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ABSTRACT
Objectives: Odor hedonic perception is well known to exhibit great variability and to depend on
several parameters, i.e. stimulus, context, and subject characteristics. As hedonic perception
(pleasant/unpleasant character) of food odors is considered one of the most prominent
dimensions in eating behavior, the question of hedonic variability in this context arises. Thus,
the aim of the present study was to compare odor hedonic ratings in three populations with
regard to diet (i.e. omnivore, vegetarian, and flexitarian diets). Methods: Four categories of
odors were compared: meat, vegetable, other food, and non-food odors. Results: The results
showed that vegetarian and flexitarian individuals rated meat odors as more unpleasant than
omnivores, while no significant difference was found for other categories of odors.
Discussion: The question of whether the diet influences the hedonic perception or/and inversely
is discussed, regarding several aspects of food consumption such as eating disorders, food
education,… and could further serve to manage eating behaviors.

Practical applications: This study evidenced that vegetarians and flexitarians specifically rated
meat odors as being more unpleasant than those of omnivores. Because of the growing
number of vegetarians and flexitarians in the general population, it could be suggested to take
into account the odor hedonic perception (especially regarding food odors) in studies related to
diets. Besides, the present results could further serve research in several aspects of food
consumption such as eating disorders (anorexia, bulimia… etc.) or food education as well as
the management of eating behaviors, especially in an elderly population.
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1. Introduction

Chemical senses are crucial in the animal kingdom and
are involved in a large variety of adaptative behaviors
such as predators avoidance, mates selection, and fora-
ging. In humans, the sense of smell plays an important
role in many adaptative behaviors, especially eating
behavior [1]. Nevertheless, olfactory perception appears
as a complex and multidimensional process, partly due
to the salient affective dimension of odors. Indeed,
odor hedonic perception is considered the first and
most prominent response following olfactory stimu-
lation [2]. Odor hedonic perception is well known to
exhibit great variability and to depend on several par-
ameters. Some parameters are related to the olfactory
stimulus such as concentration/intensity [3,4], famili-
arity and stimulating/relaxing properties [5], odorant
structure [6,7], and molecular complexity [8]. Other fac-
tors are more related to the context such as repeated

exposures [9], stimulus pathway [10], or verbal influence
[11]. Odor hedonic ratings also appear to depend on
individual characteristics such as age [12,13], sex [14],
and specific diseases such as depressive disorders [15],
schizophrenia [16], or Parkinson’s disease [17].
Additionally, it has been shown that subject’s physiologi-
cal state participates in the variability of odor hedonic
ratings. For example, some studies highlighted that hor-
monal state, especially in women, played a significant
role in odor hedonic perception. Thus, in the 1990s, it
was demonstrated that women in the ovulatory phase
rated androstenone odorant as being more pleasant,
whereas the hedonic ratings of nicotine and phenylethyl
alcohol did not change in the course of the cycle [18]. In
another way, pregnant women rated the odors ‘rum’,
‘cigarette’ and ‘coffee’ as more aversive than non-preg-
nant women [19]. In the field of odor hedonic variability
related to food intake, hunger/satiety state is
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undoubtedly the main physiological parameter. For
instance, food odors are perceived to be more pleasant
before compared to after a meal [20,21]. Jointly, changes
in odor hedonic ratings are found in eating disorders
such as anorexia. Anorexic patients rated food odor (iso-
amyl acetate) as being less pleasant than healthy con-
trols, although no difference was observed in the case
of non-food odor (n-butanol) [22]. Similarly, a study
investigated whether a patient with anorexia presented
modifications of hedonic responses to food cues (liking)
and of the desire to eat foods (wanting) as a function of
their motivational state (hunger vs satiety) and energy
density of foods (high vs low) [23]. Specifically, data
showed that odors with high energy density were rated
less pleasant just before a meal compared to healthy con-
trols. Furthermore, the relationship between odor hedo-
nic ratings and bodymass index (BMI) is not clear. In the
late 1970s, Thompson et al. [24] indicated that normal-
weight and obese subjects did not differ in hedonic
response to sucrose (taste) and benzaldehyde (odor).
However, a recent functional Magnetic Resonance Ima-
gery (fMRI) study showed an increased activation in the
primary olfactory cortex, especially in the piriform cor-
tex, in relation to the increase of BMI during hedonic
rating of food odors [25]. Besides, a positive association
between BMI and the ability to image odors and foods
(mental representations) has been found [26]. Surpris-
ingly, although studies focused on the influence of differ-
ent parameters on odor hedonic perception, no specific
studies have really taken into account the impact of
food diet on pleasantness/unpleasantness ratings,
especially with respect to food and non-food odors.

In recent years, public concern for animal welfare,
and animal and environmental protection is rising
[27]. In this context, more and more individuals modify
their food behavior habits and convert to other diets
such as vegetarian and flexitarian diets. In addition to
animal welfare and environmental protection, health
benefit is also frequently mentioned. Some positive
health effects of a vegetarian/flexitarian food diet have
been described: reduction of body weight and increase
of postprandial metabolism and insulin sensitivity
[28], decreased risk of cataracts, especially in people
with overweight [29], lower risk of prostate cancer
[30], and lower anxiety scores [31]. Moreover, a plant-
based diet was related to better performance in memory
and executive function in older adults [32]. Conversely,
other negative effects have also been pointed out such as
lower energy intake [33], vitamin B12 deficiency [34],
lower levels of iron inducing an increased risk of devel-
oping anemia [35], or a rise of homocysteine levels [36].

As the number of vegetarians and flexitarians is con-
stantly growing [37], it seems relevant to investigate

affective responses to food in these populations com-
pared to omnivores. In this field, studies demonstrated
that picture subjective ratings were significantly differ-
ent between vegetarian and omnivore individuals [38–
41]. Stockburger et al. [38] examined affective responses
to images with event-related potentials (ERPs) in 12
vegetarians and 12 omnivores and showed that veg-
etarians assessed meat dishes as negative. Moreover,
the same pictures elicited enlarged Late Positive Poten-
tial (LPPs) over posterior regions in vegetarians com-
pared to omnivores. Giraldo et al. [40] investigated
the cognitive reappraisal during exposure to vegetarian
(e.g. vegetables, fruits) and nonvegetarian food pictures
(meat and fish dishes) in 24 vegetarians and 21 omni-
vores with ERPs and subjective measures. The results
indicated discrepancies in subjective data (e.g. desire
to eat, pleasantness…) but no group difference in any
of the ERP measures. The authors concluded that veg-
etarians and omnivores participants presented similar
neural processing of food pictures. Another study [39]
recorded affective and physiological responses induced
by food pictures presentation in 40 vegetarians and 45
omnivores. The results showed that vegetarians and
omnivores had similar physiological responses for all
food pictures, including meat or fish pictures, but pre-
sented significant differences in subjective ratings.
Specifically, meat and fish pictures elicited a lower desire
to eat, lower pleasantness, and lower arousal in veg-
etarians compared to omnivores. These data were corro-
borated by the results of a similar study on the women
population (21 vegetarians and 21 omnivores) [41].
Vegetarian women assessed non-vegetarian food pic-
tures (i.e. meat, and meat dishes) as less pleasant com-
pared to omnivore women.

In recent years, the flexitarian diet, also known as the
semi-vegetarian diet, appears in society and scientific
literature. A flexitarian diet is mainly adopted by
young adults, probably due to life transitions (e.g. mov-
ing away from home and going to university) [42].
According to the Oxford English Dictionary, the flexi-
tarian term is a mixture of ‘flexible’ and ‘vegetarian,’
and refers to individuals following a primary, but not
strict, vegetarian diet, with occasional consumption of
meat or fish. In scientific literature, the definition of a
flexitarian diet varies between studies [43]. Indeed,
some authors indicate that participants restrict the
intake of red meat [44], while others restrict the intake
of fish [45]. In other cases, flexitarians consume dairy
products and/or eggs and meat (red meat and poultry
≥1 time/month and <1 time/week) [46]. Other authors
define a flexitarian diet as consuming red meat, poultry,
or fish no more than once a week [33]. Thus, the best
consensus about the definition of flexitarian should be
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that these individuals reduce their meat and fish intake
with an average consumption of less than once a week.
Regarding the flexitarian diet, most of the studies focus
on the health effects, and so far, no studies have been
conducted on the affective responses induced by chemi-
cal cues, i.e. visual, semantic, and especially by food and
non-food odors, in flexitarians.

Based on the global findings regarding hedonic rat-
ings of food pictures [38–41], it seems relevant to assess
hedonic ratings of food odors. Thus, the aim of the pre-
sent study was to compare odor hedonic ratings of food
and non-food odors in three populations, i.e. vegetarian,
flexitarian, and omnivore participants.

2. Materials and methods

2.1. Participants

Sixty participants aged between 18 and 30 years took
part in this study. All participants were undergraduate
students from the University of Franche-Comté
(France). They were only female to minimize gender
effects (for a review, see Bontempi et al., 2021). Based
on other studies (e.g. Giraldo et al. 2019), only veg-
etarians and flexitarians following this diet for at least
one year were kept in the study. Participants were
divided into three groups based on their food diet: veg-
etarians (N = 20, mean age = 22.8 years, SD = 3.86; mean
number of years in the diet = 8.25 years, SEM = 2.13),
flexitarians (N = 20, mean age = 20.55 years, SD = 2.44;
mean number of years in the diet = 5.25 years, SEM =
1.52), and omnivores (N = 20, mean age = 20.15 years,
SD = 2.18; mean number of years in the diet = 20.15
years, SEM = 0.43).

All reported normal smell sensitivity, i.e. none of
them had a history of nasal/sinus disease, extensive
exposure to chemicals with potential toxicity (including
cigarette smoke), or long-term medical treatment.
Besides, none of the participants reported having any
medical conditions, including those associated with eat-
ing disorders such as anorexia or bulimia. All partici-
pants completed a questionnaire with personal/
demographic and eating habits information, including
questions about their food diet: ‘What type of diet do
you follow?’, ‘For how long?’ and ‘For which reasons
do you follow this diet?’.

There are no rigorous consensus criteria for being
considered vegetarian, flexitarian, or omnivore. How-
ever, in the present study, vegetarians did not eat meat
or fish, flexitarians eat meat or fish seldom (i.e. once
per week or less) and omnivores consumed meat and
fish without any restriction (i.e. several times per week
to several times a day). Most vegetarians reported

moral and ethical reasons for choosing this diet (30%
for both environment and animal welfare and protec-
tion, 40% for ethical concerns, 15% for both overcon-
sumption and disgust for meat, and 10% for health
reasons). In flexitarians, the same keywords were
reported (30% for both environment and animal welfare
and protection, 20% for disgust for meat, 15% for both
overconsumption and health reasons, and 10% for both
ethical concerns and desire). In omnivore participants,
all reported choosing this diet because it has been
their diet since their birth.

The study was conducted in accordance with the
Declaration of Helsinki-Hong Kong and the study
design was approved by the Human Protection Com-
mittee East Area II (Besançon, France). Each participant
gave her written informed consent before inclusion in
the study and a random number was assigned to each
participant upon arrival.

2.2. Stimuli

Twelve odorants were selected based on their quality
(food or no food odors) and category (meat, vegetables,
non-food, and other food except meat and vegetables).
Ten participants, different from the present study,
were asked to associate each odor with one of the four
specific categories. Meat odors were Bacon (Meilleurdu-
chef®, France), Veal (Laboetgato®, France), and Beef ‘pot
au feu’ (Laboetgato®, France). Vegetable odors were
Celery (Culinaide®, France), Fennel (Meilleurduchef®,
France), and Asparagus (Culinaide®, France). Other
food odors were ‘Roquefort’ (Meilleurduchef®, France),
Coffee (Meilleurduchef®, France), and Chocolate (Meil-
leurduchef®, France). Non-food odors were Smoke
(Meilleurduchef®, France), Gasoline (‘sans Plomb 95’),
and Glue (Scotch®, 30 ml). For each odorant, 6 ml was
placed in a 30 mL amber glass bottle for the stimulus
presentation and evaluation.

2.3. Odor affective ratings

Participants sat on a chair in a quiet and well-ventilated
room and rated hedonicity, intensity, and edibility of
odors. The hedonic rating was evaluated using a visual
analog scale from −9 to +9 (‘extremely unpleasant’ to
‘extremely pleasant’). The intensity and edibility ratings
were evaluated using visual analog scales from 0 to +9
(‘not intense/not edible’ to ‘extremely intense/extremely
edible’). The experimenter presented the twelve odors
one by one in a randomized order. According to recent
studies on odor hedonic ratings [5,13], the time interval
between each odor presentation corresponded to the
time required to complete the three scales (around

NUTRITIONAL NEUROSCIENCE 3



2 min). During the experiment, participants were not
informed of the odor names and categories.

2.4. Procedure

The experiment was carried out in a quiet and well-ven-
tilated room located at the University of Franche-
Comté. Upon arrival, participants were invited to give
their written informed consent and to fill out demo-
graphic (age, sex, diseases,etc.) and a questionnaire of
eating habits. After verbal instructions on the pro-
cedure, odorants were presented one by one and in ran-
domized order, to each participant.

Participants were asked not to consume any food or
drink (except water) at least two hours before the exper-
iment to minimize the satiety state effect on olfactory
tests [20]. The experimenter obtained verbal confir-
mation that participants followed all testing day require-
ments (breakfast was the last meal). All participants
performed the test in one session between 9:30 am and
11:30 am and the session test lasted 30 min on average.

The experimental room was ventilated 15 min before
each participant. This experiment was conducted with
the application of local health measures to combat the
SARS-CoV-2 pandemic. Participants did not receive
monetary compensation. The purpose of the study
was revealed to each participant after their participation.

2.5. Data analysis

Data on odor hedonic, intensity, and edibility ratings
were analyzed with Statistica® sotfware (version 13) for
each diet and each odor, using ANOVAs and Spearman
correlations. Post-hocs were realized using Fisher tests.
A significant difference was considered for p < 0.05 and
the non-significant results are noted as NS.

3. Results

To test whether vegetarians, flexitarians, and omnivores
experienced odor categories differently or experienced
only specific odor categories differently, ANOVAs were
conducted on odor hedonic, intensity, and edibility rat-
ings with diet (vegetarians, flexitarians, and omnivores)
as the between-subjects factor and odor category (meat
odor, vegetable odors, other food odors, and non-food
odors) as the within-subjects factor. Moreover, indepen-
dently of the diet, ANOVAs were conducted on odor rat-
ings with Odor factor for odors within the same category
(e.g. in the vegetable odors category, Odor factor was the
name of three odors, i.e Fennel, Asparagus, and Celery)
for each odor category (meat odor, vegetable odors,
other food odors, and non-food odors).

3.1. Odor hedonic ratings

Hedonic ratings of meat odors were influenced by the
participant’s diet. Indeed, the main effect of the Diet fac-
tor was demonstrated (F (2,118) = 10.35; p < 0.001). Thus,
vegetarian and flexitarian participants rated meat odors
as being more unpleasant than omnivore participants
(vegetarians vs. omnivores: p < 0.001; flexitarians vs.
omnivores: p < 0.001) (Figure 1). However, no hedonic
rating difference was highlighted between vegetarian
and flexitarian participants.

There was no main effect of Diet factor for vegetable
odors (F (2,118) = 0.89; NS), other food odors (F (2,118) =
0.29; NS), and non-food odors (F (2,118) = 0.11; NS).

There was no main effect of the Odor factor for meat
odors (F (2,118) = 0.03; NS) and for non-food odors (F

(2,118) = 2.21; NS). Nonetheless, the main effect of the
Odor factor was demonstrated for vegetable odors (F

(2,118) = 10.98; p < 0.001) and other food odors (F

(2,118) = 63,01; p < 0.001) (Figure 2).
No interaction was found between the participant’s

diet and odors in each odor category.

3.2. Odor intensity ratings

Intensity ratings of meat odors were influenced by the
participant’s diet. Indeed, statistical analysis shows the
main effect of Diet factors on odor intensity ratings
for meat odors (F (2,118) = 4,12; p < 0.05) (Figure 3).
Fisher post-hoc tests indicate that vegetarians rated
meat odor as being more intense than omnivores (p <
0.01), but no significant difference was observed
between flexitarians and omnivores. A tendency was
found between vegetarians and flexitarians (p = 0.051),
suggesting that flexitarians tend to rate meat odor as
being less intense than vegetarians.

There was no main effect of Diet factor for vegetable
odors (F (2,118) = 0.44; NS), other food odors (F (2,118) =
2.86; NS), and non-food odors (F (2,118) = 2.46; NS).

No main effect of the Odor factor was found for meat
odors (F (2,118) = 2.94; NS) and vegetable odors (F (2,118)

= 1.94; NS). However, the main effect of the Odor factor
was demonstrated for other food odor (F (2,118) = 5,86; p
< 0.01) and non-food odor (F (2,118) = 4,53; p < 0.05) cat-
egories (Figure 4).

No interaction was found between the participant’s
diet and odors in each odor category.

3.3. Odor edibility ratings

No main effect of the Diet factor was found in each odor
category suggesting that vegetarians, flexitarians, and
omnivores did not differ in edibility ratings on meat,
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vegetables, other food, and non-food odor categories
(Figure 5).

No main effect of the Odor factor was shown in the
meat (F (2,118) = 0.15; NS) and vegetable odor (F (2,118)

= 2.28; NS) categories. Nevertheless, there was a main
effect of the Odor factor in other food odor (F (2,118) =
44,09; p < 0.001) and non-food odor (F (2,118) = 16,92;
p < 0.001) categories (Figure 6).

No interaction was found between participants’ diet
and odors in each odor category.

3.4. Correlations

Data on correlations are displayed in Table 1.
For all diets, no correlation was found between hedo-

nicity and intensity (except for meat odor in flexitarian
diet, p < 0.01) and between intensity and edibility
(except for non-food odors in omnivore diet, p <
0.001). However, many correlations were observed
between hedonicity and edibility in all diets and for sev-
eral odor categories. Specifically, positive correlations
were found for meat odors and other food odors cat-
egories in each diet, suggesting that odor hedonic rat-
ings increase with odor edibility ratings (vegetarians:
meat odors, p < 0.01 and other food odors, p < 0.001;
flexitarians: meat odors, p < 0.001 and other food
odors, p < 0.001; omnivores: meat odors, p < 0.01, and
other food odors, p < 0.001). Thus, more meat and

other food odors are rated as being pleasant, and
more of these odors are rated as edible. The same data
were observed only in vegetarians for vegetable odors
(p < 0.01).

4. Discussion

This present study aimed to compare odor hedonic rat-
ings of food and non-food odors in three different diets,
i.e. vegetarian, flexitarian, and omnivore participants.
Our findings highlighted a higher aversion toward
meat odors in vegetarian and flexitarian participants,
compared to omnivores. Indeed, odor hedonic ratings
of vegetables, other food, and non-food odor categories
are similar between the three diets, although omnivores
rated other food odors as being slightly pleasant com-
pared to vegetarians and flexitarians who rated them
slightly unpleasant. Meat odors, although being per-
ceived as unpleasant in all diets, were significantly
rated as more unpleasant in vegetarians and flexitarians
than in omnivores, regardless of the meat odor type (i.e,
Bacon, Beef ‘pot au feu’ or Veal). Moreover, no differ-
ence was observed between vegetarians and flexitarians.
Regardless of the diet, in the same odor category, an
odor effect was found. Thus, some odors were rated
more pleasant/unpleasant than others. This was the
case in vegetable and other food odor categories. For
example, in the vegetable category, Fennel was

Figure 1. Mean (and SEM) of odor hedonic ratings for meat odor (A), vegetable odors (B), other food odors (C), and non-food odors
(D), in each diet. Error bars correspond to the standard error of the mean (SEM). Odor hedonic ratings were rated on a visual analogic
scale from −9 to +9. Significant differences were noted using * p < 0.05; ** p < 0.01; *** p < 0.001.
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significantly rated as being more pleasant than Aspara-
gus and Celery and it was the only odor perceived as
pleasant with a positive hedonic score. In the same

way, in other food odor categories, the Chocolate odor
is rated with a positive hedonic score, Coffee is rated
with a neutral hedonic score, and ‘Roquefort’ is rated

Figure 2. Mean (and SEM) of odor hedonic ratings for meat odor (A), vegetable odors (B), other food odors (C), and non-food odors
(D), independently of diet. Error bars correspond to the standard error of the mean (SEM). Odor hedonic ratings were rated on a visual
analogic scale from −9 to +9. Significant differences were noted using * p < 0.05; ** p < 0.01; *** p < 0.001.

Figure 3. Mean (and SEM) of odor intensity ratings for meat odor (A), vegetable odors (B), other food odors (C), and non-food odors
(D), in each diet. Error bars correspond to the standard error of the mean (SEM). Significant differences were noted using *p < 0.05; **p
< 0.01; ***p < 0.001.
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with a negative hedonic score, independently of the diet.
However, no difference was obtained for meat odors:
Bacon, Beef ‘pot au feu’, and Veal are perceived as
unpleasant whatever the diet. This suggests a homogen-
eity in hedonic ratings of meat odors compared to veg-
etable odors or other food odor categories. For intensity
ratings, it has been shown that only vegetarians rate
meat odors as being more intense than omnivores. No
diet effect was found for edibility ratings for all odor cat-
egories in all diets suggesting that diet does not influ-
ence edibility ratings for any odor category.

Concerning correlations, hedonicity and edibility for
meat and other food odors were related in each diet. No
correlation was found for the non-food odor category in
each diet between hedonicity and edibility ratings. No
correlation was found between hedonicity and intensity
and between intensity and edibility. In light of these
data, it can be possible to conclude that odors’ hedonic
ratings for all odor categories do not relate to the inten-
sity, which reinforces previous data obtained in hedonic
rating scores for meat odors. In other words, it is not
because vegetarians perceived meat odors as being
very intense that they rated meat odors as being very
unpleasant. Nevertheless, vegetarians and flexitarians
rated meat odors as being more unpleasant than omni-
vores, probably because they find that meat odors are
less edible than omnivores. Similar data were obtained
for other food odor categories in each diet too.

The present findings are in accordance with previous
studies on affective responses to food pictures in veg-
etarians and omnivores. Indeed, Knight et al. [41], demon-
strated that vegetarian women assessed non-vegetarian
food pictures (i.e, meat and meat dishes) as less pleasant
than omnivore women. Moreover, Anderson et al. [39]
and Giraldo et al. [40], showed that meat and fish pictures
elicited a lower desire to eat, lower pleasantness, and lower
arousal in vegetarians than omnivores. They also noted
no differences in physiological (heart rate, facial electro-
myography activity, and electrodermal activity) and
electrophysiological (event-related potentials) responses
between vegetarians and omnivores and suggested that
vegetarians experienced meat pictures as being unpleasant
because that is consistent with their personal beliefs. If this
seems consistent for studies using picture presentation this
explanation is probablymore complex in the case of odors.
Indeed, in the present study, participants smelt the differ-
ent odors without any information on the name or source,
to avoid the label effect on odor hedonic ratings [11,47].
Consequently, odors smelt are not necessarily identified
by participants contrary to pictures. This implies that the
higher aversion toward meat odors stimuli in vegetarians
and flexitarians could be related to unconscious processes,
beyond their personal beliefs.

Other works also explain that implicit attitudes
toward meat and vegetables are different between veg-
etarians and omnivores [48]. Data obtained from the

Figure 4. Mean (and SEM) of odor intensity ratings for meat odor (A), vegetable odors (B), other food odors (C), and non-food odors
(D), independently of diet. Error bars correspond to the standard error of the mean (SEM). Significant differences were noted using * p
< 0.05; **p < 0.01; ***p < 0.001.
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Implicit Association Test (IAT) and a pictorial version
of the Extrinsic Affective Simon Task (EAST) revealed
that implicit attitudes toward vegetables, compared to

implicit attitudes toward meat, were more positive in
vegetarians than in omnivores. In the present study, a
difference in vegetable odors’ hedonic ratings could

Figure 5. Mean (and SEM) of odor edibility ratings for meat odor (A), vegetable odors (B), other food odors (C), and non-food odors
(D), in each diet. Error bars correspond to the standard error of the mean (SEM). Significant differences were noted using *p < 0.05; **p
< 0.01; ***p < 0.001.

Figure 6. Mean (and SEM) of odor edibility ratings for meat odor (A), vegetable odors (B), other food odors (C), and non-food odors
(D), independently of diet. Error bars correspond to the standard error of the mean (SEM). Significant differences were noted using *p
< 0.05; **p < 0.01; ***p < 0.001.
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have appeared between vegetarians, flexitarians, and
omnivores but no diet effect was found.

Based on the present findings, it would be interesting
to know whether vegetarians have adopted this diet
because they initially disliked meat or for ethical and
environmental reasons, which led them to dislike
meat. Some authors showed that meat consumption is
positively correlated with disgust sensitivity [49]. It
has been suggested that vegetarians experienced meat
negatively because they are more sensitive to stimuli
perceived as disgusting. Moreover, he reasons for veg-
etarian diet adoption are related to disgust perception
[50]. Indeed, people who adopted a vegetarian diet for
moral reasons (i.e, animal welfare… .) find meat as
being more disgusting than people who adopted a veg-
etarian diet for health reasons (i.e, meat is bad for
health…). Similarly, MacNair [51] showed that most
vegetarians considered meat as being ‘repugnant’. Inter-
estingly, it was demonstrated that vegetarians who
adopted this diet for ethical reasons were more likely
to find meat as being ‘repugnant’ than those who
adopted this diet for health reasons [51]. Moreover, in
its literature review, Hamilton [52] concluded that
meat is a food product that evokes both ethical concerns
and feelings of revulsion and that the latter is heigh-
tened by the form of meat. Future studies could examine
whether in an omnivore population for whom meat is
perceived negatively, people are more sensitive to dis-
gust and whether they would consider changing their
current diet and for which reasons.

Odor hedonic perception is subject to many vari-
ations [53]. Regarding food intake, hungry/satiety
state and BMI are major factors implied in the variabil-
ity of odor hedonic perception [20,21,25]. On the other
hand, it has been shown that the sensory satiety state
(SSS) is related to food hedonic perception. The SSS
refers to the reduction of the pleasure of eating portion
offood compared to a new food. For example, Small
et al.[54] showed that the continuous ingestion of pieces
of chocolate, stimulating both the olfactory and gusta-
tory systems, led to a reduction of the general hedonic
rating of the consumed chocolate. Thus, one may ask
whether the sensory satiety state is similar between veg-
etarians, flexitarians, and omnivores. This issue

warrants investigation to determine whether vegetables
induce a larger sensory satiety state in vegetarians and
flexitarians compared to omnivores, which could then
explain the negative experience toward meats in veg-
etarian and flexitarian diets.

Some other factors could be further investigated.
First, BMI was not considered in the present study,
and yet, it could have been interesting to compare veg-
etarians/flexitarians/omnivores with low BMI and veg-
etarians/ flexitarians/omnivores with high BMI.
Indeed, it has been shown that BMI influences odor
hedonic ratings specifically for odor with high energy
density (e.g. chocolate) [55]. Moreover, in the present
study, only women were considered to avoid sex
effects on odor hedonic ratings [14]. Nevertheless, a
study on both men and women vegetarians would be
interesting to analyze the sex effect on odor hedonic
response to meat odors. Because of the well-established
impact of hunger/satiety status on odor hedonic percep-
tion [21], this effect could be thoroughly investigated in
future research. Lastly, another diet could be studied:
the vegan diet. Indeed, a vegan diet is even more restric-
tive than vegetarians because people following this diet
do not consume any animal food products [56]. Several
studies investigated the vegan diet’s effect on health [57]
but no study has yet examined the impact of this diet on
emotional responses, especially on odor hedonic
perception.

Following this study, future research is needed to
improve the understanding of hedonic responses,
especially to odors, toward meat among vegetarians and
flexitarians and, to determine the reasons for this specific
aversion. For instance, studies may focus on gut micro-
biota, diet, and brain function, because it is suggested
that diet influences gut microbiota and that the latter is
related to brain function [58]. Further studies may also
focus on neuronal processing insofar as odors, especially
food-related odors, have been shown to elicit cerebral
activity in brain reward circuits [59].

From a practical point of view, these findings are rel-
evant regarding several aspects of food consumption
such as eating disorders (anorexia, bulimia… etc.) or
food education, and could further serve to manage eat-
ing behaviors, especially in an elderly population.

Table 1. Spearman correlations for Hedonicity/Intensity, Hedonicity/Edibility, and Intensity/Edibility for each diet and each odor
category.

Hedonicity/Intensity Hedonicity/Edibility Intensity/Edibility

Vegetarians Flexitarians Omnivores Vegetarians Flexitarians Omnivores Vegetarians Flexitarians Omnivores

Meat odors NS p < 0.01 NS p < 0.01 p < 0.001 p < 0.01 NS NS NS
Vegetable odors NS NS NS p < 0.01 NS NS NS NS NS
Other food odors NS NS NS p < 0.001 p < 0.001 p < 0.001 NS NS NS
Non-food odors NS NS NS NS NS NS NS NS p < 0.001

Note: The term ‘NS’ means that no significant difference was found. Significant differences were considered for p < 0.05.
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