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Abstract

The present study investigated the effect of aroma exposure time and aroma concentration on ad libitum intake and subjective satiation. In
a within-subject study, thirty-eight unrestrained, healthy female participants (age: 18—39 years; BMI: 18:5—26-0kg/m?) were asked to con-
sume tomato soup during lunchtime, until they felt comfortably full. Every 30s, the participants consumed 10 g of a bland soup base while
tomato soup aroma was delivered separately through the nose via a retronasal tube that was attached to an olfactometer. This gave the
impression of consuming real tomato soup. For each sip, the aroma varied in exposure time (3 and 18s) and concentration (5X), resulting
in four different test conditions. Ad libitum food intake and appetite profile parameters were measured. A 9% lower food intake was
observed when the participants were exposed to the condition with 18s exposure time and a high concentration than when exposed
to the other three conditions. These results indicate that changing the retronasal aroma release by aroma concentration and aroma

exposure time affects food intake.
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Understanding the factors that influence meal size can be
helpful for finding strategies to limit overconsumption. It has
been widely accepted that sensory processes play an important
role in the development of satiation''™>. Satiation is the
process that brings a meal to an end. Although Brunstrom and
Colleagueswm suggested that sensory properties might be
more important for meal onset and meal planning than for
meal termination, there are strong indications that sensory pro-
cesses influence meal termination and determine meal size; for
example, sensory variety in a meal increases food intake®~'"

Another example is a lower ad libitum food intake after
a longer oral exposure time per volume of consumed
food"*~'”. The decreases in food intake found in these
studies varied between 9 and 30%. These studies focused
on the effect of total flavour exposure time, which is a combi-
nation of aroma, taste and mouthfeel. Ruijschop et alt®,
however, focused on the unimodal effect of aroma exposure
time on satiation. The participants first received a fixed pre-
load of ten sips from a sweetened milk drink during a short
or long aroma delivery. Ruijschop et al"® found that an
increase in exposure time to strawberry aroma increased sub-
jective satiation, measured on visual analogue scales (VAS).

The effects of sensory exposure time on food intake and sub-
jective satiation were attributed to sensory-specific satiation
(8SS). SSS is the decrease in the pleasantness of a food
eaten to satiation, relative to uneaten foods®!®. The sub-
sequent ad libitum intake of a normal strawberry drink, in
the study carried out by Ruijschop et al.*®, showed no differ-
ences between the conditions. The previously mentioned
increase in subjective satiation with an increase in aroma
exposure time™® might reduce ad libitum food intake when
measured directly during aroma delivery in a different experi-
mental set-up.

Besides the effect of sensory exposure time on satiation,
researchers have investigated the relationship between flavour
intensity and satiation/SSS. Flavour intensity is the perceptual
consequence of a certain stimulant’s concentration. The effects
of flavour intensity on satiation are not consistent though.
Vickers et al.*” and Lucas & Bellisle® showed, for example,
that people consumed less when given the better-liked
high-sweetened yogurt than when given the low-sweetened
yogurt. This tendency of people satiating more from products
with high taste or flavour intensities has been observed in a

number of other studies®'~?¥ whereas others have reported

Abbreviations: SSS, sensory-specific satiation; VAS, visual analogue scales.

*Corresponding author: M. G. Ramaekers, fax +31 317 483669, email marielle.ramackers@wur.nl

ssaud Ans1anun abpruquie) Ag auljuo paystiand 62£Z00€ LS LLL000S/£L0L 0 L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114513002729

o

British Journal of Nutrition

Aroma-induced satiation 555

no effects of flavour intensity®~2” or have even found an

opposite effect®. Chung & Vickers® found a lower SSS
after drinking an optimal-sweet tea than after drinking a
low-sweet tea. The inconsistency in the outcomes could be
partially explained by the different test foods and different
methods used to assess satiation, such as ad libitum food
intake, subjective appetite ratings on VAS and decrease in
pleasantness to assess SSS. For example, participants drank
25% less from the equally liked lemon-flavoured ice tea
with the strongest flavour intensity (including sweet taste),
but did not show differences in appetite ratings*”. Moreover,
in some studies, only taste intensity has been reported to
vary 1920222830 " while others have focused on total flavour
intensity, which includes both taste and aroma®"?*=2>%"_ 5o
far, the unimodal effect of aroma intensity on satiation has
never been investigated. It is unknown whether an increase
in aroma concentration would lead to a lower food intake.
Aroma volatiles are released from foods in the mouth while
eating. After swallowing, these volatiles pass through the
pharynx to the nasal cavity where they reach the olfactory
epithelium. We refer to this pathway as retronasal aroma
stimulation, as opposed to orthonasal aroma stimulation,
which occurs when odorants enter by the inhalation of vola-
tiles through the nose. The concentration of aroma volatiles
that is released over time during consumption of a single
bite is referred to as the aroma release profile. During food
consumption, aroma release profiles depend on food pro-
perties such as texture, temperature and composition®' =%
and also on human characteristics such as chewing behaviour,

(36-3% Since the use of

salivation and morphology of the nose
aromas does not contribute to the energy density of foods, any
suppressive effects of aroma on food intake could, therefore,
reduce energy intake.

The objective of the present study was to investigate whether
retronasal aroma concentration and/or aroma exposure time
affect satiation, measured as ad libitum food intake. We exam-
ined the effect of well-defined aroma release profiles, presented
retronasally by an olfactometer, on the development of satiation.
Aromas that are presented retronasally are processed differently
than aromas presented orthonasally®’ =% Especially, the path-
way-specific contribution to the perception of taste®”
mouthfeel™® may add to the satiating properties of the aroma.
In order to verify a possible relationship between aroma con-
centration and food intake, we maximised the differences in
concentrations within the limits of acceptability. Besides food
intake, we measured appetite profile parameters on VAS. We
hypothesised that an increase in both aroma concentration
and aroma exposure time increases SSS, which in turn increases
subjective satiation and decreases ad libitum food intake.

and

Materials and methods
Participants

For the present study, healthy women aged 18-45 years
and with a BMI of 185-26kg/m*> were recruited from the
surrounding areas of Ede and Wageningen. Unrestrained
eaters on the basis of the Dutch Eating Behaviour Questionnaire

(score < 2:91)“® and women who liked tomato soup (score >5
on a nine-point scale, reported in the online inclusion ques-
tionnaire) were included. Women who had followed an
energy-restricted diet during the last 2 months, had change in
body weight >5kg during the last 2 months, were pregnant
or breast-feeding during the last 6 months or had a lack of
appetite for any reason were excluded. The olfactory function
of the participants was tested using Sniffin’ Sticks (Burghart
Medical Technics) as described by Hummel et al.“*>. The test
consisted of an examination of odour threshold (7-butanol),
odour discrimination and odour identification. Women with a
total score <27 on threshold, discrimination and identification
were also excluded. In total, forty-three women aged 24 (sp 5)
years and with a BMI of 22:5 (sp 1:6) kg/m? were enrolled for
the study. Due to reports of discomfort due to the retronasal
tube, newly discovered pregnancy or dislike of the test products,
five participants were excluded from statistical analysis. To
reduce the number of missing data due to sickness, hay fever
or misinterpretation of the instructions, eight participants
came for an additional test session. The participants were una-
ware of the change in aroma concentration and aroma exposure
time and were informed that the influence of taste and smell on
tomato soup consumption was being investigated. The present
study was conducted according to the guidelines laid down in
the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Medical Ethical Commit-
tee of Wageningen University. Written informed consent was
obtained from all the participants.

Test products

Tomato soup was used as the model product, because it
meets the criteria of being homogeneous, liquid, commonly
consumed during lunch and familiar to the participants.
A bland soup base (with little tomato aroma) was given
orally, with the well-defined retronasal aromas being pre-
sented simultaneously, to investigate the unimodal effect of
aroma concentration and aroma exposure time on ad libitum
intake. The soup base and aroma had to be of perceptually
matching qualities, i.e. congruent, in order to be perceived
as tomato soup. The soup base consisted of 5g Maggi
Bouillon (Nestlé), 4 g Cup-a-Soup — Tomato Creme (Unilever),
30 g modified starch ‘Honig allesbinder’ (Heinz) and 561g
cooked water. The soup base contained 96kJ/100g energy.
Batches of 600g soup base were kept at 60°C using a
water-bath. The soup was consumed at a temperature
between 50 and 55°C. The aroma used was a mixture of
three flavours (Givaudan) dissolved in water: 6g tomato
(RB-329-620-8) 4+ 0-15g pizza herb (UN-981-546-3) + 0-2g
soup greens (CT-722-418-3) per 100 g solution.

Development of retronasal aroma release profiles

The ‘natural’ aroma release during regular soup consumption
was measured in vivo, with atmospheric-pressure chemical
ionisation—MS as described previously by Ruijschop et al."®.
During the full scan, the response of all compounds with
molar masses between 50 and 250 g/mol was determined.
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The ions with molar masses 80, 100 and 148 g/mol gave the
highest response during the ‘full scan’ and were selected for
measuring aroma release. Aroma profiles that were presented
retronasally during soup consumption experiments were
based on these measured aroma release profiles.

Using a computer-controlled four-channel olfactometer
based on air-dilution olfactometry (OM4; Burghart), four differ-
ent retronasal aroma release profiles were generated. This
allowed full control of the aroma release profiles independently
of food properties and human characteristics. The aroma
release profiles differed in concentration and length and were
coded as ‘low-short’, low-long’, ‘high-short’ and ‘high-long’.
The chosen exposure times were either 3s (short) or 18s
(long). Moreover, these profiles were derived from the
measured aroma release profiles by decreasing their concen-
tration to create the low’-aroma release profiles and by increas-
ing their concentration to create the ‘high’-aroma release
profiles. Differences in concentrations were chosen in such a
way that four colleagues at NIZO food research perceived the
lowest concentration at a weak intensity and the highest
concentration as strong but not unpleasant or unnatural. This
was done to maximise the effects of aroma concentration on
intake within the limits of natural soup aroma compositions.
The differences in concentrations were achieved by varying
the duration of the aroma pulses that were initiated every
second. Accordingly, the aroma pulse of the low aroma
concentration was five times shorter than that of the high
aroma concentration, but the pulse patterns over time of
‘low’ and ‘high’ concentrations were the same. At the chosen
olfactometer flow rate and pulsation frequency of 1Hz, the
odour pulses blend into a continuous percept that has an
intensity proportional to the average aroma concentration.

The olfactometer was set at a constant dilution rate by
mixing 0-5 litres/min of odorised air with 7-5litres/min clean
humidified air, resulting in a constant aromatised air flow
of 8litres/min. Odour pulses were generated by switching
between aromatised and non-aromatised air while keeping
the overall flow rate constant. At the chosen flow rate, this
resulted in a stimulus rise time <20ms. The aroma solution
was refreshed every 2min (after every fourth sip) to reduce
the depletion of volatiles from the olfactometer’s odour
vessel (Fig. 1(b)). Subsequently, the four aroma release
profiles, as presented to the respondents, were verified by
connecting the olfactometer to the atmospheric-pressure
chemical ionisation—MS equipment. For each condition,
twelve aroma release profiles were measured (Fig. 1).

Experimental design

We used a randomised 2 X 2 within-subject design, investi-
gating the effects of aroma exposure time (3 and 18s) and
aroma concentration (low and high). In brief, the participants
visited the test location on five separate days, with a washout
period of at least 5d. Before the actual experiment, on a
separate day, the participants were tested on odour sensitivity
and informed individually about the experimental procedure.
On the other 4d, the participants were exposed to one of
the four aroma release profiles. The order of the conditions

(a) (b) 1

Time (min)

Y.
T

Aroma concentration (a.u.)

| e
High-short

Fig. 1. Aroma release profiles measured with atmospheric-pressure chemical
ionisation—MS. (a) Aroma release curves for the four test conditions,
measured with molar mass 80g/mol. (b) Aroma release curves of the
‘high-short’ condition showing depletion during four sips, measured with
compounds with molar masses 80, 100 and 148 g/mol. a.u., Arbitrary units.
(A colour version of this figure can be found online at http://www.journals.
cambridge.org/bjn)

High-long Low-long I Low-short

was randomised over the participants in such a way that the
conditions were spread over test days and sessions as much
as possible.

Although Ruijschop et al.*®37%® did not observe any effect of
sessions on the results in similar previous experiments, results
of the present study indicated that the participants had to get
accustomed to the experimental setting. Therefore, the results
obtained for the first session were not used in the data analysis
and the session was considered a training session.

Procedure

The participants were instructed to consume the same break-
fast on all the test days and record their food intake in a diary
to standardise the individual state of hunger. To ensure that
they arrived in a hungry state, they were not allowed to eat
or drink, except for the consumption of beverages containing
no energy, the last 3h before the start of a test session and
nothing at all 1h before the start of a session. The participants
were tested between 10.40 and 14.20 hours.

After arrival, a medically trained person inserted a silicon
suction catheter with a total length of 20 cm (CH 10; D-Care
B.V,; further on referred to as ‘retronasal tube’) into the
lower meatus of one of the two nasal cavities with the outlet
positioned at the epipharynx of the soft palate, approximately
7:5cm from the naris*". The retronasal tube was then con-
nected to the olfactometer. The participants could breathe
normally. Furthermore, it was desirable to have enough time
in between aroma stimulation to keep adaptation as low as
possible, while also a normal eating rate was preferred.
The time in between aroma stimulation was set to either 27
or 12s, depending on the test condition (3 or 18s exposure
time, respectively). In this way, the amount of odour adap-
tation due to frequent exposure could be reduced. This
resulted in an eating rate that was four times lower than the

average eating rate for soup™”’.
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Every 30s, the participants swallowed one sip (10 (sp 0-04) g)
of soup base. During soup consumption, the participants
received instructions on a computer screen and heard
beeps notifying them when a sip of soup would come into
their mouth, when to swallow and when to complete
the appetite questionnaires. Software that has been described
previously(45) steered the olfactometer, the peristaltic pump,
the beeps and the instruction screen. The participants received
the soup base into their mouth through a silicon tube (diam-
eter 48 mm, Rubber B.V.) by means of an electric peristaltic
pump (Watson-Marlow). To ensure temporal synchronisation
of oral and nasal stimuli to facilitate sensory integration of
the oral soup stimulus and the retronasal aroma®* the
participants were subjected to aroma exposure just before
or at the instructed moment of swallowing. This resulted in
a realistic impression of consuming tomato soup.

The participants were instructed to consume tomato soup
until they felt comfortably full. At that moment, they had
to inform the experimenter, who would stop the system. All
the participants had to stay in the test set-up with the retrona-
sal tube in the nose for a minimum of 25min to prevent
meal termination due to inconvenience or boredom. After
meal termination or 25 min, the retronasal tube was removed.

Data collection

The computer recorded the number of sips to determine
the ad libitum soup intake. Furthermore, ratings of hunger,
satiation, fullness, desire to eat, appetite for something
savoury, appetite for something sweet and thirst were
recorded on 100mm VAS (anchored from not at all to very
much) before (baseline), during and after food intake. Partici-
pants completed the appetite questions during and after food
intake at ten fixed time points (4, 8, 12, 16, 20, 25, 30, 35, 40
and 50 min after the start of food intake) and one directly after
finishing consumption. The pleasantness of the soup was eval-
uated at the same time points during soup consumption.
Additionally, after three sips, the participants gave an initial
judgement of the soup by rating pleasantness (not at all—
very much), overall flavour intensity (not intense—very
intense) and length of aftertaste (not long—very long) on
100 mm VAS. Intensity was measured with VAS to collect nor-
mally distributed data®”. All questionnaires were filled out on
paper and scanned using TeleForm (v 10.1; Cardiff).

Data analysis

Statistical analyses were carried out using SAS (version 9.1.3;
SAS Institute, Inc.). Unless stated otherwise, two-sided tests
were used. A P value <0-05 was considered significant. Raw
data are presented as means and standard deviations and
model results as least-squares means and standard errors of
the least-square means. The latter are estimated means,
based on a mixed model adjusted for covariates and random
effects and further on referred to as means and standard
errors. We considered the first session as a training session
and excluded data obtained in this session from the analysis.
A slightly unbalanced dataset was obtained.

Differences in ad libitum intake between the test conditions
were compared using a mixed model fitted by restricted maxi-
mum likelihood (proc mixed, SAS). Mixed models can handle
missing and unbalanced data®®>V. The ad libitum intake was
the dependent variable with treatment factors concentration
and exposure_time, order (=session) as a block factor with
a fixed effect, maximum pleasantness as a covariable and sub-
ject as a random variable. Order was included in the model,
because food intake tended to increase with the number of
completed sessions. The maximum rated pleasantness was
included, because people tend to consume more when
given more-pleasant foods. The error variances were allowed
to be different between the sessions, because the participants
tended to become accustomed to the set-up, resulting in
decreasing variances over time. We first tested for overall
differences among the four test conditions. Subsequently, we
split results into main and interaction effects of concentration
and exposure_time. Differences in intake due to test con-
ditions were compared using post hoc t tests with Bonferroni
One-sided tests were used for comparison
between the test conditions, because we expected a lower
food intake during a longer exposure time and/or a higher
concentration™®. Some of the participants gave exceptionally
low pleasantness scores for the soups. To evaluate the
influence of these data on the outcome of the study, we re-
analysed the data after removal of all the data with maximum
pleasantness scores <45.

The number of appetite and pleasantness questionnaires
that the participants filled in during soup consumption
varied among the participants and test conditions, because
they stopped eating at different moments. At baseline
(= 0), there were 118 observations with complete appetite
questionnaires (initial ratings). Of the 118 observations,
113 were left out 8min after the start of ad Ilibitum
intake, while ninety-eight were left out after 12min and sev-
enty-one after 16 min. The change in appetite and change in
initial

correction.

pleasantness were calculated by subtracting the
ratings from the ratings after 12min of consumption. Differ-
ences in ‘change scores’ between the test conditions were
compared using a mixed model. The change scores of
dependent
concentration  and

appetite and pleasantness ratings were the

variables  with  treatment factors
exposure_time, order as a block factor with a fixed effect,
initial ratings as a covariate and participant as a random
variable. The error variances were allowed to be different

between the sessions.

Results
Dataset

Data obtained in the first session were removed before data
analysis. The dataset contained data from six participants in
two test conditions, thirty participants in three test conditions and
six participants in four test conditions. Split up per condition
the dataset contains data from thirty participants in the ‘low-
short’ condition, thirty-two participants in the ‘low-long’ con-
dition, twenty-nine participants in the ‘high-short’ condition
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and twenty-seven participants in the ‘high-long’ condition.
A slightly unbalanced dataset with repeated measurements on
thirty-eight participants and in total
was collected.

118 observations

Aroma release profiles

For each condition, twelve aroma release profiles were
generated by the olfactometer and measured using atmos-
pheric-pressure chemical ionisation—MS. The average maxi-
mum concentrations of the aroma release profiles in the four
conditions were determined, which were greater in the ‘high’
than in the low’ aroma release profiles. The difference in maxi-
mum concentration between the ‘high’ and ‘low’ aroma release
profiles was sixteen times for components with molar mass
80 g/mol, fourteen components with molar
mass 100 g/mol and six times for components with molar
mass 148 g/mol. The duration of the ‘long’ conditions was
indeed longer than that of the ‘short’ conditions (Fig. 1(a)). Fur-
thermore, the concentration decreased over time due to the
depletion of the aroma solution (Fig. 1(b)), but this was not
the same for the three different volatiles that were measured.
Between the first and the fourth sip, the average depletion
was 0% for compounds with molar mass 148 g/mol, 14 % for
compounds with molar mass 80 g/mol and 74 % for compounds
with molar mass 100 g/mol.

Over all the conditions, the mean intensity was 54 (sp 20)
and the mean aftertaste was 45 (sp 20). Neither rated
intensity nor rated aftertaste was affected by exposure_time,

times for

concentration, or the interaction between exposure_time and
concentration (all P>0-05).

Ad libitum intake

The mean ad libitum intake was 388 (sp 175) g of soup with
the ‘low-short’ aroma release profile, 368 (sp 154) g of soup
with the ‘low-long’ profile, 350 (sp 135)g of soup with the
‘high-short’ profile and 333 (sp 144)g of soup with the
‘high-long’ profile. Fig. 2 shows the mean ad libitum intake
and standard error per test condition with covariates
maximum pleasantness and order. Exposure_time (F; 73 = 3-59;
P=0-0062), concentration (F;73=390; P=0-052), and the
interaction between concentration and exposure_time
(Fy, 73 = 2:87; P=0-095) were not significant, although an
overall effect of test conditions (Fs 3 = 2:96; P=0-0379) was
found. Both maximum pleasantness (F; 73 = 5-16; P=0-026)
and order (F, 73 = 11-12; P<0-0001) contributed significantly
to the statistical model. The standard deviation due to inter-
person variability alone was equal to 132g.

Although the main and interaction effects were not signi-
ficant, the overall F test showed that there were differences
between the test conditions. Therefore, we carried out post
hoc t tests with Bonferroni correction. Results showed that the
participants consumed less in the ‘high-long’ condition than in
the other three conditions. The relative decreases in intake as
calculated from the mixed model results were 9:1 % (P=0-044;
one-tailed) between the ‘high-short’ and ‘high-long’ conditions,
93% (P=0-035; one-tailed) between the ‘Ilow-long’ and

500
400
5
£ 300+
©
£
200
100
0
‘Low- ‘Low- ‘High- ‘High-
short’ long’ short’ long’
(n30) (n32) (n26) (n27)

Fig. 2. Ad libitum intake during all the test conditions. Values are means,
with their standard errors represented by vertical bars. *Mean value was sig-
nificantly different from those of the other three conditions (P<0-05).

‘high-long’ conditions, and 9-4% (P=0:029; one-tailed)
between the ‘low-short’ and ‘high-long’ conditions. No differ-
ences in intake were found between the ‘low-short’” and ‘high-
short’ conditions (P=1-0) or between the ‘low-short’ and ‘low-
long’ conditions (P=1-0).

We checked whether low pleasantness ratings for the soup
influenced the outcome of the study, by removing the data
with pleasantness scores <45 from the dataset. The removal
these data did not change the ad libitum intake outcome of

the present study.

Appetite and pleasantness ratings

There were no differences in appetite ratings between the test
conditions at baseline (¢ = 0; all P>0-05). During ad libitum
intake, the appetite ratings showed, as expected, a decrease
in hunger, desire to eat, appetite for something sweet and
appetite for something savoury, while fullness and satiation
increased (Table 1; all P<<0:001). Appetite for something
savoury decreased more than that for something sweet
(P<0-001). Change scores were calculated by subtracting the
initial ratings from ratings after 12min of consumption,
which equals 240 g of soup intake due to the constant eating
rate of 10g/30s. After 12min, the dataset contained data
from two participants in one condition, three participants in
two conditions, twenty-six participants in three conditions
and three participants in four test conditions. The change
scores of appetite ratings were not affected by exposure_time,
concentration, or the interaction between exposure_time and
concentration, measured after 240 g intake (all P>0-05) and
just after meal consumption (all P>0-05).

The mean maximum pleasantness scores of the four
soups were 70 (sp 17) for the ‘low-short’ condition, 69
(sp 19) for the ‘low-long’ condition, 60 (s 19) for the ‘high-
short condition and 65 (sp 20) for the ‘high-long’
condition. Soups with a high concentration were rated as
more pleasant than those with a low concentration
(Fy 74 = 461, P=0:035).
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Table 1. Initial appetite and pleasantness scores per test condition, measured on 100 mm visual analogue scales, and changes in appetite and

pleasantness after 12 min of soup consumption
(Mean values with their standard errors)

Appetite for Appetite for

Desire something something Pleasant-
Hunger Satiation Fullness to eat sweet savoury Thirst ness
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Initial scores™
Low-short (n 30) 68 3.8 22 34 19 31 73 35 55 4.6 66 3.4 68 3.7 56 35
Low-long (n 32) 65 3.7 25 33 22 3.0 73 33 51 4-4 64 3.2 64 35 63 32
High-short (n 29) 68 37 23 34 23 31 74 34 58 4.6 65 3.3 67 36 58 34
High-long (n 27) 65 38 29 34 22 32 73 35 58 4.7 66 3.5 64 3.8 63 36
Change after 12 mint
Low-short (n 27) -27 39 28 4.2 30 4.2 -26 40 -10 41 —-25 45 -15 36 -17 27
Low-long (n 26) -24 38 26 4.0 31 4.0 -27 39 -10 39 -21 4.3 -13 35 -9 24
High-short (n 24) -28 39 31 4.2 32 41 -28 4.0 -13 4.0 —-25 44 -1 37 -15 27
High-long (n 21) -26 4.0 24 4.5 33 4.4 —-27 42 -12 43 -25 46 -15 39 -15 3.0

* Initial scores are means corrected for order with their standard errors; the total number of observations was 118.
1 Change scores (initial score—score after 12min) are means corrected for order and initial scores with their standard errors; the total number of observations was 98.

Discussion

The present study shows that the amount of aroma exposure
affects ad libitum intake. Since all other sensory factors that
can influence food intake were standardised, the differences
in ad libitum intake that were found in the present study
should be attributed to changes in the aroma release profile
alone. Taste and mouthfeel were the same in all the con-
ditions, because the participants received the same soup
base in the mouth. Moreover, eating rate, bite size and time
that the product stayed in the mouth were kept the same
by using a computerised system with a peristaltic pump and
auditory beeps.

A 9% lower food intake was observed when the participants
were exposed to the ‘high-long’ condition with 18 s exposure
time and high concentration than when exposed to the other
three conditions (Fig. 2). These results indicate that ad libitum
food intake depends on a combination of both aroma exposure
time and aroma concentration. An effect of exposure time on
food intake was found only at high concentrations. The two
aroma concentrations used in the present experiment centred
on the release concentrations observed during regular tomato
soup consumption. The total aroma stimulation during the
‘low’ conditions may have been too small to allow aroma
exposure time to exert its effects on food intake. Furthermore,
aroma concentration affected food intake only when the
exposure time was long (18 s). Similarly, the total aroma stimu-
lation during the 3s of aroma exposure may have been too
little to demonstrate an effect of aroma concentration on food
intake. Possibly, the total amount of aroma volatiles is more
important for the development of sensory satiation and the
subsequent lower food intake, than the separate factors aroma
concentration and aroma exposure time.

The 9% decrease in food intake due to an increase in
exposure time that was found in the present study is in line
with the results of previous studies"®!”. These studies have
reported decreases in food intake between 9 and 20%
after an increase in sensory exposure time. Kissileff et al.'”
showed that participants consumed 20% less yogurt shake

when the eating rate was 70g/min than when it was
140 g/min. Lowering the eating rate increases the sensory
exposure time per bite. Zijlstra et al. "> found a decrease of
9-18% in the ad libitum intake of chocolate custard when
the sensory exposure time was increased from 3 to 9s. The
decrease in ad libitum intake was 9% when the bite size was
large (15g) and 18% when it was small (5g). Similar to that
observed in the set-up of the present study, the participants
consumed the food through a tube that was connected to a
pump, while beeps signalled when to swallow, controlling
the time the food is in the mouth. Ruijschop et al.™® found no
differences in ad libitum intake. We assume that they used a
measure that was less sensitive than the one used in the present
study. Ruijschop et al. measured ad libitum intake 10 min after
the preload with the retronasal aroma delivery, whereas we
measured ad libitum intake during the retronasal aroma deliv-
ery. Also in a more ‘natural’ setting, people consume less
when foods need longer processing in the mouth®”. For
example, the ad libitum intake of liquids is greater than the
ad libitum intake of solid foods. In all the studies mentioned
above, taste and mouthfeel may have contributed to the effect
of sensory exposure time on food intake, while in the present
study, the effects resulted from differences in aroma alone.

In contrast to our expectations, we did not find any differ-
ences in subjective appetite ratings, while Ruijschop et al®
found an increase in subjective satiation after eight sips
(equal to 8min) with an aroma exposure time of 43s/sip
than after eight sips of 14 s/sip. They used a technique similar
to that used in the present study: a strawberry aroma was
delivered retronasally after each sip from a sweetened milk
drink. Rolls et al.®® and Zijlstra et al.®¥
increase in subjective fullness when the sensory exposure
time to a fixed preload was longer due to, respectively, air incor-
poration or increase in viscosity. Although subjective appetite
ratings have been shown to predict food intake®?,
studies, including the present study, have reported no effect
on appetite ratings even though an effect on food intake was
found®#14-102% 1n most of these studies, however, the
appetite ratings were recorded after an ad /libitum intake,

also found an

some
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while the results of appetite ratings are more comparable with
each other after consumption of a fixed amount of food. We
measured the appetite ratings after consumption of a fixed
amount of soup, but found no effect of aroma release profile
on appetite ratings. In two studies, Zijlstra et al. investigated
the effect of consuming foods with different viscosities on full-
ness after a fixed amount of food®®
intake'®. The difference in fullness was small (8mm on
100 mm VAS), while the difference in intake was large (30%).
If a 30% difference in intake is accompanied with only small
changes in appetite ratings, then no difference in appetite rat-
ings can be expected with a 9% difference in intake, as was
found in the present study.

The rated intensity of the soups in the four conditions did
not differ between the conditions. This may be caused by a
dominant role of taste in flavour intensity; taste intensity was
the same in all the conditions. Furthermore, the washout
time of at least 5d in between sessions made it impossible
for the participants to compare the four soups used in the pre-
sent study against each other. They were probably compared
against the prototypes of well-known soups, making it more
difficult to detect small differences. During the pre-tests, the
participants were exposed to the conditions one after the

other with a pause of circa 10s. Possibly, the perceptual differ-
55

and on ad libitum

ences in intensity were emphasised by a contrast effect

The participants reported that they had no idea as to how
much they had consumed. In the experimental set-up used
in the present study, they were not able to see how much
they had eaten during ad /libitum food intake, because they
received the soup base via a tube in the mouth. We believe
that this is an advantage when studying ad /libitum intake,
because visual cues play an important role in the development
of satiation and the selection of portion sizes”®>”. We
observed an increase in pleasantness and food intake over
the sessions, which was largest between the first and the
second session. An increase in pleasantness has also been
observed in other studies when the participants were unfami-
liar with the stimuli®®>”. Some participants told us that the
soup was somewhat odd, although they believed that they
had consumed tomato soup. Probably, the participants of
the present study had to get accustomed to either the experi-
mental setting or the soup and the aroma. The participants
received a retronasal tube in their nose, felt air blowing into
their nose, ate from a tube and swallowed when they heard
a beep. Therefore, we considered the first session as a training
session, resulting in an incomplete design. It is unlikely that
the outcomes of the present analysis are artifacts of this incom-
plete design. The missing values were from randomly chosen
conditions and random effects for participants corrected for
differences between the participants in the statistical model.
Furthermore, we used 1 Hz aroma pulses differing in duration
to adjust aroma concentration. In this way, the depletion of
aroma volatiles was the same in all the conditions. These
pulses can be measured with atmospheric-pressure chemical
ionisation—MS, as can be seen in the profile ‘low-long’ in
Fig. 1(a), but were perceptually not noticed by the participants
during pre-tests. After leaving the outlet of the olfactometer,
the aroma volatiles travelled for 20 cm through the retronasal

tubes before arriving to the nose of the participants. The
odour pulses blended into a continuous percept that had an
intensity proportional to the average aroma concentration.

In the present study, all factors that may influence food
intake were standardised as much as possible. Under normal
circumstances, the physical properties of foods affect the
extent of retronasal aroma release during consumption® 3%,
Designing food products that release a large quantity of retro-
nasal aroma may contribute to a decrease in food intake, but
other factors should also be taken into account. In our daily
life, many factors other than aroma influence food intake.
Possibly, small effects of aroma on food intake are overruled
by major factors such as food palatability.

We hypothesised that an increase in both aroma concen-
tration and aroma exposure time increases SSS, which in
turn increases subjective satiation and decreases ad libitum
food intake. In line with our hypothesis, an increase in
aroma concentration and aroma exposure time decreased
food intake by 9%. The subjective appetite ratings were not
affected. Overall, we conclude that it is likely that both
aroma concentration and aroma exposure time play a role
in the development of satiation. Possibly, the inconsistency
of the data on food intake and subjective appetite ratings
reflects the small effect size.
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