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Keywords:
Sensory-specific satiety
Flavour intensity
Sensory-specific satiety (SSS) refers to the decline in evaluated pleasantness of a food when consumed as
compared with other unconsumed foods. In two experiments it was investigated whether SSS is sensitive to
manipulations of flavour intensity. In the first experiment, 40 participants (36 women) repeatedly consumed
20 ml of either high- (group Strong; n=20) or low-intensity (group Weak) strawberry lemonade. If flavour
intensity affects SSS these two groups should differ, but both groups displayed an equal degree of SSS
concerning the evaluation of taste, smell, mouth feel, appearance and prospective consumption (largest
F=1.34). In Experiment 2, 60 participants (54 women) were randomly assigned to one of three groups of
equal size and repeatedly exposed to 20 ml lemonade that increased (group Increase) or decreased (group
Decrease) in flavour intensity, or retained a given intensity with each exposure (group Same). It was
investigated whether online changes in flavour intensity interfere with the development of SSS, but again
these groups displayed a similar degree of SSS to the lemonade (largest F=1.40). It is concluded that
manipulation of flavour intensity does not likely affect SSS.

© 2009 Elsevier Inc. All rights reserved.
1. Introduction

When a food is eaten to satiety, the subjective evaluation of the
pleasantness of the appearance, smell, taste and texture of that food
decreases as compared to other uneaten foods. This effect has been
termed sensory-specific satiety (SSS) [1]. It has been found that SSS
already occurs during consumption of a meal and it is strongest
shortly after eating a food to satiety [2]. This finding implies that SSS
does not require postingestive feedback. Indeed, the energy content of
a food has not been found to play an important role in SSS [3,4].
Furthermore, although SSS is strongest after a food is eaten to satiety,
it can also occur after eating a fixed preload [5], or even after
repeatedly chewing or merely smelling a food [6,7]. Therefore, SSS can
be said to be the result of repeated or more or less continuous
orosensory exposure to the flavour (i.e., taste and smell) of a given
food.

It has been demonstrated that with such orosensory exposure
neuronal responding within the secondary gustatory cortex (i.e., the
orbitofrontal cortex) decreases specifically to the exposed food. No
such sensory-specific decrement in responsiveness is observed within
the primary taste cortex (i.e., the rostral insular region) [8]. Rolls [8]
argues that identity and intensity of a taste are processed within this
area, but that the pleasantness of a given flavour is represented in the
raaf for helpful discussions and
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orbitofrontal region, thus implying that flavour intensity and
pleasantness are processed separately. Indeed, it has been found
that with the exposure to a specific food/drink the pleasantness
ratings of that food/drink decreases, but intensity judgments remain
relatively unchanged [6,9]. However, the finding that SSS does not
affect the perception of flavour intensity does not preclude the
possibility that, conversely, manipulating flavour intensity will affect
the degree and development of SSS.

Swithers and Hall [10] found that rat pups' eating responses to a
stronger, more intensely sweetened solution diminished less quickly
than the eating responses to weaker solutions did, thus suggesting
that more intense tastes retard SSS. Note though that this study was a
habituation experiment and it is still uncertain whether SSS can be
described in terms of response habituation. Essed et al. [11], recently
demonstrated in a sample of young women that monotonous intake
across several days of three different drinks varying in sweetness
intensity led to decreased pleasantness ratings of these drinks, with
the largest decrease in liking for the drink with the highest sweetness
intensity. This study then seems to suggest that SSS is weakened with
the consumption of less intense tastes. SSS though cannot be viewed
as the mere short-term version of a monotony effect. Vickers and
Holton [12], for example, demonstrated in human subjects with ad
libitum consumption tests that the decline in liking of a strong tea
with its consumption did not differ from the decline in likingwhen the
participant had to consume a weak tea, suggesting that flavour
intensity does not affect SSS. However, flavour intensity did affect
pleasantness ratings with repeated monotonous consumption of
these teas, with a larger decline in liking of the strong tea.

Overall, studies arenot suggestive of an effect offlavour intensityon
SSS, but considering the small number of studies directly addressing
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this research topic one may argue that the question whether flavour
intensity affects SSS is still left unresolved [13]. Therefore, we
investigated in a first experiment whether repeated exposure to a
strongflavour versus aweakflavour leads to corresponding differences
in SSS. In a second experiment, we examined whether the rate and
degree of SSS are altered with repeated exposure to a flavour that
changes in intensity with each exposure.

2. Experiment 1

To test whether flavour intensity affects both the degree and rate of
SSS, participants were randomly divided into two groups of equal size:
Strong or Weak. Group Strong received repeated exposure to a high-
intensity flavour, whereas group Weak received repeated exposure to
the same flavour of low intensity. If SSS is affected by flavour intensity,
one would expect to see a difference in the degree and rate of SSS
between these two groups.

We preferred employing a between-subjects design, rather than a
within-subject design, for several reasons. Firstly, a between-subjects
design ensured that participants were not aware of the flavour
intensity manipulation. Secondly, considering that the weak and
strong flavours only differ in intensity and not flavour itself, there
would likely be substantial generalization of SSS from the low-
intensity flavour to the high-intensity flavour (and vice versa), and
such a generalization effect might have seriously confounded results
when having employed a within-subject design; that is, examining
participants' SSS to both theweak and strong flavour. Of course, such a
potential order effect might have been controlled for by counter-
balancing the order of the two conditions (i.e. weak flavour–strong
flavour, versus strongflavour–weakflavour), but suchbalancing comes
at the cost of introducing variance. To otherwise limit the presumed
generalization effect one might also have considered introducing a
considerable time interval between the two conditions. It is unclear,
however, how long such a wash-out period needs to be to completely
rule out any carry-over effect between conditions. Had we still chosen
to employ a within-subject design with the two conditions (weak vs.
strong flavour) presented to the participants on separate days the
results might also have been confounded by the introduction of a
monotonyeffect, which— as is described in the Introduction above— is
already known to be sensitive to manipulations of flavour intensity.

2.1. Method

2.1.1. Participants
Forty healthy participants were recruited among the student

population of Maastricht University (M age=22 years; 36 women).
Participants were randomly divided into two groups of equal size:
group Weak, or group Strong. Prior to their participation, each
participant was contacted by the experimenter to check for food
allergies, diabetes or any other condition that might influence their
eating behaviour or taste perception. Each participant received the
instruction to refrain from eating and drinking for 2 h prior to
participation. The study was reviewed and approved by a local ethics
committee.

2.1.2. Procedure and design
All participants provided informed consent prior to their partici-

pation. Experimental sessions took place on weekdays at 11 AM.
Participants were tested in small groups (n=4–6) in a quiet research
laboratory. On arrival, the participants were invited to take a seat at
any of the 12 available tables. The tables were placed against the walls
of the laboratory and were divided by screens into separate
compartments to prevent participants from directly communicating
with each other during the experiment.

Participants were served a tray of eight different foods presented in
single bite size portions containing the following items: chocolate
M&Ms (Masterfoods), crisps (Lay's Superchips, Pepsico), Dutch cheese
(Goudse kaas, Albert Heijn), Dutch breakfast cake (Peijnenburg), salty
cracker (TUC naturel, LU), 20 ml milk (Campina), 20 ml of strawberry
lemonade of strong intensity, and 20 ml of the same strawberry
lemonade of weak intensity. The low-intensity lemonade contained 1
part of strawberry syrup (Albert Heijn) and 8.5 parts of water, whereas
the high-intensity lemonade contained 1 part of syrup and 5.5 parts of
water. According to themanufacturer,1 part syrup per 7 parts of water
would provide the best taste.

Participants were instructed to consume and evaluate each item.
To rate the pleasantness of these items, participants were given a
questionnaire that contained questions that all had to be answered on
100 mm line scales. A decrease in these ratings is thought to reflect
SSS. The questionnaire contained the following questions per food
item: ‘How pleasurable do you find the appearance/smell/taste of
item nr. …?’, ‘How pleasurable does item nr. … feel in your mouth?’,
and ‘How much would you like to eat/drink of item nr…?’, all
anchored with not at all/nothing at the left, and very/very much at the
right. In a similar manner, the participants were asked to indicate how
intense and sweet they perceived each item to be. The order of
evaluating the food items was determined randomly for each separate
participant. After the participants had finished their ratings of the
eight food items, their trays were collected and they were given a next
tray. This tray contained eight 50 ml plastic cups filled with 20 ml of
either the low-intensity lemonade (for group Weak) or the high-
intensity version (for group Strong).

Generally, when assessing SSS, participants are instructed to
consume a given test food ad libitum, that is, until satiety. However,
as volume affects the degree of SSS [4], for the present study it was
deemed important to ensure that both groups consume an equal
amount of the test drink. Further, to maximize the likelihood of
participants completing the experimental procedure, we purposefully
selected a relatively small total amount of the test drink for our
participants to consume; that is, smaller when participants would
have received the instruction to consume the test drink ad libitum.
Vickers and Holton [12] for example, had their participants consume
iced tea ad libitumwhen assessing SSS. On average, those participants
drank approximately 400 ml, which is considerably more than the
160 ml in the present experiment. Bell et al. [4] exposed their
participants to fixed volumes of milkshake (low or high) to assess the
effect of volume on SSS. Their low volume test drink was a 300 ml
milkshake, which is also larger than the fixed aliquot of lemonade
used in the present study.

Each participant had to expose oneself to the lemonade, carefully
following the instructions provided by the experimenter. During a
period of 15 min, the experimenter instructed the participants to take
one cup, to look at the drink for 10 s, to smell the drink for 10 s, to
empty the cup and experience the mouth feel for 10 s, and finally to
swallow the drink. After consumption of the third and the sixth
drinks, participants were asked to evaluate the drink again (i.e., rate
the pleasantness of its taste, appearance, smell, mouth feel, and rate
prospective consumption). Throughout this 15 min signaled exposure
the experimenter carefully monitored adherence to the instructions.
When all eight cups had been emptied, the trays were collected. A new
tray was then placed in front of each participant containing all eight
food items in the same manner as prior to the signaled exposure
procedure and for this post-test the participants were instructed to
taste and evaluate all eight items for a second time in the same order
as at the pre-test. After the second evaluation of the food items,
participants were thanked and received a €10 voucher as a
compensation fee.

2.2. Results and discussion

To be able to demonstrate a potential effect of flavour intensity on
SSS requires that the participants were able to reliably assess flavour
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intensity. As all participants had to evaluate the intensity and
sweetness of the two lemonades at both the pre-test and post-test,
we examined this by comparing ratings of sweetness and intensity of
these two lemonades with paired sample t-tests. At both pre-test and
post-test, all participants rated the flavour of the high-intensity
lemonade as more intense than the low-intensity lemonade (pre-test:
M difference in intensity=13.6, t[39]=5.06, pb .001; post-test: M
difference in intensity=17.7 t[39]=8.65, pb .001). Participants also
consistently rated the sweetness of the high-intensity lemonade as
higher than the sweetness of the low-intensity lemonade (pre-test:M
difference in sweetness=15.3, t[39]=6.16, pb .001; post-test: M
difference in sweetness=17.9, t[39]=9.68, pb .001).

To assess the degree of SSS, we calculated the change in rating for
each food item by subtracting the pre-exposure ratings from the post-
exposure ratings. Next, we averaged this change score for the
unconsumed control food items (i.e., the items that were not
consumed during the signaled exposure procedure excluding the
unconsumed strawberry lemonade) to be able to compare the change
in rating for the consumed lemonade versus the control food items
[3,14]. Further, we compared the change in rating for the unconsumed
lemonade with the control food items to be able to assess general-
ization of SSS. We made these planned comparisons with a 2×3 split
plot analysis of variance (ANOVA) with the between-subjects variable
Group (Strong versus Weak) and within-subject variable Type
(consumed lemonade, unconsumed lemonade, or control items),
and with shift in rating as the dependent variable. This analysis was
conducted separately for the change in ratings of taste, appearance,
smell, mouth feel and prospective consumption. Fig. 1 displays the
mean change in pleasantness and prospective consumption ratings for
the consumed and unconsumed lemonade, and the control food items
for each group.

When comparing the change in ratings for the consumed lemon-
ade versus the change in ratings for the control items, SSS was
reflected by a main effect of Type for taste (F[1, 38]=19.03, pb .001,
ηp2=.33), appearance (F[1, 38]=11.55, pb .01, ηp2=.24), smell (F[1,
38]=25.24, pb .001, ηp2=.41), mouth feel (F[1, 38]=15.28, pb .001,
ηp2=.29), and prospective consumption (F[1, 38]=28.38, pb .001,
ηp2=.48). As can be inferred from Fig. 1, for every dependent variable
the negative shift in liking of the consumed lemonade was larger than
Fig. 1.Mean changes in ratings of pleasantness and prospective consumption (+SEM) of bot
each separate group (Weak vs. Strong).
the mean shift in liking of the unconsumed food items. However, no
Group×Type interactions were found, largest F=1.34. In other
words, no difference between the two groups was found concerning
the degree of SSS.

To assess potential generalization of SSS from the test drink to the
unconsumed lemonade, we first compared the change in ratings of the
unconsumed lemonade with the change in ratings for the control
items. This rendered a main effect of Type for the ratings of taste (F[1,
38]=23.18, pb .001, ηp2=.38), smell (F[1, 38]=22.40, pb .001,
ηp2=.38), mouth feel (F[1, 38]=16.33, pb .001, ηp2=.30) and pro-
spective consumption (F[1, 38]=23.12, pb .001, ηp2=.43), and a
marginally significant effect for the ratings of appearance, F(1, 38)=
3.66, p=.064, ηp2=.09. These results imply that SSS towards the test
lemonade generalized to the unconsumed lemonade of different
intensity. No Type×Group interactions were found (all p'sN .20)
with the exception of the change in pleasantness of smell ratings, F(1,
38)=4.18, p=.048, ηp2=.10. Overall though, generalization of SSS did
not appear to differ between the two groups.

Secondly, we assessed the degree of generalization of SSS from the
test drink to the unconsumed lemonade of different intensity by
comparing the change in ratings between these two drinks. Margin-
ally significant effects of Type were found for the change in
appearance ratings (F[1, 38]=2.88, p=.098, ηp2=.07), and for the
change in ratings of prospective consumption (F[1, 38]=3.29,
p=.079, ηp2=.10). For the remaining dependent measures (i.e.,
change in taste, smell, and mouth feel pleasantness ratings) however,
no such an effect was found, all F'sb1. A marginally significant
Type×Group interaction was found for the prospective consumption
ratings (F[1, 38]=3.29, p=.079, ηp2=.10), but not for the other
dependent measures (all F'sb1). Taken together these results imply
that SSS developed towards the consumed test drink to an equal
degree between the two groups and that within each group this effect
generalized to the unconsumed lemonade of different intensity.

Pleasantness and prospective consumption of the test drink (i.e.,
the strawberry lemonade) were not only assessed at pre-test and
post-test, but also on two occasions during the signaled exposure
procedure in between those two tests. This allowed us to examine the
time course of the decrease in hedonic ratings of the test drink. Table 1
displays the mean hedonic ratings of the test drink as assessed before,
h the test drink (consumed), the unconsumed lemonade, and the control food items for



Table 1
Mean pleasantness and prospective consumption ratings for the test drink as assessed
at pre-test (assessment 1), during the signaled exposure (assessments 2 and 3), and at
post-test (assessment 4), for each separate group (Weak vs. Strong).

Group Weak Strong

Assessment 1 2 3 4 1 2 3 4

Taste 54 46 31 26 62 61 45 34
Appearance 44 49 39 25 58 62 53 35
Smell 55 46 35 30 65 52 47 35
Mouth feel 60 57 46 45 67 63 52 42
Prospective consumption 41 39 22 16 41 43 32 17
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during and directly after the signaled exposure procedure. It is
conceivable that not so much the degree, but rather the onset of SSS is
affected by taste intensity. Before testing this possibility, we assessed
whether the two groups evaluated the pleasantness of the test drink
differently at pre-test with separate t-tests for each dependent
variable (i.e., ratings of taste, smell, appearance, mouth feel and
prospective consumption). No significant differences for these
measures were found between the two groups (largest t[38]=1.73,
p=.10, for the pleasantness ratings of appearance).

To further test the possibility that flavour intensity affects the rate
of an expected decline in hedonic ratings of the test drink, a 4×2
ANOVA was conducted with Assessment (1, 2, 3, or 4) as within-
subject variable and Group (Weak versus Strong) as the between-
subjects variable, and with the pleasantness ratings and prospective
consumption ratings of the lemonade as the dependent variables. An
overall effect of Assessment was found on the taste ratings (F[3, 111]=
23.44, pb .001, ηp2=.39), appearance ratings (F[3, 111]=17.49,
pb .001, ηp2=.32), smell ratings (F[3, 111]=19.85, pb .001, ηp2=.35),
ratings of mouth feel (F[3, 111]=14.61, pb .001, ηp2=.28), and ratings
of prospective consumption (F[3, 114]=30.52, pb .001, ηp2=.45). No
Assessment×Group interaction effects were found for the pleasant-
ness and prospective consumption ratings, largest F=1.06. For the
evaluation of the pleasantness of the appearance of the test drink, it
was found that participants in group Strong rated the pleasantness
of the appearance of the drink higher than participants in groupWeak,
F(1, 38)=4.08, p=.05, ηp2=.10. For the remaining ratings (i.e., taste,
smell, mouth feel, and prospective consumption) no suchmain effects
of Group were found, largest F=2.58. Apparently, there were no
differences between group Weak and group Strong concerning the
time course of the decline of the pleasantness and prospective
consumption ratings.

3. Experiment 2

Results from Experiment 1 suggest that SSS is unaffected by flavour
intensity; that is, the development of SSS does not appear to be
retarded with exposure to more intense stimuli. To further evaluate
whether SSS can be affected by flavour intensity, a second experiment
was conducted involving a different type of intensity manipulation.

As SSS concerns a decline in pleasure from eaten food relative to
other uneaten foods one of the main functions attributed to SSS is that
it promotes the consumption of a more varied meal; that is, a meal
that contains a variety of flavours and as such a wider variety in
nutrients [15]. This then also means that a varied meal promotes
consumption by delaying the decline in pleasantness usually
associated with SSS [16,17]. Hetherington et al. recently conducted a
study in which participants were instructed to eat popcorn until
satiety [18; Experiment 1]. In three of the four conditions however,
their popcorn eating was regularly interrupted by a taste test inwhich
they had to evaluate the taste of the same popcorn, or a different snack
food but with similar taste characteristics as the popcorn, or a
different flavour altogether. Participants in the latter two conditions
experienced a slower decrease in pleasantness ratings and also
consumed more popcorn, suggesting that SSS is attenuated if
consumption includes the experience of varied flavours. Within the
context of the present study, the question that rises then is whether
mere variety in the intensity of the test drink (i.e., the strawberry
lemonade in this study) will similarly attenuate the degree and
development of SSS.

3.1. Method

3.1.1. Participants
Sixty healthy participants (M age=23 years; 54 women) were

recruited among the student population of Maastricht University.
Participants were randomly assigned to one of the three groups of
equal size: Increase, Same, or Decrease. All participants were
contacted by the experimenter beforehand. None of the participants
had participated in the previous experiment and none reported
having any specific food allergies, diabetes, or any other condition that
might interfere with taste perception. As for Experiment 1, each
participant received the instruction to refrain from eating and
drinking (excluding water) for 2 h prior to their participation. The
study was reviewed and approved by a local ethics committee.

3.1.2. Procedure and design
All participants provided informed consent prior to their partici-

pation in this experiment. Experimental sessions took place on
weekdays at 11 AM and, as in Experiment 1, participants were tested
in small groups (n=4–6) in a quiet research laboratory. There,
participants were served a tray containing four different food items
presented in single bite size portions: chocolate (Milka, Kraftfoods),
salty crackers (TUC, LU), 20 ml of herbal tea served at approximately
50 °C, and 20 ml of strawberry lemonade. The lemonade contained 1
part of strawberry syrup (Albert Heijn) per 10 parts of water (1:10;
group Increase), or 7 parts of water (1:7; group Same), or 4 parts of
water (1:4; group Decrease). To rate the items, participants were
given a questionnaire that contained questions that all had to be
answered on 100 mm line scales. These line scales were presented on
a computer screen. The questionnaire was programmed in Author-
ware (Macromedia) and contained the following questions per food
item: ‘How pleasurable do you find the appearance/smell/taste of
item nr. …?’, ‘How pleasurable does item nr. … feel in your mouth?’,
and ‘How much would you like to eat/drink of item nr. …?’, all
anchored with not at all/nothing at the left, and very/very much at the
right. As in Experiment 1, the participants were also asked to indicate
how intense and sweet they perceived each item to be. The order in
which the participants had to taste and evaluate the four food items
was counterbalanced between participants within each group by
means of a balanced Latin square.

After the participants had finished tasting and rating the four
items, their empty trays were collected, after which the repeated
exposure to the strawberry lemonade commenced. In contrast with
Experiment 1, this repeated exposure procedure did not comprise the
presentation of the drinks all at once. Instead, the drinks were served
individually so that participants could not easily deduce any variations
in flavour intensity on the basis of visual cues alone. Further, as SSS
developed rapidly in Experiment 1, the number of exposures in this
experimentwas brought down to just five exposures (instead of eight)
to the lemonade. Participants were served a cup filled with 20 ml at
fixed intervals during an approximately 10 min period. With each
exposure, the experimenter instructed the participants to take the
cup, to look at the drink for 10 s, to smell the drink for 10 s, to empty
the cup and experience the mouth feel for 10 s, and finally to swallow
the drink.

For group Increase, the syrup–water ratio of the lemonade
increased with each exposure (from 1:9 to 1:8 to 1:7 to 1:6 and to
1:5). For group Same, this ratio remained constant (i.e., 1:7). For the
participants in group Decrease, the syrup–water ratio decreased with
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each exposure from 1:5 to 1:9. Participants in both groups Increase
and Decrease should demonstrate less SSS than group Same does, if
variety in intensity affects SSS in a similar manner as the variety in
flavours appears to do.

Directly after the third exposure, all participants were asked to rate
the drink once more. When all five cups had been consumed, a new
tray was then placed in front of each participant containing all four
food items in the same bite size portions as before the signaled
exposure procedure and the participants were instructed to taste and
evaluate all four items for a second time in the same order as at pre-
test. At this post-test, again, the intensity of the strawberry lemonade
differed between groups. Participants in group Increase had to taste
and evaluate lemonade that contained 1 part of syrup per 4 parts of
water; participants in group Same tasted lemonade that contained 1
part of syrup per 7 parts of water; participants in group Decrease
tasted lemonade that contained 1 part of syrup per 10 parts of water.
After this post-test, participants were thanked and received a €10
voucher as a compensation fee.

3.2. Results and discussion

As in Experiment 1, it was first ascertained whether the
participants had been able to perceive any changes in taste intensity
throughout the experiment. We tested this by examining a potential
effect of Assessment (1, 2, or 3) on the intensity and sweetness ratings
for each separate group. As expected, participants in group Increase
progressively evaluated the test drink asmore intense, F(2, 38)=9.28,
pb .001, ηp2=.33. They also progressively evaluated the test drink to be
sweeter, F(2, 38)=5.31, pb .01, ηp2=.22. No such effects were found
for group Same and for group Decrease, largest F=1.35.

We assessed SSS by calculating the change in rating for each food
item by subtracting the pre-exposure ratings from the post-exposure
ratings and averaging this change score for the unconsumed control
food items to be able to compare the change in rating for the test item
versus the control items. A total of five 3×2 split plot ANOVAswith the
between-subjects variable Group (Increase, Same, and Decrease) and
within-subject variable Type (consumed versus unconsumed), and
change in ratings of taste, appearance, smell, mouth feel and
prospective consumption as the dependent variables were conducted.
Fig. 2 displays the mean change in pleasantness and prospective
Fig. 2. Mean changes in ratings of pleasantness and prospective consumption (+SEM) of b
group (Increase, Same, or Decrease).
consumption ratings for both the consumed and unconsumed foods
for each separate group.

SSS was reflected by amain effect of Type on taste (F[1, 57]=19.85,
pb .001, ηp2=.26), appearance (F[1, 57]=12.01, pb .01, ηp2=.17), smell
(F[1, 57]=19.85, pb .001, ηp2=.26), mouth feel (F[1, 57]=9.44, pb .01,
ηp2=.14), and prospective consumption (F[1, 57]=36.69, pb .001,
ηp2=.39). A Group×Type interaction effect was found concerning the
appearance ratings, F(2, 57)=4.18, pb .05, ηp2=.13. As can be inferred
from Fig. 2, this interaction can be ascribed to the participants in group
Increase who did not show a decrease in the ratings of the
pleasantness of the appearance of the strawberry lemonade. With a
gradual increase in taste intensity, the colour of the drink also became
darker and less transparent. Apparently, a fuller and darker colour of
lemonade is more liked than a more transparent watery colour. This
concurs with the finding in Experiment 1 where participants liked the
appearance of the strong lemonade better than the weak lemonade.
For the remaining indices of SSS, no Group×Type interactions were
found, largest F=1.40. Furthermore, no differences between groups
were found, largest F=1.43. In sum, no systematic difference between
the groups was found concerning the degree of SSS.

Analyses of the time course of the development of SSS were
conducted with Assessment (1: pre-exposure, 2: during signaled
exposure, and 3: post-exposure) as within-subject variable and Group
(Increase, Same, and Decrease) as between-subjects variable, and the
pleasantness and prospective consumption ratings of the test drink as
dependent variables. An overall decrease in experienced pleasantness
of the lemonade was reflected by a significant effect of Assessment for
ratings of taste (F[2, 114]=21.62, pb .001, ηp2=.28), appearance (F[2,
114]=6.77, pb .01, ηp2= .11), smell (F[2, 114]=13.60, pb .001,
ηp2=.19), and mouth feel (F[2, 114]=12.22, pb .001, ηp2=.23). Ratings
of prospective consumption also decreased with repeated exposure,
F(2, 114)=25.78, pb .001, ηp2=.31. A significant Assessment×Group
interaction was found for the ratings of appearance, F(4, 114)=2.67,
pb .05, ηp2=.09. Again, this can be ascribed to the participants in
group Increase who did not demonstrate a decrease in the hedonic
evaluation of the appearance of the lemonade. For the remaining
pleasantness ratings and prospective consumption ratings, no such
an interactionwas found, largest F=1.36. Further, no effect of Group
was found, largest F=1.18. Mean ratings of the test drink throughout
the experiment are displayed in Table 2 for all three groups. Taken
oth the test drink (consumed) and the control foods (unconsumed) for each separate



Table 2
Mean pleasantness ratings and prospective consumption ratings as assessed at pre-test
(assessment 1), during the signaled exposure (assessment 2), and at post-test
(assessment 3), for each separate group (Increase, Same, Decrease).

Group Increase Same Decrease

Assessment 1 2 3 1 2 3 1 2 3

Taste 68 56 45 62 55 47 55 53 34
Appearance 51 60 55 60 52 43 50 58 33
Smell 57 57 45 59 47 43 63 51 39
Mouth feel 67 57 57 68 58 51 58 57 44
Prospective consumption 57 39 32 52 47 32 40 35 25
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together, these results suggest that the development of SSS is not
subject to an intensity effect.

4. General discussion

In the present study, in two experiments, it was tested whether
manipulating flavour intensity affects SSS. In both experiments, clear
indications of SSS were found; that is, subjective pleasantness derived
from consuming the test food (i.e., strawberry lemonade) decreased
with repeated consumption of this flavour relative to the pleasantness
of other foods not repeatedly consumed. However, no effect was
found of the different manipulations of flavour intensity. Taken
together with previous findings showing that SSS is reflected by
changes in hedonic ratings but not intensity ratings of the test food
[6,9], these results support the view put forward by Rolls [8] that the
identity and intensity of a taste are processed within the primary
gustatory cortex separate from the evaluative reward processing of
food that is thought to take place within the orbitofrontal region of
the brain [see also 19].

The absence of an intensity effect in the present study is a null
result and should thus be interpreted with some caution. For example,
the present experimental paradigm is not a traditional SSS paradigm.
A typical SSS experiment concerns the ad lib consumption of a given
test food until satiety. The present paradigm differs from that in the
sense that participants were instructed to sequentially consume the
test drink in a signaled exposure procedure. One might argue that this
atypical paradigm explains the absence of a flavour intensity effect.
However, this alternative explanation is unlikely. Though somewhat
atypical, repeated exposure to a test food/drink is not an entirely
uncommon procedure and is known to render SSS; that is, a decline in
pleasantness from the test food relative to other unconsumed food
items [e.g. 7,20]. This paradigm also rendered significant SSS in both
experiments of the current study. If flavour intensity would affect SSS
with a different SSS paradigm, the present results at the very least
show that manipulations of flavour intensity do not necessarily affect
SSS.

Apart from the sequential consumption, the present SSS paradigm
differed from a more traditional SSS paradigm in the sense that
participants were instructed to consume a specific and fixed amount
of lemonade according to online instructions provided by the
experimenter. The volume of the test drink was smaller than
participants would have drunk when having received the instruction
to drink the lemonade until satiety. This procedure, of course, is very
different from regular consumption and thus onemaywonder towhat
degree the present pattern of results applies to such real world
consumption. However, as the volume of the test drink in the present
study was smaller than ad libitum intake, it is highly unlikely that the
absence of a clear difference between groups in both experiments is
due to participants having to drink an amount greater than they
would normally choose to drink. Furthermore, it is unlikely that the
absence of a clear difference between the groups is due to the volume
of the test drink being too small to render strong SSS and hence
potential differences in SSS. Previous research has shown that clear
and strong SSS (i.e. a decline in pleasantness ratings) can be achieved
with repeated intake of mere droplets of a certain test drink [21], or
even with mere exposure to a given test food or drink [see 6,7,9].

It should be noted that the differences in flavour intensity of the
test drinks in the present experiments were achieved by adding
varying amounts of lemonade syrup to water, leading to differences in
both taste and sweetness intensity. One might argue that this
manipulation of sweetness intensity confounded results from Experi-
ment 2 in which we manipulated flavour intensity by a series of
gradually increasing or decreasing intensities of the strawberry
lemonade drink. Generally speaking, sweeter drinks are often better
liked. Decreasing sweetness intensity would thus promote the
development of SSS and this renders the absence of a clear difference
in SSS between this group and the group that did not receive any
changes in sweetness intensity of the test drink as impossible to
interpret unequivocally. In this case it is possible that SSS is unaffected
by changes in flavour intensity, but it is also possible that the decrease
in sweetness intensitymasked a potential effect of flavour intensity on
SSS. However, if the decreasing sweetness intensity would have
masked otherwise less pronounced SSS in the group of participants
receiving lemonade of decreasing sweetness intensity, then one
would have expected to observe a clear difference between this
group and the group of participants receiving the lemonade with
increasing intensity. No such a difference was found though, and thus
the absence of any significant differences in the degree and rate of SSS
between the three groups in Experiment 2 corroborates the main
conclusion that this manipulation of flavour intensity also does not
affect SSS.

Of course one might argue that the intensity manipulations in the
present study simply were not strong enough to have any effect on
SSS. Note that in both experiments participants were able to
discriminate the different flavour intensities of the test drink. But in
Experiment 1, for example, the participants did not evaluate
pleasantness of the high- and low-intensity test drinks differently;
lending credence to the possibility that these test drinks did not
sufficiently differ from one another in terms of intensity to exert any
differential effect on SSS. If that were true though, the present pattern
of results still shows that clearly noticeable differences in flavour
intensity do not necessarily have any effect on the degree and rate of
development of SSS. In other words, with regard to SSS, insofar an
intensity effect exists at all, it is likely to be small and subtle.
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