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Abstract

The Odour-Induced Taste Enhancement (OITE) phenomenon allows, by addition of odorants in food or beverages, to enhance
the perception of taste. To the best of our knowledge, only Prossraidl] studied OITE in obese people. Interestingly, in

this study, the addition of butter aroma in custard dessert produced OITE only in obese and not in normal-weight people. Here
we extendedthis resultby comparingOdour-InducedSweetnessnd SaltinessEnhancemenin normal-weightand obese

peoples using a ranking task on beverages. Forty-three naergtit (NW: 20< BMI< 25kg/m2pnd 28 obese participants

(OB: BMI> 30kg/m?) took part in the sensory evaluation of 2 sweet solutions and 2 salty solutions. The sweet base solutions
were apple juice (Aj) and water and the added odorant was vanillin. The salty base solutions were a green-pea soup and water
and the added odorant was a bacon aroma. For the ranking task, three additional solutions with increasing concentrations of
either sucrose or sodium chloride (S1 to S3) were prepared for each base. Each solution was tested in a dedicated ranking trial.
Subjects received four bottles in a given trial, the three sweet or salty concentrations of the base solution (e.g. AjS1, AjS2, and
AjS3) and one of the odorant-added solutions (e.g. AjS1+vanillin). Participants had to rank the 4 bottles according to sweetness
or saltiness intensity. The results showed that OITE occurred for all the solutions but differently according to the group and the
complexity of the beverage base. In the sweet complex beverage (Aj), only OB perceived a sweet taste enhancement whereas
in the green-peasoup OB and NW perceiveda salty tasteenhancementOB and NW participantsrankedthe water-based

solutions in a similar way, independently of taste, but with a lower effect size compared with the complex solutions. The highest
OITE was observed for the sweet Aj+vanillin and the salty Wsa+bacon samples (sweetness and saltiness increased by at least
50% and 75%, respectively) in OB. To conclude, we showed that the OITE phenomenon significantly differed between NW
and OB. Only OB experienced OITE in the sweet complex beverage, while OB and NW experienced OITE in the salty soup.
Both groups experienced OITE in the sweet water solutions but with a lower effect size compared with the complex solution
(Aj). Our results also demonstrated that the ranking task is efficient to assess OITE and to highlight OITE differences between
groups and solutions.

Keywords: ranking task, flavour, OITE, perception, food, obesity, salty, sweet.

Introduction

During food consumptiontastantsand odorantsare releasedn the mouth. While odorantsreacholfactory
receptors in the nose through the retronasal pathway, tastants directly activate taste receptors on the tongue. The
activation of thesedifferent receptorsallows respectivelyodour and taste perceptionsWhen tasteand odour
perceptions co-occur repeatedly, our brain unifies the perceptions into a single holistic food percept called flavour
perception. The integration of odour and taste into flavour also transfers a taste property to the odour. After which,
the odorant can enhance a taste perception. This phenomenon called “Odour-Induced Taste Enhancement” (OITE)
has been largely described in sweet [2] and salty simple beverages [2, 4] as water.

The study of this phenomenorin more complex beveragess challengingbecausemultiple perceptual
interactionsoccur betweentastes,odours,and textures,which complicateshe identification of taste-enhancing
odorants. Therefore, few studies showed this phenomenon in complex beverages [5] or food [3, 6]. However, more
studies on this topic are needed to understand if the strategy that aims to reduce salt and sugar while compensating
taste loss with aroma would be effective in reducing salt and sugar intake. This strategy is promising in a society
where the prevalence of obesity and food-related diseases is increasing.

While the study of the food baseis of interestto delineatehow OITE could be usedin food, physiological
factors like BMI should alste considered. Proserpio and collaborators assessed OITE between normal-weight
(NW) and obese(OB) population[1]. Interestingly,they found that only obeseparticipantspresentech sweet
enhancementvhen butteraromawas addedto a custarddessertTherefore,it seemghat obeseparticipantsare
more sensitiveto this butter-inducedsweetnessffect. We wished to replicate and extend theseresults by
comparing sweet and salty enhancements in OB and NW within a simple (water) and a complex (apple juice or
green-pea soup) base. We hypothesized that OITE will occur in the normal-weight and the obese populations for
sweet and salty tastes, but we expected that OB would find the OITE solution as more sweet/salty than NW.

We used a ranking task instead of intensity visual analogue scales traditionally used to assess the OITE. Sweet
or salty intensity scales are often difficult to use and produce a large interindividual variability that includes bias
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linked to the scale use. It often necessitates training or at least references to delineate the scale's anchors or the
intensity of the middle of the scales [7]. Compared to taste intensity scales, the ranking task is easily assimilated
by participants and does not require training or references. Indeed, the ranking task was effectively used by children
[8] or elderly [9]. It is also less prone to inter-individual variability and provides a direct measure of consensus
across participants. Former studies showed that the ranking task was efficient to assess differences in taste
intensities from different solutions [10] and it was previously used to measure OITE in water [11]. In this
experiment, the participants had to rank 14 solutions containing different concentrations of sugar with and without
the addition of the vanillin aroma. We simplified the ranking task design of Nguyen [11] and used three levels of
concentrations among which the aroma-added and tastant-reduced solution had to be positioned to highlight the
level of OITE.

Materials and Methods
Participants

We recruited 43 normal-weight (NW: 20< body mass index< 25kg/m?) and 28 obese (OB: body mass index >
30kg/m2) French participants. The sweet and salty solutions were evaluated in different sessions. The participants
were scaled and weighed at the end of the first session. They should not eat, drink or smoke at least 1 hour 30 min
before the sessions. The experimental procedure was explained to each participant before recruitment and again
before each test session. Participants signed an informed consent form to participate in the study. They received
10€ compensation for each hour spent performing evaluations. The study was conducted following the Helsinki
Declaration and was approved by the ethics committee CPP EST | #19.04.26 (ID RCB #2019-A00120-57).

Solutions

To study the odour-induced sweetness enhancement, two bases were used: Apple juice (Aj) and sweet Water
(Wsw). The Aj base was constituted of apple juice (Carrefour, France) initially containing 10% of sugars that was
diluted at 4% (w/w) with water (Evian, France). We selected vanillin (Sigma Aldrich, CAS: 121-33-5) as a
potential sweet enhancer for both Aj and Wsw. The odorant was dissolved in Evian water at 4000 ppm and diluted
in Aj at 300 ppm and in Wsw at 600 ppm. To study the odour-induced saltiness enhancement, two bases were
used: Green-pea soup (Gp) and salty water (Wsa). The Gp base was prepared by extracting the supernatant of an
unsalted green-pea puree (Bledina, France). A bacon complex (Firmenich, Switzerland) was chosen as a potential
saltiness enhancer for both Gp and Wsa. The Gp and aroma solution were not diluted before mixing. For the
ranking task, three solutions with increasing concentrations of either sucrose or sodium chloride (S1 to S3) were
prepared for each food base. A fourth solution was prepared, containing the aroma diluted in the S1 solution (Table
1).

Table 1: Concentration (w/w) of each solution by food base used during the ranking task.

Beverage base Aroma S1 S2 S3 S1 + Aroma
Apple Juice (A)) Vanillin 4% 6% 8% 4% + 0.03%
Sweet Water (Wsw) Vanillin 4% 7% 10% 4% + 0.06%
Green-pea soup (Gp) Bacon 0.25% 0.50% 0.75% 0.25% + 0.005%
Salt Water (Wsa) Bacon 0.10% 0.18% 0.25% 0.10% + 0.005%

Sensory procedure

The ranking task instructions and sensory data collection were monitored with Fizz software (Biosysteémes,
Couternon, France). Each food base was tested in a dedicated ranking task (4 ranking tasks in total). Participants
received three sweet or salty concentrations of the base solution (e.g. AjS1, AjS2, and AjS3) and one of the
odorant-added solutions (e.g. AjS1+vanillin); they were asked to rank the 4 bottles according to the increasing
sweetness or saltiness intensity. The ranking tasks’ and solutions’ orders were counterbalanced among participants.
The solutions were delivered using spray bottles, which avoid orthonasal smelling before tasting. At the beginning
of the session, participants were trained to use the spray bottles. To perform a ranking task, the panellist had to
spray two pulses of each solution in the mouth, swallow and rank the bottles accordingly to their salty/sweet
intensity; equally ranked were not allowed. When necessary, they could rinse their mouth. After a preliminary
ranking, they were instructed to confirm their choice by testing once again each solution from the lowest to the
highest salty/sweet intensity and register their ranking. Between two rankings, the subjects had to rinse their mouth
with lukewarm Evian© water (40°C).
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Data analysis

For each solution, the distribution of the partiifs that have ranked in the first, second, thordfourth
position was calculated. The position of the ragk@nd, 3rd, and 4th positions) represented tlemgth of OITE.
For each ranking task, a first Wilcoxon test wasalto check whether the ranking was correct foh dese
solution (S1<S2<S3). Another Wilcoxon test was dtmeompare the ranking of the beverage with tlvenar
against the base solutions with different levelswogars/salt (S1+aroma vs S1, S2, or S3). A betgeaup
Wilcoxon test was performed to compare the rankifithe aroma-added solution in each food base sesas
whether the enhancement is similar between grokipslly, a within-group Wilcoxon test was performtm
compare the ranking of the aroma-added solutiowdxt the salty and sweet bases for the water ancbiinplex
bases. The Wilcoxon tests were corrected with ag~8liscovery Rate (FDR) correction; a comparisos wa
considered as significant for p<0.05 (*), p<0.0%)(and p<0.001 (***).

Results
OITE in complex beverages

In the apple juice, 83% of OB ranked AjS1+vanillinleast in the second position, whose 33% in ltivel t
position and 17% in the fourth. By contrast, onl&of NW people ranked AjS1+vanillin at least il tecond
position whose only 6% in the third position (FigutA). Therefore, AjS1+vanillin was ranked as digantly
higher than AjS1 by OB (W= 156, p= 0.003) but nptNdV (W= 316, p=0.14). The distribution of the kang is
significantly different between the groups (W= 1$4,0.003). These results showed an OITE in théegpjre
for OB but not for NW. Interestingly, OB perceivé§S1+vanillin as sweet as AjS2 (W= 85.5, p= 1) whNW
perceived AjS1l+vanillin as less sweet than AjS2 @—p< 0.0001). Therefore, the solution AjS1+vamilas
perceived as sweeter than AjS2 in the OB groumbtin the NW group.

Different results were found with the green-peaps@0% of OB ranked GpS1l+bacon at least in therskco
position whose 5% in third, and 5% in fourth. Byntrast, 62% of NW ranked GpS1+bacon at least iorsbc
position, whose only 8% in third and 5% in fourftigure 1B). Therefore, GpS1+bacon was ranked adisigntly
higher than GpS1 by OB (W= 172, p=0.007) and by \W¥ 472, p= 0.05). Even if a higher number of @ied
the aroma-added solution in the second positianrainking was not significantly different betweée groups
(W= 320.5, p=0.36). Both groups evaluated the Gi{p&ton as less salty than GpS2 (OB: W= 26, p= 0 RUB
W= 92, p< 0.0001). Therefore, the solution GpS1lebawas perceived as saltier than GpS1 but lessGmpS?
in NW and OB and ranking was similar between treugs.
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Figure 1: Distribution of the participants who ranked iff,2"%, 39 and 4" position the A) three sweet levels
of an Apple juice (AjS1, AjS2, and AjS3) and Bgétsalty concentrations of a Green-pea soup (G52, and
GpS3) and an odorant-added solution (AjS1+vaniinGpS1+bacon). The colour gradient correspondghi
distribution of the participants who ranked in gasis 1, 2, 3, or 4. The orange colours corresptunithe solutions
without aroma and the blue colours to the rankidgh® odorant-added solutions. The stars indicht the
solution is significantly different from the soluii containing the aroma at respectively: ***:p< @D; **:p<
0.01; and *:p< 0.05 (Wilcoxon test).
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OITE in water base beverage

In the sweet wateB9% of OB ranked WswS1+vanillin at least in thessetposition, whose 12% in third and
4% in fourth position. In contrast, 75% of NW pesphnked WswS1+vanillin at least in second positimose
only 8% in third and 3% in fourth position (Figu28). Therefore, WswS1+vanillin was ranked as signifiant
sweeter from WswS1 by OB (W= 316.5, p= 0.0002) ap&lW (W= 600, p=0.001). These results corresgond
an OITE for both groups in the sweet water. Bothugs evaluated the WswS1+vanillin as less sweat\tfiswS2
(OB: W= 59, p= 0.002; NW: W= 77.5, p< 0.0001). Tdfere, the solution WswS1+vanillin was perceived as
sweeter than WswS1 but less than WswS2 in NW andu@Branking was similar between the groups.

Similar results were found in the salted water (Fég?B), 85% of OB ranked WsaS1+Bacon at leastéorzd
whose 10% in third, and 25% in fourth. In contr@3%6 of NW people ranked WsaS1+Bacon at leaseaebhond
position whose only 31% at the third position afd 8t the fourth. Therefore, WsaS1+bacon was rarmised
significantly saltier than WsaS1 for the OB grodp=189, p= 0.002) and the NW group (W= 566, p= 020
These results correspond to an OITE for both groopgbe salty water. Interestingly, WsaS1+Bacon wat
ranked differently from WsaS2 for the OB group (\W%.5, p= 0.73). Comparatively, WsaS1+bacon was not
ranked differently from WsaS2 for the NW group (\/86, p< 0.02). OB and NW both perceived OITE inysal
water plus bacon, but the enhancement was high@Bithan in NW.

Within-group comparison between salty and sweetecdments

In NW, the comparison between sweet and salty &#i@ncements revealed no difference of rankirtheof
aroma-added solutions in the simple bases Wsw asal W= 564, p= 0.11) as well in the complex bas¢s$
Gp: W= 542, p= 0.67). However, in OB even if ndeliénce was found between the simple bases WsW\ad
(W= 216, p=0.26), OITE tended strongly to be highehe AjS1+vanillin than in the GpS1+bacon swos (W=
241.5, p= 0.052). To conclude, it is not possiblsdy that differences between OB and NW are sbiadgd on
the type of OITE (salty or sweet).

Within-group comparison between complex and sitelerages

In OB, the complex AjS1+vanillin was ranked higliesn the simple water solution WswS1+vanillin (W= 9
p= 0.03). No significant differences of rankingweén the sweet beverages WswS1+vanillin and AjSdiltiva
in NW (W= 102.5, p= 0.45) were found. However, lire tsalty beverages, the NW group tended to rarikehig
WsaS1+bacon in comparison to the GpS1+bacon (W-58p& 0.054) and the same trend was observecein th
OB group (W= 62, p= 0.07). Therefore, the complexit the base solution alone cannot explain thieihces
of OITE observed in OB and NW.
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Figure 2: Distribution of the participants who ranked if, 2", 39, and 4" position the A) three sweet levels
of a sweet water (WswS1, WswS2, and WswS3) ahdeB)salty concentrations of a salty water (Wsad84aS2,
and WsaS3) and an odorant-added solution (WswSItineor WsaS1+bacon). The colour gradient corresgs
to the distribution of participants who ranked ingitions 1, 2, 3, or 4. The orange colours correspto the
solutions without aroma and the blue colours todberant-added solutions.

Discussion and Conclusion

The study aimed to determine odour-induced tadtarsement differences between obese and normahiveig
populations on salty and sweet tastes. We hypabeshat OITE will occur in the normal-weight andlie obese
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population for sweet and salty tastes, but we ebegeihat OB would find the OITE solution as moreestisalty
than NW.

We found a large consensus among OB participa@®)&oncerning the OITE induced by vanillin in the
apple juice. This OITE was not found in NW. In theeet water solution, OITE was observed in botlugsdut
did not differ between groups. In OB, sweetnessaaobment is so high that it would allow decreasingar
content by 33% while 50% of the participants @télceived it as sweet as before reduction. Fogtleen-pea
soup, the OITE was rather low in both groups. Haveit was much higher in salty water. OB perceigdugh
salty enhancement, with a large consensus amotigipants (85%) in water solution with bacon altgbtiit was
not significantly higher than NW. In the OB growgaltiness enhancement in water is so high thapitldvallow
decreasing salt content by 75%, and 35% of therastould still perceive it as salty as before tidm. The
OITE difference between OB and NW was explainedheeiby the complexity of the solution nor by tlaste
modality (salty or sweet).

The strong OITE observed in the apple-juice withiNia in OB and the absence of OITE in NW is comgnt
with the results found by Proserpio and collabasafd]. They showed an increase of the sweetnegsanbutter
aroma added in a custard dessert only in the aofresg. This result could be explained by differenefood
habits between the groups. Obese people are ggnm@le exposed to sweet drinks [12] and probablgweet
desserts with vanillin. The repeated exposure itbdtorant in sweet desserts could lead to stroagguciative
learning between sweetness and vanillin [13]. &ssociative learning results in the unificationtadte and
odorant into a single perception (configuration)lezh flavour perception. This configural processldas
integratory neuronal rules [14]. The subsequentggpces of this odour in food or beverage reatgivhe
configural encoding which leads to the perceptibaroodour as a taste [15-17].

We did not find clear OITE differences betweenysalid sweet beverages, more solutions should tedtes
order to clarify the results. However, we shouldsider that sweet and salty solutions target difidy the reward
system, which may then modify OITE. The sweet pgtioa involves the whole reward system while thitysa
perception targets only the amygdala [18]. Theefassociative learning effects might be less prooedfor
saltiness than for sweetness. Because the appme jsi more caloric than the green-pea soup, thiehig
enhancement observed in the apple juice couldbeshue to a reinforcement of the association betwee sweet
taste and the aroma perception due to the calwait. |

Similarly, concerning the “complexity” effect (wates complex base), while the OITE was more efiecin
the complex base for sweetness, the salty OITEma@s effective in the simple water base. It is feghat an
interaction between “taste” (salty or sweet), andmplexity” occurred. Therefore, here again, makitsons
should be tested to ascertain the effect of conitglex OITE. Nevertheless, we should notice thatiencies for
higher OITE with the bacon in water solution conguhwith the green-pea soup were found in both grotiis
result could be explained by taste-taste interacticdeed, green peas are naturally sweet, theratoe saltiness
brought by the bacon could be reduced by the swestof the green peas leading to a lower OITE.nAhe
green-pea soup, the taste-taste interaction casidbee present in the apple juice. Indeed, thecef@pple juice
flavour consists in a balance between the sweetthadsour tastes. Finally, the bacon-induced sSn
enhancement and the vanillin-induced sweetnessneah@ent in complex bases could be modulated byethes
taste-taste interactions.

Our results showed that the ranking task is armiefit method to highlight OITE. To our knowledg@lyo
Nguyen [11] used this sensory procedure to assmgrdaste interactions. However, in that study rdmgking
task was rather complex due to a high number oftisols. Here, we simplified the task using onlyethtevels of
sweet or salt concentrations and one concentrafiodorant. The results were contrasted in tern@IdE, some
odorants did not produce OITE, and some odorarddymed OITE with different strengths depending loa t
group, which validate the methodology.

To conclude, as a main result, we showed that tfi&@henomenon is present in obese and normal-weigh
people for sweet and salty tastes, but with stro@§&E in OB for vanillin in apple juice and baciomsalty water.
As flavour perception is a non-conscious brain toiesion, it would be interesting to go further the
understanding of the OITE phenomenon by investigatihe brain mechanisms that underlie odour-taste
interactions in normal-weight and obese peopldfferént food bases.
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