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ABSTRACT

Sensory food cues in our surroundings, such as odors, trigger decisions that may lead to (over)eating. These cues
occur mainly outside of people’s awareness. Therefore, it is crucial to better understand the effect of (non-
consciously exposure of) food odors on behavioral responses. Moreover, sensory-specific appetite suggests that
food odor exposure may enhance appetite for products with similar properties in taste and calorie content,
inferring that we can detect nutrient content of the food through our sense of smell. Our previous research
showed that conscious exposure to macronutrient-related odors influenced specific appetite but not food pref-
erences or intake. However, eating behavior responses may differ depending on the level of awareness of the
odor cue. Therefore, in our current study, we aimed to determine the influence of non-conscious exposure to
macronutrient-related odors on specific appetite, food preferences and food intake. 34 healthy, normal-weight
and unrestrained Dutch females underwent four sessions where they were non-consciously exposed to odors
representing food high in carbohydrates, protein and fat, and low-calorie foods. Eating behavior was assessed
through a specific appetite questionnaire, a computer task on macronutrient and taste food preferences, and
actual food intake by means of a salad bar which included toppings representing the different macronutrients.
Results show that non-conscious exposure to macronutrient-signaling odors does not influence congruent
appetite, food preferences nor food intake of a main meal. Follow-up research should focus on different odor
exposure (intensity and exposure time) and outcomes measures to have a better understanding of olfactory
priming on eating behavior.

1. Introduction

We are constantly exposed to sensory cues without being consciously
aware of them: food advertisements by the road, nutritional advice on
the radio, food aromas in the supermarket, etc. These sensory cues can
steer our eating behavior towards (un)healthy decisions (Koster, 2009;
Stroebele & De Castro, 2004). However, the exact nature of the influence
of these food cues on eating behavior has yet remained unclear and
awareness may differentially affect eating responses.

Non-conscious exposure to food cues can activate a mental repre-
sentation triggering cognitive and behavior responses, known as prim-
ing (Bargh, 2006; Tulving & Schacter, 1990). In particular, olfactory
priming may influence mood, memory, consumer and eating behavior
(De Luca & Botelho, 2019; Smeets & Dijksterhuis, 2014, for reviews).
Various eating behavior outcomes such as appetite, food choice and/or
intake have been investigated in relation to olfactory priming. Literature
thus far suggests that non-conscious exposure to odors does not influence

specific appetite (Proserpio, de Graaf, Laureati, Pagliarini, & Boesveldt,
2017). However, it may impact food choices (Chambaron, Chisin,
Chabanet, Issanchou, & Brand, 2015; de Wijk & Zijlstra, 2012; Gaillet,
Sulmont-Rossé, Issanchou, Chabanet, & Chambaron, 2013; Gaillet-
Torrent, Sulmont-Rossé, Issanchou, Chabanet, & Chambaron, 2014).
E.g. in a series of studies, Gaillet et al. have shown that starters and
desserts containing fruit and vegetables were selected more frequently
from a menu when participants were non-consciously exposed to melon
and/or pear odor (Gaillet et al., 2013; Gaillet-Torrent et al., 2014).

Furthermore, others have shown that non-conscious exposure may
also influence congruent food intake, e.g. chocolate rice upon high-
calorie-related odor exposure (Proserpio et al., 2017, 2019). More-
over, results from a reaction time task demonstrated that only non-
conscious odor exposure led to attentional biases towards foods, as
compared to conscious odor exposure (Mas, Brindisi, Chabanet, Nick-
laus, & Chambaron, 2019).

Conversely, conscious odor exposure may influence self-reported
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appetite (Ferriday & Brunstrom, 2011; Ramaekers, Boesveldt, Gort,
et al., 2014), but not food preference and intake (Zoon, He, de Wijk, de
Graaf, & Boesveldt, 2014).

Awareness of the odor may thus play a crucial role in the type of
response it exerts (McCrickerd & Forde, 2016; Smeets & Dijksterhuis,
2014). On one hand, barely detectable and unattended odors may act as
prime and trigger congruent food choice and intake (Chambaron et al.,
2015; Gaillet et al., 2013; Gaillet-Torrent et al., 2014; Proserpio et al.,
2017, 2019), as these decision-making processes may occur at a non-
conscious level (Bargh & Ferguson, 2000; Koster, 2009). On the other
hand, conscious odors may mainly induce sensory-specific appetite
(Ferriday & Brunstrom, 2011; Ramaekers, Boesveldt, Gort, et al., 2014;
Zoon et al., 2014). Awareness of the odor cue and/or the congruent
appetite response may trigger cognitive control (such as self-regulation
and inhibition mechanisms) which could interrupt the meal process at
this stage and prevents the translation from appetite into further food
choice and intake (Boesveldt & de Graaf, 2017).

Sensory-specific appetite (SSA) infers that food odor cues may
convey information related to the macronutrient content, based on the
taste and calorie content, of the associated food and thereby may induce
congruent appetite and possibly even food choice and intake (Ferriday &
Brunstrom, 2011; Ramaekers, Boesveldt, Gort, et al., 2014; Ramaekers,
Boesveldt, Lakemond, van Boekel, & Luning, 2014; Zoon, de Graaf, &
Boesveldt, 2016). Our own previous research showed that conscious
exposure to macronutrient-related odors increased congruent appetite
mainly after protein-related odor exposure, but did not impact food
preferences or actual food intake (Morquecho-Campos, de Graaf, &
Boesveldt, 2020). Therefore, in the current study we aimed to investi-
gate how non-conscious macronutrient-related odors exposure would
impact specific appetite, food preferences and intake. We hypothesized
that non-conscious odor exposure would enhance congruent food pref-
erences and intake. Specifically, we hypothesized that macronutrient
preferences and food intake would increase in a congruent manner after
exposure to macronutrient-related odors (e.g. exposure to protein-
related odors will increase preferences for foods high in protein such
as ham, chicken, compared to incongruent food products such as bread/
croutons for carbohydrates, nuts for fat or cucumber for low-calorie).
However, non-conscious odor exposure would not influence self-
reported appetite ratings for congruent food products.

2. Materials and methods
2.1. Participants

Normal-weight Dutch females between 18 and 35 years old were
recruited from Wageningen and the surroundings. Initially, participants
were invited to an information and screening session, during which they
provided written informed consent and filled out a questionnaire to
determine their eligibility. Participants with a normal sense of smell
(scoring > 12 on the 16 items Sniffin’ Sticks odor identification test
(Oleszkiewicz, Schriever, Croy, Hahner, & Hummel, 2019),
self-reported normal sense of taste, and unrestrained eaters on the Dutch
Eating Behavior Questionnaire, DEBQ (van Strien, Frijters, Bergers, &
Defares, 1986) were included. Participants were excluded when they:
were a smoker; disliked the food products used in the study (<40 on 100
mm visual analogue scale, VAS); had any dietary restriction towards
specific foods (self-imposed or otherwise; e.g. vegetarian, vegan); used

Table 1
Characteristics of the 34 participants included in the study.

Characteristic Mean + SD (range)

Age (years)

BMI (kg/m?)

Odor Identification Score
Restrained Score (DEBQ)

21.3 + 1.8 (18 - 26)
21.5 + 1.7 (18.8-24.7)
14.1 £ 1.0 (12-16)
2.4+ 0.7 (1.0-3.3)
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medication other than paracetamol and hormonal contraceptives; were
pregnant or had the intention to become pregnant during the experiment
or were currently breastfeeding; reported weight loss or weight gain of
more than 5 kg or following a special diet in the two months prior to the
study; or participated in our previous study (Morquecho-Campos et al.,
2020). Moreover, taste ability and color blindness were assessed during
the screening session by means of Taste Strips and Ishihara’s color test,
respectively (Ishihara, 1951; Landis et al., 2009; Mueller et al., 2003).
These measures were taken as bogus tasks to distract potential partici-
pants from the true aim of the study that involved odor perception but
were not considered as inclusion/exclusion criteria. The alternative goal
communicated to participants was that we aimed to investigate the role
of hunger, food cue exposure, and satiety on abilities of logic reasoning
by means of psychometric tasks.

The sample size calculation was based on previous research
(Chambaron et al., 2015; Gaillet-Torrent et al., 2014; Gaillet et al., 2013;
Proserpio et al., 2017; Ramaekers, Boesveldt, Gort, et al., 2014; Zoon
et al., 2016), resulting in a total of 34 participants included in the study
(Table 1). Participants were compensated at the end of the study for
their contribution. The study was conducted in accordance with the
Declaration of Helsinki (revised in 2013) and approved by the Medical
Ethical Committee of Wageningen University (NL 69840.081.19). This
trial was pre-registered at the Netherlands Trial Register as NL7742 (htt
ps://www.trialregister.nl/trial/7742).

2.2. Procedure

This study had a cross-over intervention design, where participants
were (non-consciously) exposed to three macronutrients-related odors
(i.e., carbohydrates, protein and fat) and a low-calorie-related odor as a
control condition. Participants visited the test location four times, once
for each odor condition, with at least two days in between. Test sessions
took place around lunch time (11.30-14.00) and participants attended
their sessions at the same time. Participants were asked not to eat or
drink (except water) at least three hours before the test sessions, to be in
a mild hunger state.

Fig. 1 provides an overview of the procedure of each test session. On
arrival at each test session, participants rated their general appetite and
specific appetite (non-odorized room). Then, they were escorted to a
new room (odorized room) where they performed a psychometric task
(#1) for 3 min. This room was scented with a non-consciously detectable
concentration of the different odors (perceived intensity < 35 mm on a
100 mm VAS, detailed information can be found in Section 2.3). After
the first odor exposure, participants went back to the non-odorized room
where they rated their general and specific appetite again and per-
formed a computer-based food preference task. Subsequently, they went
back to the same odorized room and performed again a psychometric
task (#2) for 3 min. Then, participants were escorted to a dining room
where they rated their general appetite and were provided with a salad
bar lunch by which their ad libitum food intake was covertly measured.
After the participants finished their lunch (~20 min), they performed a
final psychometric task (#3). After each psychometric task, participants
rated their stress level after the psychometric task and the perceived
level of difficulty of the psychometric task.

At the end of the last session, participants were debriefed. They were
asked about their impression of the aim of the study and whether they
had perceived an odor in the odorized rooms (where they had performed
the first two psychometric tasks) in any of the test sessions. After
completing the debriefing questionnaire, they were informed about the
true aim, and were presented with the four odors to rate on various
attributes.

2.3. Odor stimuli

Based on our previous study (Morquecho-Campos et al., 2020), pilot
studies and familiarity for Dutch participants, we selected one odor per
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Fig. 1. Procedure for each test session. *Participants were exposed twice to the same odor within the same session. **Psychometric tasks were bogus tasks as part of

the alternative goal to keep participants naive from the real aim of the study.

category and determined appropriate intensities: bread (Symrise
205361; 8% in propylene glycol, PG) for carbohydrates; duck (Symrise
619322; 0.05% in PG) for protein; butter (IFF 10922603; 60% in PG) for
fat; cucumber (IFF 15311331; 100%) for the low-calorie category. The
odors were distributed in air-conditioned rooms by means of vaporizers
(Iscent, Zeewolde, The Netherlands). Pilot studies were carried out to
achieve a non-consciously detectable concentration, which we defined
as a perceived intensity lower than 35 mm on a VAS. These pilot studies
consisted of several short sessions where participants (n = 10 per ses-
sion, which did not participate in the actual study) were exposed to an
odor dispersed in the odorized room. Participants were asked about their
awareness of any odor present in the room, and if so, to assess the in-
tensity of the ambient odor (on a 100 mm VAS anchored from “Not at
all” to “Very much™). Only one participant was allowed in the room at
the same time. The final dispersion frequency and perceived intensity of
the odors can be found in the Supplementary materials (Table S1).

Odors were prepared every week and stored in the fridge until the
morning of the test session. On the morning of the test session, the odor
stimuli were taken out of the fridge and stored at room temperature.
After the test sessions of each day were completed, the room was
ventilated, the surfaces were cleaned, and the odor was fully purged
overnight.

2.4. Measurements

2.4.1. General and specific-sensory appetite
General appetite was determined by assessing hunger, fullness,
prospective consumption, desire to eat, and thirst on 100 mm VAS

Table 2
Food products offered at the ad libitum lunch.
Category Food Energy Carbohydrates Protein Fat
(keal/ (%) (%) (%)
100 g)

Carbohydrates  Croutons 455 57.1 11.4 29.7
Corn 71 59.2 15.2 17.7

Protein Chicken 105 15.2 64.8 21.4
strips
Ham strips 115 1.0 69.6 27.4

Fat Mixed nuts 625 4.8 11.5 81.4
48 + Gouda 360 0.0 25.6 75.0
Cheese

Low-calorie Cucumber 13 40.0 21.5 27.7
Cherry 30 53.3 12.0 24.0
tomatoes

Base Lettuce 13 46.2 30.8 6.9

Dressing Natural 40 9.5 0.1 0.1
salad
dressing

Numbers in bold emphasize the highest contribution to the total energy content
of the food products, which represents their respective food product category.

anchored by “Not at all” to “Very much”. The General appetite score’
variable was computed as the average of hunger, desire to eat, pro-
spective consumption, and the inverse fullness’ score (100 — fullness).

Specific-sensory appetite was assessed by rating ‘How much would
you like to eat ‘[specific product]’ at this moment?’ on a 100 mm VAS
anchored by “Not at all” to “Very much”. Specific products consisted of
12 food items, 3 per macronutrient category, which either did or did not
match the odor stimuli (congruent/incongruent): pasta, bread, and corn
for carbohydrates; chicken, ham, and beef for protein; bacon, nuts, and
cheese for fats; cucumber, tomato, and melon for low-calorie food
products.

2.4.2. Food preferences

Food preferences were measured by means of the Macronutrient and
Taste Preference Ranking Task (MTPRT), a validated computer-based
task (de Bruijn, de Vries, de Graaf, Boesveldt, & Jager, 2017). This
task consists of rating the liking of 32 food products (represented by
pictures with labels) and ranking the food products (represented only by
pictures) according to participants’ desire to eat at that moment. These
foods are divided into four macronutrient categories- carbohydrates,
protein, fat, and low-calorie- with each category consisting of 4 sweet
and 4 savory foods, except the protein category (only savory). Liking
ratings were aggregated per macronutrient and taste category for ana-
lyses. Macronutrient preference ranking score can range between 1 and
4, while taste preference scores can range between 1.5 and 3.5: higher
scores representing a higher preference. As sweet and savory preference
ranking scores obtained in this task are (by definition) opposite to each
other, we reported only the savory taste results.

2.4.3. Food intake

The ad libitum lunch consisted of a salad bar, with 2 options per
macronutrient (i.e., carbohydrates, protein and fat) and 2 low-calorie
products, see Table 2. The toppings for the macronutrient categories
contained at least 50% of the total energy derived from the specific
macronutrient category and toppings in the low-calorie category con-
tained no more than 60 kcal/100 g (de Bruijn et al., 2017; RIVM, 2019).
All food products are commercially available and familiar in the Dutch
diet. Participants received a bowl with a fixed amount of salad (80 g)
and were instructed to choose as many toppings and the quantity as they
wanted. They also received 28 g of a natural salad dressing to add to
their salad (if necessary), and a glass of water (150 mL) that they were
instructed to finish during the lunch. Only one participant was allowed
in the buffet area at a time and they could only visit the buffet area once.
Participants were instructed to sit in the dining area, which did not face
the buffet area, and to eat until they felt comfortably satiated. They were
not obliged to finish their plate. The buffet was continuously refilled, to
ensure a constant volume on each topping tray. Food intake was covertly
measured by weighing the trays which contained each topping before
and after each participant ‘built’ their salad and by weighing the
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remaining amount on the plate of the participants after eating.

2.4.4. Odor attribute ratings — debriefing session

At the end of the last test session, participants assessed the odor on
liking, intensity, familiarity, intention to eat a product with that odor,
and mouth-watering sensation on a 100 mm VAS anchored by “Not at
all” to “Very much”. They were also asked to identify the odor among a
list of (food) products, including ‘odorless’, by a multiple forced-choice
task (‘Which of the following label(s) best fits the odor?’) and to assess
the odor-label association (‘How well do you think this smell corre-
sponds to ‘[specific label]’) on a 100 mm VAS.

2.4.5. Psychometric task- as bogus task

The psychometric tasks consisted of four different type of tasks:
numerical, inductive, verbal, and logical reasoning with figures. In each
test session, participant randomly performed a different type of psy-
chometric task. The psychometric tasks were retrieved from 123test.com
and “501 challenging logic and reasoning problems” (123test.com, n.d.;
LearningExpress (Organization) (2005)). These tasks were moderate to
high in difficulty to be in line with our alternative goal. However, in
order to control any potential effects of different stress levels on our
outcomes, the level of these tasks was similar across types of psycho-
metric tasks and sessions. Performing these psychometric task could
modify the level of stress of the participant which may affect food choice
or intake (Groesz et al., 2012; Yau & Potenza, 2013). Therefore, the
stress levels after the performance of each task and the difficulty of each
psychometric task were measured and added as covariates to our
models.

2.5. Statistical analyses

All statistical analyses were carried out in RStudio (RStudio Team,
2016), and graphs were made using GraphPad Prism 5.0 (GraphPad
Prism Software). Results with a p value lower than 0.05 were considered
statistically significant.

All analyses consisted of linear mixed models, carried out using the
Ime4 statistical package in R (Bates, Machler, Bolker, & Walker, 2015).
The best fitting models were selected on the basis of parsimony
following a backward approach. Homoscedasticity and normal distri-
bution of error terms, and correct specifications of the fixed and random
parts of the model were checked for each model. Post-hoc tests with a
Bonferroni correction, by means of the Ismeans statistical package
(Lenth, 2016), were performed when the main effects or interaction
were significant.

Odor attribute ratings were analyzed as a dependent variable, with
odor as fixed effects and participants and evaluation order as random
effects. The liking of food products was analyzed as a dependent vari-
able, with food product as fixed effects and participants as random ef-
fects. This data is shown in Tables S2 and S3 of the Supplementary
materials.

Data was labeled as congruent/incongruent, depending on the food
products used relative to the odor category. For example, specific
appetite or food intake of protein-rich products (such as ham, chicken or
meat) were considered congruent after exposure to a protein-related
odor (meat), but labeled as incongruent after exposure to other odor
categories.

For all the models, participants and test sessions nested in allocation
groups (12 allocation groups based on participants’ availability: 9
groups consisted on 3 participants and 3 groups on 1, 2 and 4 partici-
pants, respectively) were evaluated as random factors.

2.5.1. Change in specific sensory appetite

Change in specific sensory appetite (SSA; calculated as difference in
the specific appetite ratings before versus after odor exposure) was
analyzed as dependent variable. Odor category, (in)congruency of food
product, and their interaction were included as fixed factors.

Food Quality and Preference 90 (2021) 104156

Participants were included as random factor. Liking of food products
(assessed during the screening session on a 100 mm VAS), specific
appetite before odor exposure, individual odor attribute ratings
(assessed during the debriefing on a 100 mm VAS), stress levels and
difficulty of the psychometric task #1, general appetite score and thirst
rating before and after the first odor exposure, and personal character-
istics (age, BMI, DEBQ, and Sniffin’ sticks) were included as covariates.

2.5.2. Food preferences

Congruency was determined by the match between odor exposure
category and each macronutrient score analyzed. Each macronutrient
liking and ranking score was analyzed as dependent variable in separate
linear mixed models. Congruency was included as fixed factor in the
liking and ranking results of the macronutrient models. Odor category
was included as fixed factor in the liking and ranking results of the
(savory) taste models. Participants were included as random factor for
all the models. Individual odor attribute ratings, stress levels and diffi-
culty of the psychometric task #1, general appetite score and thirst
rating after the first odor exposure, and personal characteristics were
entered as covariates in both macronutrient and savory taste preferences
score’s models.

2.5.3. Food intake

Food intake was analyzed in three ways. Firstly, to determine the
influence of odor exposure on overall food intake, total food intake (in g
and kcal) was analyzed as dependent variable, with odor category as
fixed factor. Secondly, to determine the influence of odor exposure on
(in)congruent food intake, food intake (in g and kcal) was analyzed as
dependent variable, and congruency (depending on the food products
selected and eaten relative to the odor condition) as a fixed factor.
Thirdly, to determine the influence of odor exposure on specific food
intake of the different product categories, food intake (in g and kcal) was
analyzed as dependent variable, with odor category, food product
category, and their interaction were included as fixed factors. In the
models of the first part, participants were included as random factors.
Allocation groups were additionally included as random factor in the
models of the second and third part.

Liking of food products available in the ad libitum lunch (assessed
during the screening session on a 100 mm VAS), individual odor attri-
bute ratings, stress levels and difficulty of the psychometric task #2,
general appetite score and thirst rating after the second odor exposure,
and personal characteristics were entered as covariates in all the models.

Moreover, Pearson correlation analyses were performed to deter-
mine the correlation between food preferences score and food intake (in
g and kcal). The correlation analyses considered participants as random
factors, using the residuals of a mixed model with food intake (in g and
kcal) as a dependent variable and participants as random effects. The
residuals of those models were correlated with food preferences scores.

3. Results
3.1. Change in specific appetite (SSA)

There was a significant interaction between odor category and con-
gruency (F (3,1588) = 2.76, p = 0.041; mixed model included liking of
the food product, specific appetite before odor exposure, and general
appetite score after the first odor exposure as covariates; Fig. 2). How-
ever, Bonferroni post-hoc tests did not reveal any significant difference
between the respective conditions (all p > 0.05).

3.2. Food preferences

Odor exposure did not influence liking for congruent food products
(Table 3A). Similarly, odor exposure did not affect preference ranking
for congruent food products (Table 3B).

Liking for savory-tasting food products was not influenced by odor
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Fig. 2. Change in specific appetite upon odor exposure for congruent (black color) and incongruent food products (light gray color). Values are expressed as mean

and standard error.

Table 3

Ratings of liking (on a 100 mm VAS) and preference score (score range: 1 — 4) of each macronutrient after exposure to (in)congruent odors.

Values are expressed as mean and standard error.

Macronutrient Congruent condition Incongruent condition Statistical information

A) Liking*

Carbohydrates 67.8 + 2.00 66.9 + 1.93 F (1,100) = 1.59, p = 0.21
Protein 60.6 + 2.55 61.4 + 2.47 F (1,100) = 0.63, p = 0.43
Fat 71.3 £1.83 71.3 £1.75 F (1,100) = 0.001, p = 0.98
Low-calorie 67.7 + 2.29 67.1 + 2.23 F (1,101) = 0.56, p = 0.46
B) Preference score**

Carbohydrates 2.53 £+ 0.07 2.50 + 0.07 F (1,101) = 0.57,p = 0.45
Protein 2.27 £0.11 2.35 +0.10 F (1,98) = 3.61, p = 0.06
Fat 2.73 + 0.07 2.77 + 0.07 F (1,101) =1.57,p = 0.21
Low-calorie 242 £0.11 239 +£0.11 F (1,98) = 0.41,p = 0.53

* Covariates included in the liking models: general appetite score after the first odor exposure was included as covariate in the carbohy-
drates, protein and fat models; the low-calorie model did not include any covariate.

** Covariates included in the preference score models: no covariates were included in the models for carbohydrates and fat; intention to eat
a product with that odor, mouth-watering sensation upon that odor and general appetite score after the first odor exposure were included in

the protein and low-calorie models.

exposure (Table 4). The ranking of savory-tasting foods was influenced
by odor exposure (Table 4). However, Bonferroni post-hoc tests did not
reveal any significant difference between the respective conditions.

3.3. Food intake

Firstly, total food intake (in g and kcal) did not differ significantly
after exposure to the different macronutrient-related odors (Table 5).

Secondly, food intake did not differ significantly between congruent
versus incongruent food products after odor exposure (g: F (1,1052) =

Table 4

Ratings of liking (on a 100 mm VAS) and preference score (score range: 1.5 —
3.5) of savory taste after odor exposure. Values are expressed as mean and
standard error.

Odor category Liking for savory- tasting ~ Preference score for savory-

foods tasting foods
Carbohydrates 63.5 + 1.77 2.24 + 0.06
Protein 63.4 + 1.78 2.21 + 0.05
Fat 63.3 +1.78 2.30 + 0.06
Low-calorie 64.0 +£1.78 2.30 + 0.06

Statistical F (3,98) = 0.30,p =
information 0.83*

F (3,99) = 3.38, p = 0.02**

* General appetite score after the first odor exposure was included as covariate.
** No covariates were included in this model. Bonferroni post-hoc tests did not
reveal any significant difference between these conditions.

0.04, p = 0.85; kcal: F (1,1052) = 0.08, p = 0.77; liking of food products
was included as covariate in both mixed models).

Thirdly, there was no interaction between odor category and food
product category (g: F (9,1038) = 0.58, p = 0.81, Fig. 3A; kcal: F
(9,1038) = 0.63, p = 0.77, Fig. 3B; liking of food products was included
as covariate in both mixed models). Overall, the consumption (in grams)
of low-calorie food products was significantly higher compared to the
intake of carbohydrates, protein and fat (F (3,1049) = 196.56, p <
0.0001; Fig. 3A), and the caloric intake of fat products was significantly
higher compared to that of the other food product categories (F
(3,1049) = 171.76, p < 0.0001; Fig. 3B).

Food preference scores were positively correlated with food intake
(g: r (542) = 0.16, p = 0.0003; kcal: r(542) = 0.27, p < 0.0001).

3.4. Debriefing - odor awareness

All the participants believed that the aim of the study was related to
the psychometric tasks, stress levels, and/or hunger state. None of the
participants reported a link between the measurements performed and
the ambient odors. The data from the debriefing questionnaire was
classified into four score categories as suggested by Mors, Polet, Vin-
gerhoeds, Perez-Cueto, and de Wijk (2018). Participants did not
perceive the odor in 89.0% of the test sessions, while in 2.2% of them
they perceived an odor and correctly identified it. In a further 8.1% of
test sessions, participants detected an odor but could not name it, and in
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Table 5
Total food intake in g and kcal after exposure to the different macronutrient-
related odors. Values are expressed as mean and standard error.

Odor category Total food intake (g) Total food intake (kcal)

Carbohydrates 423 +22.7 540 + 41.2
Protein 425 + 22.6 494 + 40.5
Fat 442 + 229 529 + 41.2
Low-calorie 425 + 22.6 499 + 40.5

Statistical information F (3,92) = 0.51, p = 0.68* F (3,95) = 0.78, p = 0.53**

* General appetite score after the second odor exposure was included as co-
variate.
** No covariate contributed to the fit of this model.

the remaining 0.7% of the test sessions participants perceived an odor
but were unable to correctly identify it.

4. Discussion and conclusion
4.1. Discussion

The current study aimed to determine the influence of non-conscious
exposure to macronutrient-related odors on measures of eating
behavior. Based on available literature, we hypothesized that non-
conscious exposure would not impact explicit responses such as self-
reported appetite, but would influence food preferences and intake.
Our results show that non-conscious odor exposure did not impact
appetite (albeit contrary to our hypotheses), and did not modify food
preference nor food intake in a salad bar setting.

Appetite feelings can be induced by external sensory cues and may
lead to an in increase in searching and wanting to consume specific foods
(de Graaf, Blom, Smeets, Stafleu, & Hendriks, 2004; Egecioglu et al.,
2011). Therefore, when we are consciously exposed to food cues such as
odors, our appetite for congruent foods may increase, demonstrating
olfactory sensory-specific appetite (Ferriday & Brunstrom, 2011;
Morquecho-Campos et al., 2020; Ramaekers, Boesveldt, Gort, et al.,
2014; Ramaekers, Boesveldt, Lakemond, van Boekel, & Luning, 2014;
Zoon et al., 2016). However, in line with the current study, results from
Proserpio et al. also showed no influence of non-conscious odor expo-
sure on specific appetite (Proserpio et al., 2017). Appetite feelings are
measured by explicit, subjective ratings that involve a conscious reali-
zation of cravings and external cues (de Graaf et al., 2004; Proserpio
et al., 2017). Therefore, sensory-specific appetite may only occur when
the odor is being consciously perceived. However, this conscious
perception may also activate cognitive processes which can disturb the
decision-making beyond the appetizing stage such as choosing foods and
consuming a meal (Boesveldt & de Graaf, 2017).

Contrary to our expectations, non-conscious odor exposure did not
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affect food preferences. Food preference is the choice of one food over
other ones (Rozin & Vollmecke, 1986). Previous studies have demon-
strated the influence of non-conscious odor exposure on congruent food
choices (Chambaron et al., 2015; Gaillet et al., 2013; Gaillet-Torrent
et al.,, 2014). Contrary to our food preference computer-based task,
those studies measured food choice by means of a menu or a buffet-style
where the participants selected only one option from each course cate-
gory (starters, main courses, desserts). Such a forced choice procedure
could be more naturalistic compared to our (computer-based) ranking
task, and provides information of momentary motivation for the chosen
food product over the other(s) one(s) (Finlayson, King, & Blundell,
2008). In line with this, and similar to our current study, Mors et al.
offered an assortment of different meals where the participants were
able to freely select their food, and failed to show an effect of olfactory
priming on subsequent food choices (Mors et al., 2018). Free selection
(and consumption) of food products might lead to choices based on
habits instead of being influenced by olfactory priming. Moreover, the
food products displayed in the ranking task vary in a consumption
context (e.g. ranking between salty sticks, chocolate bar, cod fillet, and
strawberries), which could influence the current preference selection of
the products. Food choice behavior is typically closely related to the
context or appropriateness of consumption of the selected food and the
odor (Chambaron et al., 2015; de Wijk et al., 2018; McCrickerd & Forde,
2016). As explained above, different methodologies (i.e. outcome
measures) used to investigate similar eating responses may have led to
inconsistent results. This might be a key factor in our current lack of
understanding how (and to what extent) odor priming impacts eating
behavior. Moreover, previous experiments tended to focus on one
outcome only (e.g. Gaillet-Torrent et al., 2014; Chambaron et al., 2015),
which from a methodological viewpoint is more simplistic, but lacks
understanding of the complete picture of eating behavior.

Furthermore, non-conscious odor exposure did not influence food
intake by means of a salad bar, overall nor per congruency according to
the odor exposure and congruent macronutrient category or food
product category. Food intake is the amount of consumed food in a
particular context (de Graaf et al., 2004). Previous research has shown a
congruent food intake upon non-conscious odor exposure (Proserpio
etal., 2017, 2019). In those studies, food intake was measured as the ad
libitum intake of a single food.

In line with our previous study (Morquecho-Campos et al., 2020),
our current results show that participants selected similar amounts of
the available topping regardless of the exposed odor, leading to build
their salad in a similar pattern on each test session. This might be related
to habits, previous experiences, and expectations on satiation (Birch,
1999; Brunstrom, 2007; Koster, 2009). Interestingly, previous food
choice studies suggest an influence of the olfactory priming mainly on
starters and desserts (Chambaron et al., 2015; Gaillet et al., 2013;
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Gaillet-Torrent et al., 2014), but not in the main course (Chambaron
et al., 2015; Gaillet et al., 2013; Gaillet-Torrent et al., 2014; Mors et al.,
2018). Starters and desserts could be considered as rewarding foods and
could be more prone to be driven by external cues, while main courses or
meals may reflect more habitual choices in line with overall dietary
patterns (Bellisle, 2003; Blundell, De Graaf, Hulshof, Jebb, Livingstone,
Lluch, & Westerterp, 2010; de Wijk et al., 2018; Wang, Cakmak, & Peng,
2018). Taken together, this suggests that olfactory priming might not be
able to modify regular dietary patterns or main meal selection, but
instead may impact rewarding and impulsive eating behavior. Future
work should consider the use of other settings such as forced choice
response of rewarding food products in a convenience store or in a menu
rather than ad libitum buffet style, to provide useful insights into par-
ticipants odor-directed eating behavior. In addition, visual attention
may play a beneficial role in understanding decision-making processes
(Carrasco, 2011; Krajbich, Armel, & Rangel, 2010; Orquin & Mueller
Loose, 2013). Eye movements are linked to perceptual and cognitive
processing to reflect visual attention. Visual attention, through the use of
eye-tracker, could be useful to detect non-conscious and spontaneous
behavior that could help to better understand eating behavior responses
(Hummel, Zerweck, Ehret, Salazar Winter, & Stroebele-Benschop, 2017;
Seo, Roidl, Miiller, & Negoias, 2010; Wang et al., 2018).

It is noteworthy that the olfactory priming studies (Chambaron et al.,
2015; de Wijk & Zijlstra, 2012; Gaillet et al., 2013; Gaillet-Torrent et al.,
2014; Mas et al., 2019; Mors et al., 2018; Proserpio et al., 2017, 2019)
have used different durations and intensities of the odor prime, which
may explain some contradictory behavioral responses. Across studies,
the range of exposure duration has been very broad (~3-30 min). We
decided to expose the participants for the same duration (3 min) as our
previous study, which has been shown to be sufficient to enhance
congruent appetite when the odor is being actively sniffed (Ferriday &
Brunstrom, 2011; Morquecho-Campos et al., 2020; Zoon et al., 2016).
However, longer exposure (e.g. 10-30 min, (Chambaron et al., 2015;
Gaillet-Torrent et al., 2014; Gaillet et al., 2013; Proserpio et al., 2017,
2019)) may be required for inattentive and low odor exposure to create a
mental representation of the cued odor and influence eating behavior.
Moreover, for priming to occur, the intensity of the odor cue might be
crucial: not too high to become consciously detectable, but at the same
time not too low to not be perceived at all. Proserpio, et al. mentioned
that the used odors were in detectable but mild concentration with a
perceived intensity < 50 mm on VAS (Proserpio et al., 2017, 2019).
However, other studies merely mentioned that the intensity of the odor
was very low (non-consciously or non-attentively noticeable) without
further specification of the perceived intensity (Chambaron et al., 2015;
de Wijk & Zijlstra, 2012; Gaillet et al., 2013; Gaillet-Torrent et al., 2014;
Mas et al., 2019; Mors et al., 2018). Our current study was performed
with low concentrations of the odors (20-30 mm VAS perceived in-
tensity), and the vast majority of the participants did not perceive an
odor during the different test sessions, which could indicate that the
intensity was too low for the odor to be even physically detected and act
as a prime. Taking all of the above together, it shows how differences in
methodology used to understand olfactory priming on eating behavior
may have led to inconsistent outcomes. Moreover, one of the biggest
(methodological) challenges in olfactory priming is to assure that the
exposed odor is outside of participants’ awareness. In our current study,
the intensity of the odors was determined through pilot studies where
the participants were aware of the presence of the odor, which likely
heightened the perceived intensity, compared to participants in the
actual study. The debriefing results confirmed that those participants
were not aware of the presence of odors, and that the use of an alter-
native aim was useful to deviate the attention away from the odor as
none of the participants reported a link between the measurements
performed and odors. From this we infer that our odor exposure was
non-conscious and that a ‘priming type 7’ was used (prime was not
perceived, the link was not aware, but the participants were aware of the
performed measurement) (Dijksterhuis, 2016).
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One of the strongest points of this study is the within-subjects design,
which considers the individual differences in eating behavior, habits,
and odor perception. Moreover, food intake was covertly measured in a
salad bar style to offer a more realistic setting. Given our interest in
macronutrient-related effects of odors exposure, we deemed a salad bar
with different toppings was the best approach to measure intake of the
various macronutrient. Our findings may be somewhat limited to
generalize by the unrestrained, normal-weight, female study population.
For example, obese women increased their sensory specific-appetite and
ad-libitum intake upon unaware odor exposure (Proserpio et al., 2019).

4.2. Conclusion

Exposure to macronutrient-related food odors outside of partici-
pants’ awareness did not influence specific appetite, food preferences, or
intake of a salad bar. Olfactory priming may not influence habitual main
meals such as a lunch. Further work should focus in more detail on
differences in methodology (odor exposure and outcomes) to better
understand which factors play a role in how olfactory priming influences
eating behavior.
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