N

O 00 N O U1 b

10

12
13
14
15
16
17
18
19
20
21
22
23
24

Enhancing the flavour of tomato soup with an alcoholic appetiser

Abstract

The perceived temperature of a dish can affect the appreciation of its flavour as well as other
hedonic and sensory qualities of the food. Here, we assessed the potential of an alcoholic
appetiser as a taste potentiator and investigated interactions between consumed alcohol and
the temperature of a tomato soup. Using a between-participants experimental design, we
investigated the appreciation of a tomato soup sample (cool vs. hot) for different
presentations (with vs. without an alcoholic appetiser shot tasted beforehand). 257
participants (171 female, mean age of 34 years, SD = 12 years, age range 18-69 years) tasted
the tomato soup and evaluated it with respect to several sensorial qualities (i.e., temperature,
texture, freshness, intensity, flavour, and liking) and indicated the perceived dominant taste
from amongst the five basic tastes. The results highlight that when tasted hot, participants like
the soup more, evaluate it as being significantly more flavourful, denser, fresher, and as
having a more intense taste. Further, when tasted with an alcoholic appetiser beforehand, the
tomato soup is reported as having a significantly lower temperature, as well as being fresher,
and more flavourful. The intake of an alcoholic appetiser significantly interacts with the soup
temperature and potentiates both the sweet and umami taste of the tomato soup. These results
highlight the importance of a soup’s serving temperature and the potential of alcohol to
enhance the flavour of the dish. The findings are discussed in the context of healthy eating
and individual differences in food selection, with consideration of the importance of

temperature perception in gastronomic settings.

Keywords: temperature; alcohol; texture; freshness; flavour; taste.
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ALCOHOL AS A FLAVOUR ENHANCER

1. Introduction

Finding ways to enhance the enjoyment of food have long concerned psychologists, food
scientists, and restaurateurs (Rozin, 2005; Spence, 2017), as well as nutritionists and public
health scientists (Bédard et al., 2020). Diverse approaches have been designed to improve our
eating behaviour and approach to food, including food presentation, sensorial and/or hedonic
alterations of the food, as well as of the environment/location where food is served (Spence,
2017), together with more general population-wide public health policy measures (WHO,
2004; Wessler, 2022).

It is well-known that food sampled at the expected temperature tastes better (Fleming, 2013;
Olson, Caporaso, & Mandingo, 1980), with temperature of the food crossmodally interacting
with other sensorial and hedonic qualities of a sampled food (see, e.g., Barbosa Escobar et al.,
2023, 2025; Juravle, Olari, & Spence, 2022; Juravle & Spence, 2024). For instance, recently
it has been demonstrated that people prefer to eat cornmeal hot (Juravle, Duca, Feghius, &
Spence, 2024), the traditional way to present and consume cornmeal in certain geographical
and cultural environments. Not only was the cornmeal liked more when tasted hot, but people
also evaluated it as being softer and more elastic, especially when the cornmeal was
consumed in a rounded shape, thus indicating the importance of pairing attributes such as
(expected) temperature and food shape, for the enjoyment of the food. In the realm of a given
culture, or even globally, people exhibit a strong preference for consuming certain
dishes/drinks warm (e.g., warm coffee or tea, see Pramudya & Seo, 2018), with the
expectation toward the temperature of a drink significantly impacting their liking of the
sampled liquid (e.g., warm fruit juice, Zellner et al., 1988; see also Rozin, 1988). As such,
manipulating a foodstuff’s temperature could also prove helpful for specific populations who
may have lost taste (see Spence, 2024) and/or have altered specific receptors for certain

flavours (e.g., see Bautista et al., 2013).

Furthermore, aside from typical food presentation modes, plating, and combining the
individual elements of a dish, tasting a familiar dish in a different place and/or culture, with
one/few twists to the well-known recipe often may surprise us and bring a new enhanced
flavour for that specific dish. Note though that expectation plays an important role in
evaluating food and our satisfaction with food and hence, may confirm or disconfirm its
flavour (Cardello & Sawyer, 1992). Researchers and restaurateurs have investigated the

‘right’ order of mouth sensations in the sampling of a dish — Three principles of flavour
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ALCOHOL AS A FLAVOUR ENHANCER

pairing have been identified: perceptual (flavours brought together because of their sharing
(dis)similar properties), conceptual (a pairing of flavours by tradition or by region), as well as
an individual approach resulting from a diner’s preferences/experiences (see Spence, Wang,
& Youssef, 2017). Cultural associations exist that are conceptually thought of as traditional
flavour enhancers of ingested food. Take, for example, the region of Eastern Europe and the
Balkans, where it is customary to have a shot of strong fruit spirit, often custom-made,
typically served as an aperitif at the start of a lunch meal (e.g., the rakia, Jasar et al., 2021;
Nashar & Ivanova, 2024; the palinka, Laszl6, Hodur, and Csanadi, 2016; or the tuicd, Muica
& Turnock, 1996; Salanta et al., 2015). Meanwhile, other Mediterranean cultures (e.g., Italian
and/or Greek restaurants) serve a shot of strong alcohol as a digestif, after dinner (e.g., the

limoncello, or the flavoured ouzo drink).

With the pairing of alcohol with food having a long tradition, alcohol is often consumed as an
appetiser: Following an alcoholic appetiser sampling, it was found that participants’ 24 hr
energy intake was significantly higher, as compared to a non-alcoholic appetiser condition
(Westerterp-Plantenga & Verwegen, 1999). The consumption of alcohol has also been shown
to boost subsequent attractiveness ratings of both animate (faces) and non-animate stimuli
(landscapes, see Chen et al., 2014), as well as it resulting in people tipping more (Lynn et al.,
1998). Moreover, a distinction has been made in what regards liking (resulting from hedonic
pleasure) and wanting (resulting from a motivational drive, see Hobbs, Remington, &
Glautier, 2005). Take, for example, the custom of surprise-gifting diners, which is known to
enhance their liking of the food and overall restaurant-experience (e.g., the toy sometimes

given to children at McDonald’s, see Spence, 2017).

In this context, an unexpected gift of a shot of alcohol should also be well-positioned to
enhance ratings of the food that follows. Here, in a between-participants experimental design,
we tested the potential of an alcoholic appetiser to (hedonically) boost the flavour and liking
of a tomato soup, as well as the modulation of a range of other relevant sensorial attributes,
including the soup’s temperature, texture, freshness, and (intensity of) taste. For this, the
tomato soup tasting was performed with or without first consuming a shot of an alcoholic
appetiser (a plum distillate). Additionally, to highlight the importance of temperature in
flavour perception, separate groups of participants tasted the tomato soup hot or at a cooler
room temperature. We hypothesised that flavour and liking will be enhanced for those tasting

cases of sampling the tomato soup with alcohol or having a hot temperature. Additionally, we
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ALCOHOL AS A FLAVOUR ENHANCER

were interested to further explore any interaction that may become evident between the

temperature of a (tomato soup) dish and the intake of alcoholic spirits.

2. Methods

2.1. Participants

An a priori power calculation with an o = .05 and 1-f = .95 indicated that a sample size of
251 participants would be necessary to detect a f = .25 effect in the data (G*Power 3.1,
Erdfelder et al., 2009; Faul et al., 2007), should one be present (Cohen, 1988). A total of 257
participants (171 female, 94 smokers, mean age of 34 years, SD = 12 years, age range 18-69
years) took part in this study. With respect to their diet, the sample included 2 lactose-
intolerant participants, 1 participant with a low sugar diet, 3 vegans, and 5 vegetarians. The
participants were recruited from the clients [details omitted for double-anonymised peer
review], and gave their informed consent to take part in the study. The study was approved by
the Ethics Board [details omitted for double-anonymised peer review] (no. 245/09.02.2024).
This study conforms to the Declaration of Helsinki and to all subsequent amendments

(Declaration of Helsinki, 1964, 2013). See Table 1 for the participants demographics.

Table 1. Participant demographics.

Group 1 Group 2 Group 3 Group 4
Without alcohol ~ With alcohol —  Without alcohol ~ With alcohol —
— cool soup cool soup — hot soup hot soup
N 65 64 64 64
Mean age (SD)
in years 30.91 (11.52) 33.73 (14.07) 28.07 (12.11) 34.98 (10.71)
Gender
(male/female) 14/51 25/39 7/57 40/24
Smokers (count) 22 23 21 28
Any  declared 1 vegan 1 vegetarian 2 vegans 1 vegetarian
dietary habits 2 vegetarians 2 lactose- 1 vegetarian
1 low-sugar intolerant
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ALCOHOL AS A FLAVOUR ENHANCER

Figure 1. (a) Example of the presentation of tomato soup served together with a shot of
Romanian plum brandy during data collection in [details omitted for double-
anonymised peer review]. (b) Wordcloud visual representation for the aromatic profile
analysis conducted on the plum distillate used in the study. The bigger the font, the
more frequent the term was used to characterised the spirit — The coloured words were
the three most frequently chosen by the participants; N = 50 words.

2.2, Materials and apparatus

The study was conducted between 06/12/2023 — 14/02/2024 in [details omitted for double-
anonymised peer review]. The soup was presented in small paper receptacles, while the plum
spirit was served in a shot glass, or in a paper cup; see Figure 1a for an example of stimuli

presentation, such as it was seen by the participants.

The tomato soup was cooked according to a traditional recipe including fresh seasonal
vegetables, harvested from the restaurant’s garden: red capsicums, celery root, carrot, onion,
garlic, together with peeled and pureed tomatoes (though see the historical debate and the
current rulings' on establishing tomatoes as fruits, Dewey, 2017). The root vegetables were
cooked in oil, together with the onion and garlic. Next the pureed tomatoes were added,
together with water, in a proportion of 3:1. The soup was boiled and diluted with water, to
achieve the desired consistency. Salt and pepper were added, as well as parsley and celery
leaves. The chef cooked the soup with the goal of obtaining a texture of a moderate rating of

50 on the (0 thin — 100 dense) Texture visual analog scale (VAS) used in the present study.

! According to the European Council Directive 2001/113/EC of 20 December 2001 relating to fruit jams, jellies
and marmalades and  sweetened  chestnut purée intended for human  consumption;
http://data.europa.eu/eli/dir/2001/113/2013-11-18
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The spirit utilised in the study was a 42% volume with a relative density of 0.9254 plum

distillate.?

2.3. Procedure and experimental design

The restaurant’s regular diners were asked if they would be interested in taking part in a
sensory experiment that was designed to investigate the experienced flavour of a tomato
soup. At the start of the study, the participants were informed that they could quit at any
point, gave their informed consent, and provided the required demographic data and answers
concerning their appreciation of the tomato soup provided using a paper and pencil form
provided. The form required the participants to fill in the date, their gender, and age (in
years). Additional questions requested information on whether the participants were smokers
or not, as well as on any type of diet that they might be on. At the start of the study, the
participants were also asked to report on a VAS their current Appetite (0 not at all hungry —

100 very hungry).

The manipulated between-participants independent variables were Alcoholic appetiser (with
vs. without a shot of strong alcohol) and serving Temperature of the soup (room temperature/
cool, i.e., 20+3°C vs. hot, i.e., 80£3°C). As such, four independent groups rated the tomato
soup for each of the following six VASs, recorded as dependent measures: Temperature (0
cold — 100 hot), Texture (0 thin — 100 dense), Freshness (0 not at all fresh — 100 very fresh),
Intensity (0 weak — 100 strong), Flavour (0 not at all flavourful — 100 very flavourful), and
Liking (0 not at all — 100 very much). One final question required participants to choose one
of the five basic tastes that best fit the taste of the tomato soup: sweet, salty, sour, bitter, and

umami. The experiment took about 5 minutes to complete.

2 A sensorial profile analysis of the plum spirit utilised in the study was conducted with an additional group of
10 participants (4 female, mean age 45 years, age range 27 — 65 years) who were required to evaluate the
distillate, based on smell and taste. They were instructed to provide five word-descriptors, in Romanian
language, all in singular form. The participants assessed the spirit in the same room/testing laboratory, with all
the responses collected online via www.mentimeter.com. Participants used their personal mobile devices to fill
in their responses. The sensory profile of the analysed plum spirit highlights plum as the most dominant note,
followed by fruity and apple nuances, with additional descriptors such as quince, chemical heat, sweet, and
apricot contributing to a complex aromatic composition; see Figure 1b.
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24. Data analysis

The data from each of six VASs (Temperature, Texture, Freshness, Intensity, Flavour, and
Liking) were inspected visually with histograms and sample/theoretical quantiles (Q-Q) plots,
together with skewness and kurtosis calculations and the Levene test for the homogeneity of
variance. The data from each of the six VASs was analysed with a factorial analysis of
variance (ANOVA) with the between-participants factors of Alcoholic appetiser (with vs.
without a shot of strong alcohol) and Serving temperature of the soup (cool vs. hot). Further,
for each of the four experimental groups at the intersection of alcoholic appetiser condition
(i.e., with and without an extra shot of plum spirit) and the serving temperature (cool vs. hot),
frequency tables of the reported five basic tastes were calculated. The Pearson’s Chi-squared
test was then used to compare the observed frequencies in our sample to those tastes’
frequencies predicted by chance. For this analysis, we considered equal predicted frequencies
for each of the basic tastes observed (i.e., bitter, sweet, sour, salty, and umami basic tastes
each with a predicted frequency of 20%). Statistical analyses were performed in Matlab

(R2024b, MathWorks, Natick, MA) and JASP 0.16.3 (JASP Team, 2022).

Figure 2. Means = 95% confidence intervals (Cls) for each of the six visual analog
scales (VASs) used to evaluate the tomato soup in the present study. The thick
horizontal line indicates the mid-point of the VAS scale.

3. Results
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Participants reported an average low-to-moderate degree of hunger (M = 39.81, SD = 28.93)
and Appetite ratings did not correlate with any of the other sensorial and hedonic VAS ratings
(all ps > .111). Further, no difference in Appetite was registered between the four different
experimental groups (all ps > .232). Means together with 95% CIs for each of the four
tomato-soup-tasting independent groups of participants across the various VASs used in this

study are presented in Figure 2. Observed taste frequencies are provided in Figure 3.

3.1. Liking

The results indicate a significant main effect of Serving temperature (F(1,253) = 20.72, p
<.001, 1, = .076) indicating that the tomato soup was liked significantly more when served
hot (M = 77.70, SE = 1.87), as compared to cool (M = 65.66, SE = 1.87); see Figure 2. There
was also a main effect of Alcoholic appetiser in the Liking data (F(1,253) = 8.92, p = .003,
17, = .034), indicating that those participants who tasted the soup with a shot of strong plum
distillate liked the soup significantly more (M = 75.63, SE = 1.87), than those in the no-added
alcohol tasting (M = 67.73, SE = 1.87). No interaction was detected in the Liking data
between Serving temperature and the Alcoholic appetiser intake (F(1,253) = .426, p = .515,
1 = .002).

3.2. Temperature

As a control for the table serving temperature, the data indicate a significant main effect of
Serving temperature (F(1,253) = 365.30, p < .001, 1, = .591), with participants’ reported
temperature reflecting the actual presentation of the soup: The tomato soup was rated as
significantly colder when tasted at the cooler temperature (M = 24.11, SE = 1.69), than when
served hot (M = 70, SE = 1.70). Importantly, the results indicate that the presence of an
Alcoholic appetiser did not impact the perceived temperature of the soup (F(1,253) = .005, p
= .945, 1, < .001. Nevertheless, an interaction between the two factors was found on the
Temperature data (F(1,253) = 6.49, p = .011, 1°, = .025): The hot tomato soup was rated as
hotter when served without (M = 72.97, SE = 2.31) as compared to with a shot of strong spirit

(M = 67.03, SE = 2.66). On the other hand, the cool tomato soup’s temperature was reported
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as being higher when served with the extra shot of spirit (M = 27.34, SE = 2.13), as compared
to without (M = 21.08, SE = 2.45).

3.3. Texture

The results indicate a main effect of Serving temperature (F(1,253) = 16.53, p < .001, 17
=.061), with the tomato soup rated as significantly denser when tasted hot (M = 59.45, SE =
1.98), than when served cool (M = 48.12, SE = 1.97). There was no significant main effect of
Alcoholic appetiser on the Texture data (F(1,253) = 3.43, p = .065, 17, = .013), nor any
interaction between Serving temperature and Alcoholic appetiser (F(1,253) = .31, p = .578,
7, = .001).

3.4. Freshness

The results indicate a main effect of Serving temperature on the Freshness data (F(1,253) =
49.25, p < .001, 1°, = .163), with the participants perceiving the tomato soup to be
significantly fresher when consuming it hot (M = 84.92, SE = 1.71), as compared to when it
was served at the cooler room temperature (M = 67.97, SE = 1.71). A significant main effect
of the Alcoholic appetiser was also visible in the Freshness data (F(1,253) = 6.37, p = .012,
1, = .025), indicating that the participants perceived the tomato soup to be significantly
fresher when it was paired with a shot of plum-flavoured alcohol (M = 79.49, SE = 1. 71), as
compared to when it was tasted without alcohol (M = 73.40, SE = 1.71). No interaction
between Serving temperature and Alcoholic appetiser was evident in the Freshness data

(F(1,253) = .15, p = .699, 173, < .001).

3.5. Flavour

There was a significant main effect of Serving temperature (F(1,253) = 33.91, p < .001, 17,
= .118), with the tomato soup rated as more flavourful when tasted hot (M = 83.24, SE =
1.80), as compared to cool (M = 68.49, SE = 1.79). Furthermore, a significant main effect of
Alcoholic appetiser (F(1,253) = 8.03, p = .005, 1%, = .031) highlights the fact that the tomato
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soup was rated as tasting significantly less flavourful when served without the plum spirit (M
=72.28, SE = 1.79) as opposed to the alcohol — tomato soup pairing (M = 79.45, SE = 1.80).
However, the interaction between the two factors did not reach significance on the Flavour

data (F(1,253) = .687, p = .408, 17, = .003).

3.6. Intensity

The results indicate a main effect of Serving temperature (F(1,253) = 15.02, p < .001, 1%
=.056), with the tomato soup rated as tasting significantly more intense when consumed hot
(M = 81.95, SE = 1.59), than when served cool (M = 73.26, SE = 1.58). No significant main
effect of Alcoholic appetiser was found (F(1,253) = .004, p = .951, 1%, < .001), nor was there
any interaction between the two factors on the Intensity data (F(1,253) = .713, p = .399, 1, =
.003).

Figure 3. Means = 95% confidence intervals (Cls, presented as percentages) for the
appreciation of the tomato soup, according to the four experimental groups in the study
(Group 1 — N = 65; Group 2 — N = 64; Group 3 — N = 64; Group 4 — N = 64). The
participants were asked to pair one of the basic tastes to each tasting of the tomato soup.
The horizontal line indicates chance-level responding (20%), i.e., as calculated from the
observed choices of basic tastes in the study.

3.7. Taste

Figure 3 highlights significant effects for the distributions of taste frequencies (means + 95%
ClIs) in the different types of tomato soup tasting in this study, i.e., tomato soup tasted cold
without alcohol (}*(4) = 22.62; p < .001), tomato soup tasted cold with alcohol (x*(4) =
26.16; p < .001), tomato soup tasted hot without alcohol (}*(3) = 17.63; p < .001), but was
not significant for the tomato soup tasted hot with alcohol (}*(3) = 5.38; p = .146). It is

10
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evident from Figure 3 that for those cases when the tomato soup is tasted hot (the rightmost
pair of panels in the figure), it was never reported as being bitter. Although participants do
report the soup as being bitter only when they serve it cool, these few responses do not
surpass chance level responding. Our results indicate that when the tomato soup was tasted
cool it was perceived as tasting significantly salty or sour, or, to a lesser degree umami. If a
shot of alcohol is taken before tasting the cold tomato soup, the latter is reported to taste
significantly umami or sweet. The tomato soup tasted hot is perceived as exhibiting either
sour or umami tastes. Irrespective of the temperature, if a shot of alcohol is served before the
tomato soup, then the soup is reported a tasting significantly sweeter. Similarly, if a shot of
alcohol is served before the tasting of the tomato soup, this is also perceived as tasting
primarily of umami. All the other serving temperature/presentation pairings failed to surpass

the chance threshold.

4. Discussion

The present study focused on tomato soup, a well-known soup that is typically served hot
(e.g., [details omitted for double-anonymised peer review], where the study was conducted,
though see the Spanish gazpacho typically served cold), with the goal of assessing the
potential of an alcoholic appetiser as a flavour enhancer, as well as to investigate the impact
of the consumed alcohol on the experienced flavour of a cool/hot tomato soup. As expected,
the hot tomato soup is liked more and is perceived as being more flavourful, as well as, with
respect to the sensory qualities surveyed, it is reported as being denser, fresher, and more
intense. Similarly, when sampled with a shot of strong plum spirit beforehand, the tomato

soup is liked more and is appreciated as more flavourful and fresher.

The enhanced overall ratings, both sensory and hedonic, for the hot tomato soup hint at
temperature being a key sensorial characteristic affecting the perceived flavour. These results
are in line with previous results showing enhanced flavour ratings for hot foodstuffs (Juravle
et al., 2024; Youssef et al., 2017) and suggest a flavour boost for cases when the expected
temperature of a dish is confirmed at the time of sampling that specific dish. Confirming (i.e.,
having a dish taste as expected) or disconfirming (the sampled dish tastes different) have

been investigated for both positively and/or negatively-valenced flavour expectations, with

11
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results highlighting enhanced liking of sampled food with confirmed expectations (see

Piqueras-Fiszman & Spence, 2015; Yeomans et al., 2008).

Importantly, the results of the present study highlight a boost in hedonic ratings (of both
Liking and Flavour) for the tomato soup when this is sampled with a shot of plum spirit
consumed beforehand (as an appetiser). Such results suggest the potential of fruit alcoholic
beverages as taste enhancers in the context of liquid meals. Considering the fruit alcoholic
beverage that was used in the present study and the resulting crossmodal odour-taste (i.e.,
sweet plum with savoury tomato), the sweetness aroma of the plum may be taken as a
facilitator for the enhanced alcohol-driven liking and flavour of the soup, as it appears that
the tomato soup was rated as tasting significantly sweeter with a shot of strong distillate,
irrespective of the serving temperature. Of note, our study has only utilised the fruit spirit as
an alcoholic appetiser. Future studies might consider further assessing other alcohol samples
(e.g., the flavour-less vodka), to investigate whether and how the complexity of a spirit’s

aroma profile interacts with a consumed dish.

For example, it has been suggested that overlapping mechanisms are activated by both
ethanol and sweet solutions (Thibodeau & Pickering, 2019). Studies in mice have flagged a
genetic basis for the involvement of sweet taste perception for alcohol intake (Blednov et al.,
2008): The palatability of alcohol beverages may lead to disorders of alcohol misuse and
binge drinking (Valyear, Eustachon, & Britt, 2024), with alcoholics suggested to be less
sensitive to sweet, to have a higher preference for sweet food, and consequently a poorer
health (Silva et al., 2016). Taste phenotypes linked to alcohol behaviour and/or preference are
PROP taster status, sweet liking, and thermal taster status (Thibodeau & Pickering, 2019). As
such, for some phenotypic groups the enhanced perception of bitterness from ethanol could
lead to an increase in unpleasantness, with the direct consequence of consuming less alcohol
(Tepper, 2008). For other phenotypic groups, the enhanced perception of sweetness following
alcohol consumption could in turn lead to higher liking and consuming more alcohol. As
such, taking into account the close relationship between alcohol and sweet ratings of the
soup, the presence of the alcoholic appetiser used in the present study may also be considered
to have mechanistically acted as a palate cleanser (see also other non-alcoholic liquid

cleansers, e.g., milk, water, Lucak & Delwiche, 2009).

In this context, assessing the actual mixing of the two tasted elements of the present study

(i.e., an alcoholic drink, followed by a tomato soup) could also easily bring to mind the social

12
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environment of the restaurant where it was sampled. As such, a factor that may have affected
the taste and liking ratings of the tomato soup could be the loudness of the restaurant (see,
Spence, Michel, & Smith, 2014). When exposed to auditory environments simulating the
noise level inside an aircraft cabin, people not only appear to dislike their food, but their
ratings of sweet taste are significantly lower, whereas the taste of umami appears to be
significantly enhanced (Yan & Dando, 2015). Relatedly, the auditory information needs not to
be the only one singled out for the flavour appreciation of the tomato soup sampled in this
study: Visual inspection of Figure 2 highlights the fact that the hot soup (depicted in yellow
circles) has significantly higher sensory and hedonic ratings, as compared to the cool one (in
black circles). Given that the volatile aromas are more intense from the hot, as opposed to the

cool soup, this may give rise to odour-induced taste enhancement (see Spence, 2022a).

Because tomatoes do not naturally taste bitter and ethanol solutions are known to suppress
bitterness (Mattes & DiMeglio, 2001), it is unsurprising that participants reported very few
instances of the tomato soup as tasting bitter. Further, a taste we expected to be prevalent —
namely, the salty taste — only made a significant difference from chance level when the soup
was tasted cold without alcohol, all the other instances of salty not surpassing chance levels.
The salty taste may be taken as a requirement/quality needed for appreciating flavour — In
this respect, it has already been demonstrated that salt enhances flavour by suppressing
bitterness (Breslin & Beauchamp, 1997, see also, Rogério Tavares Filho et al., 2020). The
specific receptacle containing the soup also has been also demonstrated to affect saltiness
ratings, with participants reporting a soup as tasting saltier when sampling it from
beaker/cup-like receptacles, as opposed to tasting with a spoon (Jeon et al., 2014; see also
Spence, 2022b), though they also like the soup more when they sample it from a mug
(Youssef et al., 2017). In this context, given that the elderly need five times more salt to get
same taste, with those on medication needing far more salt added to soup (Stevens et al.,
1991), the question arises if a temperature twist and/or fruity alcoholic shot could help
enhance an attenuated taste.” The results of the present study would support such an approach
and indicate that whereas our participants give the saltiest ratings to the cool soup (see also
similar earlier results in Kim et al., 2015), when considering only the hot sampled soup, they

appreciate the tomato soup as significantly saltier only if sampled with a shot of strong plum

3 An ethical note is needed here in what regards health and longer-term impact on health — Given that the
addictive nature of alcohol is well-documented, more studies are needed to establish the specific alcohol
metabolism and its implication in human health (Goldman et al., 2025).
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spirit beforehand.” Note that other approaches have been tested to enhance or to diminish a
certain taste, such as informing participants about adding certain ingredients to a soup
(Kurobayashi et al., 2008; Prescott & Young, 2022), or labelling the fat content on the
sampled soup (Yeomans et al., 2001). Researchers have also (unsuccessfully) tried to reduce
saltiness of a soup with adding white pepper — However, they were only able to enhance

perceived bitterness (Moss et al., 2023).

The most interesting result to emerge is with respect to participants’ reports regarding the
umami taste: Tasting a cool tomato soup with a shot of fruity spirit significantly enhances the
soup’s umami taste. However, whereas the participants report the hot soup as tasting
significantly umami, it appears that the effect is diminished by consuming strong alcohol.
Therefore, as expected, tomato soup clearly tastes of umami, especially when served hot. Of
note, our results indicate that an alcoholic appetiser served before a cold soup potentiates the
umami taste to the level of a hot tomato soup. Note that research on taste potentiators
consider those components typically derived from umami/kokumi as naturally-occurring taste
and flavours enhancers (Vassilaki et al., 2022, see also Maga & Yamaguchi, 1983). Whereas
alcohol does not give rise to the same mouth-filling sensations as delivered by
umami/kokumi substances, note that temperature is classified as a trigeminal stimulus, with
alcohol also known to elicit trigeminal sensations (Cayeux, Saint-Léger, & Starkenmann,
2023) — The burning/tingling sensation is the most dominant mouth sensation for tasting

alcohol in the range of 40% volume as used in this study (Nolden & Hayes, 2015).

5. Conclusion

Taken together, the results of the present study highlight that flavour and liking of a tomato
soup may be boosted with the serving of an alcoholic appetiser. The temperature of the
tomato soup is crucial in modulating participants’ sensory and hedonic ratings. The hot
tomato soup is characterised as having an umami tasting across all the experimental

conditions tested in the present study, with the reported tastes of sweet and salty enhanced

4 To differentiate the focus of the present study on perception and enhancement thereof from a flavour/tasting
experience, if an alcoholic appetiser should be used to enhance a deficient sensory processing (e.g., the salty
taste), the approach could as well consider just the cleansing of the palate with the given fruity alcoholic
beverage, as opposed to its actual ingestion (which would be expected to be detrimental for the gastric juices
and the commencement of digestion). Such an approach takes into consideration the traditional approach of
sommeliers who would rather choose a lighter alcoholic beverage at the start of a meal (e.g., a crémant), as
opposed to the strong alcoholic fruity spirit utilised in the present study.
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when tasting a (traditionally-served-) hot tomato soup, together with an alcoholic appetiser.
Considering the importance of flavour pairing and the order of mouth sensations (Spence et
al., 2017), these present results suggest small quantities of alcohol may be used as appetising
taste enhancers/potentiators for augmenting a dining experience, as well as, perhaps, as palate

cleansers and additional aids for sensory-impaired diners.

6. References

Barbosa Escobar, F., Velasco, C., Byrne, D. V., & Wang, Q. J. (2023). Crossmodal
associations between visual textures and temperature concepts. Quarterly Journal of
Experimental Psychology, 76(4), 731-761.

Barbosa Escobar, F., Velasco, C., Byrne, D. V., & Wang, Q. J. (2025). The influence of
emotional cues and anthropomorphism on product temperature expectations. Food Quality
and Preference, 126, 105387.

Bautista, E. N., Tanchoco, C. C., Tajan, M. G., & Magtibay, E. V. J. (2013). Effect of flavor
enhancers on the nutritional status of older persons. The Journal of Nutrition, Health &
Aging, 17, 390-392.

Bédard, A., Lamarche, P. O., Grégoire, L. M., Trudel-Guy, C., Provencher, V., Desroches, S.,
& Lemieux, S. (2020). Can eating pleasure be a lever for healthy eating? A systematic
scoping review of eating pleasure and its links with dietary behaviors and health. PLoS
ONE, 15(12), e0244292.

Blednov, Y. A., Walker, D., Martinez, M., Levine, M., Damak, S., & Margolskee, R. F.
(2008). Perception of sweet taste is important for voluntary alcohol consumption in
mice. Genes, Brain and Behavior, 7(1), 1-13.

Breslin, P. A. S., & Beauchamp, G. K. (1997). Salt enhances flavour by suppressing
bitterness. Nature, 387(6633), 563.

Cardello, A. V., & Sawyer, F. M. (1992). Effects of disconfirmed consumer expectations on
food acceptability. Journal of Sensory Studies, 7(4), 253-277.

Cayeux, I., Saint-Léger, C., & Starkenmann, C. (2023). Trigeminal sensations to enhance and
enrich flavor perception-Sensory approaches. Clinical Nutrition Open Science, 47, 64-73.

Chen, X., Wang, X., Yang, D., & Chen, Y. (2014). The moderating effect of stimulus
attractiveness on the effect of alcohol consumption on attractiveness ratings. Alcohol and
Alcoholism, 49, 515-519.

Cobhen, J. (1988). Statistical power for the social sciences. Hillsdale, NJ: Laurence Erlbaum
and Associates.

Dewey, C. (2017). The obscure Supreme Court case that decided tomatoes are
vegetables. The Washington Post, October 18", https://www.washingtonpost.com/news/wonk/
wp/2017/10/18/the-obscure-supreme-court-case-that-decided-tomatoes-are-vegetables/

Erdfelder, E., Faul, F., Buchner, A., & Lang, A. G. (2009). Statistical power analyses using
G*Power 3.1: Tests for correlation and regression analyses. Behavior Research Methods,
41(4), 1149-1160. https://doi.org/10.3758/BRM.41.4.1149

15


https://doi.org/10.3758/BRM.41.4.1149
https://www.washingtonpost.com/news/wonk/wp/2017/10/18/the-obscure-supreme-court-case-that-decided-tomatoes-are-vegetables/
https://www.washingtonpost.com/news/wonk/wp/2017/10/18/the-obscure-supreme-court-case-that-decided-tomatoes-are-vegetables/

417
418
419

420
421
422

423
424
425
426

427
428
429

430
431

432
433

434
435

436
437
438

439
440
441

442
443
444

445
446
447

448
449
450

451
452
453

454
455

456
457

458
459

ALCOHOL AS A FLAVOUR ENHANCER

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175-191. https://doi.org/10.3758/BF03193146

Fleming, A. (2013). Hot or not? How serving temperature affects the way food tastes. The
Guardian (Word of Mouth Blog), September 17", https://www.theguardian.com/lifeandstyle/
wordofmouth/2013/sep/17/serving-temperature-affects-taste-food.

Goldman, M. R., Molina-Castro, M., Etkins, J. C., Koide, T. L., Ramchandani, V. A.,
Plawecki, M. H., Mennella, J. A., & Pepino, M. Y. (2025). Recent advances in alcohol
metabolism: From the gut to the brain. Physiological Reviews.
https://doi.org/10.1152/physrev.00053.2024

Hobbs, M., Remington, B., & Glautier, S. (2005). Dissociation of wanting and liking for
alcohol in humans: A test of the incentive-sensitisation theory. Psychopharmacology, 178,
493-499.

Jasar, D., Curcic, B., Kubelka-Sabit, K., Filipovski, V., & Kakurinov, V. (2021). Health issues
and nutrition in the Balkans. Journal of Hygienic Engineering & Design, 35, 96-105.

JASP Team. (2022). JASP (Version 0.16.1) [Computer software]. JASP — Free and User-
Friendly Statistical Software.

Jeon, S.-Y., Lee, E.-K., Kim, K.-O. (2014). The perceived saltiness of soup affected by
tasting protocols. Food Quality and Preference, 35, 98-103.

Juravle, G., Duca, R., Feghius, C., & Spence, C. (2024). Hot and round: How temperature
and shape impact the multisensory appreciation of cornmeal. International Journal of
Gastronomy and Food Science, 35, 100893. https://doi.org/10.1016/].ijgfs.2024.100893

Juravle, G., Olari, E. L., & Spence, C. (2022). A taste for beauty: On the expected taste,
hardness, texture, and temperature of geometric shapes. i-Perception, 13(5).
https://doi.org/10.1177/20416695221120948

Juravle, G., & Spence, C. (2024). Beauty is context-dependent: Naturalness, familiarity, and
semantic meaning influence the appreciation of geometric shapes. i-Perception, 15(6),
20416695241303004. https://doi.org/10.1177/20416695241303004

Kim, J. W,, Samant, S. S., Seo, Y., & Seo, H. S. (2015). Variation in saltiness perception of
soup with respect to soup serving temperature and consumer dietary habits. Appetite, 84, 73-
78. https://doi.org/10.1016/j.appet.2014.09.018

Kurobayashi, Y., Katsumi, Y., Fujita, A., Morimitsu, Y., & Kubota, K. (2008). Flavor
enhancement of chicken broth from boiled celery constituents. Journal of Agricultural and
Food Chemistry, 56(2), 512-516.

Léaszl6, Z., Hodur, C., & Csanadi, J. (2016). “Palinka”: Hungarian distilled fruit.
In Traditional Foods: General and Consumer Aspects (pp. 313-318). Boston, MA: Springer
us.

Lucak, C. L., & Delwiche, J. F. (2009). Efficacy of various palate cleansers with
representative foods. Chemosensory Perception, 2, 32-39.

Lynn, M. (1988). The effects of alcohol consumption on restaurant tipping. Personality and
Social Psychology Bulletin, 14, 87-91.

Maga, J. A., & Yamaguchi, S. (1983). Flavor potentiators. Critical Reviews in Food Science
& Nutrition, 18(3), 231-312.

16


https://doi.org/10.1016/j.appet.2014.09.018
https://doi.org/10.1177/20416695241303004
https://doi.org/10.1177/20416695221120948
https://doi.org/10.1016/j.ijgfs.2024.100893
https://www.theguardian.com/lifeandstyle/wordofmouth/2013/sep/17/serving-temperature-affects-taste-food
https://www.theguardian.com/lifeandstyle/wordofmouth/2013/sep/17/serving-temperature-affects-taste-food
https://doi.org/10.3758/BF03193146

460
461

462
463
464
465

466
467
468

469
470

471
472
473

474
475
476

477
478
479
480

481
482
483

484
485
486

487
488
489
490

491
492

493
494
495

496
497
498

499
500
501
502

ALCOHOL AS A FLAVOUR ENHANCER

Mattes, R. D., & DiMeglio, D. (2001). Ethanol perception and ingestion. Physiology &
Behavior, 72(1-2), 217-229.

Moss, R., LeBlanc, J., Ritchie, C., Gorman, M., Ettinger, L., & McSweeney, M. B. (2023).
Effect of white pepper addition on the sensory perception of sodium-reduced soup with an
emphasis on saltiness perception. Journal of Sensory Studies, 38(6):e12874. DOI:
10.1111/joss. 12874

Muica, N., & Turnock, D. (1996). The potential for traditional food and drink products in
Eastern  Europe: Fruit processing—especially brandy (“tuica”) distilling—in
Romania. GeoJournal, 38, 197-206.

Nashar, M., & Ivanova, D. (2024). The Bulgarian ethnic tradition of manufacturing rakia: A
cultural heritage and a potential functional food resource. Journal of Ethnic Foods, 11(1), 17.

Nolden, A. A., & Hayes, J. E. (2015). Perceptual qualities of ethanol depend on
concentration, and variation in these percepts associates with  drinking
frequency. Chemosensory Perception, 8, 149-157.

Olson, D., Caporaso, F., & Mandigo, R. (1980). Effects of serving temperature on sensory
evaluation of beef steaks from different muscles and carcass maturities. Journal of Food
Science, 45, 627-628, 631.

Piqueras-Fiszman, B., & Spence, C. (2015). Sensory expectations based on product-extrinsic
food cues: An interdisciplinary review of the empirical evidence and theoretical accounts.
Food Quality & Preference, 40(A), 165-179.
http://dx.doi.org/10.1016/j.foodqual.2014.09.013.

Pramudya, R. C., & Seo, H.-S. (2018). Influences of product temperature on emotional
responses to, and sensory attributes of, coffee and green tea beverages. Frontiers in
Psychology, 8, Article 2264. https://doi.org/10.3389/fpsyg.2017.02264

Prescott, J., & Young, A. (2002). Does information about MSG (monosodium glutamate)
content influence consumer ratings of soups with and without added MSG? Appetite, 39, 25-
33.

Rogério Tavares Filho, E., Almeida Esmerino, E., de Almeida Santos-Junior, V., Cazzelato
Lins da Silva, A., & Maria André Bolini, H. (2020). Dynamic aspects of salt reduction in
tomato sauce by use of flavor enhancers and a bitter blocker. Food Science and Technology
International, 26(6), 549-559.

Rozin, P. (2005). The meaning of food in our lives: A cross-cultural perspective on eating and
well-being. Journal of Nutrition Education and Behavior, 37, S107-S112.

Rozin, P. (1988). Cultural approaches to human food preferences. In J. E. Morley, M. B.
Sterman, & J. H. Walsh (Eds.), Nutritional Modulation of Neural Function (pp. 137-153).
London, UK: Academic Press. https://doi.org/10.1016/b978-0-12-506455-2.50017-4

Salanta, L. C., Paucean, A., Tofana, M., Man, S., & Pop, C. (2015). Romanian cuisine:
culinary habits and local produce. Journal of Agroalimentary Processes and
Technologies, 21(2), 186-191.

Scott, N. O., Burgess, B., & Tepper, B. J. (2019). Perception and liking of soups flavored with
chipotle chili and ginger extracts: Effects of PROP taster status, personality traits and
emotions. Food Quality & Preference, 73, 192-
201. https://doi.org/10.1016/j.foodqual.2018.11.009.

17


https://doi.org/10.1016/j.foodqual.2018.11.009
https://doi.org/10.1016/b978-0-12-506455-2.50017-4
https://doi.org/10.3389/fpsyg.2017.02264
http://dx.doi.org/10.1016/j.foodqual.2014.09.013

503
504
505

506

507
508

509
510

511
512
513

514
515

516
517

518
519
520

521
522

523
524
525

526
527

528
529
530
531

532
533

534
535
536

537
538

539
540
541

542
543
544

ALCOHOL AS A FLAVOUR ENHANCER

Silva, C. S., Dias, V. R., Almeida, J. A. R., Brazil, J. M., Santos, R. A., & Milagres, M. P.
(2016). Effect of heavy consumption of alcoholic beverages on the perception of sweet and
salty taste. Alcohol and Alcoholism, 51(3), 302-306.

Spence, C. (2017). Gastrophysics: The new science of eating. London, UK: Viking Penguin.

Spence, C. (2022a). Factors affecting odour-induced taste enhancement. Food Quality &
Preference, 96, 104393. https://doi.org/10dynamic.1016/j.foodqual.2021.104393.

Spence, C. (2022b). Physico-chemical and sensory nudges to reduce people’s salt
consumption. Foods, 11(19), 3092. https://www.mdpi.com/2304-8158/11/19/3092.

Spence, C. (2024). Sensory acuity: Impact of aging and chronic disease. In M. Eskine & M.
N. A. Aliani (Eds.), Functional foods and chronic diseases: Sensory, chemical and nutritional
effects (pp. 21-34). Elsevier/Academic Press.

Spence, C., Michel, C., & Smith, B. (2014). Airplane noise and the taste of umami. Flavour,
3, 2. https://doi.org/10.1186/2044-7248-3-2.

Spence, C., Wang, Q. J., & Youssef, J. (2017). Pairing flavours and the temporal order of
tasting. Flavour, 6:4. DOI 10.1186/s13411-017-0053-0.

Stevens, J. C., Cain, W. S., Demarque, A., & Ruthruff, A. M. (1991). On the discrimination of
missing  ingredients: Aging and salt flavour. Appetite, 16(2), 129-140.
https://doi.org/10.1016/0195-6663(91)90038-t.

Tepper, B. J. (2008). Nutritional implications of genetic taste variation: The role of PROP
sensitivity and other taste phenotypes. Annual Review of Nutrition, 28(1), 367-388.

Thibodeau, M., & Pickering, G. J. (2019). The role of taste in alcohol preference,
consumption and risk behavior. Critical Reviews in Food Science and Nutrition, 59(4), 676-
692.

Valyear, M. D., Eustachon, N. L., & Britt, J. P. (2024). Palatability attributed to alcohol and
alcohol-paired flavors. Physiology & Behavior, 277, 114500.

Vasilaki, A., Panagiotopoulou, E., Koupantsis, T., Katsanidis, E., & Mourtzinos, 1. (2022).
Recent insights in flavor-enhancers: Definition, mechanism of action, taste-enhancing
ingredients, analytical techniques and the potential of utilization. Critical Reviews in Food
Science and Nutrition, 62(32), 9036-9052.

Wesseler, J. (2022). The EU's farm-to-fork strategy: An assessment from the perspective of
agricultural economics. Applied Economic Perspectives and Policy, 44(4), 1826-1843.

Westerterp-Plantenga, M. S., & Verwegen, C. R. T. (1999). The appetizing effect of an
aperitif in overweight and normal-weight humans. American Journal of Clinical Nutrition,
69, 205-212.

World Health Organization. (2004). Global strategy on diet, physical activity and health.
https://www.who.int/publications/i/item/9241592222

Yan, K. S., & Dando, R. (2015). A crossmodal role for audition in taste perception. Journal of
Experimental Psychology: Human Perception & Performance, 41(3), 590-596.
https://doi.org/10.1037/xhp0000044.

Yeomans, M., Chambers, L., Blumenthal, H., & Blake, A. (2008). The role of expectancy in
sensory and hedonic evaluation: The case of smoked salmon ice-cream. Food Quality and
Preference, 19, 565-573. https://doi.org/10.1016/j.foodqual.2008.02.009.

18


https://doi.org/10.1016/j.foodqual.2008.02.009
https://doi.org/10.1037/xhp0000044
https://doi.org/10.1016/0195-6663(91)90038-t
https://doi.org/10.1186/2044-7248-3-2
https://www.mdpi.com/2304-8158/11/19/3092
https://doi.org/10.1016/j.foodqual.2021.104393

545
546
547

548
549
550
551

552
553

554

ALCOHOL AS A FLAVOUR ENHANCER

Yeomans, M., Lartamo, S., Procter, E., Lee., M., & Gray, R. (2001). The actual, but not
labeled, fat content of a soup preload alters short-term appetite in healthy men. Physiology
and Behavior, 73, 533-540.

Youssef, J., Youssef, L., Juravle, G., & Spence, C. (2017). Plateware and slurping influence
regular consumers” sensory discriminative and hedonic responses to a hot soup. International
Journal of Gastronomy & Food Science, 9, 100-104.
https://doi.org/10.1016/j.ijgfs.2017.06.005.

Zellner, D. A., Stewart, W. F., Rozin, P., & Brown, J. M. (1988). Effect of temperature and
expectations on liking for beverages. Physiology & Behavior, 44(1), 61-68.

19


https://doi.org/10.1016/j.ijgfs.2017.06.005

