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Abstract

Background Changing the food environment is an important public health lever for encouraging sustainable food
choices. Targeting the availability of vegetarian main meals served in cafeterias substantially affects food choice, but
acceptability has never been assessed. We examined the effects of an availability intervention at a French university
cafeteria on students'main meal choices, meal offer satisfaction and liking.

Methods A four-week controlled trial was conducted in a university cafeteria in Dijon, France. During the two-week
control period, vegetarian main meals constituted 24% of the offer. In the subsequent two-week intervention period,
this proportion increased to 48%, while all the other menu items remained unchanged. Students were not informed
of the change. Student choices were tracked using production data, and daily paper ballots were used to assess
student satisfaction with the meal offer and liking of the main meal they chose (score range [1;5]). Nutritional quality,
environmental impact, and cost of production of meal choices were calculated for each lunchtime. Food waste was
measured over 4 lunchtimes during control and intervention periods. An online questionnaire collected student
feedback at the end of the study.

Results Doubling availability of vegetarian main meals significantly increased the likelihood of choosing vegetarian
options (OR=2.57,95% Cl = [2.41; 2.74]). Responses of the paper ballots (n=18,342) indicated slight improvements in
meal offer satisfaction from 4.05+0.92 to 4.07 +£0.93 (p=0.028) and in liking from 4.09+0.90 to 4.13+0.92 (p <0.001)
during control and intervention periods, respectively. The end-of-study questionnaire (n=510) revealed that only

6% of students noticed a change the availability of vegetarian main meals. The intervention led to a decrease in the
environmental impact of the main meals chosen, a slight decrease in nutritional quality, a slight increase in meal costs
and no change in food waste.

Conclusions Doubling availability of vegetarian main meals in a university cafeteria resulted in a twofold increase in
their selection, with students reporting being more satisfied and liking the main meals more during the intervention
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period. These results suggest that serving an equal proportion of vegetarian and nonvegetarian main meals could be
considered in French university cafeterias to tackle environmental issues.

Trial registration Study protocol and analysis plan were pre-registered on the Open Science Framework (https://osf.

io/pf3x7/).

Keywords Choice architecture, Availability intervention, Food choices, Vegetarian meals, University cafeteria,

Acceptability, Sustainability, University students

Background

A shift toward sustainable diets is essential for meet-
ing greenhouse gas emissions (GHGE) reduction goals
and promoting healthier eating patterns [1-4]. Sustain-
able diets encompass four dimensions, as defined by the
FAO and WHO [5, 6]: they should be nutritionally ade-
quate, safe and healthy; respectful of the environment;
economically fair; and culturally acceptable. In Western
countries where the consumption of meat—a notoriously
unsustainable food group—is high, the adoption of more
plant-based diets is crucial to align with sustainable diet
guidelines [1, 7-9].

There are numerous obstacles to reducing meat con-
sumption, such as limited awareness of the impacts of
meat on health and climate, insufficient cooking skills
for plant-based meals, fear of stigma, high availability
of meat products at relatively low prices, and low avail-
ability of vegetarian options in many out-of-home out-
lets [10, 11]. Overcoming such barriers requires diverse
strategies to modify behavior [12, 13]. Two main types of
interventions have been proposed [14, 15]: interventions
targeting conscious determinants that raise individu-
als’ awareness (e.g., educational intervention targeting
knowledge, skills, motivations), and structural interven-
tions targeting the physical food environment which have
been proven more efficient at promoting meat reduction
than those targeting conscious determinants [12, 14, 16].
Educational interventions may increase the intention to
reduce meat consumption [12, 14], but their effects on
actual behavior may be countered by a physical environ-
ment promoting meat consumption through availability,
placement, or pricing, resulting in an intention-behavior
gap [17, 18]. Therefore interventions targeting meat con-
sumption should primarily consider structural changes in
the food environment [19, 20].

Among structural interventions, availability interven-
tions increasing the variety or number of target food
groups are a promising strategy for driving large-scale
behavioral change [21-23]. For example, in an English
university cafeteria doubling the availability of vegetar-
ian meals from 25 to 50% led to a significant increase in
the choice of vegetarian meals (41-79% depending on the
experimental setting) [24]. However, these striking find-
ings have never been replicated in the French context,

where a strong preference for meat has been reported
and vegetarian meal availability is still limited [25-27].

In French university cafeterias where the number of
options served is limited and where students can only
choose one main meal, the increased availability of one
meal type comes at the expense of another, possibly
replacing the preferred option [23, 28]. This raises con-
cerns about the acceptability of availability interventions
if the new food offer does not align with students’ pref-
erences. Individuals are indeed more inclined to sus-
tain a behavior over time if they derive pleasure from
the new behavior [29]. However, none of the previous
studies investigating the effects of increasing vegetarian
meal availability have explored whether the change was
acceptable for the participants [24, 30, 31]. Sekhon et al.
proposed a theoretical framework for the acceptability
of healthcare interventions comprising seven constructs:
affective attitude, burden, perceived effectiveness, ethi-
cality, intervention coherence, opportunity costs, and
self-efficacy [32], highlighting that acceptability is a com-
plex and multifactor concept. In the context of a food
availability intervention, we suggest there are two key
dimensions of acceptability: the level of satisfaction with
the new food offer and the level of liking for the selected
food.

We conducted a four-week controlled trial in a French
university cafeteria where vegetarian main meal avail-
ability doubled during a two-week intervention period
compared to a two-week control period. The first objec-
tive was to assess the impact of increasing the availability
of vegetarian main meals on students’ main meal choices.
We hypothesized that increased availability would lead
to a greater selection of vegetarian main meal options.
The second objective was to evaluate the acceptability
of increasing the availability of vegetarian main meals by
measuring students’ meal offer satisfaction and liking. We
hypothesized a decrease in satisfaction and liking as veg-
etarian main meal availability increases because students’
preferred main meal options may have been removed.
We triangulated the acceptability measure by quantifying
food waste. As additional objectives, we investigated how
the increased availability of vegetarian main meals affects
students’ main meal choices in terms nutritional quality,
carbon footprint and cost of production.
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Methods

Study design

A four-week controlled experiment was conducted dur-
ing lunch hours in a university cafeteria (Dijon, France),
serving approximately 2000 meals per lunchtime. The
experiment comprised two phases (Fig. 1): a two-week
control period with the aim of serving 25% of vegetarian
main meals consistently with the observed availability
in this cafeteria before the experiment and a two-week
intervention period with the aim of serving 50% of veg-
etarian main meals. The vegetarian main meals excluded
meat and fish but might include eggs and/or dairy prod-
ucts. The data were collected during both the control and
the intervention periods to conduct pre-and post-data
analysis.

Both the control and intervention periods included ten
lunchtimes matched for recipes of the main meals, start-
ers, and desserts to obtain ten “control-intervention”
paired lunchtimes. Doubling the proportion of vegetarian
main meals was achieved both by increasing the number
of servings for each vegetarian main meal and by substi-
tuting one meat based main meal with a vegetarian main
meal. Between 1 and 2 vegetarian options were served
per lunchtime during the control period, and between
2 and 3 during the intervention period but the initial
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number of options remained similar (#=5 or 6) result-
ing in a net reduction of meat options. All the menus for
the main meals served during the experiment are pre-
sented in supplementary materials (S1). During the four
weeks of the experiment, we ensured that a vegetarian
and a nonvegetarian main meal option were always avail-
able until the end of the lunchtime. Students were not
informed of the change in the food offered before or dur-
ing the experiment and were not compensated for their
participation. The study design was initially proposed by
the research team and then discussed and codeveloped
with the university cafeteria staff; details on the co-con-
struction process are provided in supplementary materi-
als (S2). The protocol resulting from this co-construction
process was approved by the CEEI-IRB ethical commit-
tee for research (reference: no23-976, delivered on Janu-
ary 10th, 2023).

Measures

Main meal choices

The university cafeteria was on 3 floors and 5 or 6 dif-
ferent main meals were served every day, all at the same
price for the students. The students could only choose
one of them. At the entrance, a digital board displayed
the description of all the 6 main meals and at which
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Fig. 1 Experimental design for modification of the availability of vegetarian meals intervention and data collection procedure

Legend: Grey crosses depict days when data collection could not be carried due to strike actions led by the university cafeteria staff. The same food items

were offered on days with the same color and number in the control and intervention period (except for the increase in vegetarian main meals)
Production data: Vegetarian main meal availability (%) and percentage of chosen vegetarian main meals (%)

Paper ballots: Satisfaction score (range [1;5]) and liking score (range [1;5])

Recipes: Nutritional quality, environmental impact and cost of production of chosen main meals

Food waste: Weight of leftovers on the plates
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floors they were available. The university cafeteria staff
were free to serve the vegetarian main meals on the dif-
ferent floors which may vary from one day to another. On
each floor, the students could see the available options in
trays and were served to order.

Every lunchtime during the experiment and for each
main meal option, university cafeteria staff recorded the
number of servings produced and servings remaining.
The availability of vegetarian main meals was calculated
as the number of vegetarian servings produced over the
total number of servings produced (in %) which repre-
sents the average probability of vegetarian meals avail-
ability across one lunchtime. The number of vegetarian
and nonvegetarian main meal choices was calculated as
the difference between the number of servings produced
and servings remaining for each main meal option.

Main meal offer satisfaction and liking

Every lunchtime during the experiment, anonymous
paper ballots were handed out to all the students who ate
at the university cafeteria by a team of five experimenters
at the checkout counters. Students were asked to answer
the questions on the ballots and to place them back in a
box near the cafeteria exit. Alternatively, students had
the option to answer the same questions online using QR
codes positioned on each cafeteria table and linked to the
Lime Survey® platform. Students were informed orally
and through posters that we were conducting a study
regarding how much they liked the food at the university
cafeteria and were free to decide whether to take part or
not for each lunchtime. The ballot design is presented in
the supplementary materials (S3). The survey comprised
four questions: “Are you satisfied with the food that was
offered today?’, ranging from 1 “not at all satisfied” to 5
“very satisfied” (meal offer satisfaction score) and “Which
main meal did you have today?” to select from the list of
the main meals available on the day, “How much did you
like the main meal you had today?” on a scale ranging
from 1 “I did not like it at all” to 5 “I truly liked it” (liking
score) and “At what time were you served?”.

Food waste

Food waste was measured on a subsample of lunchtimes
(n=8, 4 during the control period and 4 during the inter-
vention period) as an additional, nondeclarative measure
of the acceptability of the increased availability of vege-
tarian main meals. Previous research has indicated that
food waste is a reliable indicator of meal preferences and
overall satisfaction with food [33, 34]. During the first
and third experimental weeks, university cafeteria staff
members asked all the students to place leftovers from
their main meals, starters/desserts, and breads into three
separate bins. Food weight data (in g/day) were recorded
by university cafeteria staff.
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Sustainability indicators

Measures of satisfaction, liking and food waste address
the sociocultural aspect of sustainability, but food sus-
tainability also includes nutritional, environmental, and
socioeconomic dimensions [5, 6]. To assess whether
increasing the availability of vegetarian main meals
improved the overall sustainability of students’ food
choices and fill a research gap regarding those aspects
[31], we calculated three indicators: nutritional qual-
ity, GHGE and cost of production. They were calculated
based on actual recipes for each main meal retrieved
from the university cafeteria informatic system. For each
lunchtime, we computed indicators of nutritional quality,
environmental impact and cost averaged across all main
meals weighted by the number of meals chosen. All the
indicators for each main meal are given in supplementary
materials (S4).

Nutritional quality To estimate the nutritional com-
position of each of the ingredients composing the 63
main meals served during the experiment, we used two
French food nutrient reference tables: Ciqual 2020 and
Calnut 2020. We then assessed the nutritional quality
of the main meals using the FSA score (the British Food
Standards Agency nutrient profiling system) based on
the allocation of positive and negative points for respec-
tively unfavorable nutrients (energy, saturated fatty acids,
total sugar and sodium) and favorable nutrients or food
groups (protein, fiber, fruits, vegetables, legumes and
nuts), respectively, and calculated the FSA score per 100 g
[35]. We used the updated version of the FSA algorithm
and obtained scores ranging from —17 to 55, with higher
scores indicating poorer nutritional quality [36].

To determine the average nutritional quality of the
choices made during one lunchtime, we calculated the
average FSA score for all main meals served during this
lunchtime weighted by the number of servings actually
chosen (i.e., production - leftovers).

Environmental impact The environmental impact of
the main meals was estimated as the GHGE because they
are strongly correlated with the Environmental Footprint
single score, an aggregated environmental impact score
developed by the European Commission [37]. Addition-
ally, GHGE are the most reliable environmental indicator
available in French food databases [38]. The GHGE data
for each of the ingredients composing the main meals
served during the experiment were retrieved from the
Agribalyse database [38], the French food environmen-
tal impact database based on life cycle analysis drawn up
by the French Agency for Ecological Transition, which
includes GHGE values in kg of CO,e/kg for 2480 foods.
We then calculated the GHGE for one serving of each of
the 63 main meals.
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To determine the average environmental footprint of
the choices made during one lunchtime, we calculated
the average GHGE for all main meals served during this
lunchtime weighted by the number of servings actually
chosen (i.e., production - leftovers).

Cost of production The cost (in €) of one serving of a
main meal was computed automatically on the university
cafeteria’s informatic system and was retrieved for the 63
main meals served. From these data, we determined the
average cost of the choices made during one lunchtime
by calculating the average cost for all main meals served
during this lunchtime weighted by the number of servings
actually chosen (i.e., production - leftovers).

Additional measures: feedback questionnaire

During the last two lunchtimes of the study (March 30th
and 31st, 2023) and the following lunchtime (April 3rd,
2023), we handed out QR codes linked to an anonymous
online questionnaire to the students in the university caf-
eteria. The eligibility criteria were to 1/have eaten at the
university cafeteria during the experimental period, 2/be
older than 18 years of age and, 3/be a student. The ques-
tionnaire was hosted on the Lime Survey®© platform and
lasted approximately 5 min. Students were asked for their
feedback on the food offered during the past two weeks.
We assessed whether they had noticed any changes
by asking them “Have you noticed any changes in the
main meals offered during lunchtimes over the past two
weeks?“. If the participants responded affirmatively, then
we asked them to describe what they had observed using
free text. Two independent researchers coded whether
a participant guessed that there was a change regarding
vegetarian main meals. We then told the participants that
there was a twofold increase in the availability of vegetar-
ian main meals during the last two weeks and asked them
to indicate whether they had the impression of having
eaten more vegetarian main meals; if so, we asked them
to rate the level of constraint on a scale from 1 (“not bur-
densome at all”) to 10 (“highly burdensome”). Finally,
sociodemographic characteristics were measured: age,
sex, scholarship status, type of educational institution,
field of study, highest educational qualification obtained,
place of living and declared diet (i.e., omnivorous, flexi-
tarian, pesco-vegetarian, ovo-lacto-vegetarian, or vegan).

Statistical analyses

We followed a preregistered analysis plan (https://osf.
io/pf3x7/) and slight deviations are explained below. All
analyses were conducted for 17 lunchtimes, as data col-
lection could not be carried out for two lunchtimes dur-
ing the control period and one lunchtime during the
intervention period due to strike actions. We first anal-
ysed the effect of the intervention (predictor: control,
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intervention) on the choice of vegetarian main meals by
students (outcome: 0 for non-vegetarian, 1 for vegetarian,
binomial distribution) using a generalized linear mixed
model that included lunchtimes as a random effect to
consider the pairing between the control and interven-
tion periods (#=10). For descriptive purposes, we cal-
culated and represented the correlation between the
availability of vegetarian main meals (%) and vegetarian
main meal choices (%) for each lunchtime (z=17). Due to
strike actions that led to only having seven pairs of lunch-
times, we will not report results from the preregistered
secondary analysis, which aimed to estimate the relation-
ship between the increase in the availability of vegetar-
ian main meals and the increase in the odds of choosing a
vegetarian main meal.

We then evaluated the effect of the intervention (pre-
dictor: control, intervention period) on students’ meal
offer satisfaction and liking (outcomes: scores from 1 to
5) using generalized linear mixed models that included
lunchtimes as a random effect. Finally, to test whether the
intervention differentially affected the liking of vegetarian
and nonvegetarian main meals, we analyzed the effect of
the intervention (predictor: control, intervention period),
the type of main meal (predictor: vegetarian, nonvegetar-
ian) and the interaction between the intervention and the
type of main meal on students’ liking (outcome: score
from 1 to 5) using a generalized linear mixed model.
A random effect of the main meal recipe (e.g., cheese
omelet, pork curry) was added to the model to consider
the clustering of liking data for the same recipe across
lunchtimes. As satisfaction and liking data were obtained
from a subsample of students, we verified whether the
main meal choices reported on the ballots were repre-
sentative of the main meals served each lunchtime with
chi-square tests. Regarding food waste data (exploratory
analyses, not preregistered), we compared average food
waste from the main meal between the control and inter-
vention periods using a nonparametric Wilcoxon com-
parison test (n=8). Finally, as secondary analyses, we
compared the nutritional quality, environmental impact
and cost of the main meals chosen between the control
and intervention periods using generalized linear mixed
models, with intervention as a predictor (control, inter-
vention period) and lunchtime as a random effect.

All the statistical analyses were performed using SAS
version 9.4 (SAS Institute, Inc., 2012 SAS® 9.4. Cary, NC)
and the level of significance was set at p<0.05 for all of
the analyses.

Sample size rationale

We chose to carry out a four-week study for logistical
reasons because we wanted to ensure uninterrupted data
collection in the university cafeteria with minimal fluctu-
ations in student attendance. This meant excluding exam
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N= 2194 + 324 individuals ate at the university cafeteria each lunchtime
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v
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v
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Fig. 2 Study flow chart for production and paper/online ballot survey data and end-of-study feedback questionnaire

Table 1 Representativeness of the ballot survey answers

Production data.
Percentage of vegetarian main meals choosen

Ballot survey.
Percentage of ballots with a vegetarian main meal

Chi-2 (p-value)

23£7%
45+16%

Control period
Intervention period

22+£8%
45+15%

005 (p=0824)
030 (p=0.584)

Values are means*standard deviations

periods and school holidays from our study. Additionally,
we limited the intervention period to two weeks, as dur-
ing the co-construction process (described in supplemen-
tary materials (S2)), this was mentioned as the longest
acceptable timeframe for the chefs to conduct this type of
intervention. On each study lunchtime, we expected an
attendance of ~ 2,000 students, given the usual sales data
for this cafeteria.

Results

Participants

During this 4-week experiment, we collected data on
37,299 main meal choices over 17 lunchtimes for an aver-
age of 21941324 (meantstandard deviation) students
per lunchtime, with 18,094 main meal choices during
the 2-week control period and 19,205 during the 2-week
intervention period. Across the 17 lunchtimes, 54% of
the students participated in the daily satisfaction and lik-
ing survey for a total of 18,342 responses to be analyzed,
as shown in the study flow chart (Fig. 2). These respon-
dents accurately represented overall students’ main meal
choices, as we found no difference in the percentage of
vegetarian main meal choices overall (university cafeteria

data) or in this subsample (ballot data) during either the
control or the intervention period (Table 1).

Effect of the intervention on students’ food choices

For the 17 lunchtimes included in the study, we observed
a significant and strong correlation between the avail-
ability of vegetarian main meals and the choice of vege-
tarian main meals (r=0.97, p-value<0.001) (Fig. 3). The
availability of main vegetarian meals increased from 24%
during the control period to 48% during the interven-
tion period, leading to a significant increase in the likeli-
hood of vegetarian main meal choices: OR=2.57, 95% CI
= [2.41;2.74]. Indeed, 23% of the participants consumed
vegetarian main meals during the control period repre-
senting sales of 502+135 vegetarian meals and 1760+325
non-vegetarian meals per day, and 45% of the partici-
pants consumed vegetarian main meals during the inter-
vention period representing sales of 945+316 vegetarian
meals and 11891397 non-vegetarian meals per day.

Effect of the intervention on students’ meal offer
satisfaction and liking and on food waste

A twofold increase in the availability of vegetarian main
meals at the university cafeteria led to a significant, yet
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Legend: Error bars are standard deviations

slight, increase in satisfaction with the food offered
from 4.05+£0.92 to 4.07+0.93 (3=0.03, t(18,341)=2.20,
p=0.028), as shown in Fig. 4A. Similarly, we observed a
significant but slight increase in the liking score of the
main meals chosen by the students, from 4.09+0.90

to 4.13£0.92 (p=0.07, t(17,421)=4.57, p<0.001), as
shown in Fig. 4B. Satisfaction and liking scores for each
day are reported in supplementary materials S5 and S6,
respectively, and average liking scores for each of the 63
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main meals served during the study are reported in sup-
plementary materials S4.

A linear mixed model allowed us to determine that
the average liking score for vegetarian main meals
(4.01£1.01) was slightly lower than that for nonvegetar-
ian main meals (4.17£0.85) (p=-0.14, t(17,421)=- 2.05,
p=0.009). However, we did not observe an effect of the
interaction between the type of main meal (vegetarian or
nonvegetarian) and the intervention of the study on the
liking score (p=-0.05, t(17,421)=-1.38, p=0.168), mean-
ing that the vegetarian options chosen during the control
and the intervention periods were similarly liked by the
students.

Finally, the results from food waste observations (n=8
lunchtimes) revealed that the average quantity of food
waste per student (meals, starters and desserts) was
36.01£12.9 g during the control period and 34.4+4.9 g
during the intervention period (p=0.50).

Effect of the intervention on the sustainability of the main
meals chosen

Doubling the availability of vegetarian main meals
resulted in an increase in the FSA score of the main
meals chosen (i.e., a decrease in nutritional quality)
from 4.71 during the control period to 4.93 during the
intervention period for an average main meal (f=0.25,
t(37,298)=3.07, p=0.002). GHGE decreased from 1.34 kg
CO2 eq in the control period to 1.06 kg CO2 eq in the
intervention period for an average main meal (f=-0.24,
t(37,298)=-17.6, p<0.001), i.e., 560 kg CO2 eq saved
per day for 2000 guests. We also observed a slight cost
increase from 0.95 € in the control period to 1.02€ in the
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intervention period for an average main meal (f=0.08,
t(37,298)=20.3, p<0.001), i.e., an increase of 140€ per
day for 2,000 guests. Figure 5 depicts the variability in
sustainability indicators across the seven pairs of lunch-
times studied.

Perception of the intervention by the students

Among the 628 participants who started the feedback
questionnaire, 506 were included in the analyses after the
eligibility check (see flowchart, Fig. 2). Among the 506
students, 64% were female, 49% had scholarships, 31%
were flexitarian, 7% were vegetarian or vegan and the
average age was 20.6+2.8 years. Additional sociodemo-
graphic details can be found in supplementary materials
(S7). Only 5.5% (n=28) of these students reported having
noticed a change regarding vegetarian main meals dur-
ing the intervention period. After being informed about
this change in the food offered, 50% (n=255) recalled
having consumed more vegetarian main meals than usual
and only 19% (n=48) of them perceived this increase as a
constraint (score>5).

Discussion

In this study, we assessed the effects of increasing vege-
tarian main meal availability on main meal choices while
investigating how acceptable this intervention was in the
real-life context of a university cafeteria. In a four-week
experiment conducted in a French university cafeteria,
pre-post analyses of students’ main meal choices demon-
strated that doubling the availability of vegetarian main
meals significantly increased the likelihood of vegetar-
ian main meal choices. Moreover, compared to baseline,
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+7%

1.00
0.95

0.90
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-5%

0.80

0.75

Intervention period Control period Intervention period

Fig. 5 Sustainability indicators of food choices between control and intervention periods for the 7 lunchtime pairs
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meal offer satisfaction and liking showed the high accept-
ability of vegetarian main meals availability interventions
in this context. Furthermore, at the end of the experi-
ment, only 5.5% of the students exposed to the interven-
tion reported having noticed a change in the vegetarian
main meals offered in this cafeteria.

From the analysis of 37,299 main meal choices, we
observed that doubling the availability of vegetarian main
meals from 24 to 48% led to a rise in vegetarian main
meal choices from 23 to 45%; equivalent to an increase
of 96%. The effect size is substantial and surpasses the
results of similar studies conducted in British university
cafeterias [24, 30]. A first study reported increases of 62%,
79% and 41% in three different cafeterias when the avail-
ability of vegetarian main meals was doubled from 25 to
50% [24]. A second natural experiment showed a 47%
increase in vegetarian main meal choices when vegetar-
ians’ availability doubled from 33 to 67% [30]. Differences
in effect sizes between our study and those conducted in
England may first be attributed to disparities in univer-
sity food environments between England and France; for
example, a lack of alternatives to the university cafeteria
on the university campus in France might have made stu-
dents more captive, leading to greater adherence to the
offered food options. Second, the observed variations in
effect size could be attributed to differences in the types
of vegetarian main meal options offered in each interven-
tion, particularly in terms of taste and familiarity. Indeed,
in the present study, only existing cafeteria recipes
(n=63) were used; therefore, the students were familiar
with the recipes.

This study aimed to examine participants’ meal offer
satisfaction and main meal liking when availability of
vegetarian meals was increaseds greater acceptability can
enhance efficacy and increase the likelihood of adoption
by institutions such as university cafeterias [39]. Contrary
to our expectations, our results showed high acceptabil-
ity of the intervention, with no decrease in satisfaction or
liking. This outcome differs from the results of a survey
of 2,215 British consumers, which suggested a declared
consumer preference for information-based interven-
tions over changes in food availability, as only 40%
declared supporting interventions reducing meat avail-
ability [40]. Hence, consumers themselves may underes-
timate the acceptability of availability interventions. In
our study, the sustained satisfaction may be attributed to
not communicating the change in the food offered to the
students. Indeed, people might be more likely to feel that
their freedom of choice is limited when asked directly
about their level of acceptability of such interventions,
with freedom of choice being a fundamental element
in the concept of accepting climate public policies [41].
When the availability of the food offered changes without
drawing attention to the category of products targeted
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(i.e., vegetarian meals), participants might not necessar-
ily notice or see it as a restriction as long as many options
are offered. Also, in the present study, six meal options
were offered throughout each service. Additionally, the
results regarding the liking of chosen main meals in our
study support that expanding options within a food cat-
egory increases the likelihood of participants choosing
a liked meal within this category [23, 28]. Finally, food
waste data served as a corroborating measure for liking
scores, showing no increase in food waste during the
intervention period.

As secondary analyses, we examined the effect of the
availability intervention targeting vegetarian main meals
on sustainability indicators. Our findings revealed an
overall reduction in the carbon footprint of the main
meals chosen but a slight decrease in nutritional qual-
ity and an increase in cost of production. The results
regarding GHGESs align with previous research indicat-
ing that vegetarian meals have a lower environmental
impact than meat-based options [42, 43]. However, we
did not expect to observe a decrease in nutritional qual-
ity, although previous studies highlighted that some veg-
etarian schools meals could be of low nutritional quality
[44], or an increase in the cost of the main meals chosen
during the intervention period. We observed some vari-
ability between the different pairs of lunchtimes studied,
suggesting that individuals switching from a meat-based
to a meat-free main meal did not always improve the
nutritional quality, environmental impact, or cost of
their meal choices. There is thus room to optimize menu
planning to enhance meal choices sustainability when
increasing vegetarian availability. In the present study,
menus were created by the university cafeteria head chef
with constraints on the vegetarian/nonvegetarian serv-
ings ratio but no guidelines on sustainability indicators.
Therefore, foodservice professionals may be encouraged
to calculate sustainability indicators based on their reci-
pes to assist in designing menus that align with sustain-
ability goals and to identify quick pathways toward a
more sustainable meal offer.

Strengths and limitations

This study has several strengths, including the prereg-
istration of the protocol and analysis plan allowing for
transparency and minimizing reporting bias. Conducted
in a real-life setting, the experiment recorded a signifi-
cant number of main meal choices (#=37,299). Unique
to this study, the measurement of interventions’ accept-
ability of satisfaction and liking was of high quality (large
sample, good representation of the overall customer
choices). Additionally, not communicating about the
change in food offered may have limited bias regarding
the demographics of the students visiting the university
cafeteria during the intervention period, as we could
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argue that if students knew about the experiment, those
who did not want to eat the vegetarian meal might have
chosen to eat elsewhere. An additional strength was the
design of the control period within the same university
cafeteria, which maintained constant parameters of the
food environment and lunch menus except for vegetarian
meal availability.

However, there are limitations to consider. While the
study aimed to control the food choice environment,
the absence of a similar control cafeteria may have led
to overlooking other contextual factors influencing veg-
etarian meal choices. However, given the limited dura-
tion of the intervention (2 weeks) and the size of the
effect observed, we doubt that these differences could
have been entirely attributed to factors other than avail-
ability. Another limitation is the number of strikes that
happened during the data collection, which reduced
the number of observed pairs of lunchtimes from 10
to 7; thus leading us not to perform one of our prereg-
istered analyses. Furthermore, the data collection relied
on production and sales data, and liking and satisfac-
tion scores were anonymous, lacking identification of
individual-level changes in food choices. We were not
able to record what was available for whom at each time
point during one lunchtime and our analyses rely on the
average probability of vegetarian meals availability across
one lunchtime. Finally, there may be limitations related
to the length of the study, which lasted two weeks. Even
if we observed a 96% increase in vegetarian meal selec-
tion, it remains uncertain whether this increase would
have been sustainable over a longer duration or if there
was a threshold of vegetarian main meal availability
beyond which the choice no longer aligns with availabil-
ity. To explore this phenomenon, additional observation
days at various availability levels are necessary. Regard-
ing the generalizability of the results, the study mini-
mized selection bias by collecting food choice data from
the entire student population eating in the study cafete-
ria. However, the limitation of data collection to a single
university cafeteria in France raises concerns about exter-
nal validity and replication in diverse settings would be
essential. However, in the studied cafeteria we have good
representation of the French student population in terms
of sociodemographic characteristics.

Conclusions

This study successfully replicated the effects of an avail-
ability intervention targeting vegetarian main meals in
a French university cafeteria. We found a strong asso-
ciation between the availability of vegetarian main
meals and vegetarian main meal choices revealing a
pronounced influence of the food environment on uni-
versity students’ food choices. As a novel contribution
to the literature, we examined the acceptability of this
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intervention through a multidimensional assessment
including students’ meal offer satisfaction and liking,
which showed no negative effect of the increased avail-
ability of vegetarian meals. Additionally, we extended
the evaluation of the impacts of the intervention beyond
food choice outcomes to examine its effects on broader
sustainability indicators. Doubling the availability of veg-
etarian main meals decreased the environmental impact
of the main meal but led to a slight decrease in nutri-
tional quality and a slight increase in cost of production.
In summary, our results support the fact that availability
interventions targeting vegetarian meals in university
cafeterias offer a straightforward and highly acceptable
way to enhance the choice of vegetarian main meals in
the student population.
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