would make sense to consider a value in the calculations since most of
the fish included in the menus used is either from aquaculture or pro-
cessed. This study used an average of the values for the two types of fish
(freshwater and demersal) from a study by the EAT-Lancet Commission
on healthy diets from sustainable food systems (Willett et al.). Addi-
tionally, water footprint factors for salt, parsley, tarhana, leek, bulgur,
thyme, sumac, vinegar, vermicelli, mushroom, pomegranate, pine nuts,
pepper paste, powdered sugar, baking soda, vine leaves, and phyllo
dough were also unavailable and therefore not included in the
calculations.

The water footprint of each dish was estimated by combining the as
served amounts of ingredients with their water footprint values (a)ob-
tained from databases (Mekonnen and Hoekstra, 2011, 2012). The
dish-level water footprint was then computed as.

(@) WFy = >, (my,kg x WFC;)

Where mi, kg is the mass of ingredient i expressed in kilograms, and
WEFCi is the water footprint coefficient of the ingredient I (m3/ton).
Daily, weekly and country-level water footprints were subsequently
obtained by aggregating the dish-level values, following the same pro-
cedure described for the carbon footprint.

2.4. Data analysis

Data was processed using the R software version 4.3.1. Statistical
analysis included descriptive statistics, Mann-Whitney, ANOVA for
testing for differences among groups, and Spearman correlation. Sta-
tistical significance was considered at p < 0.05. The scores for the first
dimension were calculated separately for each country as well as for all
countries combined. Within the first dimension, the two subdimensions -
availability and variety - were analysed separately, providing a clear
view of the pattern of food offered in higher university institutes in each
country. The average daily footprints for each week of the menus were
calculated to analyse the correlations between MD compliance
(Dimension I) and carbon and water footprint.

3. Results
3.1. Menus compliance with the Mediterranean Diet

The evaluated menus included two meal options (meat or fish-
based), complemented with grains or starchy vegetables and non-
starchy vegetables, also including a portion of fruit or a sweet dessert
and water.

Fig. 1 presents the results for dimension I (I-Foods) for all countries
and Fig. 2, presents it separated by country. Related to each component
of this first dimension (IA - Availability and IB - Variety), overall
compliance of the menus with MD is very low on the three countries
(MeDClIn Score = 2.7 + 3.4) (Fig. 2). Overall Turkey menus score the
highest value (MeDCIn Score = 5.2 + 1.7; low) while Portugal scores the
smallest (MeDCIn Score = 1.10 + 3.7; very low). All the countries have
similar values for the availability of foods (IA), and no significant dif-
ferences were found for this subdimension. However, for variety (IB),
countries score differently (p < 0.05), with Portugal being the country
with the lowest values.

For food availability, the items that most contribute to the low
compliance with the MD are the unavailability of dishes with eggs,
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Fig. 1. MeDCIn score (Dimension I) results for all countries and for
each country.
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Fig. 2. MeDClIn score (Dimension I) results for each country.

whole grains, olive oil, nuts and seeds and seasonal products (Table 1).
Croatia lacks the use of nuts and seeds, dishes with eggs and olive oil;
Portugal wholegrains, olive oil, nuts and seeds and seasonal ingredients
and Turkey lacks the use of dishes with eggs, seasonal ingredients and
olive oil (Table 1).

In terms of variety, the main issues are the variety of Mediterranean
dishes, vegetables, pulses, seafood and lean meat (Table 2). Croatia also
has an excessive use of processed meat and lacks frequent availability of
fruit and Portugal offers insufficient vegetables, pulses and Mediterra-
nean dishes, while also providing excessive use of processed meat.
Turkey shows an excessive offer of sweets as dessert, instead of fresh
fruit (Table 2).

3.2. Menus carbon and water footprint calculation

Table 3 presents the results for carbon and water footprint menus
calculations for all the countries. The average water footprint was
1785.411 + 909.3 m3/ton, and the carbon footprint was 1.9 kg CO2-eq.
The maximum value for the water footprint was 6548.3 m>/ton, and the
minimum was 362.3 m®/ton. In terms of carbon, the maximum is 10.5
kg COz-eq and the minimum is 0.01 kg CO2-eq.
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Table 1
Dimension IA Food availability — percentage of item compliance, all countries
and by country.

Dimension IA

Items Percentage of item compliance
All Portugal Turkey Croatia
countries (%) (%) (%)
(%)
QA1 100 100 100 100
Availability of traditional
Mediterranean dishes
QA2 94,2 91,7 100 92,9
Availability of vegetables
soup
QA3 100 100 100 100
Availability of non-starchy
vegetables (side dish or on
dish)
QA4 76,9 100 14,3 100
Availability of seafood
dishes
QA5 5,77 12,5 0 0
Availability of dishes with
eggs as the main protein
source
QA6 100 100 100 100
Availability of meat dishes
QA7 100 100 100 100
Availability of dishes
containing pulses
QA8 65,4 54,2 57,1 92,9
Availability of fresh fruit as
dessert
QA9 30,8 0 92,9 21,4
Availability of whole grains
QA10 1,92 0 7,1 0
Availability of nuts and
seeds
QA1l11 23,1 0 85,7 0

Availability of olive oil

(cooking and seasoning)
QA12 51,9 0 92,9 100
Use of seasonal products

Analysing by country, Turkey’s menus stand out with the highest
water footprint, 2271.90 + 1016.11 m®/ton and Portugal with the
lowest, 1485.46 + 767.28 m3/ton (Table 4). Regarding Carbon calcu-
lations, Turkish menus also had the highest carbon footprint 2.91 +
2.13 kg CO2-eq and Portuguese menus with the lowest, 1.42 + 1.26 kg
CO2-eq (Table 4). In general, the data suggests that Turkey has the
highest environmental impact in terms of both water and carbon foot-
print calculations.

The water footprint by plate, considering the main protein, was also
analysed, for example, beef or fish, as seen in Table 5. In general, for all
countries, beef is the source of protein that has the highest water foot-
print (X = 4005.98 + 1324.02 m3/ton) and the lowest is from the
vegetarian dishes (X = 836.15 rn3/ton).

4. Discussion

This study aimed to evaluate higher education cafeteria menus
compliance with MD and calculate their water and carbon footprint.
Although we could identify that there is a variation between the three
countries, in general, the results show very low compliance of the menus
to the MD. In each country, the low compliance of the dimensions “food
availability” and “food variety” is related to different foods. The di-
versity of results gives us a valuable and clear perspective of what each
country needs to improve, adapt or modify in their HEI menus to offer a
more healthy and sustainable diet to their students.

Each country, due to its location and numerous factors, has its own
cultural and gastronomic traditions, which shapes the consumption
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Table 2

MeDClIn score results by country

Table 2 - Dimension IB Food variety — percentage of item compliance, all
countries and by country.

Dimension IB

Items Percentage of item compliance
All Portugal Turkey Croatia
countries (%) (%) (%)
(%)

QB1 46,2 0 92,9 78,6

MD dishes (3x week)

QB2 90,4 91,7 92,9 85,7

Veg soup (3-4x week)

QB31 25 0 7,1 85,7

Non-starchy veg (not

repeated consecutively)
QB32 15,4 0 42,9 14,3
Non-starchy veg (not

repeated 3 consecutive

days)
QB4 3,8 8,3 0 0
More fish than meat
QB5 0 0 0 0
Eggs at least 1x week
QB61 5,8 12,5 0 0
More lean meat
QB62 28,8 4,2 92,9 7,1
No processed meat
QB63 34,6 58,3 7,1 21,4
Processed meat less than 1x

week
QB71 38,5 29,2 71,4 21,4
Pulses (1-2x week)
QB72 28,8 0 28,6 78,6
Pulses (3 or more a week)
QB81 26,9 50 0 14,3
Frui daily
QBS82 9,6 4,2 7,1 21,4
Fruit 3x week
QB83 38,5 0 92,9 50
Fruit 1-2x week
QB84 1,9 0 0 7,1

Sweet desserts no more

than 3x month
QB85 15,4 8,3 42,9 0
Sweet desserts no more

than 1x week
QB86 28,8 12,5 57,1 28,6
Sweet desserts 2 to 3x week
QB87 28,8 33,3 0 50
Sweet desserts more than

3x week
QB9 21,2 0 78,6 0
Whole grains (2 or more in

a week)
QB10 0 0 0 0
Nuts and seeds (once or

more a week)

patterns of the populations and influence the availability and variety of
different foods, present on menus. For example, Portugal, with its
extensive coastline, has greater availability and variety of fresh seafood,
which is a significant part of its gastronomy and consumption patterns
(How much fish do we; Valagao, 2024; Teixeira et al., 2013; Murphy
et al., 2023). In Croatia, low adherence with MD is not surprising, since
evaluation of diet quality among university student showed low score
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using Mediterranean Dietary Quality Index (M-DQI) and should be
stressed here that no significant difference was observed among student
according to region, i.e. when compared Mediterranean and continental
region (Satali¢ et al., 2004). Nonetheless, the interior regions exhibit a
typical consumption of meat (Valagao, 2024; Cavaleiro, 2024).Regional
differences in fish consumption are evident in Croatia, where fish is
consumed more frequently in the coastal regions than in the eastern
(continental) parts of the country (Kresic et al., 2023). The consumption
of fish and other seafood per capita in Turkey is quite low compara-
tively; despite of the fact that Turkey is almost a sea-board country
surrounded by seas on three sides and has rich fish resources as well as
production (TURKSTAT Corporatea). On the other hand, Turkey has a
more pronounced consumption of red meat in many traditional dishes.
Mostly beef, chicken meat and mutton were used within the group of
meat and meat products in the Turkish cuisine (Cakmak and Sarusik,
2019).

Moreover, it is crucial to consider that the availability and cost of
specific foods, such as olive oil, nuts and seeds, can vary across countries
and are currently influenced by inflation and rising food prices. Espe-
cially in Turkey, the consumer price index for seasonal food products
increases annually by 72.98 % (TURKSTAT Corporateb). These dispar-
ities in food availability and cost can justify some of the variations
observed and must be considered when analysing food patterns and
implementing interventions in HEI cafeterias.

Specifically, about the low availability of olive oil, in most cases, it
was scored as “Not Applicable”, because it was not mentioned in the
menu. In Portugal’s HEI cafeterias olive oil is not usually used for
cooking, but it is available for salad seasoning. For example, a relatively
simple intervention with high impact in Croatian menus would be the
introduction of olive oil, not only as a salad dressing, but as a dominant
vegetable oil in meal preparation; the current state of menus is that olive
oil is an obligatory component only in some dishes (predominantly fish
dishes). Like the other countries, olive oil is mainly used as a salad
dressing in food service companies.

The lack of dishes with eggs as the main protein source contributes
largely to the low score. This may be due to a culturally created concept
that eggs are not as good a source of protein as meat or fish (Iannotti
et al., 2014; Rondoni et al., 2020). Typically, in different food service
contexts, meat and seafood are served as the most important part of the
dish. The centrality of meat in meals is a significant barrier to tran-
sitioning towards more sustainable, plant-based diets (Graca et al.,
2019; Stoll-Kleemann and O’Riordan, 2015).

Seasonality is another important aspect that should be brought into
discussion because it has a direct impact on the availability of some
foods. Nowadays, we have all types of food available all year and not
only in their seasonal period, which can create challenges when evalu-
ating the seasonality of foods such as fruits or vegetables. The use of
different types of agricultural techniques, such as greenhouse cultiva-
tion, makes it possible to manage growing conditions and increase the
periods when food is available. Due to this, it’s difficult to identify if we
are including or not seasonal products on menus. For example, in
Portugal, bell pepper is a vegetable that has a specific outdoor growing
season but is available for a longer period of time due to greenhouse
cultivation (Associacao Portuguesa de Nutricao, 2021).

When it comes to food variety, the data that shows low variety of
Mediterranean dishes, vegetables and pulses are aligned with low
compliance to MD reported by this study, as these are some of the most
important food groups in the Mediterranean food pattern. About seafood
and lean meat consumption, data from national food consumption

Table 3
Carbon and Water Footprint results, all countries.
n mean sd min Q1 median Q3 max
water (m®/ton) 298 1785.4 909.3 362.3 1176.4 1533.5 2221.6 6548.3
co2 (CO2-eq) 298 1.9 1.8 0.01 0.8 1.3 2.7 10.5




B. Neto et al. International Journal of Gastronomy and Food Science 43 (2026) 101380
Table 4
Carbon and Water Footprint results by country.
Country n mean sd min Q1 median Q3 max
Water (m>/ton)
Croatia 100 1592.9 711.2 362.3 1174.5 1411.6 1978.8 3549.1
Portugal 98 1485.5 767.3 550.5 1017.9 1233.9 1594.5 4467.3
Turkey 100 22719 1016.1 856.7 1575.8 1999.4 2784.7 6548.3
CO2 (CO2-eq)
Croatia 100 1.6 1.4 0.01 0.6 1.1 1.9 8.1
Portugal 98 1.4 1.3 0.07 0.7 1.1 1.6 5.7
Turkey 100 2.9 2.1 0.2 1.4 2.3 3.7 10.5
Table 5
Water Footprint by type of plate (main protein).
Type of plate n mean sd min Q1 median Q3 max
Water (m®/ton)
Beef 92 2439.7 742.0 1182.9 1785.6 2506.8 3011.0 4467.3
Poultry 55 1467.9 324.1 943.2 1246.3 1420.9 1669.6 2421.4
Pork 42 1681.5 565.4 1065.1 1375.1 1538.0 1740.9 3549.1
Fish 62 1105.0 289.0 362.3 927.8 1129.2 1251.5 2177.8
Vegetarian 23 836.2 317.6 397.2 673.6 747.6 947.6 1988.4

studies corroborate this tendency. A recent Croatian study (Pfeifer et al.,
2021) showed a Mediterranean Diet Adherence Screener (MEDAS) score
of 5.02 + 1.97 (n = 4281). The majority (70.1 %) of the respondents
preferred lean meat over red meat, while olive oil was not preferred by
52.7 % of the respondents. As expected, most respondents within the
high MEDAS group had high consumption of olive oil (73.1 %), vege-
tables (78.1 %), and fruit (58.8 %), as well as high weekly consumption
of pulses (53.8 %), and medium fish and seafood consumption (43.8 %).
These results mirror, but in some respects also diverge from, national
dietary patterns reported in the 2017 Turkey Nutrition and Health
Survey (Republic of Turkey Ministry of Health Director of Public Health,
2019). According to the survey, Turkish adults consume an average of
22.25 g of fibre per day, with a combined daily intake of 415 g of fresh
fruits and vegetables. Dairy product consumption is about 1.35 servings
per day, including approximately 34.5 mL of milk, 112.7 g of yoghurt,
and 39 g of cheese. These figures suggest a moderate intake of fruits,
vegetables, and dairy products. However, some components of the
Mediterranean diet—such as fish (13.2 g), olive oil (5.2 g), and legumes
(18.6 g)—are included in the daily diet at lower amounts. This pattern
points to variation in how closely individuals follow Mediterranean di-
etary principles.

About processed meat, Portugal and Croatia show a high use of these
products on the dishes, which aligns with the data available. At a na-
tional level, 6.3 % of the Portuguese population consumes more than
50g of processed meat a day and 22.5 % more than 100g a day (Lopes
et al.,, 2017). Similarly, in Croatia, approximately 40g is the daily
average consumption of processed meat products (sausages, meat spe-
cialities, processed, cured meat, etc.) (European Food Safety Authority,
2011). For example, Bologna-type sausage and Frankfurter sausage are
consumed by 46 % and 13 % of the population, respectively. Preference
toward red meat, sources of salt (fast food), is expected to differ ac-
cording to gender. Among Croatian university students, males preferred
red meat and fast food, while females preferred (i.e. higher consumption
frequency was reported) low-fat dairy products and whole grain prod-
ucts (Coli¢ Baric et al., 2003).

According to the study Cakmak et al., beef, butter, garlic, tomatoes,
lemons, parsley, oil, eggs, potatoes, green peppers, carrots, chickens,
dill, black pepper, kashar cheese and olive oil were some of the main
products used for cooking the main dishes in Turkish cuisine. These
ingredients, which are part of the Mediterranean food pattern, show that
Turkish cuisine is consistent with the Mediterranean diet (Cakmak and
Sarusik, 2019).

Regarding the consumption of sweet desserts instead of fresh fruit,

Turkey shows an excessive offer, which could be related to taste pref-
erence, taste pairing and also cultural role symbolising hospitality and
tradition (Bezirgan, 2024). In Turkey, desserts are an integral part of
social and cultural life, prepared and served on special occasions and
often offered to guests as a sign of hospitality and respect. The pre-
dominance of desserts reflects a historical emphasis on sweet flavours,
which are well combined with spices, nuts and fruits. This preference for
desserts can be linked to the Ottoman Empire’s culinary traditions, with
desserts having a main role in palace kitchens and festive occasions. This
cultural tradition is visible in national consumption data, with an
average daily sugar intake—including sugar, sweets, honey, molasses,
and jams—reaching 30.6 g (Republic of Turkey Ministry of Health Di-
rector of Public Health, 2019). The frequent consumption on daily meals
and special occasions may contribute significantly to this data, indi-
cating a strong societal attachment to sweetness as both a culinary and
cultural staple.

As stated before, the Mediterranean Diet is a food pattern well-
known for its health benefits. However, there is a lack of structured
interventions, reported in the literature, assessing the compliance of HEI
menus with the MD. This study aims to fill this gap and by comparing
our findings with other studies, within or outside the MD domain, we
can better understand how they might align and what new insights our
data provides, ultimately contributing to more comprehensive research
in this area.

Several studies have used the 14-item Mediterranean Diet Assess-
ment Tool (MEDAS) to assess MD compliance for individuals. Martinez-
Gonzalez MA et al. applied it to a sample of PREDIMED trial participants
and reported a mean score of 8.6 + 2.0, indicating moderate adherence
to the MD. The total score is classified in a range of <5 points to >10 and
it was also observed that more men than women scored >10 points,
which means they have high adherence to MD (Martinez-Gonzalez et al.,
2012).

Vidal-Peracho C. et al. observed similar results in Spanish students
with a mean score of 8.77 + 1.82 points, being higher in non-diabetic
subjects (9.06 + 1.78) rather than in diabetic (8.54 + 1.81)
(Vidal-Peracho et al., 2017). These results align with other authors who
studied Spanish high-cardiovascular risk subjects with type 2 diabetes
and non-diabetics (Ortega-Azorin et al., 2012).

Vagenas-Radd S. et al. developed the MediCul score to assess MD
adherence in a Western population, finding a mean score of 55.2 out of
100.0 points and only 4 % achieved a high adherence score to the MD
(>10) using the MEDAS tool (Radd-Vagenas et al., 2018).

Figueiredo L et al. found a mean score of 3.88 + 1.49 on a scale that
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ranges from O to 9 points using the Mediterranean Diet Score (MDS).
Only 13.2 % of the sample scored >6 points, which means the majority
has a low MD adherence. This study also calculated the carbon footprint
and found an average of 8146 + 3081 CO2eqKg—1, which is considered
to be high (Figueiredo et al., 2024).

Studies focusing on children showed similar results. Roccaldo R et al.
used the KIDMED score and found that only 5 % of the children
exhibited high adherence to the MD, 62.2 % an average adherence and
32.8 % a poor adherence. This highlights a concerningly reduced con-
sumption of fruit, vegetables and pulses (Roccaldo et al., 2014).

Lotti S et al. show a more positive perspective. Applying their web-
based version of Medi-Lite score with a score range from 0 (low
adherence) to 18 (high adherence), in a sample of Italian adults, showed
a mean score of 12 + 2.5, suggesting a good level of adherence. About
half of the sample reported optimal consumption of fruit, vegetables and
pulses. However, 64.8 % still consume meat and its products, as well as
dairy products with a high frequency (Lotti et al., 2024).

Mandracchia F et al. assessed the MD adherence and other nutri-
tional aspects in restaurants in Spain. Using the Amed score, they
discovered that 72.7 % of the restaurants claimed to offer Mediterranean
cuisine options. The average score was 5.1 + 1.6 points out of the 9
obligatory criteria. This means that more efforts are needed to improve
the compliance of the food offer with the MD. Interestingly, there was a
weak positive relationship between the restaurant owner’s perception of
menu healthiness and their Amed criteria (Mandracchia et al., 2021).

The different studies show a diverse level of adherence to this food
pattern in different contexts and are in line with our results, which also
showed very low compliance. There is a clear need for improvement of
the menus offered, specifically in HEI cafeterias focusing on reducing
meat consumption and promoting the consumption of vegetables and
pulses. Further research is needed to understand what the current food
offer is in university cafeterias and what are the best strategies to pro-
mote and maintain MD adherence in this population.

Concerning the environmental impact of the menus assessed, the
carbon footprint returned an average of 1.9 kg CO2-eq for the three
countries. In an attempt to classify this result in terms of sustainability,
the authors relied on the work of Lukas M. et al. (2016) (Lukas et al.,
2016) which presents estimations for environmental indicators on the
nutrition field. Considering these values, the diet-associated carbon
footprint level obtained suggests that overall, the meals included in the
analysis have a low environmental impact. Similarly, the water footprint
average is 1785.411 4 909.3 m®/ton, which also indicates a low impact.

Studies have observed a weak correlation suggesting that a higher
MD adherence is associated with a higher carbon footprint (Figueiredo
et al.), which is in line with our results.

Regarding the water footprint, the literature indicates that following
MD has a lower impact on water usage due to the higher consumption of
vegetables, fruits and lower consumption of meat (Lotti et al., 2024;
Gallo et al., 2022; Blas et al., 2016).

Since the composition of the dishes varies every day, carbon and
water footprints vary equally, creating a great diversity of values. The
low correlation found could be related with this daily great variation of
values versus a constant weekly value of the compliance with MD.

In general, the results show a high variability in both metrics across
the three countries included. Turkish menus had the highest environ-
mental impact, suggesting that the food production is more water-
intensive and this could be explained by the agricultural practices or
climatic conditions. In contrast, Portugal has the lowest footprint while
Croatia stays in the middle. According to a study in Turkey, the meat
dishes made the biggest contribution to the water and carbon footprint
whereas olive oil-based pulses meals had a very low contribution and
was served less than meat meals. The frequency of the meals in the menu
may have an impact on water and carbon footprints, as meat dishes often
included as a mandatory component of the first course in cafeteria
menus (Madali et al., 2021).

A high standard deviation is observed in all countries, indicating
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variations in water usage and carbon emissions. The menu options with
the highest carbon and water footprint have beef or poultry as the main
protein source, which provides useful information for food services to
plan and design more sustainable menus with a lower environmental
impact. Regarding this topic, the evidence is vast and reinforces the need
to implement and globaly promote more plant-based menus in the food
service area (Willett et al., 2019; Guedes et al.; McInnes et al., 2023;
Shavit et al., 2024; Hemler and Hu, 2019; Strasburg et al., 2023;
Strasburg and Jahno, 2017).

Our results align with other authors who studied this theme. Stras-
burg J. V. et al. evaluated the water footprint of the menus in a uni-
versity cafeteria and concluded that the animal products, namely red
meat, had the largest percentage of the water footprint calculated. In
contrast, vegetable products had the lowest percentage of water foot-
print. These authors considered that it is fundamental to plan menus,
implement sustainable practices and promote healthier and more sus-
tainable habits (José Strasburg and Dalosto Jahno, 2015).

Similarly, Kilian L. et al. reported that omnivorous menus have a
significantly higher water footprint compared to vegetarian menus. Red
meat was the major contributor to the high water footprint of the
omnivore menus, in contrast to textured soya protein and vegetables
associated with the lowest values (Kilian et al., 2021).

Hatjiathanassiadou M. et al. reached the same conclusion, in a uni-
versity context. The water footprint was higher on the traditional menus
than on the vegetarian menus. These authors suggest that there is a need
to review the offer of meat and other animal products, concerning not
only health but also sustainability. They advocate for educational ac-
tions and public policies that use indicators such as the water footprint
(Hatjiathanassiadou et al., 2019).

Kiehle J. et al. found a 1.129t CO2 eq/person total value, of which
the university’s catering/restaurant services contributed 12.87 % to the
overall carbon footprint. These authors consider that creating new pol-
icies may have a positive impact on the footprint of food services,
leading to more sustainable restaurants. A close partnership between the
university and service providers is needed for this to become a reality
(Kiehle et al., 2022).

Although these studies compare omnivorous vs vegetarian meals, it
is important to highlight that most Western omnivorous food patterns
are not plant-based, while the MD food pattern, although including
animal food products, is mostly based on plant foods (Shively et al.,
2019).

This study reveals valuable insights about the adherence of the
menus from the different HEIs included and their associated environ-
mental impacts. The consistently low compliance across the three
countries emphasises the importance of introducing changes to the
menus to improve university food services. The visible variations be-
tween countries underscore the importance of tailored interventions
that consider culinary traditions, gastronomy practices, food availability
and cultural preferences.

The carbon and water footprint calculations provide important data
on the environmental impact of the menus provided. The correlations
observed suggest that there is a complex relationship between MD
adherence and environmental sustainability that requires further
investigation.

Our results made the cultural and gastronomic differences of each
country evident, encouraging an interesting discussion and making it
possible to bring together learnings and practices from each country to
improve the menus and enable the sharing of best practices. The authors
hope these findings serve as a valuable baseline to develop targeted
strategies to enhance the nutritional quality and sustainability of HEI
cafeteria menus in all the countries.

5. Limitations and strengths

In terms of limitations of this study, we acknowledge that although
the MeDClIn tool was applied by different researchers, including clear
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instructions, and validation returned a high inter-rater reliability, there
is always the possibility of bias due to individual interpretation when
evaluating the criteria. The individual perceptions of different re-
searchers about the dishes’ composition could lead to different assess-
ments. In addition, many menus do not specify the composition of the
dishes and researchers use their own personal and technical knowledge
to categorize the menu options. To minimise this bias, menus from each
country were evaluated by researchers from the specific country.

The authors consider that including the values of fish and seafood in
the calculations is an added value, making the analysis more reliable. It
thus stands out from other studies in the area and contributes to further
study of this topic.
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