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SUMMARY 

The present work was aimed at understanding the sensory responses induced by dry white wine modified with increasing concentrations of 
different sensory active molecules. The tasting panel was composed by 34 trained subjects characterized according to gender, smoking 
habits, 6-n-propylthiouracil (PROP) taster status, and sensitivity to tartaric acid, tannic acid and sucrose. Additional taste/mouthfeel 
responsiveness was evaluated in a basal white wine added of tartaric acid, tannic acid and sucrose. The addition of a fruity odorant mixture 
to the base white wine enabled the assessment of orthonasal aroma and taste intensities (sweetness, sourness, saltiness). The diversity of 
taste/mouthfeel responsiveness in water or wine enabled to group individuals as high or low sensitives. Likewise, the tasting panel showed 
two groups responding differently to aroma and flavor. Both high and low aroma sensitivity individuals showed equal (p>0.05) and 
congruent response to in-mouth sweet flavor perception. Moreover, the high smell sensitive group was less sensitive to sourness and 
saltiness than the low smell sensitives for the spiked wines across all flavor concentrations. Differences in PROP taster status and sensitivity 
to other tastants in water solutions were not correlated with the taste/mouthfeel perceptions in wine. The individuals most sensitive to 
sucrose in wine taste showed higher response to the fruity aroma. In conclusion, taste, mouthfeel and flavor perceptions showed a high 
variability among individuals evidencing the advantage of grouping tasters with different chemosensory sensitivities to understand 
cross-modal sensory interactions.  

 

RESUMO 

O presente trabalho teve como objetivo compreender as respostas sensoriais induzidas por vinho branco seco modificado com 
concentrações crescentes de diferentes moléculas com efeito no aroma. O painel de prova foi composto por 34 sujeitos treinados 
caracterizados por sexo, hábitos de tabagismo, resposta ao 6-n-propiltiouracil (PROP), sensibilidade ao ácido tartárico, ácido tânico e à 
sacarose. As perceções associadas ao ácido tartárico, ácido tânico e à sacarose foram também avaliadas em vinho branco. A adição de uma 
mistura de aromas frutados ao vinho branco base possibilitou a avaliação da intensidade de aroma ortonasal e da intensidade de sabor em 
relação à perceção da doçura, acidez e salgado. A diversidade de respostas aos sabores e à sensação de boca, em água e em vinho, permitiu 
separar os indivíduos em dois grupos com sensibilidade alta e baixa. Em conjunto, os provadores responderam de forma diferente ao aroma 
e ao sabor do vinho adicionado da mistura de compostos de aroma. Tanto indivíduos de alta como de baixa sensibilidade ao aroma ortonasal 
apresentaram uma resposta igual (p>0.05) e congruente com a percepção de doçura na boca. Além disso, o grupo mais sensível ao cheiro era 
menos sensível aos sabores ácido e salgado do que os menos sensíveis ao cheiro, para os vinhos adicionados de todas as concentrações de 
aroma. As diferenças na resposta ao PROP e sensibilidades ao ácido tartárico, ácido tânico e à sacarose, em soluções aquosas, não foram 
correlacionadas com as perceções respetivas em vinho. No entanto, os indivíduos mais sensíveis à sacarose no vinho apresentaram maior 
resposta ao aroma frutado. Em conclusão, as perceções de sabor e sensação de boca mostraram elevada variabilidade entre os indivíduos. 
Desta forma, é vantajoso o agrupamento de provadores em função da sua sensibilidade quimo-sensorial para entender as interações 
multimodais entre os sentidos do olfato, gosto e tato, durante a prova de vinhos. 
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INTRODUCTION 

The aroma and taste perception of wines has been 
deeply studied since the beginning of sensory 
science as an essential tool to improve wine quality 
(Francis and Williamson, 2015). The use of trained 
tasting panels besides product characterization also 
enabled to understand the physiological basis of 
individual sensitivity to the stimuli elicited by foods 
and beverages (Williams et al., 2016; Pickering and 
Hayes, 2017; Pomarici et al., 2017).  

Concerning taste function, one of the most studied is 
the responsiveness to 6-n-propylthiouracil (PROP). 
The so-called PROP tasters (Medium-tasters and 
Super-tasters) generally perceive greater intensity 
than the Non-tasters from a wide variety of 
compounds (Prescott and Swain-Campbell, 2000; 
Tepper et al., 2001). The taste sensitivity may be 
measured using other tastants, enabling to determine 
overall individual orosensory responses described as 
hypergeusia or hypogeusia (Webb et al., 2015).  

The smell sensitivities are usually measured by 
detection thresholds for single molecules which are 
highly variable among individuals and vary 
according to the smell pathway (ortho- or retronasal) 
(Bajec and Pickering, 2008; Jaeger et al., 2014; 
Pellegrino et al., 2021). The complexity of aromatic 
molecules makes difficult to use this approach to the 
global wine aroma. Therefore, mixtures of odorants 
can be used to mimic wine flavors assuming that 
individual differences in perception may be offset by 
the use of a wide variety of odorant molecules 
(Atanasova et al., 2004, Peng et al., 2016). 

Furthermore, smell, taste and mouth-feel stimuli 
elicit cross-modal interactions and participate in the 
construction of the flavor perception (Small, 2012; 
Arvisenet et al., 2016). The PROP taster status has 
been shown to affect the perception of flavors 
(aromas perceived by the retronasal route) (Green 
and George, 2004; Pickering et al., 2006) justifying 
their combined study. How the perception of aroma 
interacts with the perception of taste has given pace 
to many studies addressing the concept of 
aroma-taste congruency. Different aroma 
compounds have been found to enhance wine 
sweetness perception, like those responsible for the 
fruity aroma (Sáenz-Navajas et al., 2010). 
Reciprocally, the addition of sweeteners has also 
been found to increase the perceived aroma intensity 
(Arvisenet et al., 2016; Bertelsen et al., 2020). The 
interest of studying fruity/sweetish perceptions is 
related to the overall consumer preference for wines 
marked by these features (Francis and Williamson, 
2015; Malfeito-Ferreira et al., 2019). 

Despite the wide body of research available on 
sensory perception, some issues, such as the 
variability of individual responsiveness to 
multisensory flavor stimuli pointed out by Wang et 

al. (2019), deserve further insight. Taste and 
trigeminal descriptors are more prone to cause 
disagreement than ortho- and retronasal aromas 
(Pelonnier-Magimel et al., 2020). Indeed, aromatic 
characterization seems to be well established, while 
researchers still recognize the lack of appropriate 
methods to deal with in-mouth attributes (taste and 
mouthfeel) (Arvisenet et al., 2016; Laguna et al., 
2017; Gawel et al., 2018; Paissoni et al., 2018; 
Rinaldi and Moio, 2018), and the respective flavor 
cross-modal interactions (Sereni et al., 2016; Pittari 
et al., 2020; Sáenz-Navajas et al. ,2020). 

Therefore, the overall aim of this study was to 
understand the factors underlying the sensitivity of 
the most relevant flavor active molecules in a white 
wine marked by fruity flavors. In the first step, 
several measures of taste function were determined, 
using water solutions and a white wine.  

 

MATERIALS AND METHODS 

Taster characterisation and training 

The tasting panel was selected among students of the 
Vinifera Euromaster at the Instituto Superior de 
Agronomia (ISA) in the 2016/2017 academic year 
with drinking experience and able to participate in 
extensive training sessions. Training began by the 
evaluation of tastes (sweet, acid, salt, bitter), 
astringency and odor. The objective of these tests 
was to determine if the tasters were able to detect the 
simple tastes and the odor of the mixture. A total of 
34 subjects were selected. The tastings took place in 
a classroom of the ISA under ambient light at 25 ± 1 
ºC, in separated benches. The wines (30 mL) were 
poured into odor-free INAO wine glasses (ISO 
standard 3591:1977) at 10 ºC, covered with Petri 
glasses. The tastant water solutions were served at 
room temperature. The sessions lasted 
approximately four months, from February to May 
2017, performing one to three different tests each 
week.  

Subjects were asked to complete a brief inquiry that 
collected basic demographic data (age, gender, 
smoking status, nationality, education background) 
and gave their written consent to participate in the 
study.  

 

Measurements of taste function 

Scale usage 

Subjects were trained in the use of the general 
labeled magnitude scale (gLMS) following 
published standard procedures (Green et al., 1996; 
Bartoshuk, 2000; Pickering and Kvas, 2016). The 
gLMS is a psychophysical tool that requires subjects 
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to rate their perceived intensity of a given stimulus 
along a line scale with adjectives at empirically 
derived intervals. The 100 points scale comprises the 
following adjectives: no sensation = 0, barely 
detectable = 1.5, weak = 6, moderate = 17, strong = 
35, very strong = 52, and the strongest imaginable 
sensation of any kind = 100. The scale presented to 
subjects shows only the adjectives, not the 
corresponding numbers. The score for each measure, 
in cm, was manually obtained with a ruler. 
Adaptation to scale usage was performed by rating 
several experiences that involved culturally 
appropriate remembered or imagined sensations, 
concerning pain, tastes, and senses.  

 

PROP taster status 

6-n-Propylthiouracil (PROP) taste sensitivity was 
assessed in duplicate during two 15 min sessions in 
two different days. Subjects rated the bitterness 
intensity of three PROP (Sigma, St. Louis, USA) 
solutions (0.032, 0.32, and 3.2 mM) in increasing 
order of concentration. 20 mL of solution in each 
glass was provided to the individuals, which were 
instructed to move the sample inside the mouth, for 
10 seconds, covering all the mouth surfaces and wait 
for the sensation intensity to peak (10-15 s) to spit 
the sample. The sensation intensity was rated by 
drawing a mark on the gLMS scale after 10 to 15 s. 
Tasters were classified according to the bitterness 
rating elicited by the 0.32 mM PROP solution using 
the gLMS Scale (non-taster: ≤ 15.5; taster: ≥ 15,5 
and < 51; super tasters ≥ 51) (Prescott and 
Swain-Campbell, 2000). Subjects rated in a gLMS 
scale the saltiness intensity of three sodium chloride 
solutions (NaCl, 0.01, 0.1, and 1 mM) in increasing 
order of concentration to strengthen the PROP taster 
status determination. The procedure was the same as 
used for the PROP solutions. 

 

Tastes and mouth-feel sensitivities in water solutions 

Three solutions of tartaric acid, sucrose and tannic 
acid (Sigma, St. Louis, USA) were served on a 
randomized order (0.1, 1 and 10 g of tartaric acid /L, 
0.05, 0.21 and 0.42 M for sucrose, 0.1, 1 and 2.5 g of 
tannic acid /L. The subjects were asked to evaluate 
the oral intensity of the supra-threshold solutions by 
using the gLMS scale, concerning sourness, 
sweetness and astringency, respectively. The value 
of the individual responsiveness to the intensity of 
increasing concentrations was obtained from the 
geometric mean of the response to each 
concentration, as described by Webb et al. (2015). 
The arithmetic average value of the mean of all 
responses was taken as the cut-off to classify tasters 
as low and high sensitivity to each tastant.  

 

Tastes and mouth-feel intensities in wine 

A base wine was used to assess taster responsiveness 
to acid, sweet and astringent stimuli. The base wine 
was an odorless Macabeo white wine produced in the 
2016 at ISA experimental cellar. The wine was 
produced by crushing whole grapes and fermenting 
the free-run juice at 18-20 ºC until full sugar 
depletion, according to standard winemaking 
practices. The basic analytical features were 11.3 % 
(v/v) ethanol, 5.30 g/L total acidity (in tartaric acid), 
0.23 g/L volatile acidity (in acetic acid), pH 3.52, 39 
mg/L free SO₂, 105 mg/L total SO₂, and 0.7 g/L 
residual sugar. 

Oral intensities were determined by spiking the base 
wine with five solutions of tartaric acid, tannic acid 
and sucrose. These solutions were served in a 
random order of concentrations. The used 
concentrations were: 0.15, 0.30, 0.60, 1.20, 2.40 g of 
tartaric acid/L; 0.09, 0.19, 0.38, 0.75, 1.50 of g tannic 
acid/L, and 6, 12, 24, 48, 96 of g sucrose/L. The 
subjects were asked to evaluate the taste intensity of 
the solutions by using the gLMS scale. The value of 
individual response to the intensity of these 
increasing concentrations was obtained from the 
geometric mean of the response to each 
concentration. The arithmetic average value of the 
mean of all responses was taken as the cut-off to 
classify subjects as low and high sensitivity to each 
tastant. Thus, the values below the cut-off were 
classified as low sensitive and the values considered 
above were considered as high sensitive.  

 

Evaluation of wine aroma and flavor intensities 

Wine and flavor addition 

The previous Macabeo base wine was flavored with 
increasing concentrations of an aroma mixture 
solution resembling the Gewürztraminer flavor. The 
aroma solution in ethanol was composed by several 
molecules with fruity and floral connotations (Table 
I) following the protocol described by Arvisenet et 
al. (2016). Three wines were prepared with 
increasing volumes (0.5 ml/L, 1 ml/L and 2 ml/L) of 
the aroma mixture. The solutions were added to 
control wine 3 h before the tastings. 

Orthonasal aroma intensity 

The global orthonasal aroma intensity was 
determined by measuring the distance between the 
nose and the glass as it is slowly approached the 
nose, with a 45º inclination. When the taster felt the 
aroma, the distance from the nose to the glass was 
measured in cm with a 20 cm ruler. The higher the 
distance, the greater the aromatic intensity of the 
wine. The tasters rated the aroma intensity of the 
control wine plus the three spiked wines. The 
individual responsiveness was obtained by the 
geometric mean of the four concentrations. 
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Flavor intensity 

After smelling the flavored wines, assessors were 
asked to rate the perceived sweetness, sourness and 
saltiness intensities. Subjects put the sample in the 
mouth, rinsed for 10 seconds, being sure to cover all 
the in-mouth surfaces and waited for the sensation to 
peak (1 to 15 s). After spiting, a mark was drawn on a 
general Visual Analog Scale (gVAS) using as 
indicators “no sensation” for the lowest/weakest 
scale endpoint (0 mm) and “strongest experienced 
sensation of any kind including pain” for the highest 
perceived endpoint (100 mm). The line was divided 
into quadrants (25, 50, and 75 mm) and broke up by 
three unlabeled mark points (Pickering and Kvas, 
2016). 

Data Analysis 

Data obtained were subjected to variance analyses 
(ANOVA) (α=0.05) with software R 
(www.r-project.org) to assess the influence of each 
subject category on wine taste intensity, after 
checking that homoscedasticity assumption was 
generally acceptable and violation to normality was 
mainly due to the unequal sample size. Factorial 
analysis concerning subject demographic data and 
taste sensitivity was performed combining more than 
one subject category in order to evaluate possible 
interaction effects. All pairwise differences between 
means were examined using the Tukey’s test 
(α=0.05).

Table I 

Aroma solution molecules and their odor properties 

Name Compound Odor description Concentration 

(mg/L) 

Isobutanol 2-Methylpropan-1-ol Sweet, sweaty-chemical, whiskey-like 16.00 

Phenethyl alcohol 2-Phenyl ethanol Floral, rose 24.20 

Isoamyl alcohol 3-Methyl-butan-1-ol Alcoholic, winey-brandy 95.20 

Ethanal Acetaldehyde Pungent, breathtaking 0.94 

Damascenone ꞵ-damascenone Fruity-floral with apple-plum-raisin, tea, rose, tobacco 0.01 

Rose-oxide cis-Rose-oxide Metallic, grassy-green, geranium 0.04 

Ethyl butanoate Ethyl butanoate Ether, fruity odor, buttery, ripe fruit 0.42 

Ethyl hexanoate Ethyl hexanoate Fruity, winey odor; apple, banana, pineapple 1.02 

Ethyl octanoate Ethyl octanoate Fruity, winey, sweet odor, cognac-apricot 1.02 

Isoamyl acetate Isoamyl acetate Sweet, fruity, banana, pear 2.54 

Linalool Linalool Floral-woody odor with faint citrus note, sweet floral 0.36 

 

 

RESULTS AND DISCUSSION 

Taster Characterization 

Demographic inquiries 

The tasting panel was composed of 21 females and 
13 males with an average age of 24.6 ± 5.2 years old. 
The age range was from 19 to 40 years old. Given the 
relatively low age variation, the factor age was not 
taken into account in the sensory evaluations. The 
subjects did not report food allergies and 
vegetarianism. The smoking habits revealed 12 
smokers; three reported occasional smokers were 
included in the non-smokers group (22 individuals).  

Measures of taste function 

PROP taster status 

Concerning taste sensitivity, the mean responses of 
each category to PROP bitterness and NaCl taste 
intensity are presented in Figure 1. The relationship 

between PROP and NaCl showed the expected trend 
mentioned by Tepper et al. (2001). In this study, 
there were 12 Non-Tasters (NT), 20 Medium-Tasters 
(MT) and 2 Super-Tasters (ST). Considering the low 
number of ST, this group was merged with the MT 
group when ANOVA was performed. Therefore, 
about 65% of the tasters were sensitive to bitterness, 
which roughly corresponded to an average of 
75-80% in a Caucasian population (Tepper, 2008; 
Robino et al., 2022), and was lower than the 
percentage of 80-90% for Asian individuals (Guo 
and Reed, 2001). Recently, several reports 
associated bitterness sensitivity with other biological 
effects beyond food habits such as longevity (Melis 
et al., 2019) and cancer susceptibility (Singh et al., 
2020). Given that wine has also been related to 
disease prevention (Santos-Buelga et al., 2021), it 
would be interesting to associate wine with this topic 
in future research. 



 

 

Tastes and tactile sensations  

The perceived intensities elicited by tartaric acid, 
tannic acid and sucrose in water solutions were 
examined using a gLMS scale 
evaluations. The geometric mean of each taster 
response across the three concentra
molecule provided a measure of the individual 
sensitivity, which allowed for systematiz
distribution of these responses. The distribution of 
the mean intensities is shown in Figure 2

The panel was divided into high and low sensitivities 
to the tastants and astringency taking the average of 
the geometric mean as the cut
response to each stimulus by high and low sensitive 
individuals is shown in Figure 3. 

It would be interesting to assess whether any 
relationship between the different taste responses 

.  

 

Figure 1. Taste intensities elicited by PROP 
according to each PROP 

 

Figure 2. Histograms of individual mean intensity responses to 
red arrows indicate cut
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The perceived intensities elicited by tartaric acid, 
tannic acid and sucrose in water solutions were 

using a gLMS scale as in the PROP 
he geometric mean of each taster 

concentrations of each 
molecule provided a measure of the individual 

systematizing the 
distribution of these responses. The distribution of 
the mean intensities is shown in Figure 2 

high and low sensitivities 
y taking the average of 

ric mean as the cut-off value. The 
response to each stimulus by high and low sensitive 

It would be interesting to assess whether any 
relationship between the different taste responses 

showing high responsiveness to all tastes existed
suggested by Webb et al. (2015). 
tasters showed a diverse pattern of sensitivities
PROP and to the other three tastants. Indeed, PROP 
Super-Tasters were Low responsive to tannic acid
and only three PROP Non
responsive to the other three tastants (Table II).

Taste and mouth-feel intensities in white wine

The oral intensity of molecules added to white wine 
induced increasing responsiveness
variability in the responses 
Measure of individual sensitivity was obtained by 
calculating the geometric mean of the scores across 
all tastant concentrations. Then, the panel was 
separated into high and low sensitivities, 
cut-off value the average of the geometric mean
the responses as described by
(Figure 4).

. Taste intensities elicited by PROP (●) (1, 0.032 mM; 2, 0.32 mM; 3, 3.2 mM) and NaCl (○) solutions (1, 0.01 M; 2, 0.1 M; 3, 1 M) 
according to each PROP taster status (NT, Non-tasters; MT, Medium-tasters; ST, Super-tasters).

 

. Histograms of individual mean intensity responses to tartaric acid (A), tannic acid (B) and sucrose (C) in water solutions. Vertical 
red arrows indicate cut-off values to separate between high and low sensitive individuals.

ing high responsiveness to all tastes existed, as 
(2015). In fact, most of the 

tasters showed a diverse pattern of sensitivities to 
the other three tastants. Indeed, PROP 

Tasters were Low responsive to tannic acid, 
PROP Non-Tasters were Low 

tastants (Table II).  

feel intensities in white wine 

The oral intensity of molecules added to white wine 
induced increasing responsiveness and showed high 

 (results not shown). 
tivity was obtained by 

calculating the geometric mean of the scores across 
Then, the panel was 

separated into high and low sensitivities, using as 
the geometric means of 

as described by Webb et al. (2015) 

 
●) (1, 0.032 mM; 2, 0.32 mM; 3, 3.2 mM) and NaCl (○) solutions (1, 0.01 M; 2, 0.1 M; 3, 1 M) 

tasters). 

 
tartaric acid (A), tannic acid (B) and sucrose (C) in water solutions. Vertical 

off values to separate between high and low sensitive individuals. 



 

 

 

Figure 3. Intensity scores of tartaric acid, tannic acid and sucrose in water solutions for high (
values for each concentration for high and low sensitive tasters were 

 

Taster grouping according to PROP 
Super-taster; MT, Medium

PROP taster status 

ST 16 
 32 

MT 5, 6, 7 
 11 
 25 
 14, 18, 21, 22, 30
 2, 8, 15
 10, 13, 17, 28
 19, 23, 29

NT 1 
 26 
 20 
 3, 4 
 12, 27 
 9, 24 
 31, 33, 34

 

 

The response of high and low sensitive groups is 
shown in Figure 5. For all molecules, the tasting 
panel yielded different sensitivities between the first 
and last tested concentration (p<0.05)
demonstrating the increasing 
intensity.  

The oral response of each individual according to 
PROP taster status is presented in Table 
a diverse pattern of responses. The sensitivity to 
PROP was not correlated (r values less than 0.2) with 
the sensitivity to tartaric acid, tannic acid an
in white wine (results not shown). Only 
showed a low response to all stimuli while none of 
the PROP super-tasters were highly sensitive to the 
other three tastants. In addition, the previously 
reported (Figure 3) responsiveness to the
in water solutions (tartaric acid, tannic acid, sucrose) 
was also not correlated (r values less than 0.1) with 
the mean intensity scores given to the same stimuli in 
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Intensity scores of tartaric acid, tannic acid and sucrose in water solutions for high (●) and low (○) intensity categories
values for each concentration for high and low sensitive tasters were significantly different (

Table II 

grouping according to PROP taster status and respective sensitivity to taste and astringent stimuli in water (ST, 
taster; MT, Medium-taster; NT, non-taster; H, High responsiveness; L, Low responsiveness)

Tasters 
Sensitivity group 

Tartaric acid Tannic Acid 

H L 
H L 

 H H 
H H 
H L 

14, 18, 21, 22, 30 H L 
2, 8, 15 L H 
10, 13, 17, 28 L H 
19, 23, 29 L L 

H H 
H L 
H L 
L H 

 L H 
L L 

31, 33, 34 L L 

The response of high and low sensitive groups is 
shown in Figure 5. For all molecules, the tasting 

yielded different sensitivities between the first 
and last tested concentration (p<0.05), 

 perceived taste 

he oral response of each individual according to 
status is presented in Table III, showing 

a diverse pattern of responses. The sensitivity to 
(r values less than 0.2) with 

the sensitivity to tartaric acid, tannic acid and sucrose 
in white wine (results not shown). Only two tasters 
showed a low response to all stimuli while none of 

tasters were highly sensitive to the 
. In addition, the previously 

reported (Figure 3) responsiveness to these tastants 
in water solutions (tartaric acid, tannic acid, sucrose) 

correlated (r values less than 0.1) with 
the mean intensity scores given to the same stimuli in 

wine (results not shown). On the contrary, the 
correlations among stimuli in w
moderate (r values raging from 0.36 to 0.50) as 
shown in Figure 6. 

Webb et al. (2015), comparing several measures of 
taste function, concluded that there are multiple 
perceptual phases of taste with no single measure 
able to capture the totality of the sense of 
obtained results concur with these observations, 
showing low or moderate correlations between the 
sensitivity to supra-threshold concentrations of 
tartaric acid, sucrose, tannic acid and PROP 
bitterness. Increased or diminis
multiple stimuli has been named as hypergeusia or 
hypogeusia, respectively, by Hayes and Keast 
(2011). These authors claimed that this definition is 
more precise than that of PROP taster
it concerns responses to more th
most common behavior found in this study was a 

 

●) and low (○) intensity categories. The means 
(p<0.05). 

and respective sensitivity to taste and astringent stimuli in water (ST, 
iveness; L, Low responsiveness) 

 Sucrose 

H 
L 
H 
L 
H 
L 
H 
L 
L 
H 
H 
L 
H 
L 
H 
L 

wine (results not shown). On the contrary, the 
correlations among stimuli in white wine were 

ing from 0.36 to 0.50) as 

comparing several measures of 
concluded that there are multiple 

perceptual phases of taste with no single measure 
lity of the sense of taste. The 

obtained results concur with these observations, 
showing low or moderate correlations between the 

threshold concentrations of 
tartaric acid, sucrose, tannic acid and PROP 
bitterness. Increased or diminished taste response to 
multiple stimuli has been named as hypergeusia or 
hypogeusia, respectively, by Hayes and Keast 
(2011). These authors claimed that this definition is 
more precise than that of PROP taster status because 

more than one stimulus. The 
most common behavior found in this study was a 



 

 

diversity of responses among the different tastants, 
highlighting the rarity of both hyper
among the subjects. 

Aroma and flavor intensities in white wine

After performing the previous in-
tests, the tasting panel assessed the aroma and flavor 
intensities (sweetness, sourness and saltiness) 
elicited by the base white wine spiked with 
increasing levels of an odorant mixture mimicking 
fruity and floral notes. The results for all tasters are 
shown in Figure 7, illustrating a high variability of 
individual responses. Nevertheless, the average 
intensity scores showed a significant increase 
(p<0.05) between the first and the last odorant 
mixture concerning aroma and 
perceptions, while sourness and saltiness were 
 

Figure 4. Histograms of individual mean intensity responses to tartaric acid (A), tannic acid (B) and sucrose (B) in white wine. Vert
arrows indicate cut

Taster grouping according to PROP 
(ST, Super-taster; MT, Medium

PROP taster status 

ST 16 
 32 

MT 15, 17, 18, 21, 30
 10 
 5, 14, 28
 11 
 22, 23
 6, 7 
 25 
 2, 8, 13, 19, 29

NT 3, 31
 12, 20
 34 
 1, 9, 24
 4, 33
 26, 27
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diversity of responses among the different tastants, 
highlighting the rarity of both hyper- or hypogeusia 

Aroma and flavor intensities in white wine 

-mouth sensitivity 
tests, the tasting panel assessed the aroma and flavor 
intensities (sweetness, sourness and saltiness) 
elicited by the base white wine spiked with 
increasing levels of an odorant mixture mimicking 

e results for all tasters are 
shown in Figure 7, illustrating a high variability of 
individual responses. Nevertheless, the average 
intensity scores showed a significant increase 
(p<0.05) between the first and the last odorant 
mixture concerning aroma and sweetness 
perceptions, while sourness and saltiness were 

constant across all concentrations. Thus, there was a 
congruent response between increasing 
aroma and sweetness perception

The individual values of intensity scores for each 
odorant mixture concentration were geometrically 
averaged, and this value was taken as the individual 
sensitivity score, due to the observed variability
distribution of the geometric means of these 
individual scores for the several flavors and aroma is 
shown in Figure 8. The average of the geometric 
means was 3.0 cm (sweetness), 5.0 cm (sourness), 
4.0 cm (saltiness) and 9.04 cm (aroma)
used as the cut-off values between classes of high 
and low sensitivity tasters. The intensity responses to 
increasing odorant concentrations according to each 
sensitivity class are shown in Figure 9. 

 

. Histograms of individual mean intensity responses to tartaric acid (A), tannic acid (B) and sucrose (B) in white wine. Vert
arrows indicate cut-off values to separate between high and low sensitive individuals.

 

Table III 

aster grouping according to PROP taster status and respective sensitivity to taste and astringent stimuli in white wine 
taster; MT, Medium-taster; NT, Non-taster; H, High responsiveness; L, Low responsiveness).

Tasters 
Sensitivity group 

Tartaric acid Tannic Acid 

H H 
L L 

15, 17, 18, 21, 30 H H 
H H 

5, 14, 28 H L 
H L 

22, 23 L H 
 L H 

L L 
2, 8, 13, 19, 29 L L 
3, 31 H H 
12, 20 H L 

H H 
1, 9, 24 L H 
4, 33 L H 
26, 27 L L 

constant across all concentrations. Thus, there was a 
congruent response between increasing orthonasal 

perception.  

individual values of intensity scores for each 
tion were geometrically 

and this value was taken as the individual 
due to the observed variability. The 

distribution of the geometric means of these 
individual scores for the several flavors and aroma is 

average of the geometric 
3.0 cm (sweetness), 5.0 cm (sourness), 

4.0 cm (saltiness) and 9.04 cm (aroma), which were 
off values between classes of high 

and low sensitivity tasters. The intensity responses to 
ntrations according to each 

shown in Figure 9.  
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Figure 5. Intensity scores of tartaric acid, tannic acid and sucrose in white wine for high (
values for each concentration for high and low sensitive tasters were significantly different (p<0.05)

. 

 

Figure 6. Relations between responsiveness among tastes and mouth
of responses across the tested concentrations of each stimuli. Correlation coefficients (r): 0.49, tartaric acid x sucrose; 0

Figure 7. Intensity scores of orthonasal aroma (A) and retronasal flavors (B) in white wine spiked with increasing odorant concentrations. 
Perceptions: 
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. Intensity scores of tartaric acid, tannic acid and sucrose in white wine for high (●) and low (○) intensity categories. 
values for each concentration for high and low sensitive tasters were significantly different (p<0.05)

Relations between responsiveness among tastes and mouth-feel sensation in white wine. Each dot represents the geometric mean 
of responses across the tested concentrations of each stimuli. Correlation coefficients (r): 0.49, tartaric acid x sucrose; 0

acid; 0.50, tartaric acid x tannic acid. 

of orthonasal aroma (A) and retronasal flavors (B) in white wine spiked with increasing odorant concentrations. 
Perceptions: ●, aroma; ●, sweetness; ◊, sourness; ∆, saltiness). 
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Figure 8. Histograms of individual mean intensity responses elicited by white wine spiked with increasing odorant concentrations. Verti
red arrows indicate cut-off values to separate between high and low sensitive individuals (A, aroma; B, Sweetness; C, Sourness

Figure 9. Intensity scores elicited by increasing odorant concentrations spiked in white wine for high (
(A, Aroma; B, Sweetness; C, Sourness; D, Saltiness). The average scores for each odorant concentration were 

 

The obtained results also evidence
the tasting media on the observation of taste 
relationships. The relationships 
sensitivity and water solutions of other tastants was 
moderate but it was absent (r < 0.2) when compared 
to the intensities elicited by tastants diluted in wine
This result conflicts with the higher orosensory 
sensitivity by PROP tasters reported in red wine 
(Pickering et al., 2004; Pickering and Robert, 
The use of different matrices may explain this 
different outcome, showing that generalizations of 
PROP taster status as a predictor of individual
sensitivities in wines are not appropriate. 

The determination of individual responses to 
orthonasal aroma intensity is commonly used in 
sensory analysis using olfactometers (Diaz
but there is no obvious method to determine it in 
wine. Tasting manuals only mention smelling wine 
in standardized glasses but with no specific 
methodology (Jackson, 2002). Sáenz
(2010) did not obtain consistent assessments of 
aromatic intensity and, therefore, did not use this 
parameter in their study, which may be surprising 
considering the participation of highly trained 
individuals. Probably, the existence of different 
aroma sensitivities, as shown in this work, explains 
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Histograms of individual mean intensity responses elicited by white wine spiked with increasing odorant concentrations. Verti
off values to separate between high and low sensitive individuals (A, aroma; B, Sweetness; C, Sourness

Saltiness). 

 

Intensity scores elicited by increasing odorant concentrations spiked in white wine for high (●) and low (
(A, Aroma; B, Sweetness; C, Sourness; D, Saltiness). The average scores for each odorant concentration were 

(p<0.05) for all sensations. 

evidence the influence of 
the tasting media on the observation of taste 

 between PROP 
sensitivity and water solutions of other tastants was 
moderate but it was absent (r < 0.2) when compared 
to the intensities elicited by tastants diluted in wine. 
This result conflicts with the higher orosensory 

orted in red wine 
Pickering and Robert, 2006). 

The use of different matrices may explain this 
, showing that generalizations of 

PROP taster status as a predictor of individual taste 
ppropriate.  

The determination of individual responses to 
orthonasal aroma intensity is commonly used in 
sensory analysis using olfactometers (Diaz, 2004) 
but there is no obvious method to determine it in 
wine. Tasting manuals only mention smelling wine 

glasses but with no specific 
methodology (Jackson, 2002). Sáenz-Navajas et al. 
(2010) did not obtain consistent assessments of 

, did not use this 
parameter in their study, which may be surprising 

he participation of highly trained 
individuals. Probably, the existence of different 
aroma sensitivities, as shown in this work, explains 

the outcomes reported by Sáenz
(2010).  

 

Influence of taster categories on aroma and flavor 
perceptions 

The previous aroma and flavor sensitivity results 
were obtained for all tasters and it would be 
interesting to check if the different demographic and 
taste function categories would yield different 
responses to the white wine spiked with increasing 
odorant concentrations. For
ANOVA was carried out considering the different 
demographic (Gender, Smoker), taste function 
(PROP taster status, tartaric acid sensitivity, tannic 
acid sensitivity and sucrose sensitivity), and the 
categories elicited by tastants added to white wine 
(tartaric acid, tannic acid, sucrose) 
predictors were the scores given to 
intensities. Interestingly, the correlations were only 
observed with taste sensitivities in wine (Table IV
namely: (i) tasters more sensitive to sucrose in water 
solution yielded higher aroma intensities; (ii) tasters 
more sensitive to tannic acid yielded high
perception of sweetness. 

 
Histograms of individual mean intensity responses elicited by white wine spiked with increasing odorant concentrations. Vertical 

off values to separate between high and low sensitive individuals (A, aroma; B, Sweetness; C, Sourness; D, 

 
) and low (○) intensity categories 

(A, Aroma; B, Sweetness; C, Sourness; D, Saltiness). The average scores for each odorant concentration were significantly different 

reported by Sáenz-Navajas et al. 

Influence of taster categories on aroma and flavor 

The previous aroma and flavor sensitivity results 
were obtained for all tasters and it would be 

if the different demographic and 
taste function categories would yield different 
responses to the white wine spiked with increasing 

For this purpose, an 
considering the different 

demographic (Gender, Smoker), taste function 
tatus, tartaric acid sensitivity, tannic 

acid sensitivity and sucrose sensitivity), and the 
categories elicited by tastants added to white wine 

annic acid, sucrose) as factors. The 
predictors were the scores given to aroma and taste 

. Interestingly, the correlations were only 
e sensitivities in wine (Table IV), 

namely: (i) tasters more sensitive to sucrose in water 
solution yielded higher aroma intensities; (ii) tasters 
more sensitive to tannic acid yielded higher 
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Therefore, the aroma sensitivity could not be 
predicted from the sensitivity to water solutions of 
tartaric acid, sucrose or tannic acid. Despite reported 
differences in gender taste responsiveness (Williams 
et al., 2016), neither smell or taste sensitivities were 
found. The effects of smoking habits on taste or 
flavor are controversial (Nettore et al., 2020). These 
authors, with a cohort of 83 smokers among 348 
subjects, reported that flavor recognition was not 
affected by cigarette smoking. The results of the 
present study, although with a smaller population, 
concur with these observations. 

When an ANOVA was performed taking into 
consideration the aroma sensitivity as variable, the 
results showed that high and low aroma sensitive 
tasters yielded similar sweetness perceptions (Table 
V). Therefore, the higher perception of the spiked 
fruity flavors through the orthonasal route (aroma) 
was not accompanied by an equivalent increase in 
the perception of sweetness through the retronasal 
pathway. On the contrary, the low aroma sensitive 
tasters yielded higher scores for sourness and 
sweetness (Table V).  

The different individual sensitivities to aroma and 
flavor provided additional evidence for the 
complexity of the multisensory studies. Overall, the 
results presented reinforce the statement of Parr 
(2019) who explained that sensitivity variation is not 
an “error in the machine”. Thus, the conventional 
training of tasting panels expected to minimize 

physiological and psychological biases (Lesschaeve, 
2007; Pinto, 2021) should consider the different 
individual responses, contrarily to the usual practices 
when studying aroma-taste cross-modal interactions, 
as reviewed by Wang et al. (2019).  

Hort and Hollowood (2004) reported that a subgroup 
of trained assessors was unaffected by cross-modal 
aroma-sweetness interactions while evaluating the 
intensity of fruity flavor. Moreover, Arvisenet et al. 
(2019) reported that trained panelists are not fully 
able to distinguish congruent and simultaneous 
flavor and aroma perceptions. This observation may 
be the reason for the moderate correlation (r = 0.42) 
between ‘Overall flavor’ intensity and ‘overall 
aroma’ intensity found by Jones et al. (2008). This 
difference between flavour and aroma sensitivity is 
in accordance with the different neuronal integration 
of both olfaction pathways (Small, 2012). Both 
studies may also suffer from an analytical bias 
known as “dumping effect” due to similarity in the 
fruity smell and sweet taste (Poinot et al., 2013). The 
“dumping effect” should have been minimized in the 
present work due to the use of different intensity 
scales for aroma and flavor Thus, the present work 
provides further evidence for the differences in 
individual sensitivity related with the ortho- or 
retronasal pathways (Pellegrino et al., 2021) and 
strengthens the need to take this different response 
into account when studying the multisensory 
integration of percepts. 

 

Table IV 

Effect of sensitivity categories to sucrose and tannic acid in wine on aroma and sweetness intensities of wine spiked 
with increasing flavor concentrations 

Perception Categories Class P-values Mean ± sd Subjects 

Aroma Intensity Sucrose High 0.049 10.09ᵃ±3.35 14 

Low 8.75ᵇ±4.21 20 

Sweetness Intensity Tannic Acid High 0.003 4.04ᵃ±1.99 16 

Low 2.98ᵇ±2.14 18 
a,b Mean values in the same column followed by different letters are significantly different (p<0.05). 

 

Table V 

Aroma and flavour sensitivities given by high and low aroma sensitive tasters to white wines spiked with increasing aroma 
concentrations 

Categories p-value 
High aroma sensitive tasters Low aroma sensitive tasters 

Mean ± sd Mean ± sd 

Aroma Intensity 2.00E-16 12.66a ± 3.04 6.96b ± 2.51 

Sweetness Intensity 0.232 3.23a ± 2.03 3.68a ± 2.20 

Sourness Intensity 5.02E-05 4.35a ± 2.43 5.82b ± 1.66 

Saltiness Intensity 0.00642 3.66a ± 2.19 4.69b ± 2.07 
a,b Mean values in the same row followed by different letters are significantly different (p<0.05). 
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One of the challenges to study cross-modal 
interactions is to use methods that may be as close to 
real food and drink matrices as possible (Parr, 2019). 
The approach used in this work showed that the 
increase in sweetness perception (retronasal 
pathway) in dry white wine was induced by an 
increasing concentration of fruity/flowery odorant 
molecules. This result suggests that the congruent 
response between the floral/fruity flavor (“sweet” 
flavor) and the perception of sweetness develops 
(Wang et al., 2019) while maintaining the sourness 
sensitivity. Contrarily, Jones et al. (2008), using 
water solutions, found that acidity, and not 
sweetness, was affected by increasing flavor 
concentration.  

 

Limitations of the study 

One of the limitations of this study was the relatively 
small tasting panel size and diversity. The training 
demanded for time and availability that was achieved 
at the cost of a lesser number of subjects. After taster 
categorization, several classes remained with few 
respondents, albeit higher than the standard 
requirement for trained individuals, justifying further 
experiments with larger tasting panels.  

The research related to the effect of flavor or taste on 
wine sensory features is most frequently based on 
synthetic or reconstituted wine to better standardize 
the matrix under evaluation (Wang et al., 2019; 
Poinot et al., 2013). However, wine complexity is 
not fully captured by these approaches. Therefore, a 
real white wine with realistic fruity aroma 
concentrations seemed to be more meaningful to the 
purpose of the present study. In future work 
aroma-taste interactions may be studied using 
mixtures with other aromatic vectors (e. g. vegetal, 
oak) and base wines with different mouth-feel 
attributes (e.g. astringent white wines with 
maceration). 

CONCLUSIONS 

The results presented showed the individual 
variation in aroma and taste sensitivities. Using 
wines spiked with increasing aroma concentration 
proved to be a valid approach to study cross-modal 
interactions between smell and taste. Regarding 
orthonasal aroma, the results showed that tasters can 
be separated into high and low sensitives with 
different perception of sourness and saltiness but 
with similar sweet taste sensitivities. Hence, the 
in-mouth sweetness perception can be regarded as a 
flavor percept congruent with the increasing 
concentration of fruity aromatic molecules detected 
by the smell orthonasal pathway.  
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