% applied sciences

Article

The Impact of Healthy and Sustainable Food Choices
Interventions on Wasted Food: Nutritional and Environmental
Aspects of Plate Waste Produced in Italian Hospital Canteens

Federica Fiori 11

, Diana Menis

2,4(®, Elisa Mansutti 1@, Caterina Liudmila Graziani 3, Peter Cautero 2,

Daniela Zago 4, Marco Driutti 5, Lucia Lesa 4, Enrico Scarpis °, Alessandro Conte 7, Lucrezia Grillone 8,

Francesca Cortelazzo 8, Angelica Cosolo 8 Manuela Mauro ?, Laura Brunelli

W) Check for updates

Academic Editors: Antonios
E. Koutelidakis and

Matgorzata Ziarno

Received: 28 April 2026

Revised: 23 June 2026

Accepted: 24 June 2026

Published: 29 June 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

110, and Maria Parpinel !

Department of Medicine, University of Udine, 33100 Udine, Italy; federica.fiori@uniud.it (EE.);
mansutti.elisa001@spes.uniud.it (E.M.); maria.parpinel@uniud.it (M.P.)

Health District of Gemona, Friuli Centrale Healthcare University Trust, 33013 Gemona del Friuli, Italy;
diana.menis@asufc.sanita.fvg.it

3 Health District of Udine, Friuli Centrale Healthcare University Trust, 33100 Udine, Italy;
caterinaliudmila.graziani@asufc.sanita.fvg.it

Medical Directorate, Hospital “Santa Maria della Misericordia” of Udine, Friuli Centrale Healthcare
University Trust, 33100 Udine, Italy; peter.cautero@asufc.sanita.fvg.it (P.C.);
daniela.zago@asufc.sanita.fvg.it (D.Z.); lucia.lesa06@asufc.sanita.fvg.it (L.L.)

Institute of Hygiene and Evaluative Epidemiology, Friuli Centrale Healthcare University Trust,

33100 Udine, Italy; marco.driutti@asufc.sanita.fvg.it

Medical Directorate, Hospital of Palmanova-Latisana, Friuli Centrale Healthcare University Trust,

33057 Palmanova, Italy; enrico.scarpis@asufc.sanita.fvg.it

Medical Directorate, Hospital of San Daniele-Tolmezzo, Friuli Centrale Healthcare University Trust,
33028 San Daniele, Italy; alessandro.conte@asufc.sanita.fvg.it

Food Hygiene and Nutrition Unit, Department of Prevention, Friuli Centrale Healthcare University Trust,
33100 Udine, Italy; lucrezia.grillone@asufc.sanita.fvg.it (L.G.); francesca.cortelazzo@asufc.sanita.fvg.it (F.C.);
angelica.cosolo@asufc.sanita.fvg.it (A.C.)

Regional Health Coordination Agency, 33100 Udine, Italy; manuela.mauro@arcs.sanita.fvg.it

10 Accreditation, Quality, and Clinical Risk Unit, Friuli Centrale Healthcare University Trust, 33100 Udine, Italy
*  Correspondence: laura.brunelli@uniud.it

These authors contributed equally to this work.

Abstract

Healthy and sustainable food consumption implies not only making conscious food choices
but also limiting food waste. Interventions targeting choices are effective only if the
healthier food selected is not wasted on the plate. The aims of the study were: to quantify
plate and service waste in hospital canteens, characterize plate waste (PW), and compare
PW before and after an intervention aimed at promoting healthy and sustainable food
choices. A descriptive study was conducted in three Italian hospital canteens. Trays of
users who gave consent were photographed (N = 1624). PW was quantified visually.
Energy, nutrients, and environmental indicators were estimated using portion sizes, recipes
provided by the canteens, food composition, and environmental databases. Both plate and
service waste varied substantially across canteens. Post-intervention PW was 4.7% (C1:
6.1%, C2: 2.0%, C3: 2.6%) of the served food, corresponding on average to 33.1 g/tray,
43.6 kcal/tray, 69.6 g CO, eq./tray and 61.8 LH,O/tray. Side dishes contributed most to the
total PW. The canteen where PW decreased significantly compared to pre-intervention (C2:
—48.9 g/tray in median among wasters) was the one with the least improvement in food
choices. These findings highlight the importance of considering waste when implementing
food choice interventions.
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1. Introduction

Achieving healthy diets for both the population and the planet requires not only a
shift in our food choices towards diets richer in plant foods and plant proteins, but also
significant improvements in all food practices and a substantial reduction in food losses
and food waste [1]. Recent data indicate that 19% of global food production is wasted
in the later stages of the food chain, and an additional 13% is lost in the early stages of
the food supply chain [2]. From a food security perspective, this means wasting energy
and nutrients that could have been vital for others. From a sustainability perspective,
this results in nearly 30% of the world’s agricultural land being used and 8-10% of global
greenhouse gas emissions being generated [2]. Waste produced at different stages of the
food supply chain is defined as food loss and food waste. Specifically, food loss includes
the amount of food lost before reaching the retail level [2], while food waste is defined
as the amount of edible [3]—or edible and inedible [2]—food discarded from retail to
consumption. Focusing on food waste, Sustainable Development Goal 12.3 aims to halve it
by 2030 [4]. However, only a small number of countries that have consistently tracked food
waste for years are demonstrating progress, and with less than ten years remaining until
2030, food waste still reached about 132 kg per person in 2022, representing one-fifth of all
food available to consumers [2,5].

Food waste can be further divided into household waste (global average of 79 kg per
capita per year), retail waste (global average of 17 kg per capita per year), and food service
waste (global average of 36 kg per capita per year). The latter in particular shows incomplete
data coverage worldwide due to practical limitations in data collection and the presence of
multiple subsectors representing different establishment types (e.g., work, school, hospital
and prison canteens, event catering, restaurants, markets, and mobile food vendors) [2].
Food service waste can be further divided into waste produced by catering (kitchen waste
and service loss) and waste produced by users on the plate (plate waste, PW). Among the
food service sector, hospital food service showed the highest PW, while popular restaurants
had the lowest [6]. PW in collective catering may depend on multiple factors (portion and
plate size, type of food, palatability, social influences, price, user characteristics, personal
awareness, and habits) [7], some of which indirectly depend on well-reasoned food choices.
Food choice, food consumption, and food waste can be viewed as interconnected stages of
the same behavioral pathway. In food service settings, individuals select foods according
to personal preferences as well as contextual and environmental factors. These choices
influence actual consumption patterns and, consequently, the quantity and type of food left
uneaten. Therefore, monitoring plate waste levels is also a very useful parameter following
interventions aimed at steering food consumption towards healthier choices. In fact, an
intervention may be considered fully effective only if the healthier food chosen by users
is not subsequently wasted on the plate. The ultimate goal of health- and sustainability-
focused interventions should not only be to choose meals richer in plant-based products,
but also to waste less of the plant-based foods themselves. Unfortunately, previous data
have shown that the higher the quality of the diet (according to the Healthy Eating Index-
2015), the greater the amount of food wasted [8]. Conversely, in Italian households, higher
adherence to the Italian dietary guidelines” indicator was associated with better food waste
behaviors (e.g., planning food purchase and use, no compulsive buying, monitoring stored
food, cooking the right quantities, using leftovers) [9].
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In the food service context, while several studies have investigated food waste and oth-
ers have evaluated interventions aimed at promoting healthier and more sustainable food
choices, evidence linking these two aspects remains limited. Some authors found no differ-
ence in PW after an intervention nudging healthier choices in a worksite canteen [10], while
others observed that changing nutritional standards in school catering (e.g., requiring that
one of the three components selected is a fruit or vegetable and increasing vegetable portion
sizes and variety) also reduced vegetable waste, suggesting that interventions promoting
healthy diets may be part of food waste reduction strategies [11]. Therefore, additional
evidence assessing both food choices and plate waste is essential to determine whether
healthier and more sustainable selections are ultimately consumed rather than discarded,
providing a more comprehensive evaluation of the overall success of the intervention.

In this context, the aim of the study was to characterize plate waste in terms of weight,
energy, nutrients, environmental indicators, and food categories, following a health- and
environment-oriented intervention on users’ food choices, and to compare plate waste data
with those observed before the intervention. The secondary aim was to broaden the waste
analysis by quantifying food wasted on the counter at the end of the service.

2. Materials and Methods

This is part of a broader project aimed at developing measures to improve nutritional
and environmental awareness among hospital employees. The project is a collaboration
between the Department of Medicine at the University of Udine (Italy), stakeholders respon-
sible for food services, hospital management of the Friuli Centrale Healthcare University
Trust in the province of Udine (Italy), and the local network of Health Promoting Hospitals
and Health Services (HPH&HS). Results from the initial assessment of food choices and
plate waste have already been reported in previous papers [12,13]. The present paper refers
to a second assessment in the same hospital canteens, conducted after an intervention
designed to increase healthier food choices for both people and the environment. The
setting, data collection, and analysis were consistent with those of the first assessment [12].

This second assessment was conducted in three hospital canteens in the province
of Udine: Udine (canteen 1, C1), Palmanova (canteen 2, C2), and San Daniele del Friuli
(canteen 3, C3). These canteens are managed differently (C1 and C2 are managed by an
external catering service; C3 is managed internally) and have different numbers of users
per day (C1: 450480 users/day; C2: 100-120 users/day; C3: 90 users/day). The target
population included all hospital employees who had lunch at the canteens during the
observed weeks (Monday to Friday) in September 2023, which was the same period as the
first assessment (August—September 2022), to avoid biases related to food seasonality in
data comparison. In these canteens, the meal has a fixed price, regardless of the composition
of the tray, and can include: a first course (i.e., a cereal-based dish such as pasta, rice, or
a vegetable soup), a second course (i.e., the main protein source, such as meat, fish, eggs,
cheese, or legume-based preparations), a salad or side dish (i.e., cooked vegetables, legumes,
or potatoes), grated cheese (considered separately when not part of the standard recipes
but added at the users’ discretion), bread or bread substitutes, and a dessert or fruit.

As in the pre-intervention assessment, lunch trays, each marked with a unique code,
were photographed by researchers before and after the meal. During lunch, participants
were asked to sign written informed consent and complete a questionnaire, both marked
with the same code. Information on sex, age, and type of work (shift work/non-shift work)
was also collected in the questionnaire.

Trays associated with questionnaires that were returned empty were excluded from
the analysis. All data were analyzed in aggregate form so that the identity of individual
participants could not be traced. The study was approved by the Institutional Review Board
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of the University of Udine, Italy. All subjects gave their informed consent to participate,
and all study procedures complied with the ethical standards of the Declaration of Helsinki.

2.1. Food Choice Intervention

The intervention was implemented during the two months preceding the week of
analysis and consisted of multiple elements, combined differently according to structural
possibilities and canteen management [14]. No control group was included because the
intervention was implemented at the organizational level across all participating hospital
cafeterias as part of a broader institutional health promotion initiative. Educational material
was displayed in the common spaces of the hospital canteen; thus, all users were inevitably
exposed to the intervention. Briefly, the intervention included: (1) an educational compo-
nent with posters on the healthy eating plate [15], Mediterranean diet food pyramid [16],
ultra-processed foods, and the daily recommended tray composition, selected by dietitians
from the local Department of Prevention based on the rotational menu in C1 and C2 (the
menu was available in advance only in the externally managed canteens); (2) a nudging
component with posters on descriptive social norms [17] adapted to the present context
and displayed next to the corresponding foods targeted for nudging (fruit, vegetables, and
in C1, water); and (3) a nudging component based on environmental restructuring of the
canteen, in C1, introducing self-service for fruit, salad, and legumes, and in C2, reversing
the flow of dish selection so that the service began with salad and side dishes instead of
first and second courses.

The food offering was not affected by the intervention at this stage of the project.
However, although the period of the year and canteen management were unchanged in
this second assessment compared to the first, the dishes offered were not the same as in the
first assessment, due to menu variability.

2.2. Plate Waste

Identification and quantification of the foods on the trays were carried out through
a blind analysis of photographs by trained researchers, supported by information on the
daily menu, recipes, and standard portion sizes provided by the catering company.

Plate waste (PW), defined as the amount of food served but not eaten, was quantified
using a modified Comstock scale considering quarters (0%, 25%, 50%, 75%, 100%) of the
standard portion (100%) [12,18] and expressed as the percentage of food discarded relative
to food served, as well as the weight in grams of discarded food estimated based on the
standard portion size. Inedible food (e.g., bones) was excluded from this analysis. To
characterize PW from a nutritional perspective, the energy and macronutrient composition
(proteins, lipids, carbohydrates, sugars, fiber, and fatty acids) of the PW were estimated
by matching each ingredient of the recipes with foods from the Italian Food Composition
Database for Epidemiological Studies (BDA) [19,20]. To obtain environmental indicators
(i.e., carbon footprint—CF; water footprint—WEF, selected based on data availability in
the literature) of PW, ingredients were also matched to those in the SU-EATABLE LIFE
dataset [21], a comprehensive and harmonized database of CF and WF of foods. As in the
pre-intervention analysis [12], these data, together with the estimated amount in grams
of each wasted dish, allowed calculation of the energy, nutrient composition, CF, and
WEF of total PW, in accordance with the standard methodology for calculating the food
composition of a complex recipe based on its ingredients [22].

Food waste remaining on the counter was directly weighed using a scale at the end of
service each day of analysis. Only foods that were to be effectively discarded were counted.
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2.3. Statistical Analysis

A descriptive analysis was conducted on the variables collected through the ques-
tionnaire (sex, age, professional profile, and shift/no-shift work). Age was treated as a
categorical variable, grouped as follows: I, <34 years; II, 35-54 years; and III, >55 years.
The prevalence of trays containing PW was calculated (N, %) and PW was character-
ized using descriptive statistics for its weight, energy, and nutrient content (proteins and
lipids—total, animal and vegetal—available and soluble carbohydrates, fiber, saturated,
monounsaturated, and polyunsaturated fatty acids), environmental indicators (CF and
WE), and food course category (first course, second course, side dish, bread and substitutes,
fruit, salad, dessert, hard grating cheese, and, in C1 only: sugary drinks). Data on the
categories of wasted food were reported both as a percentage of the total amount of PW
and as a percentage of the served amount of each category. Descriptive analyses were
performed for the total sample and for the subsample of trays containing waste, in each
canteen and overall.

Data were presented as N (%) or as medians and 1st-3rd quartiles as the distribution
of the variables deviated from normality (Shapiro-Wilk test) and exhibited a right-skewed
pattern. However, means (and standard deviation) or differences between means were
reported when the total sample (fully and not fully consumed trays) was considered,
because the median was zero for most variables.

Differences in the distribution of continuous variables (PW weight, energy, nutrients,
and environmental indicators) between the three canteens were tested using the Kruskal—-
Wallis test. The Dunn test with Bonferroni correction was then performed as a post hoc
analysis. In addition, to test differences between TO and T1, the same PW variables were
compared using the Wilcoxon rank sum test. Changes in the prevalence of trays containing
plate waste before and after the intervention were analyzed using the Chi-square test.
Odds ratios with 95% confidence intervals were calculated to quantify the effect size. To
further investigate factors associated with plate waste generation, a multivariable logistic
regression analysis was performed using the presence or absence of PW as the dependent
variable. Independent variables included sex, age, type of work, canteen, study period
(TO, T1), energy content of the meal, and type of tray (beef, meat without beef, fish, vegetar-
ian, vegan). Odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated.

Additional analyses were performed, including only the first access to the canteen by
each user (each participant was considered only once). The aim was to examine PW based
on sex (male, female) and age group. Differences in PW prevalence were assessed using
the Chi-square test, PW variables were compared between females and males using the
Wilcoxon rank sum test, and across age groups using the Kruskal-Wallis test followed by
Dunn’s post hoc test with Bonferroni correction.

Data were analyzed using Stata/MP version 13.0 (64-bit; StataCorp LP, College Sta-
tion, TX, USA). Data visualization was performed using Microsoft Excel (Microsoft Corp.,
Redmond, WA, USA). p-values < 0.05 were considered statistically significant.

3. Results

A total of 1624 lunch meals were analyzed: 1005 in C1, 348 in C2, and 271 in C3. Based
on the mean number of daily users provided by the canteen staff [13], response rates were
45% in the largest canteen (C1), 61% in C2, and 64% in C3. Due to the submission of a blank
questionnaire, 30 trays were excluded from the analysis in C1, and 17 in C3. A complete
description of the sample is available in a previous paper [14].

Table 1 presents the characteristics of each canteen sample, both overall and divided
into fully consumed trays and trays with leftovers (not fully consumed trays). Trays
belonging to females accounted for 52% in C1, 58% in C2, and 63% in C3. The mean age
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was 42 & 12 years in C1, 46 & 11 years in C2, and 48 £ 10 years in C3, with most of the
sample in group II (35-54 years) in C2 and C3. Participants in C1 were younger than those
in C2 and C3. In C3, there were more females, shift workers, and younger users in the
group who fully consumed their meal compared to the other group. In the other canteens,
the fully and not fully consumed trays groups were more evenly distributed.

Table 1. Characteristics of the sample grouped by canteen and fully /not fully consumed trays.

Category Variables

Cc1 Cc2 C3

FCT NCT Total FCT NCT Total FCT NCT Total

(N =595) (N=4100 (N=1005) (N =274) (N =74) (N=348) (N=204) (N=67) (N=271)

Age 1(<34y) 194 (33) 164 (40) 358 (36) 59 (22) 17 (23) 76 (22) 29 (14) 8(12) 37 (14)
group, N 1(35-54y) 295 (49) 172 (42) 467 (46) 143 (52) 40 (54) 183(53)  119(58)  34(51) 153 (56)
(%) I (>55 y) 106 (18) 74 (18) 180 (18) 72 (26) 17 (23) 89 (25) 56(28)  25(37)  81(30)
Sex, N (%) Female 309 (52) 217 (53) 526 (52) 158 (58) 43 (58) 201(58)  135(66) 37(55)  172(63)
Male 286 (48) 193 (47) 479 (48) 116 (42) 31 (42) 147 (42) 69(34)  30(45) 99 (37)
Type of S}I\\irft Wor.ker 154 (26) 131 (32) 285 (28) 71 (26) 17 (23) 88 (25) 66 (33) 19 (28) 85 (31)
work, ngrli}elft 409(69)  251(61)  660(66)  199(73)  56(76)  255(73)  119(58)  45(67) 164 (61)
N (%) Missing 32 (5) 28(7) 60 (6) 4(1) 1(1) 5(2) 19 9) 3(5) 2 (8)
FCT, fully consumed trays; NCT, not fully consumed trays.
3.1. Plate Waste Quantification and Its Nutritional and Environmental Characteristics
Globally, 4.7% of the food served in the three canteens was wasted (6.1% in C1, 2.0%
in C2, and 2.6% in C3). However, more than half of the trays in each canteen had no PW
(66.1%), so the median value of each PW variable was zero. Specifically, the percentage
of fully consumed trays was 59.4% in C1, 78.7% in C2, and 75.3% in C3. In total, over
five days, users who gave consent wasted the following amounts of edible food: 44.5 kg
in C1, 4.2 kg in C2, and 4.9 kg in C3 (Table S1). Overall, the per capita (mean) PW was
33.1 g/tray and 43.6 kcal/tray, contributing to a per capita waste of 69.6 g CO, eq. and
61.8 L H,O (Table 2). The highest values for all waste variables were observed in C1, the
largest canteen (by user rate) managed by an external catering company: PW exceeded the
overall mean values by 11.2 g/tray, 15.1 kcal/tray, 23.8 gCO, eq./tray, and 21.9 LH,O/tray.
Table 2. Plate waste characteristics (weight, energy, carbon footprint, and water footprint) in the
whole sample, considering each canteen individually and all canteens together (N = 1624).
C1 (N =1005) C2 (N = 348) C3 (N =271) All Canteens
Variables of PW (N =1624)
Mean SD Q3* Mean SD Q3* Mean SD Q3* Mean SD Q3*
Weight (g/tray) 443 768 63.0 121 317 00 182 442 00 331 663 390
Energy (kcal/tray) 58.7 100.0 970 146 386 0.0 250 60.1 00 436 86,5 53.0
CF (gCO; eq./tray) 934 2769 647 188 645 00 466 1727 00 69.6 233.0 337
WEF (LH20/tray) 837 1969 789 166 468 00 386 121.8 0.0 61.8 166.6 429

* Median and 1st quartile values were equal to 0 for each variable; therefore, they were not reported. SD, standard
deviation; Q3, 3rd quartile; PW, pate waste; CE, carbon footprint; WF, water footprint.

Considering the not fully consumed tray groups separately, it is possible to characterize
the nutritional composition and environmental indicators of PW in each canteen and
overall (Table 3). Median PW composition in the three canteens ranged between 2.1 and
4.7 g of protein, 2.3-3.6 g of lipids, 6.0-16.3 g of total carbohydrates, and 0.7-1.3 g of
fiber per tray containing waste. PW in C2 was lighter than in C1 and contained less
energy, protein, saturated and polyunsaturated fatty acids than in the other two canteens
(p < 0.0001). It also corresponded to a lower carbon footprint. Conversely, PW in C1 was the
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highest. In total, over five days in the three canteens, considering only users who agreed
to participate, 70,854 kcal, 3.4 kg of protein (58% of animal origin), 0.9 kg of fiber, and
0.4 kg of polyunsaturated fatty acids (PUFA) were wasted, along with 100,329 L of water,
and 113 kg of CO; eq emitted.

Table 3. Nutritional composition and environmental indicators of plate waste in each canteen and

across all canteens (C1 + C2 + C3). Only trays containing waste were considered (N = 551).

All Canteens

C1 (N = 410) C2 (N =74) C3 (N = 67) Dunn Test
Variables (N = 551) p Value with Total PW t
Median (IQR) per Tray Bonferroni **
Weight () ( 45498?1'27.5) (25.‘(*)1_';)5. y 512073959 (39‘4711;;9. gy  00001°  ClC2CI-C3 53,651
1067 524 81.4 105.4
Energy (keal) (64.8-193.1) (32.8-101.7) (40.9-132.9) (51.3-180.0) 0.0001 % all 70,854
Total protein (g) 47(22-92)  21(08-35) 3.4 (1.4-6.0) 40(17-83)  00001*  C1-C2; C2-C3 3421
Animal protein (g) 00(00-68)  0.0(0.0-34)  0.2(0.0-43) 00(0.0-54)  0.1477 . 1971
Vegetal protein (g) 22(08-43)  08(03-19)  1.4(04-28) 20(0.6-34)  0.0001* all 1421
Total lipids (g) 36(18-63)  23(09-35)  3.5(1.7-55) 35(18-56)  0.0001* Cl-C2 2355
Animal lipids (g) 00(00-14)  00(0.0-11) 0.1 (0.0-25) 0.0(0.0-14)  0.0630 ; 615
Vegetal lipids (g) 30(13-50)  17(09-26)  18(0.1-35) 25(06-42)  00001*  CI-C2; C1-C3 1819
Av. carbohydrates (g) 163 (27-31.2)  60(1.0-160)  7.7(19-167)  138(24-251)  0.0001*  CI-C2;C1-C3 9094
Soluble carbohydrates (g) 1.3 (0.6-4.2) 1.0 (0.4-2.6) 1.1 (0.6-2.6) 1.3 (0.5-3.8) 0.1046 - 1846
Fiber (g) 13(08-25)  07(03-09) 0.9 (0.7-18) 11(07-22)  0.0001*  Cl-C2; C2-C3 936
Saturated FA (g) 06(03-1.1)  04(0.0-07)  0.8(03-14) 05(03-1.1)  00011*  C1-C2; C2-C3 514
Monounsaturated FA (g) 17 (11-3.0)  1.0(0.1-15) 13 (0.7-25) 13(07-28)  0.0001*  C1-C2: C1-C3 1186
Polyunsaturated FA (g) 0.6 (0.2-1.3) 0.2 (0.0-0.4) 0.4 (0.1-1.3) 0.5(0.2-1.2) 0.0001 * C1-C2; C2-C3 441
101.4 339 75.0 82.0
CF (g CO; eq) (443-2392)  (221-1176)  (33.2-153.4) (33.7-200.8) ~ 000017 CI-C2C2-C3 113,035
1269 509 783 106.1 . ,
WF (L H,0) (516-2358)  (321-1051)  (35.6-161.7) (38.7-2084) 000017 CI-C2CI-C3 100,329

Differences between canteens were tested with the Kruskal-Wallis test. * p < 0.05 was considered significant.
** Canteen pairs whose post hoc Dunn test with Bonferroni correction was significant were reported. t+ Total
PW refers to the total waste produced in five working days by all users who gave consent to participate. IQR,
interquartile range; Av. carbohydrates, available carbohydrates; FA, fatty acids; CF, carbon footprint; WE,
water footprint.

Stratifying by sex and considering only the first canteen access (N = 791, of whom
444 were female and 347 male), more females (65.5%) than males (63.4%) produced
PW. However, this difference was not significant (p = 0.532). Stratifying by age group
(N =232 group I, N = 396 group II, and N = 163 group III), there was an almost significant
difference in PW distribution (p = 0.064): 40.5% of the youngest group (<34 years), 31.6% of
the middle group, and 37.4% of the oldest group (>55 years) produced PW. This difference
became significant when analyzing the quantity of PW produced (p = 0.0333), and the Dunn
test confirmed this difference, but only between group I and group II.

Multivariable logistic regression analysis identified canteen site (C1, C2, C3) and meal
energy content as the main independent predictors of PW occurrence. Compared with C1,
the probability of generating plate waste was significantly lower in C2 (OR = 0.46, 95%
CI: 0.36-0.57, p < 0.001) and C3 (OR = 0.53, 95% CI: 0.41-0.68, p < 0.001). Higher meal
energy content (scaled per 100 kcal increase) was associated with a greater likelihood of
plate waste (p < 0.001), whereas sex, age, work schedule, tray type, and time (T0, T1) were
not significantly associated with PW occurrence. The proposed model is well-calibrated
(low Briar score) but has low discriminatory power (AUC close to 50%).
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3.2. Wasted Food Categories

Considering the total amount of PW produced, side dishes were the main wasted food
category (Supplementary Table S1), accounting for 30% of total PW (Figure 1). Figure 1
also shows that in both C1 and C3, the second largest contributor to total PW was second
courses, while in C2 it was fruit (16%). When examining the percentage PW calculated
based on the served food of each course category (Supplementary Table S1), about 6%
of side dishes, 5.1% of salad, 4.8% of second courses, and 3.8% of fruit selected by users
were wasted, while bread and substitutes were the most wasted in terms of served amount
(13.4%).

1.2%

11.5% &

15.5%

o

(b

0.3% 3.1%

8.4% __ a8

01% _ 2.3%

m First course
m Second course

= Side dishes

10.7% _ {5

Bread and substitutes

© Fruit

e @ Salad

m Dessert

m Hard grating cheese

Sugary drinks

(d)

Figure 1. Percentage contribution to the total amount of plate waste by food course category in
(a) C1, (b) C2, (¢) C3, and (d) overall.

3.3. Quantification of Food Waste on the Counter

The quantity of food waste present at the end of the day in the service counter contain-
ers and therefore wasted without being served (unlike plate waste) was also considered.
The food excluded from this analysis included: reused vegetables, fruit, yogurt/puddings,
bread, and bread substitutes. In C1, a total of 66.8 kg of prepared food was thrown away
during one week of analysis; in C2 84.1 kg, and in C3 8.3 kg. On average, the daily counter
waste was 13.4 & 6.7 kg in C1, 16.8 &= 5.7 kg in C2, and 1.7 & 0.7 kg in C3. Table 4 provides
the quantification of service waste, divided by food course category. In each canteen, the
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food category with by far the highest level of waste at the serving counter was first courses
(e.g., soup, pasta, rice, and sauces for dressing them), followed by side dishes including
cooked vegetables, potatoes, and pulses; salad (i.e., raw vegetables); and, finally, second
courses (e.g., meat, fish, eggs, vegan burgers).

Table 4. Service waste produced over five days, grouped by food course category, considering each
canteen individually and all canteens together.

C1 C2 C3 All Canteens
Service Waste
Food Mga]r)l * Total Total Mesa]g + Total Total Mesa]I)\ + Total Total Mesa]; + Total Total
1 0y * 0 * 0, * 0, *
Categories (kg/Day) (kg) (%) (kg/Day) (kg) (%) (kg/Day) (kg) (%) (kg/Day) (kg) (%)
First courses 83+52 41.3 61.8 122 £3.7 61.2 72.8 1.0+ 05 4.8 57.4 72+59 107.3 67.4
Second courses 09+1.0 44 6.5 0.6 £0.7 3.1 3.7 0.1+0.1 0.6 6.6 0.5+07 8.0 5.0
Side dish 3.3+3.0 164 24.6 25+ 1.6 12.3 14.6 04+04 2.1 25.5 21+22 30.8 194
Salad 09405 4.7 7.0 1.5+1.1 7.5 8.9 02+0.1 0.9 10.5 09 +09 13.0 8.2
Total service 66.8 84.1 83 159.2

waste

C1

Cc2

C3

Total

* Calculated as the percentage service waste of each food category on the total service waste of the canteen.

3.4. Comparison with Pre-Intervention Data

Figure 2 shows the prevalence of trays containing PW at TO and T1. Although in C2
the prevalence slightly decreased from 22.8% to 21.3%, overall, the prevalence of trays
containing PW increased after the intervention, from 32.2% to 33.9%. However, this
difference was not statistically significant (p = 0.330; OR = 1.08; 95% CI: 0.92-1.27), even
when the three canteens were analyzed separately. Regarding PW weight, we observed an
increased mean and median value among wasters (Table 5) in C1 and C3, and a decreased
mean and a significantly decreased median value among wasters (Table 5) in C2, with a
clear decrease in first course and side dish waste in C2, and an increase in second course
waste in C3 (Figure 3). Furthermore, for side dish waste in C2, there was a significant
decrease (p= 0.006) in the number of trays containing it at T1 (3.7%) compared to TO (9.2%).

BTl OTO

40.8%

37.6%

|

21.3%

22.8%

|

24.7%

21.4%

33.9%

32.2%

0%

5%

10% 15% 20% 25% 30% 35% 40% 45%

Figure 2. Prevalence of trays containing plate waste in the three canteens and in total, before (T0) [12]
and after (T1) the food choice intervention.

https:/ /doi.org/10.3390/app16136453


https://doi.org/10.3390/app16136453

Appl. Sci. 2026, 16, 6453 10 0f 19

Table 5. Comparison of the nutritional composition and environmental indicators of plate waste
before (T0) [12] and after the intervention (T1). Only trays containing waste were considered.

Variables C1 C2 C3 All
Canteens
A T1-T0O A T1-T0O A T1-T0O A T1-T0
Median p Value Median p Value Median p Value Median p Value
Weight (g/tray) +0.6 07758  —489 ¥ 00001* +87 0.2974 —4.4 0.3308
Energy (kcal/tray) +71 A 00127* —480 Vv  <0.0001* +30.6 A  0.0290* +9.4 0.1434
Total protein (g/tray) +1.1 00728 —12 v 00073* +23 A  0.0005* +0.8 0.0657
Animal protein (g/tray) 0.0 07515 0.0 08834  +02 A 0.0029* +0.0 0.3094
Vegetal protein (g/tray) +0.3 0.7745 -1.7 v <0.0001*  +0.3 0.2596 +0.1 0.2829
Total lipids (g/tray) +25 01190 —19 v 00001* +1.2 0.3843 +0.4 0.8741
Animal lipids (g/tray) 0.0 02856 0.0 03963  +01 A  00101* +0.0 0.7408
Vegetal lipids (g/tray) +10 A 0037%6* —09 v  00111* —01 0.7875 +0.4 0.6298
A"aﬂabl(eg C/ﬁl;;i‘ydrates +5.9 00840 —45 v 00121* 451 0.1482 +4.8 0.3381
Soluble carbohydrates (g/tray)  —0.3 0.3453 —04 0.2957 —02 0.7431 —02 0.1809
Fiber (g/tray) -0.2 05116 —06 v  00008* +0.1 0.7430 -03 0.0726
Saturated fatty acids (g/tray) +0.1 0.6774 -05 v 0.0001 * +0.5 0.1857 -0.1 0.5379
Monounsaturated fatty acids 4 0091 —08 v  00001* 0.0 0.7454 0.0 0.9512
(g/tray)

POlyunsat(‘;/attrea‘;)fatty acids 02 A 00129* 03 v 00001* +02 0.1018 +0.1 0.2003
CF (g CO; eq. /tray) -3.1 09808  —484 v 00099* +408 A  0.0244% —5.6 0.9593
WF (L H,0/tray) +14.2 03781  —598 v 00007* +247 A  0.0214* +5.4 0.6931

CE carbon footprint; WF, water footprint. Statistically significant differences (reduced plate waste after the inter-
vention) were highlighted with V¥; statistically significant differences (increased plate waste after the intervention)
were highlighted with A. Differences between T0 and T1 were tested with the Wilcoxon rank sum test. * p < 0.05
was considered significant.

First course

Second course

Side dishes

Bread and substitutes

Fruit

Salad

Dessert

Hard grating cheese

Sugary drinks

Whole tray

-11 -10 9 8 -7 6 5 4 -3 -2 -1 0 1 2 3 4 5 6
mean APW (T1-T0) (g/tray)

ECl @C2 OC3 mAll

Figure 3. Differences in the mean weight of plate waste before (T0) [12] and after (T1) the food choice
intervention in the three canteens and in total, for the whole tray and by food course category.
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Consistent with the weight data, there was a general decrease in nutrient waste and
its environmental indicators in C2 (Table 5). Although the difference in weight was not
significant in the other two canteens, the energy density of PW increased. Moreover, in C3,
both waste of animal proteins and animal lipids increased, along with environmental data.

4. Discussion

The present study examines the quantity and characteristics of plate waste following an
intervention aimed at improving food choices among hospital canteen users. Accordingly,
the results focus on: (1) expanding data on PW among hospital canteen users, (2) providing
new data on service waste, and (3) comparing data from before and after the intervention.
Data on changes in food choices after the intervention were reported elsewhere [14]. At
T1 (post-intervention), the largest canteen, which had more daily users and was managed
externally by a catering company, produced more PW than the other two canteens. Overall,
as at TO [12], PW remained consistent with the literature for similar settings. PW decreased
in one canteen after the intervention and slightly increased in the other two. Notably, the
intervention on food choices led to fewer positive changes in the canteen where the amount
and prevalence of plate waste decreased. Conversely, this canteen had the highest counter
food waste.

4.1. Food Waste Quantification

Results showed that more than half of the trays in each canteen had no PW. Moreover,
when the amount of wasted food was analyzed, 4.7% of the food served was found
to be wasted on the plate, similar to the pre-intervention assessment [12]. Despite the
considerable heterogeneity in adult food service establishments in terms of cultural context,
service model, menu planning, portioning practices, and pricing systems, which makes
comparison challenging, the amount of PW observed in this study was similar to that
observed in a hospital cafeteria where meals were sold directly to users and/or workers
before a specific intervention to reduce food waste [23]. The results were also similar to
those reported in a hospital cafeteria for employees where menus had a fixed price [10],
and higher than the amount of PW found in a hospital cafeteria for employees where food
was paid for by weight [10]. Conversely, higher values were reported at lunch in a hospital
food hall in Turkey [24] and in various workplace or university settings [25,26], in some
cases even after interventions to raise PW awareness [27-29].

In the present study, higher meal energy content was independently associated with
a greater likelihood of PW, indicating that larger or more energy-dense meals may be
less likely to be fully consumed. Moreover, the canteen site also emerged as a significant
independent predictor of PW, with waste in C1 significantly higher than in the other two
canteens. Thus, C1 showed the highest values, similar to those observed in the Turkish
hospital canteen [24], while C2 and C3 showed lower or more comparable values to those
of the other hospital canteens [10,23]. It is noteworthy that the percentage of trays with PW
in C1 remained consistently the highest throughout the study period (T0-T1) compared
with the other canteens (C1: 38-41%; C2: 23-21%; C3: 21-25%). These differences between
C1 and the other two canteens may be explained by different responses to the intervention
by employees, different dishes offered, and/or the larger size (i.e., higher user rate) of
C1 compared with C2 and C3. In addition, other factors should be investigated in future
studies, such as satisfaction with food quality and adequacy of portion size, for example by
adding questions on the reasons for plate waste to the questionnaire.

Despite the overall low PW observed in C2 and C3, significant differences were found
between these two canteens when service counter food waste was analyzed. The largest
differences in service waste were observed between C3, the only canteen with internal
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management, and the other two externally managed canteens with high (C1) and low (C2)
user rates (C1: +58.5 kg of service waste; C2: +75.8 kg compared with C3 in one week of
analysis). A flexible organization of daily menus in this internally managed canteen may
have facilitated the reuse of food in other preparations, thereby reducing service waste.
Indeed, in C3, some vegetables were reported to be reused the following day to produce,
for example, soups, and therefore were not weighed as service waste. However, there were
also minor differences between C1 and C2, which have the same external management
but different user rates: C1 is the largest canteen with almost 450-480 daily users, while
C2 is a small canteen with approximately 100-120 users per day. Therefore, a speculative
interpretation of these results is that management and organization of the canteen (e.g.,
menu planning that considers the reuse of certain foods and food production planning
based on actual user rates) can be key to preventing service waste. This additional analysis
also made it clear that PW cannot be considered in isolation, as C2 was the most virtuous
canteen in terms of PW (total produced by participating users: 4.2 kg; hypothetical total
considering the user rate for 5 days: 6.1-7.3 kg), but the worst in terms of service food
waste (total: 84.1 kg). It can also be hypothesized that where less food was wasted on the
plate, users chose less food, resulting in more food remaining on the counter if the amount
offered is not adjusted to new user habits. Previous studies have already highlighted the
importance of avoiding overproduction and improving planning in buffet-style canteens to
reduce service waste [23,30].

4.2. Plate Waste and Demographic Characteristics

Results showed no statistically significant differences in either the prevalence of trays
with PW or the amount of PW between males and females, contrary to what is reported in
most studies in the literature [31-36] and in the pre-intervention assessment regarding PW
amount [12]. However, we cannot exclude the possibility that the intervention itself may
have indirectly modified PW behaviors differently by sex, thus levelling those differences.
In contrast, age-related differences in PW found in the previous assessment [12] were
partially confirmed. The youngest group (<34 years) wasted the most, particularly more
than the middle group (35-54 years), with a statistically significant difference. Although
few data were found on age differences in PW in food service for adults of working age [37],
with mixed results, the most compelling evidence is that older people waste less, but
mainly in households [36,38,39], where management and educational/social models play a
determining role. Furthermore, in the multivariable regression model, sex and age were
not independently associated with PW occurrence after adjustment for the other covariates.

4.3. Plate Waste Characterization

In the total sample, wasted food on the plate accounted for a mean of 43.6 kcal, 69.6 g
CO; eq., and 61.8 L HyO per tray. Overall over five days in the three canteens, 70,854 kcal
were wasted, 113 kg CO, eq were produced, and 100,329 L of water were used solely to
produce wasted food. In line with the findings on PW amount, the highest mean values
for all parameters were observed in C1: PW of 58.7 kcal/tray, 93.4 g CO, eq./tray, and
83.7 L HpO/tray, corresponding to about 10% of the middle value of the reference range for
a complete meal [40] wasted without being eaten.

Considering only trays with leftovers, it was possible to characterize PW in terms of
median nutrient content per not fully consumed tray. Alarmingly, it was also found that,
on average, more plant proteins were wasted in each canteen than animal proteins, despite
national and international recommendations to increase the consumption of plant protein
sources for human and planetary health [1,41]. In total, the amount of wasted energy and
nutrients was 70,854 kcal, 3.4 kg of protein, 2.4 kg of lipids (of which 0.4 kg were PUFA),
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9.1 kg of carbohydrates, and 0.9 kg of fiber. This count includes only trays from users who
gave their consent to participate in the study, representing approximately half of all users
accessing these canteens during the five working days of analysis. Therefore, actual weekly
PW should be almost double.

The category that contributed most to the total amount of PW was side dishes, both
overall and in each canteen, as seen in the pre-intervention assessment [12]. However,
unlike the pre-intervention results, C2 showed a smaller percentage contribution (20%)
than the other canteens. In contrast to these results, a Spanish study presenting aggregated
data (home and out-of-home waste), found that bread was the main contributor to total
waste (25%), while side dishes accounted for only 7% of total waste [36]. On the other hand,
Silva and colleagues [42] found in a Portuguese university canteen that the main wasted
foods were salad and vegetables, particularly as PW.

Considering fruit, side dishes, and salad (vegetables) together, they account for almost
half of the total wasted food (49%), amounting to 26.4 kg /week of PW produced by approxi-
mately 50% of the users who agreed to participate in the study. Reducing fruit and vegetable
waste by promoting their consumption is not only a health goal but also a sustainability
goal, as the environmental load is driven not by high impact indicators themselves, but
by the large quantities of food wasted. Fruit waste also entails a significant company cost,
and therefore represents a loss of nutrients, money, and biomass. The primary proposed
strategies for food waste management are reduction and reuse/donation [43]. In the case
of PW, donation is not a feasible option, so reuse and reduction should be prioritized. A
simple strategy for “reuse” may be to encourage the takeaway of fruit that is not consumed
during the meal, transforming a potential waste into a healthy afternoon snack. Moreover,
it is essential to characterize wasted food to support the selection of appropriate waste
management options. Indeed, after reduction and reuse, another feasible option for service
waste and plate waste is the recovery of energy and nutrients from leftovers, and to achieve
this, it is important to know the potential of the waste produced in each setting.

4.4. Plate Waste Modifications After the Intervention on Healthy and Sustainable Food Choices

To our knowledge, only a few studies have compared data on PW following an inter-
vention not focused on reducing PW, but on improving the health aspects of food choices
in collective catering settings [10,11]. Contrary to the findings of Cohen and colleagues [11],
but in line with the other study [10], we found that the amount of PW remained sub-
stantially unchanged after the intervention aimed at promoting healthy and sustainable
food choices, (although in our case with an increase particularly in its energy density)
except in one canteen (C2), where the amount of PW decreased and, at the same time,
the intervention did not seem to have worked properly [14]. One possible speculative
explanation for this paradoxical finding is that users who maintained their usual food
choices may have selected foods more closely aligned with their preferences and therefore
consumed a larger part of the meal. In fact, in C2, the intervention did not seem to have
worked properly because (1) side dish and fruit consumption did not increase in the post
intervention assessment, but only salad consumption increased, and only at the thresh-
old of statistical significance; (2) the choice of beef-based dishes, which have the worst
environmental profile [13], remained unchanged; and (3) the macronutrient composition
of the meal did not improve adequately, remaining unbalanced towards fats and low in
fiber. However, the energy content, and correspondingly, the CF and WF of the meal,
decreased. This scenario, combined with the results on PW—which decreased signifi-
cantly in the post-intervention assessment among those who wasted something (median:
—48.9 g/tray and —48.0 kcal/tray), with a significant decrease in fiber waste and in waste
of vegetal protein and lipids relative to animal ones—suggests that the intervention may
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have indirectly sensitized users to the importance of eating vegetables. Therefore, they
possibly chose them to the same extent as before [14] but ate them instead of leaving them
on their plate. This hypothesis is reinforced by the fact that the PW of side dishes decreased
the most after the intervention: on average, each user wasted 10 g less of side dishes per
tray compared to the pre-intervention period and, considering the total amount of PW
produced, the contribution of side dish waste decreased from 42% [12] to 20%. The lower
CF and WF of PW after the intervention may be explained by the lower CF and WF of
choices and the lower amount of PW in general, rather than by an actual reduction in waste
of beef-based or other unsustainable dishes. Indeed, it must be noted that the lower amount
and energy content of PW also corresponded to a lower (but still reasonably sufficient)
energy content of the chosen meal: users chose less and consequently wasted less food,
as also confirmed by the regression results. Several studies in the literature confirm that
smaller portions are associated with smaller PW [44,45] and that excessive portions are the
main declared reason for PW [46]. In the present study, the portion size was not changed,
but users independently chose a less caloric meal, showing a similar effect.

In C3, the intervention appears to have increased vegetable choices (side dishes
and salad) [14]. However, we found that while salad waste decreased, side dish waste
increased in parallel, thus weakening the hypostasized effectiveness of the intervention.
This pattern may suggest a mismatch between the intention to consume (food choice)
and the actual behavior (consumption), which is conceptually similar to the intention—
behavior gap described in the literature [47]. In this context, it reflects a discrepancy
between what users value as the food they ideally want to eat (e.g., vegetables), and
what they actually consume. We may also speculate that cooked side dishes were more
prone to this phenomenon compared to raw vegetables, as they may be more sensitive to
issues such as preparation quality, presentation, or over-portioning relative to consumers’
preferences. Therefore, these results highlight that it is pointless to increase the choice
of vegetables if they are then wasted on the plate as this nullifies both the nutritional
and environmental goals. Moreover, food leftovers have a higher environmental impact
than consumed food, since not only are the resources used to produce them wasted, but
additional resources are also required to manage the waste. A particularity of C3 is that
the choice of beef-based dishes also increased significantly post-intervention [14]. This is
contrary to the aim of reducing beef consumption, given its much higher environmental
impact compared to other protein sources [21] and the infrequent consumption suggested
by dietary guidelines [48,49], as well as by the educational material displayed in the dining
room during the intervention. The observed increase in beef selection was attributed to
the fact that, by chance, beef was not offered at TO, whereas at T1, several second courses
available during the week of analysis were beef-based [14]. Following this rise in selections,
beef was also detected in PW. Although the increases in the prevalence of PW (+3.3%) and
the total amount of PW per tray were not statistically significant, a trend was observed,
with a median increase of +8.7 g/tray, +30.6 kcal/tray (p < 0.05), and +2.3 g/tray of protein
wasted (p < 0.005). Notably, there was a significant increase in animal protein, animal lipids,
and environmental indicators, indicating greater waste of unsustainable animal-based
dishes (e.g., beef). Thus, beef was offered more frequently as a second course, chosen more
often, but also wasted more. Second courses were wasted more than in the pre-intervention
assessment, when other second courses (mainly pork and chicken) were offered instead of
beef. The mean amount of waste from second courses, which in Italy traditionally contain
meat, cheese, or fish, increased in C3 after the intervention (+3 g/tray on average), as did
the percentage contribution of second courses to total PW (from 4% to 20%). Furthermore,
both food choices and PW had higher energy and environmental indicators at T1 than at
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TO: users selected more energy-dense and less sustainable meals and also wasted more
of them.

In C1, vegetable selections increased after the intervention, while beef selection as a
second course decreased [14]. As in C3, there was a parallel trend of increased PW, both
in the prevalence of trays with leftovers (+3.2%), in its median amount (+1 g/tray, not
significant), and in energy content (+7 kcal/tray, p < 0.05). However, in this case, differences
in wasted food categories were not apparent. Like the other canteens, changes in the energy
content of food choices corresponded to changes in the energy content of PW.

Overall, the results indicate that improvements in food choices do not necessarily
lead to improvements in actual food consumption. In two canteens, the intervention
appeared to encourage healthier food selections, particularly vegetables, but this was not
consistently accompanied by reductions in plate waste. These findings suggest that food
choice and food consumption should be evaluated together when assessing the effectiveness
of interventions aimed at promoting healthier and more sustainable eating behaviors.

4.5. Strengths and Limitations

The strengths and limitations of this study reflect those reported in the paper on
pre-intervention assessment [12]. Briefly, the main strengths are plate waste was not self-
reported but visually estimated by trained researchers from photographs; recipes and
portion sizes were provided by canteen staff; and the high response rate (almost 50%)
allows for reliable estimates. However, generalizability remains limited due to the high
variability of setting, food offering, and service modalities in the food sector. The main
limitations are: variability in the menu between T0 and T1, which could have influenced
both food choices and plate waste independently of the intervention; heterogeneity of the
interventions between the canteens; lack of a causal design; absence of specific questions on
the reasons for PW (e.g., palatability, portion size); possible selection bias (non-mandatory
participation in the study may have selected users with more time or greater interest in the
topic) and observation bias (possible behavioral change to meet perceived expectations);
visual estimations of PW; and the use of only two indicators of environmental impact (CF
and WF). Moreover, due to the use of the SU-EATABLE LIFE dataset for environmental
data estimations, which includes data up to the market level, underestimation may have
occurred. One limitation identified in the first assessment—which has now been resolved—
concerned the analysis of food service waste. In the present paper, we also quantified food
waste generated at the service point, broadening the food waste analysis.

5. Conclusions

This study contributes to the currently limited evidence on food and plate waste
in institutional food services for adult employees and on the relationship between inter-
ventions promoting healthier and more sustainable food choices and plate waste. The
findings suggest that improvements in food choices are not necessarily accompanied by
reductions in plate waste, highlighting the importance of evaluating food selection and
actual consumption together.

In this study, plant-based foods were among the most wasted food categories, particu-
larly in the two canteens where vegetable choices were increased following the intervention.
This highlights the importance of combining interventions promoting healthy eating with
strategies aimed at reducing waste of healthy foods. Moreover, in the present analysis,
cafeteria site and meal energy content were the main independent determinants of plate
waste, corroborating the hypothesis that both contextual factors of the food service setting
and food choices may influence plate waste generation.
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These findings imply that future interventions to promote healthier and more sustain-
able eating behaviors should be accompanied by strategies to improve the acceptability
of menu options, optimize portion sizes, and monitor plate waste alongside food choices.
Given the uncontrolled design of the study, the observed changes cannot be interpreted as
causal effects of the intervention. Future studies incorporating behavioral and contextual
measures are needed to better understand the mechanisms linking food choice, food con-
sumption, and plate waste, and to identify the most effective strategies for simultaneously
improving dietary quality and reducing food waste.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/app16136453/s1, Table S1: Amount of plate waste by course
category in each canteen and in the total sample.
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