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Abstract

Background Food systems highly contribute to anthropogenic greenhouse gas emissions and shifting towards
more environmentally friendly diets is urgently needed. Enabling consumers to compare the environmental impact
of food products at point-of-purchase with front-of-pack labelling could be a promising strategy to trigger more envi-
ronmentally friendly food choices. This strategy remained to be tested.

Methods The effect of a new traffic-light front-of-pack environmental label on food choices was tested in a 2-arm
randomised controlled trial in a virtual reality supermarket. Participants (n = 132) chose food products to compose
two main meals for an everyday meal scenario and for an environmentally friendly meal scenario with or without the
label. The environmental label (ranging from A: green/lowest impact, to E: red/highest impact) was based on the Envi-
ronmental Footprint (EF) single score calculation across food categories. The effect of the label on the environmental
impact of food choices in each scenario was tested using linear mixed models.

Results In the everyday meal scenario, the environmental impact of meals was lower in the label condition than in
the no label condition (-0.17 +0.07 mPt/kg, p=0.012). This reduction was observed at no nutritional, financial nor
hedonic cost. The effectiveness of the label can be attributed to a change in the food categories chosen: less meat-
based and more vegetarian meals were chosen with the label. In the environmentally friendly meal scenario, we
demonstrated that the label provided new information to the participants as they were able to further reduce the
environmental impact of their food choices with the label (-0.19 4 0.07 mPt/kg, p =0.005).

Conclusions Implementing a front-of-pack environmental label on food products in real supermarkets could
increase awareness of the environmental impact of food and contribute to drive more environmentally friendly food
choices.

Trial registration The study protocol was pre-registered prior to data collection at Clinicaltrials.gov (NCT04909372).
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*Correspondence:

Lucile Marty

lucile.marty@inrae.fr

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit httpy/creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-023-01410-8&domain=pdf

Arrazat et al. Int J Behav Nutr Phys Act (2023) 20:7

Background

Food systems play a major role in anthropogenic green-
house gas emissions (GHGE) [1], threatening the
achievement of limiting the increase in global tempera-
tures to 2 °C as targeted by the Paris Agreement [2].
Beyond technological solutions to improve energy effi-
ciency in food production practices and waste reduction,
diet change has been advocated as a necessity to remain
within a safe operating space for food systems encom-
passing human health and environmental sustainabil-
ity [3, 4]. In developed countries, meat products are the
highest contributors to diets’ GHGE [5, 6] and have been
shown to have multiple negative impacts on both human
health and the environment [7]. Yet, a shift towards sus-
tainable diets including a diversity of plant-based foods
and low amounts of animal source foods may not be eas-
ily achieved [8], meat consumption being central in meal
composition in western food cultures and associated
with pleasure, as well as social, personal and cultural val-
ues [9, 10].

In this context, highlighting the need for a global pub-
lic awareness of the environmental impacts of food
products, the French government has set up an inter-
disciplinary committee to assess the feasibility and effi-
ciency of environmental labelling on food products [11].
The present study was carried out as part of the national
experimentation phase (2020-2021) that aimed to inform
the implementation of an environmental label in the food
sector in France as announced by the French government
in February 2020 [12]. Providing information at the point
of choice about the environmental impact of food prod-
ucts could overcome a gap in knowledge as consumers’
underestimation of the environmental impact of food
products, especially of meat products, is common [13,
14]. Easily understandable environmental labels on food
products have been advocated as a simple public policy
instrument to unfold, in order to alter food choice behav-
iours and increase their sustainability [15, 16].

A recent systematic review by Potter and colleagues
(2021) provided promising evidence regarding the abil-
ity of carbon footprint labels or other ecolabels (e.g.,
organic, sustainable agricultural practices) to promote
more environmentally friendly food choices [17]. How-
ever, few studies were randomised controlled trials where
the aim of the study was blinded to participants, i.e. the
gold standard methodology to test the effect of an inter-
vention. We identified only three studies that tested the
effect of labels depicting the environmental impact of
food products in a between-subject design with a con-
trol group [14, 18, 19]; and the designs included a very
limited range of products (canned soups, pasta dishes
or beefsteak, chicken breast and veggie burger) which
did not reflect the substantial shifts required to adopt
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sustainable healthy dietary patterns. To our knowledge,
no study has tested the effect of a front-of-pack environ-
mental label across various food categories (i.e. red meat,
poultry, fish, vegetables, starchy foods, pulses, etc.) which
is the most likely strategy to be implemented at country
or cross-country level based on nutritional labelling prec-
edents [20]. Yet, it might be difficult for consumers to
shift from one category to another even aided by labels;
for instance, meat is central in the composition of meals
and choosing more environmentally-friendly options
resulting in a meal without meat requires a deep change
in consumers’ culinary scripts [10].

Another limitation of previous studies is their designs
that may have increased participants’ attention to envi-
ronment labels compared to real-life [17]. A way of
addressing this visual bias is to use a virtual reality (VR)
environment that mimics real-life prominence of envi-
ronmental labels [21]. With VR technology, participants
are immersed in a 3D virtual environment that interacts
with them in real-time while providing great control of
the experimental design such as an identical food choice
environment for each participant [22]. Virtual supermar-
kets have been validated as an appropriate tool to meas-
ure food choices and purchases [23-25].

The present study was a randomised controlled trial
with two experimental arms (with vs. without environ-
mental labelling) conducted in a virtual reality super-
market that included a large and diverse range of food
products that could be part of a main meal. We aimed
to develop a new traffic-light front-of-pack environmen-
tal label with a design based on state-of-the-art evidence
[26—28] and that differentiated food products across food
categories, to support between-categories substitutions.
Participants performed food choice tasks for an everyday
meal and for an environmentally friendly meal. The latter
had the objective to highlight whether the label provided
new information about the environmental impact of food
products compared to the level of existing knowledge.

Methods

Data collection

The study protocol was pre-registered prior to data col-
lection at Clinicaltrials.gov (NCT04909372). Participants
were recruited using the PanelSens database declared to
the relevant French authority (Commission Nationale
Informatique et Libertés; CNIL; n°1,148,039). To be eligi-
ble for this study, participants were to be aged between
18 and 65 years, to be responsible for a substantial pro-
portion of household grocery shopping, to be fluent in
French, to have no dietary restrictions, to have no uncor-
rected eye problems and not to be aware of symptoms of
dizziness when wearing a virtual reality headset. Recruit-
ment was stratified by gender (50% male, 50% female)
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and age (33% 18-35 years, 33% 36—50 and 33% 51-65). A
10€ voucher was given to the participants who completed
the study. The study was approved by the CEEI-IRB ethi-
cal committee (N°21-780, Institutional Review Board
INSERM) and was led in accordance with the Declara-
tion of Helsinki. Data were collected in a laboratory set-
ting in France between May and June 2021.

Study design

This study was a randomised controlled trial in a virtual
reality supermarket with two experimental arms: (1) no
front-of-pack environmental labelling (no label condi-
tion) and (2) front-of-pack environmental labelling (envi-
ronmental label condition). A 1:1 2-block randomisation
sequence (for male and female) was generated before
recruitment using the Random Allocation Software [29]
and research assistants were blinded to the labelling con-
dition in which each participant was allocated. Regard-
less of the labelling condition, each participant in the
virtual supermarket performed two tasks: 1/ choice of
three meal components among 66 products (e.g., lentils,
carrots, ham, egg) for a composed meal, 2/ choice of one
ready-to-eat meal among 30 products (e.g., beef lasagne,
risotto). These two tasks were performed twice: for an
everyday meal (everyday meal scenario) and for a meal
that was “good for the planet” (environmentally friendly
meal scenario). The order of the two tasks was balanced
within each scenario. The experimental design is pre-
sented in Fig. 1.

Page 3 of 13

Procedure

Individual experimental sessions lasted on average
35 min (min: 25 min, max: 45 min). After participants
gave their written informed consent to take part in the
experiment, they sat on a chair and were equipped with
a virtual reality (VR) headset by a research assistant.
Participants were given instructions regarding the VR
headset and hand controller (with a joystick and selec-
tion buttons). Pictures of the virtual environment and
of the VR headset and hand controller are presented in
supplementary file (Figure S1). Participants first tested
the functionalities of the VR headset in a dummy super-
market shelf with fake hair-care products. When ready,
participants carried out the four food choice tasks in a
row. Participants allocated to the environmental label
condition were presented with the environmental label
before the food choice tasks with a pop-up message (see
supplementary file, Note S1). After completing the four
tasks, the participants were asked to evaluate their famili-
arity and liking for the eight products chosen. Then, they
removed the VR headset and answered three question-
naires on a computer in the same room. At the end of
the session, the research assistant revealed the aim of the
study and gave the participant a 10 € voucher.

Virtual supermarket environment

Virtual reality functionalities

The virtual supermarket environment was inspired by
recent work by Melendrez-Ruiz and colleagues (2021)
[30] and was designed by the firm Strategir (https://www.

scenario meal scenario
Task1:A Task2: Task1:A Task 2:
No front-of- composed meal A ready- composed meal A ready-
pack label with 3 meal to-eat with 3 meal to-eat
components meal components meal
Randomisation \/4
sequence Same order as in the everyday
generated prior Balanced meal scenario
to recruitment
Task1:A Task 2: Task1:A Task 2:
composed meal A ready- composed meal A ready-
with 3 meal to-eat with 3 meal to-eat
components meal components meal

Everyday meal

N~

Environmentally-friendly

Same order as in the everyday

Balanced meal scenario

Fig. 1 Experimental design for the virtual reality tasks performed by the participants
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strategir.com/fr/) using Unity software under the VR
headset Oculus Quest 2. Participants saw real size pack-
aged food products on the supermarket shelves. With a
hand controller, the participants were able to navigate
the shelves, seize and examine products. When a prod-
uct was seized, it could either be selected and put in the
shopping basket or be placed back on the shelf.

Food products

Based on the results of a recent study in a virtual real-
ity supermarket using similar food choice tasks [30], four
food categories were included: (1) meat, egg, fish and
plant-based substitutes, (2) pulses, (3) vegetables and
(4) starchy foods. The food products included in each
category were selected from real food products avail-
able in French supermarkets at the time of the study. As
participants were asked to select food products for the
main meal, only savoury food products that are typically
part of a French main meal were included. Food prod-
ucts were chosen with contrasted level of environmental
impact. Two shelves were created with 96 food products
in total: 66 meal components (Task 1) and 30 ready-to-
eat meals (Task 2). The 66 meal components were starchy
foods (N=12), vegetables (N=12), pulses (N=12), beef
and lamb (N=6), poultry and pork (N=6), fish (N=6),
dairy products and egg (N=6) and plant-based prod-
ucts (N=6). The meal components were either canned,
dry or fresh and needed to be combined to compose the
main meal (e.g. fish filet, humus, carrots, salad, canned
beans or ham). The 30 ready-to-eat meals were beef- or
lamb-based (N=6), poultry- or pork-based (N=6), fish-
based (N=6), dairy product- or egg-based (N=6) and
plant-based (N=6). Ready-to-eat meals were either fresh
or frozen and constituted the main meal as a whole. The
products arrangement was based on field observations in
French supermarkets (see supplementary file, Figure S2).
To control for availability effect, the same space was allo-
cated to each product within a shelf. The 96 food prod-
ucts selected were bought from real supermarkets and
photographed in high definition. Expiry dates, prices and
sales labels were removed.

Recorded data

Food choices were recorded for each task within the
VR headset. Each participant had to rate the eight food
products selected for their level of familiarity (frequency
of consumption of a similar product, ranging from
1="never” to 5="very often”) and liking (continuous
sale, ranging from 1="“I do not like [the food product] at
all” to 10="I like [the food product] very much”).
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Environmental label

Calculation of the environmental score

The environmental impact, measured by the Environ-
mental Footprint single score (EF single score), of the
96 foods items included in the virtual supermarket was
retrieved from the open-access Agribalyse database [31].
The EF single score has been recommended by the Euro-
pean Commission when studying the environmental
impact of food products [32]. It aggregates 16 indicators
derived from life cycle analysis (see supplementary file
for details on the EF single score calculation, Note S2).
We also considered three individual indicators retrieved
from the Agribalyse database: greenhouse gas emis-
sions (kg CO2 eq/kg of food product), ozone depletion
(kg CEC-11 eq/kg of food product) and particulate mat-
ter (disease incidence/kg of food product) for sensitiv-
ity analyses. These three individual indicators had the
highest robustness in the Agribalyse database [31]. A
five-level environmental impact score (ranging from A
to E) was calculated based on the EF single score of the
products. Levels cut-offs were calculated separately for
the 66 meal components and the 30 ready-to-eat meals.
They were defined as the quintile values from a larger
selection of similar foods from the Agribalyse database.
Details regarding the five-level environmental impact
score calculation are presented in supplementary file
(Note S3). The food products were distributed in the five
environmental impact scores as follows for meal compo-
nents: A (N=27), B(N=15), C (N=7), D (N=8) and E
(N=9) and for ready-to-eat meals: A (N=4), B (N=7),C
(N=7),D(N=7)and E (N=5).

Design of the environmental label

As there was neither an existing environmental label nor
a consensus on an environmental label design for food
products in France at the time of the present study (May
2021), we designed a new label. The ideal carbon label
proposed by Carrero et al., 2021 is a traffic-light label. It
has been shown that green is often seen as a validation
and a positive colour whereas red is associated to nega-
tive aspects and danger [27]. As traffic-light labels are
the most effective type of labels to increase understand-
ing and promote behaviour change [28], the French blue
label depicting the environmental impact of products or
services (other than food) was adapted to obtain a traf-
fic light label (see supplementary file, Note S4). The final
environmental label depicted five levels of environmental
impact, from A (the lowest) to E (the highest), that were
based on the Environmental Footprint (EF) single score
calculated for each product (Fig. 2).
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Fig. 2 Design of the traffic-light front-of-pack environmental labels

Additional questionnaires

Participants were asked to complete questionnaires on
Qualtrics survey platform (www.qualtrics.com) at the
end of the experimental session. Participants were asked
to fill in an investigation questionnaire that aimed to
identify aim-guessers and to record participants’ feed-
back about their experience in the virtual reality super-
market. We asked questions regarding how easy it was to
use the different functionalities of the VR headset, par-
ticipant’s sensation of being in a real supermarket and if
participants thought the selection of products was real-
istic (4-point Likert scale from “strongly disagree” to
“strongly agree”). Participants were also asked whether
they paid attention, understood and used the environ-
mental labels while selecting food products. Finally, they
completed a socio-demographic questionnaire.

Outcomes

Primary outcome

The primary outcome was the environmental impact (EF
single score in mPt per kg of product) of the food prod-
ucts selected in each task. The environmental impact of
the composed meal for Task 1 was calculated as the mean
of the EF single scores per kg of the three selected meal
components in each scenario. The environmental impact
of the ready-to-eat meal for Task 2 of each scenario was
defined as the EF single score per kg of the selected prod-
uct. Other indicators were calculated in the same man-
ner: greenhouse gas emissions (GHGE), ozone depletion
and particulate matter.

Secondary outcomes

The nutritional quality of the food products selected was
assessed by the FSA score developed by the British Food
Standards Agency [33]. A food product’s FSA score is
calculated by allocating positive points for unfavourable
nutrients (energy, saturated fatty acids, total sugar and
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sodium) and negative points for favourable nutrients or
food groups (protein, fibre, fruits, vegetables, legumes
and nuts). The final FSA score ranges from -15 points
(best nutritional quality) to+40 points (worst nutritional
quality). The nutritional quality of the product selection
for Task 1 was calculated as the mean of the FSA scores
for 100 g of the three meal components selected in each
scenario. The nutritional quality of the ready-to-eat meal
selected for Task 2 of each scenario was defined as the
FSA score for 100 g of the selected product. Actual prices
displayed in supermarkets at the time of the study and
energy densities from the food products packaging were
used for the calculation of the energy cost. Energy cost
of the composed meal was calculated as the mean of the
price per kcal of the three meal components selected in
each scenario. The energy cost of the ready-to-eat meal
selected for task 2 was defined as the price per kcal of
the selected product. Liking and familiarity scores of the
composed meal were calculated as the average of the lik-
ing and familiarity scores for the three meal components,
respectively.

Meal types

Meals types were defined based on the source of protein
that was included in a meal: meat-meals (further distinc-
tion between beef/lamb meals and poultry/pork meals),
fish meals and vegetarian meals (further distinction
between lacto-ovo meals or plant-based meals). In total,
there were three main meal types (meat-based, fish-based
and vegetarian meals) and five sub-meal types (beef or
lamb-based, poultry or pork-based, fish-based, lacto-ovo
and plant-based meals). We ranked the sources of pro-
tein on the basis of their environmental impact: beef or
lamb > poultry or pork > fish > dairy or egg > plant-sourced
protein [7]. When a meal was composed of more than
one protein source, the meal was classified within the
most emitting one (i.e. beef lasagne contained dairy and
beef and were classified as a beef or lamb-based meal).
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Statistical analyses

We followed an analysis plan pre-registered on Open
Science Framework (https://osf.io/du58k/). Any minor
changes from the pre-registered analytic plan are
described in supplementary file (Table S1). All the statis-
tical analyses were performed using SAS version 9.4. The
level of significance was set at p <0.05 for all the analyses.

EF single scores were standardised within the 66 meal
components and the 30 ready-to-eat meals shelves
because the scores of food products composing each
shelf had different distributions (average environmental
impact for the meal components shelf: 0.61 £ 0.86, ready-
to-eat meals shelf: 0.5440.39). The standardisation
allowed the comparison of the two tasks in the same sta-
tistical model. To examine the effect of the environmen-
tal label on the environmental impact of food choices, the
primary analysis consisted in a mixed model that tested
the effects of labelling (categorical variable: environmen-
tal label or no label), food choice task (categorical vari-
able: choice of a composed meal or a ready-to-eat meal),
labelling*food choice task interaction on standardised EF
single scores (everyday meal scenario only), with random
effect of participants to account for correlation between
repeated measures. Parameters estimates were calculated
after removing non-significant interaction.

In sensitivity analyses, we tested whether the results
from the primary mixed model differed: 1/ after exclud-
ing aim-guessers, 2/ after excluding outliers on the pri-
mary outcome, 3/ after adjusting for age, gender, highest
education level and BMI and 4/ after replacing stand-
ardised EF single scores by standardised GHGEs, ozone
depletion and particulate matter scores.

To examine existing knowledge and additional infor-
mation provided by the environmental label, the main
effect of food choice scenario (categorical variable: eve-
ryday meal scenario or environmentally friendly meal
scenario), as well as labelling*scenario and scenario*food
choice task interactions, were added to the primary
mixed model presented above. Pairwise post-hoc com-
parisons were conducted to compare the environmental
impact of food choice between the everyday meal and
environmentally friendly meal scenario in participants
with no label (i.e., highlighting existing knowledge) and
to compare the environmental impact of food choice
between no label and environmental label condition in
the environmentally friendly meal scenario (i.e., high-
lighting additional information provided by the label).
Parameters estimates were calculated after removing
non-significant interactions.

As secondary analyses we examined the effect of the
environmental label on secondary outcomes with mixed
models testing the effect of labelling, food choice task
and labelling*food choice task interaction on nutritional
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quality, price per kcal, liking and familiarity (everyday
meal scenario only), with random effect of participants to
account for correlation between repeated measures.

As exploratory analyses, Chi-squared tests were per-
formed to test whether labelling condition was associ-
ated to meal types (beef or lamb-based meals, poultry or
pork-based meals, fish-based meals, dairy or egg-based
meals and plant-based meals) in the everyday meal sce-
nario for Task 1 (composed meal) and Task 2 (ready-to-
eat meal) separately.

Sample size

We powered the primary analyses in order to detect
a d=0.50 effect size of labelling condition on EF single
scores based on the results of a previous randomised
controlled trial that tested the effect of an environmental
label on canned soup choices [14]. A sample size of 122
participants was required for 80% power at a =0.05 (SAS
9.4). We aimed to recruit a sample of 130 participants to
account for potential data loss due to technical problems
and drop-outs.

Results

Participants

A total of 435 participants were assessed for eligibility
and data from 132 who completed the study were ana-
lysed (Fig. 3). Participants’ characteristics are reported in
supplementary file (Table S2). No significant difference
was found between the participants randomised in each
experimental condition.

Effect of labelling on environmental impact of everyday
meals

The participants were first asked to choose food prod-
ucts for an everyday main meal, in two distinct tasks in
the virtual reality supermarket. During the first task, they
selected three meal components for a composed meal
and during the second task, they selected a ready-to-eat
meal. Participants randomised in the environmental label
condition (n=67) saw exactly the same products in the
virtual supermarket as participants randomised in the
no label condition (n=65), except that an environmen-
tal label was added on the front of the packaging of each
product. In a linear mixed model, we found significant
effects of the labelling condition (-0.17, t(131)=-2.22,
p=0.028) and of the food choice task (-0.37,
t(131) =-5.34, p<0.001) on standardised EF single scores
of the food products that were selected, but no significant
interaction between the environmental label and the food
choice task (see supplementary file, Table S3). This non-
significant interaction indicates that the environmental
label was equally effective in reducing the environmental
impact of food selection in the meal components shelf as


https://osf.io/du58k/

Arrazat et al. Int J Behav Nutr Phys Act (2023) 20:7 Page 7 of 13

_J Assessed for eligibility (n=435)

Excluded (n=302)
+ Not meeting inclusion criteria (n=281)
+ Other reasons (n=21)

Randomised (n=133)

J/

Environmental label condition (n=67) | | No label condition (n=66)
T w
7
Analysed (n=67) Analysed (n=65)
+ Excluded from analysis (n=0) + Excluded from analysis due to technical
issues with the virtual reality headset (n=1)

Fig. 3 CONSORT flow diagram
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Fig. 4 Mean (£ SEM) of EF single scores for food products selection in the two tasks combined (choice of a composed meal and a ready-to-eat
meal), in the two food choice scenarios (everyday meal or environmentally friendly meal), with or without environmental label. * p < 0.05, ** p <0.01
and *** p<0.001 for least-square means post-hoc tests on standardised EF single scores
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in the ready-to-eat meals shelf. For this reason, data from
the two tasks were combined in Fig. 4. Participants chose
food products for everyday meals of lower environmental
impact when exposed to the environmental label com-
pared to the no label condition (Fig. 4a). The same pat-
tern of results was observed in sensitivity analyses when
removing aim-guessers or outliers from the analyses,
adjusting for socio-demographic characteristics and rep-
licating the model on other environmental impact indica-
tors: GHGE, ozone depletion and particulate matter (see
supplementary file, Table S4).

For descriptive purpose, Fig. 5 shows the percentage of
food products chosen for each task based on their envi-
ronmental impact score as displayed on the front-of-pack
labels.

Effect of labelling on the environmental impact

of environmentally friendly meals

After having selected food products for an everyday
meal, all the participants were asked to choose food
products for an environmentally friendly meal. In a lin-
ear mixed model, we found a main effect of the labelling
condition (-0.18, t(394)=-3.44, p<0.001), food choice
task (-0.34, t(394) =-8.11 p<0.001) and food choice sce-
nario (-0.31, t(394)=-7.40, p<0.001) on standardised
EF single scores but no significant interactions between
these variables (see supplementary file, Table S5). The
significant main effect of the food choice scenario indi-
cates that participants chose food products with a lower
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environmental impact when asked to compose an envi-
ronmentally friendly meal compared to when asked to
compose an everyday meal, independently of the label-
ling condition or of the food choice task. For participants
in the no label condition, we compared EF single scores
of food products selection between the everyday meal
scenario and the environmentally friendly meal scenario
and found that consumers were able to reduce the envi-
ronmental impact of their meals without the presence of
any label (Fig. 4a and 4b). This result highlights existing
knowledge about the environmental impact of food prod-
ucts that were retrieved by the participants to select envi-
ronmentally friendly meals. In addition, we compared EF
single scores of food products selection between label-
ling conditions in the environmentally friendly meal sce-
nario and found that food choices in the environmental
label condition were of significantly lower environmen-
tal impact than in the no label condition (Fig. 4b). This
result highlights that the environmental label increased
the ability of the participants to identify more environ-
mentally friendly food products by providing new infor-
mation regarding the environmental impact of the food
products in addition to existing knowledge.

Meal types selection

We showed that participants in the environmental label-
ling condition selected everyday meals of lower environ-
mental impact than participants in the no label condition.
We further investigated whether the cross-category

-

7
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66 =D
C
49 B
HA
No Label Environmental Label

Task 2
Ready-to-eat meals

Fig.5 Food choices based on the five environmental impact scores (from A to E) for meal components and ready-to-eat meals, in the everyday

meal scenario, with or without environmental label
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nature of the environmental label led to a lower envi-
ronmental impact of food choices through between-
categories substitutions. In exploratory analyses (not
pre-registered), we thus compared everyday meal choices
classified into three meal types: meat-based meals (with
a further distinction between beef/lamb and poultry/
pork), fish-based meals and vegetarian meals (with a fur-
ther distinction between lacto-ovo vegetarian meals and
plant-based meals) categories.

Meal types chosen for the composed meals were
significantly influenced by the label (Chi-2=7.67,
p=0.021) but choices for the ready-to-eat meals were
not (Chi-2=1.65, p=0.438) (Fig. 6). The environmental
label led to between categories substitutions when choos-
ing food products to compose a meal but on the contrary,
in the case of ready-to-eat meals, substitutions leading to
a lower environmental impact were not between-catego-
ries and thus likely happened within-categories.

Nutritional quality, energy cost, familiarity and liking

In a linear mixed model, there were no significant effects
of the environmental label on nutritional quality (-0.12,
t(131)=-1.29, p=0.200), energy cost (0.10, t(131) =0.86,
p=0.394), familiarity (-0.05, t(131)=-0.39, p=0.696)
and liking score (0.03, t(131)=0.17, p=0.868) of the
everyday meal, as tested by linear mixed models also
including fixed effect of food choice task. Further details
on the models are presented in supplementary materials

*
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(Table S6). These results show that traffic-light front-of-
pack environmental labels led to more environmentally
friendly food choices without altering their nutritional
quality, familiarity and liking nor increasing the cost
per kcal. This suggests good acceptability of such food
choices by the consumers.

Perception of the label and virtual reality experience
Participants in the labelling condition were asked
whether they noticed and understood the environmental
label on the food products when they were in the virtual
supermarket. Results showed that 89% declared having
seen the environmental label and 96% that the environ-
mental label depicted the environmental impact of the
food products (see supplementary materials, Table S7).
In addition, the majority of the participants found the
virtual supermarket easy to use (98%), attested feeling
immersed in a supermarket (99%) and agreed that the
products were similar to those found in real supermar-
kets (96%). Detailed results are described in supplemen-
tary materials (Table S8).

Discussion

For the first time, the effectiveness of traffic-light front-
of-pack environmental labelling was tested in a ran-
domised controlled trial conducted in a virtual reality
supermarket, including a large and diverse range of food
products. We demonstrated that the environmental label

m Vegetarian meals
(Plant-based meals)
Vegetarian meals
(Lacto-ovo vegetarian meals)
B Fish meals
= Meat meals
(poultry and pork)
E W Meat meals
(beef and lamb)
Environmental

label

Task 2
Ready-to-eat meals

Fig. 6 Meal types choices for the composed meals and ready-to-eat meals in the everyday meal scenario, with or without environmental label.

(Chi-2 test * p<0.05)
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significantly reduced the environmental impact of food
choices at no nutritional, financial or hedonic cost. In the
present study, we developed a cross-category environ-
mental label which has been highlighted as a promising
tool to substantially reduce the environmental impact
of diets [34]. By ranking all the food products along the
same scale, cross-category labels could help consumers
building a broad understanding of the environmental
impact of food products and identifying what changes
in diet would be the most beneficial for the environ-
ment, notably a reduction in meat consumption. In line
with this idea, we observed that the environmental label
enhanced the ability to identify food products with a
lower environmental impact highlighting its capacity to
provide additional information to consumers. Partici-
pants also had some existing knowledge regarding the
environmental impact of food products that were not
necessarily used to choose an everyday meal but may
have been retrieved thanks to the presence of the label
at the point of choice. The presence of the label resulted
in a shift towards the selection of more vegetarian meals
(composed meals) which was in line with the expected
effect of cross-category environmental labelling. We thus
complemented previous research that showed a convinc-
ing effect of environmental labelling on food choices
mostly within a given category of food products [17], by
highlighting that environmental labelling was also able to
trigger changes across food categories which may lead to
the necessary reduction in consumption of animal source
foods to substantially reduce the environmental impact
of food systems [3, 7]. Nonetheless, as previous research
work has identified lack of knowledge but also conveni-
ence as barriers to a reduction of meat consumption
[35, 36], training in culinary skills should accompany the

Existing knowledge
regarding the environmental
impact of foods

N
N
N
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spread of a front-of-pack environmental label across food
categories to facilitate the choice of meat alternatives.

As discussed in a recent review on the effect of envi-
ronmental labels and based on the COM-B (Capac-
ity Opportunity Motivation Behaviour) framework for
understanding behaviour [17, 37], mechanisms through
which cross-category traffic-light front-of-pack environ-
mental labels could promote a shift toward food choices
of lower environmental impact, and in particular less
meat-based and more plant-based diets, are threefold.
The three characteristics of the environmental label
we used (i.e. cross-category, traffic-light and front-of-
pack) specifically targeted each behavioural pathway to
achieve the target behaviour and are summarized Fig. 7.
First, capability could have been enhanced by the cross-
category aspect of the label by providing information to
compare the environmental impact of food products, in
particular meat-based and plant-based products. Sec-
ond, the opportunity to substitute a high environmen-
tal impact (e.g., meat-based) by a low environmental
impact food product (e.g., plant-based) could have been
increased because all of the products included front-
of-pack environmental impact information at point-
of-choice. Third, automatic motivation to choose more
products with a low environmental impact and less prod-
ucts with a high environmental impact could have been
enhanced by the traffic-light colour coding, as green
labels are seen as a validation whereas red labels are
associated with danger [27]. In line with this theoretical
framework, the promising effect of the traffic-light front-
of-pack environmental label reported here leans on the
fact that the label we developed was present on all the
food products (hence noticed), well understood (because
it was based on an already existing labelling layout) and

A
|

Psychological
m ; + Target behaviour
8 Jo] [ J - Reduction of the
« Traffic-light — | [ ]
* Front-of-pack ——— Physical

Fig. 7 Application of the COM-B framework to a cross-category traffic-light front-of-pack environmental label
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resulted in an enhanced ability to spot food products
with a low environmental impact.

In the context of a national experimentation phase
of environmental labelling in the food sector (2020-
2021) coordinated by the French Agency for Ecological
Transition (ADEME), the results of the present study
contributed to inform the development and future imple-
mentation of an environmental labelling system for all
food products in France. Numerous stakeholders and
experts contributed to this experimentation phase pro-
viding guidelines on six aspects 1/ environmental issues
that should be considered, 2/ objectives that should be
targeted, 3/ data that are needed, 4/ methods for assess-
ing environmental impacts, 5/ environmental scores that
should be chosen, 6/ label format that should be pro-
posed [38]. Specifically, the present study highlighted that
a cross-category traffic-light front-of-pack environmental
label that is unique, well understood and informative was
effective in reducing the environmental impact of food
choices. In real life, meeting all these criteria raises sub-
stantial challenges for policy makers, in line with draw-
backs previously described for environmental labelling
implementation in other sectors [39, 40]. First, a unique
label voted in by the agricultural and food industry is
needed to guarantee its widespread and to allow compar-
isons between different food products and different food
categories. Second, the label needs to be trustworthy
and well understood, implying the establishment of an
independent structure engaging with scientific experts,
organising co-creation phases with citizens and broad-
casting a communication plan at a national level. Third,
there is a need to take into account the potential joint
effect of a new environmental label with existing labels
on food products, e.g. nutritional or organic labels [41].
To date, no country in the world has voted on a unique
environmental label across all food products. Bearing in
mind these challenges, the present work adds to a set of
promising international scientific evidence highlight-
ing the effectiveness of environmental labelling in low-
ering the environmental impact of food choices [15, 17]
which should support the French government in taking a
step further in the process of introducing environmental
labelling for all food products.

Strengths and limitations

This study was a pre-registered randomised controlled
trial in a realistic food choice environment and the
first to test the effect of an environmental label on food
choices in a virtual supermarket. Using questionnaires,
we confirmed that the label had been seen, understood
and used by a majority of the participants in the labelling
condition.
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Our study is unique compared to the previous studies
that have tested environmental labelling in online super-
markets as consumers may not have the same shopping
behaviours in (virtual) stores compared to online. In par-
ticular, it has been shown that contrary to online food
environments where factual information is more impor-
tant, sensory attributes are stronger drivers of in-store
food choices [42]. A strength of using virtual reality that
reproduced real-life environments is that hypotheses can
be tested under realistic yet tightly controlled conditions.
However, participants were not asked to spend their own
money nor to consume what they selected which limits
the strength of our results although other research has
shown that food choice tasks using virtual environments
are valid to adequately evaluate food purchasing behav-
iours [43, 44].

We could only include a limited number of food items
in the virtual supermarket. We decided to only include
items that could be part of a main dish because meat-
based products are the food items with the worst impact
on the environment and are usually consumed as part of
main dishes [5, 7]. Consequently, we may have overesti-
mated the effect of the label in our design compared to a
shopping task that would have also included the choice of
snacks, desserts, breakfast foods, etc. with less variability
in environmental impact.

In order to study cross-category substitutions we only
included one version of each food product and there-
fore only one brand to choose from. Products with more
familiar brands may have been more chosen by the par-
ticipants. We observed no difference in familiarity and
liking of food products between the two labelling con-
ditions suggesting that the participants selected food
products they would have been likely to choose in both
conditions, they thus reshaped their food choices within
a selection of foods that they liked and were familiar to.

Conclusions

In the present study, we developed a new traffic-light
front-of-pack environmental label based on a score that
differentiated food categories. This label was highly
noticed, well understood and provided new informa-
tion that helped the participants to identify the food
products of lower environmental impact. Using VR
technology that mimicked how an environmental
labelling scheme would be likely implemented in real-
world supermarkets, we observed a reduction of the
environmental impact of food choices in the presence
of the environmental label. We thus highlighted that
environmental labelling could be a useful tool to shape
sustainable dietary patterns at a population level by
triggering substitutions across food categories, notably
from meat-based to plant-based food products. We also
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confirmed that VR technology was an effective tool for
monitoring individual decision-making behaviours at
the point-of-choice in the context of a randomised con-
trolled trial which may be of great interest for future
research in behavioural nutrition. Altogether, the
results of this study support the idea that environmen-
tal labelling could contribute to a global raise in public
awareness regarding the environmental impacts of food
products across food categories.
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