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Abstract: Nutritional supplements are increasingly used worldwide to address nutrient deficiencies 

or restore body functions. However, these supplements are often characterized by unpleasant tastes 

or aftertastes, primarily due to the presence of vitamins, minerals, and amino acids as active 

compounds. These taste defects can be masked by sweeteners or specific flavourings. However, the 

development of such strategies requires a thorough understanding of the sensory characteristics of 

nutritional supplements. In the present study, the sensory properties of four effervescent nutritional 

supplements, differing in composition, were evaluated using Quantitative Descriptive Analysis 

(QDA) across three modalities: orthonasal and retronasal odour perception, as well as aftertaste and 

aroma persistence. Bitterness, astringency, and metallic sensations were found to be responsible for 

the negative sensory attributes of the products in solution. The addition of flavouring agents was 

found to have either a positive or negative effect on the taste characteristics of the supplements. 

Indeed, certain fruity notes enhanced sweet and sour sensations, and masked negative sensory 

perceptions, although this effect varied depending on the nature of the nutritional supplement. A 

better understanding of these perceptual interactions could provide a solution for masking strategies, 

potentially reducing the use of additives that can be expensive and detrimental to health. 

Keywords: sensory analysis; nutritional supplement; perception ; flavour; cross modal perceptual interaction 

 

1. Introduction 

More and more people around the word use nutritional supplements, particularly to prevent or 

treat common issues such as fatigue, lack of concentration, vitamin/mineral deficiencies, minor 

gastroenterological and dermatological disorders, and vaginal irritations. Oral nutritional 

supplements are also prescribed to address nutrient deficiencies caused by pathologies and to restore 

the proper development and body functions [1,2]. Manufacturers are continuously developing new 

formulations that vary in their flavouring, content and galenic form to meet emerging market 

demands, economic and/or regulatory constraints, and to cater to specific populations. Efforts are 

now focused on improving specificity and efficiency, particularly in formulation to ensure better 

release control when necessary. However, nutritional supplements are often characterized by taste 

defects: bitterness, astringency and metallic notes, which constitute a significant technological barrier 

to consumer acceptance. This can be explained by the presence of nutrients such as vitamins, 

minerals, and amino acids known to be the source of these negative perceptual sensations [3]. Since 

these components are also the active compounds that are in direct contact with the taste detection 

system in the mouth upon ingestion of the nutritional supplement, a strategy based on substitution 

to mask these taste defects is not feasible. Therefore, effective masking strategies aimed at reducing 

taste defects, both at the peripheral and central levels, appear to be the most promising. However, 
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limited data are available regarding the quantitative sensory characteristics of nutritional 

supplements. Temporal dominance of sensations (TDS) and temporal check-all that-apply (TCATA) 

methods were selected to characterize the temporal sensory perceptions during the consumption of 

orally disintegrating tablets with varying galenic forms and flavourings [4]. Minerals, amino acids 

and vitamins with bitter properties have been shown to activate one or more of the 25 bitter taste 

receptors (TAS2Rs) involved in bitter taste detection [5–7]. In particular, the human bitter taste 

detection threshold for four vitamins in aqueous solution - vitamin B1 (thiamine hydrochloride), 

vitamin B2 (riboflavin phosphate), vitamin B3 (niacinamide), and vitamin B6 (pyridoxine 

hydrochloride) - which exhibit a strong bitter taste was confronted to their half-maximal effective 

concentration (EC50) and their cellular bitter taste threshold [8]. The results suggest that their bitter 

taste perception can be explained by interaction with TAS2R receptors. 

However, qualitative data alone do not allow for the determination of the actual contribution of 

these perceptions in the genesis of undesirable tastes. Therefore, an accurate quantitative sensory 

description of the nutritional supplements, particularly regarding taste and aroma characteristics, is 

necessary before progressing with the development of masking strategies based on flavour 

perception. Indeed, improving the formulation of supplements through flavouring could enhance 

their acceptability by users, especially by masking off-flavours through cross-modal perceptual 

interactions [9]. 

The objectives of this work were to accurately determine the nature of these negative perceptual 

sensations, quantify them, identify their origin, and assess the effect of flavouring on their 

organoleptic properties. 

2. Results 

2.1. Sensory Characterisation of the Nutritional Supplements 

2.1.1. Orthonasal Olfactory Properties (Smell) 

The results of the evaluation of the sensory characteristics by orthonasal perception of the four 

nutritional supplements are presented in Table 1. It is noteworthy that the four nutritional 

supplements CN1, CN2, CN3 and CN4 exhibit distinct olfactory sensory attributes (smell). 

Among all the descriptors evaluated, only the sensory attribute ‘chemical orange’ is applicable 

to CN1. CN2 is significantly characterized by olfactory notes of ‘passion fruit’, ‘exotic fruits’, ‘yellow 

fruits’ and ‘red fruits’. Citrus olfactory notes evoking a sensation of freshness such as “fresh orange” 

and “mandarin” are sensory characteristics specific to CN3. Finally, CN4 is characterized by olfactory 

notes of ‘mature orange’ and ‘passion fruit’. 

2.1.2. Retronasal Olfaction 

During this tasting phase, which involved the ingestion of the entire product, the panellists were 

asked to evaluate the intensity of the sensory attributes (Table 2). 

The taste, astringency and metallic perceptions are presented in Figure 1. The F1 axis is strongly 

correlated with the sensory attributes ‘metallic’ and ‘astringent’ in its positive part and with 

‘sourness’ in its negative part. The F2 axis represents the sensory attributes ‘sweet’ and ‘bitter’. The 

F1 axis thus separates the products based on their sourness (CN1 and CN2) and on the taste attributes 

‘astringency’ and ‘metallic’ (CN4). The F2 axis differentiates nutritional supplements based on 

perceived bitterness and sweetness. CN2 therefore has a more pronounced bitter taste than CN1 but 

similar to CN4 in bitterness, with a higher sweetness. CN3 is characterized solely by the absence of 

bitterness, with no distinct taste attribute. 
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. 

Figure 1. Principal component analysis (PCA) on the correlation matrix for bitter, sour, sweet, astringent and 

metallic attributes of the nutritional supplements (CN1-4) in the ‘during tasting’ segment (Biplot representation). 

Table 1. Average intensity (± standard error) of each odorant sensory attribute in the ‘before tasting’ segment 

for the nutritional supplements. 

Attribut CN1 CN2 CN3 CN4 

Orthonasal odor     

Chemical orange 5.594 ± 0.078a 0.592 ± 0.078d 3.465 ± 0.078b 2.398 ± 0.078c 

Fresh orange 1.090± 0.070b 0.354 ± 0.070c 3.133 ± 0.070a 0.429 ± 0.070c 

Mature orange 1.292 ± 0.073b 0.417 ± 0.073c 0.354 ± 0.073c 2.654 ± 0.073a 

Lemon 0.165 ± 0.050a 0.217 ± 0.050a 0.329± 0.050a 0.253 ± 0.050a 

Mandarine 0.369 ± 0.066b 0.185 ± 0.066b 1.206a ± 0.066a 0.327 ± 0.066b 

Passion fruit 0.329 ± 0.059c 2.191 ± 0.059b 0.284 ± 0.059c 3.898 ± 0.059a 

Exotic fruits 0.176 ± 0.064c 2.342± 0.064a 0.294 ± 0.064c 0.549 ± 0.064b 

Yellow fruits 0.189 ± 0.112b 1.393 ± 0.112a 0.142 ± 0.112b 0.359 ± 0.112b 

Red fruits 0.112 ± 0.039b 0.127 ± 0.039a 0.206 ± 0.039b 0.151 ± 0.039b 

The estimated means of the same line identified by different letters are considered significantly different (Tukey 

test, p < 0.05). 

Table 2. Average intensity (± standard error) of each aromatic and taste sensory attribute in the ‘during tasting’ 

segment for the nutritional supplements. 

Attributes CN1 CN2 CN3 CN4 

Retronasal odour     

Chimical Orange 5,688 ± 0,097
a
 0,549 ± 0,097

c
 2,876 ± 0,097

b
 2,604 ± 0,097

b
 

Fresh orange 1,152 ± 0,060
b
 0,258 ± 0,060

c
 2,826 ± 0,060

a
 0,374 ± 0,060

c
 

Mature orange 1,481 ± 0,041
b
 0,246 ± 0,041

d
 0,618 ± 0,041

c
 2,490 ± 0,041

a
 

Lemon 0,346 ± 0,050
ab

 0,179 ± 0,050
b
 0,470 ± 0,050

a
 0,444 ± 0,050

a
 

Mandarine 1,053 ± 0,070
a
 0,211 ± 0,070

b
 0,370 ± 0,070

b
 0,355 ± 0,070

b
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Passion Fruit 0,289 ± 0,080
c
 1,373 ± 0,080

b
 0,196 ± 0,080

c
 2,528 ± 0,080

a
 

Exotic fruits 0,427 ± 0,079
b
 2,562 ± 0,079

a
 0,413 ± 0,079

b
 0,466 ± 0,079

b
 

Yellow fruits 0,228 ± 0,063
b
 1,452 ± 0, 063

a
 0,283 ± 0, 063

b
 0,279 ± 0, 063

b
 

Red fruits 0,152 ± 0,051
b
 2,196 ± 0,051

a
 0,133 ± 0,051

b
 0,142 ± 0,051

b
 

Metallic 0,321 ± 0,063
b
 0,503 ± 0,063

b
 0,326 ± 0,063

b
 1,697 ± 0,063

a
 

Taste     

Sour 4,891 ± 0,087
a
 3,480 ± 0,087

b
 3,174 ± 0,087

bc
 2,972 ± 0,065

c
 

Bitter 1,203 ± 0,059
b
 1,705 ± 0,059

a
 0,467 ± 0,059

c
 1,818 ± 0,059

a
 

Salty 1,742 ± 0,066
ab

 1,582 ± 0,066
b
 1,858 ± 0,066

a
 1,845 ± 0,066

a
 

Sweet 4,119 ± 0,080
ab

 4,257 ± 0,080
a
 3,866 ± 0,80

bc
 3,797 ± 0,80

c
 

Astringent 0,413 ± 0,073
b
 0,486 ± 0,073

b
 0,372 ± 0,073

b
 0,979 ± 0,073

a
 

The estimated means of the same line identified by different letters are considered significantly different (Tukey 

test, p < 0.05). 

The retronasal aroma perceptions are presented in Figure 2. The F1 axis differentiates the 

nutritional supplements based on the attributes ‘red fruits’, ‘exotic fruits’, ‘yellow fruits’ in its positive 

part, and the attributes ‘chemical orange’, ‘tangerine’ in its negative part. The F2 axis is strongly 

correlated with the notes of mature orange, passion fruit, and fresh orange. CN1 and CN3 share 

sensory characteristics, namely ‘chemical orange’ and ‘mandarin’ attributes, but are differentiated by 

the ‘fresh orange’ attribute, significantly more pronounced for CN3. CN2 and CN4 are characterized 

by the attributes ‘red fruits’, ‘exotic fruits’, ‘yellow fruits’ for CN2, and ‘mature orange’, ‘passion fruit’ 

for CN4. 

The results of the two-way ANOVA (model: subject + product + subject*product) presented in 

Table 2 show significant differences between products. For example, the average intensity of the 

sensory attribute ‘mature orange’ differs significantly across nutritional supplements. 

 

Figure 2. Principal component analysis (PCA) on the correlation matrix for retronasal odour attributes of the 

nutritional supplements (CN1-4) in the ‘during tasting’ segment (Biplot representation). 
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2.1.3. Aftertaste and Retronasal Odour Persistence 

This perception corresponds to the sensations perceived after swallowing the nutritional 

supplement solutions. These delayed sensory perceptions are commonly referred to as ‘aftertaste’ for 

taste attributes and ‘retronasal odour persistence’ for aroma attributes. 

The average intensity values of each of the aftertastes evaluated for each nutritional supplement 

are reported in Table 3. The nutritional supplements exhibit aftertastes of varying intensity, some 

common and others distinct, with either positive or negative valence. All products are characterized 

by sour and sweet aftertastes, although significant differences are observed. CN1 and CN4 are 

characterized by ‘salty’ and ‘metallic’, ‘astringent’ aftertastes, respectively. The ‘bitter’ aftertaste is a 

sensory attribute present in CN1, CN2 and CN4 with an intensity ranging from 1.2 to 1.7. The 

relatively low average intensity of this attribute in CN3 appears to be the sole sensory characteristic. 

Table 3. Mean intensity (± standard error) of each taste, astringency, and metallic attributes in the ‘after tasting’ 

segment for the nutritional supplements. 

Attributes  CN1 CN2 CN3 CN4 

  Astringent 0,516 ± 0,065
b
 0,418 ± 0,065

b
 0,462 ± 0,065

b
 1,113 ± 0,065

a
 

  Metallic 0,261 ± 0,045
b
 0,282 ± 0,045

b
 0,179 ± 0,045

b
 1,671 ± 0,045

a
 

  Salty 1,500 ± 0,068
a
 1,018 ± 0,068

b
 0,953 ± 0,068

b
 1,112 ± 0,068

b
 

  Sour 2,005 ± 0,082
a
 1,766 ± 0,082

a
 1,992 ± 0,082

a
 1,857 ± 0,082

a
 

  Bitter 1,406 ± 0,072
ab

 1,647 ± 0,072
a
 0,369 ± 0,072

c
 1,274 ± 0,072

b
 

  Sweet 2,751 ± 0,078
b
 3,313 ± 0,078

a
 2,841 ± 0,78

b
 2,694 ± 0,78

b
 

The estimated means of the same line identified by different letters are considered significantly different (Tukey 

test, p < 0.05). 

2.2. Effect of Retronasal Odour Perception on Taste Perceptions 

The sensory evaluation of the four nutritional supplements was also conducted under blocked 

airway condition to eliminate the potential effect of retronasal odour perceptions on taste 

perceptions, both during and after tasting the product. Sensory pre-tests indicated that the odorants 

at the concentrations used in the nutritional supplements were tasteless (data not shown). 

For the four nutritional supplements, significant differences were observed for at least three 

sensory taste attributes in both evaluation segments (during and after tasting). 

The data are summarized in Table 4. For CN1, CN2 and CN3, flavouring leads to a significant 

increase in the average intensity of the ‘sweet’ attribute in both evaluation phases, a descriptor with 

strong positive hedonic valence that is closely correlated with the notion of pleasure. Conversely, the 

average intensity of less desirable attributes such as ‘bitter’, ‘astringent’ or ‘metallic’ decreases 

significantly (depending on the nutritional supplement and the evaluation segment considered). The 

exception is CN4, which follows the opposite trend as its flavouring causes a significant increase in 

the ‘bitter’ attribute during tasting. 

We observed that odourants evoking notes of citrus or exotic fruits enhance the perception of 

the ‘sour’ aftertaste. The ‘metallic’ attribute, whose average intensity is significantly higher both 

‘during tasting’ and ‘after tasting’ for CN4, completely disappears during the sensory evaluation 

under blocked airway conditions. Although appropriate flavouring can significantly reduce the 
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perceptions of certain attributes, it cannot alone account for the total disappearance of the product’s 

sensory characteristics. This phenomenon is linked to the volatile properties of the molecules 

responsible for this sensory quality, which, like aromatic molecules, are perceived by the olfactory 

organ via the retro-nasal route [10,11]. The flavouring of different nutritional supplements does not 

seem to significantly affect perceptions of the ‘salty’ attribute, except for CN1. 

3. Discussion 

3.1. Relationship Between the Composition of Nutritional Supplements and Their Sensory Characteristics 

Taste sensory perceptions are linked to the composition of these nutritional supplements. 

Generally speaking, the nutritional supplements studied are ‘sour’ and ‘sweet’, during tasting and 

for a few seconds after complete ingestion. The observed sourness may be related to the presence of 

acidic compounds, such as malic acid and citric acid, which are found in the excipient composition 

of each nutritional supplement. When dissolved in water for consumption, the concentrations of 

these acids exceed their threshold perception value, estimated around 5 x 10-6 M. The relative 

concentration of one acid compared to the other does not appear to affect the perception of sourness 

or astringency [12]. 

We also note the presence of ascorbic acid (vitamin C) as active compound in all four 

formulations at high concentrations, ranging from 60 to 1000 mg per tablet (Table 1). The impact of 

ascorbic acid on the sour perception component of food supplements has already been reported [3]. 

The threshold perception value of ascorbic acid is estimated to be in the range of 0.28 – 0.75 mM [13], 

and its concentration in the four CN solutions suggests that it is likely also contributing to sourness 

perception. To our knowledge, no perceptual intramodal interaction between these acids has been 

reported; however, they likely act in combination to influence the overall sour perception of these 

nutritional supplements. Furthermore, although citric and malic acids are parts of the excipient 

fraction of the nutritional supplements, they have been shown to have a positive effect on intragastric 

urease activity whereas the effect of ascorbic acid on this activity is minimal [14].  

Table 4. Mean intensity of each taste, astringent and metallic sensory attribute, during and after ingestion of the 

four nutritional supplements with and without nose-clip. 

 CN1 CN2 CN3 CN4 

Attributes 

With   

Nose-

clip 

Without 

nose-

clip 

P-

value 

With   

Nose-

clip 

Without 

nose-

clip 

P-

value 

With   

Nose-

clip 

Without 

nose-

clip 

P-

value 

With   

Nose-

clip 

Without 

nose-

clip 

P-

value 

 During tasting 

Sour 5,031  4,909 0,168 3,681 3,488 0,258 3,281 3,149 0,309 3,447 2,958 0,001 

Bitter 1,442 1,232 0,035 2,105 1,676 <0,0001 1,170 0,441 <0,0001 1,375 1,720 0,005 

Astringent 0,975 0,436 <0,0001 0,789 0,490 0,064 0,479 0,373 0,396 1,391 0,960 <0,0001 

Metallic 0,204 0,348 0,061 0,199 0,502 0,007 0,123 0,316 0,022 0,244 1,656 <0,0001 

Salty 1,985 1,747 0,017 1,393 1,587 0,128 1,789 1,833 0,744 1,904 1,828 0,617 

Sweet 3,607 4,135 <0,0001 3,516 4,248 <0,0001 3,350 3,834 <0,0001 3,618 3,778 0,266 

 After tasting 

Sour 3,678 1,994 <0,0001 1,465 1,767 0,040 1,336 2,019 <0,0001 1,893 1,825 0,631 

Bitter 1,295 1,419 0,093 2,772 1,569 <0,0001 0,691 0,371 0,004 0,967 1,206 0,063 

Astringent 1,273 0,564 <0,0001 0,526 0,429 0,503 0,619 0,459 0,149 1,441 1,040 0,009 

Metallic 0,183 0,276 0,180 0,252 0,282 0,718 0,186 0,196 0,852 0,159 1,605 <0,0001 

Salty 1,143 1,461 0,015 0,934 0,975 0,791 0,844 0,952 0,400 0,851 1,143 0,061 

Sweet 1,962 2,689 <0,0001 2,191 3,282 <0,0001 2,160 2,833 <0,0001 2,283 2,619 0,005 

ANOVA and Tukey test (p<0.05). 
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Regarding the sweet perception of these nutritional supplements, its pronounced intensity is 

associated with the presence of intense sweeteners and bulking agents which serve multiple 

proposes. These agents have a sweetening power between 0.5 and 0.9 and are incorporated in large 

quantities, up to 80% of the final mass of the tablet. Although their sweetening power is relatively 

low, the large quantities used result in a significant sweetening capacity. 

The sensory attribute ‘bitter’ was evaluated with an average intensity greater than 1 for the 

majority of products (CN1, CN2, CN4). This pronounced and persistent bitterness can be attributed 

to the incorporation of active molecules, either in native or analogous form, such as vitamins, 

minerals, or plant extracts. The majority of these active compounds are absent in CN3, which differs 

from the other three nutritional supplements due to its low bitterness. Several water-soluble vitamin 

analogues from the B vitamin family such as thiamine hydrochloride, riboflavin phosphate, 

nicotinamide, and pyridoxine hydrochloride are known to be bitter [3]. The incorporation of 

magnesium sulphate into CN1 and CN4 could contribute to the enhanced bitterness of these products 

[5,15], as could the manganese sulphate present in CN4. 

Some mineral salts used in these nutritional preparations also contribute to other negative 

sensory qualities. They are responsible, among other factors, for the more marked ‘metallic’ and 

‘astringent’ perceptions when CN4 is consumed [16,17]. 

CO2 (and its dissociation metabolites such as carbonic acid) has been identified as responsible 

for increasing the bitter flavour of carbonated products such as beer [18,19], a bitterness also observed 

in the four nutritional supplements. Additionally, by contributing to a lowering of pH in the oral 

cavity and altering interactions between salivary proteins, effervescence is associated with the 

increase in the sensation of astringency [20], which is present in all of the products studied. Studies 

have demonstrated the effects of effervescence on sweet and sour perceptions, which depend on the 

initial intensity values of these tastes within the evaluated product. For low concentrations, 

effervescence enhances the sour perception of citric or phosphoric acid solutions while helping to 

mask the sweet perceptions of sucrose or aspartame solutions [20–22]. 

We also observe changes in the relative intensity for certain sensory notes depending on the 

nutritional supplements during the three oropharyngeal phases, once completely dissolved in water. 

This is the case of the ‘chemical orange’ attribute, which, compared to CN1, becomes more intense 

after being placed in the mouth than through simple olfaction. This observation could be explained 

by differences in the physical processes in the mouth, such as greater retention of the aroma 

compounds responsible for this note on the oral mucosa or within the matrix. However, it is also 

noteworthy that during consumption, CN3 and CN4 are less sour and less sweet than CN1, taste 

attributes that could mask the ‘chemical orange’ note through cross-modal perceptual interactions. 

3.2. Perceptual Interactions 

These nutritional supplements, when dissolved in water, form a complex mixture of compounds 

of different perceptual qualities which can interact either at the peripheral level or central level. Citric 

and malic acids, the major organic acids in fruits and responsible for their sourness [12,23,24], are 

present in high concentrations in each of the four CN formulations. 

The comparison of taste, metallic and astringent intensities, with and without blocking the 

perception of aromas, reveals numerous effects of retronasal odour perception on these attributes. 

These effects sometimes differ from one product to another, but they either mask or reinforce taste, 

astringency and metallic perceptions. However, since retronasal odour perception affects several 

descriptors simultaneously, the analysis is complex, as we cannot exclude indirect effects due to 

variations in the intensity of other attributes. For example, for sourness, only CN4 shows a masking 

effect of this taste through the retronasal odour perception. Interestingly, we also observe an increase 

of bitterness intensity with the retronasal odour perception. This masking of sourness could also be 

explained by the more intense perception of bitterness [25]. 

Concerning sweetness, the reinforcement of this perception by the retronasal odour perception 

is explained by cross-modal perceptual interactions with the fruity notes associated with sweetness, 
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as has already been described [9]. This effect is not observed for CN4, although fruity notes are 

perceived. This absence can be explained by the presence of a more intense metallic note in CN4, 

which could either mask or alter the overall fruity note, making it no longer recognizable as such by 

the panellists. For CN4, the increase in bitterness through the aroma perception could be a 

consequence of the heightened intensity of metallic perception, which is now recognised as aroma 

perception [11,26,27]. Overall, we observe a masking effect of retronasal odour perception on 

unfavourable perceptions such as bitterness and astringency in all four products. This finding is 

relevant for developing strategies to mask these unfavourable perceptions in such product. However, 

simultaneously, we note an increase in the intensity of the metallic note, which is also undesirable. 

One possible explanation is that the masking effect of bitterness and astringency reduces the intensity 

of these perceptions, thereby allowing the metallic note to become more prominent. 

Concerning the ‘after tasting’ segment, we observe, to a lesser extent, both reinforcing and 

masking effects of sensory attributes by persistent retronasal odour perception. However, in most 

cases, these effects differ from those observed for the ‘during tasting’ segment. This can be explained 

by the effects of rinsing with saliva and progressive exhaustion of the ingested material, which lead 

to changes in the balance and ratio of different stimuli released from the product, depending on their 

persistence in the oropharyngeal cavity. Moreover, we consistently observe an enhancement of the 

sweet flavour through the retronasal odour perception for all products when tasted without blocking 

the nasal airway. However, for CN2 and CN3, the strengthening of the sour perception despite the 

increase in sweet intensity - which typically exerts a masking effect on sourness - could be partially 

explained by a reduction in bitterness [25]. 

4. Materials and Methods 

4.1. Experimental Conditions 

The room in which the sensory experiments was conducted met the basic requirements outlined 

by the AFNOR V 09-105 standard: a uniformly lit, well-ventilated space with stable temperature and 

humidity, and free from noise. Data acquisition was performed using TimeSens sensory analysis 

software (TimeSens, Dijon, France). 

4.2. Products 

Four effervescent nutritional supplements named CN1, CN2, CN3 and CN4, provided by 

BAYER SAS (Global innovation Centre, Gaillard, France), were evaluated. Table 5 summarizes their 

composition and flavouring. As excipients, each formulation contains malic and citric acids, sodium 

carbonate, sucrose, polyols (mannitol, sorbitol, isomalt, maltitol), sweeteners (aspartame, acesulfame 

potassium, sucralose), antifoaming agents (polysorbate 80, polysorbate 60, sucrose esters) and 

disintegrants (crospovidone, croscarmellose sodium). The tablets were stored in a designed room 

with controlled temperature and humidity. 

Table 5. Main chemical composition of the nutritional supplements. 

 CN1  CN2 CN3 CN4 

Vitamines      

B1 (Thiamine phosphate; 

Thiamine hydrochloride) 
15 mg 1.4 mg  3.1 mg 

B2 (Riboflavine phosphate) 15 mg 1.6 mg  4 mg 

B3 (Nicotinamide) 50 mg 18 mg  45 mg 

B5 (Pantothénate de calcium) 23 mg 6 mg  17 mg 

B6 (Pyridoxine hydrochloride) 10 mg 2 mg  4 mg 

B8 (D-biotine) 0.15 mg 0.15 mg  145 µg 
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B9 (Acide folique) 0.4 mg 200 µg  430 µg 

B12 (Cobalamine (0,1%)) 10 µg 1 µg  3 µg 

C (Acide ascorbique) 500 mg 60 mg 1000 mg 180 mg 

A (Palmitate (100%))    0.86 mg 

D (Cholécalciférol (100%))    12 mg 

E (Tocophérol acétate (50%))    5 µg 

K (Phylloquinone (5%))    20 µg 

Minerals     

Calcium (Calcium carbonate; 

Calcium phosphate) 
100 mg 100 mg  120 mg 

Magnesium (Magnesium carbonate; 

Magnesium sulphate; 

Magnesium oxide) 

100 mg 100 mg  80 mg 

Iron (Iron pyrophosphate)    8 mg 

Iodide    150 µg 

Zinc (Zinc citrate trihydrate) 10 mg 5 mg  4.4 mg 

Manganese (Manganese sulphate)    500 µg 

Copper (Copper citrate 

hemipentahydrate) 
   1 mg 

Molybdene (Sodium molybdene)    50 µg 

Selenium (Sodium Selenite)    55 µg 

Cafeine  40 mg   

4.3. Sensory Profile Procedure 

4.3.1. Recruitment and Selection of the Panel 

An ethical committee approved this study (Personal Protection Committee of Rennes—Ouest V, 

protocol code 2018A01342-53), and all panellists signed an informed consent form. A total of 23 

participants (21 women and 2 men) were recruited for the training and sensory analysis sessions 

(internal panel). During two one-hour sessions, the panellists were assessed on their sensory acuity 

to identify any potential disorders in taste and/or olfactory perception [28]. A separate meeting was 

held to inform panellists about the requirements for participation including interest, motivation, 

punctuality, and objectivity. After the interpretation of the tests, the 23 candidates met the necessary 

criteria and thus constituted the panel of expert tasters. 

4.3.2. Development of the Descriptor List 

The four primary tastes (sour, sweet, salty, bitter) as well as astringency and metallic sensations 

were added to the list of taste descriptors and trigeminal sensations. The list of olfactory descriptors 

characteristic of each of the products was compiled following the method described by Moskowitz 

[29]. A final list of 15 descriptors (9 olfactory/aromatic attributes and 6 taste/trigeminal attributes), 

was retained for the sensory profiles of the products. The sensory attributes, along with their 

definitions and their reference samples, are presented in Tables 6 and 7. 

Three distinct phases were considered for sensory evaluation: (i) orthonasal olfactory properties 

(smell – before tasting), (ii) sensory properties experienced in the mouth (retronasal olfactory 

properties, taste, and trigeminal sensations – during tasting), and (iii) aftertastes after spitting out the 

sample (residual retronasal olfactory properties, tastes, and trigeminal sensations – after tasting). The 

procedure and the attributes evaluated during these three phases are presented in Tables 6 and 7. 
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During a one-hour roundtable, the panellists were introduced to the concepts of taste and aroma, 

collectively referred to as “flavour”, as well as aftertaste. The sensory systems involved in these 

perceptions were also explained. To assess the potential gustatory impact of flavouring agents, the 

evaluations of the “during tasting” and “after tasting” phases were conducted under two conditions: 

with and without a nose clip, to block or allow airflow through the retronasal route. 

Table 6. Sensory attributes along with their definitions and their reference samples used in the sensory study 

(Olfactory and Gustatory modalities). 

 

NI, Not Included. 

Table 7. Sensory attributes along with their definitions and their reference samples used in the sensory study 

(Aromatic and Aftertaste modalities). 
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NI, Not Included. 

4.3.3. Training of the Sensory Panel and Monitoring of Individual Performances 

The sensory performance of the panellists was optimized through continuous training over a 

period of 6 months, with sessions held once a week. Before reaching a consensus on the rating of the 

various descriptors, it was essential to ensure that these descriptors are memorized by the panellists. 

Odour and taste recognition tests, based on the list of descriptors were therefore conducted. The tests 

involved associating randomly presented representative samples of a sensation with the 

corresponding term in the list of descriptors. Once the sensory descriptors had been memorized and 

recognized, the focus of learning shifted to evaluate their intensity. Initially, ranking tests were 

carried out to familiarize the panellists with the intensity evaluation task. The goal was to classify 

four to five randomly coded samples in either increasing or decreasing order of intensity. 

Subsequently, the panellists were asked to assign an intensity score to these samples using a 10-cm 

structured scale, where 1 cm represented 1 point. The scale was anchored at both ends by reference 

samples: 0 (zero intensity) and 10 (strong intensity). 

All of these tests were conducted with and without the nose clip to familiarize the panellists with 

the use of this device which block the retronasal perception of volatile compounds. At the end of 

these different training stages, the panellists’ performance was evaluated by conducting the sensory 

profile of products similar to the nutritional supplements studied. This step aims to assess the 

discriminatory power of the sensory panel, its repeatability, and the agreement among the different 

panellists. The sensory profiles of three products were carried out in triplicate and under real sensory 

evaluation conditions. Data were collected using software dedicated to sensory analysis (TimeSens, 

Dijon, France) and analysed with the sensory analysis module in the XLSTAT-Sensory statistical 

software (version 2020.2.3, Addinsoft, Paris, France). The training data were analysed using ANOVA, 

with the following model: Subject + Product + Session + Subject*Product + Error (random effects of 

Subject and Session). The results of this analysis indicated that the performance of 16 out of the 23 

panellists was satisfactory in terms of discriminative power and repeatability, and that the agreement 

among these 16 panellists was also good. These 16 panellists were selected to participate in the 

measurement sessions, while the seven panellists with lower performance were excluded from these 

sessions [30]. 
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4.3.4. Measurement Sessions 

The sensory evaluation of the four nutritional supplements (CN1, CN2, CN3, and CN4) was 

conducted with the 16 judges selected after training (15 women and 1 man). Each product was 

evaluated four times under both conditions (with and without a nose clip). To clarify, the evaluation 

with a nose clip, which blocks retronasal perception of volatile compounds, aimed to assess the 

potential gustatory impact of the flavouring agents. 

The samples consisted of a quarter of an effervescent tablet diluted in 5 mL of Evian mineral 

water (Evian, France), in accordance with the supplier's instructions. All samples were presented in 

white cups, randomly coded with a three-digit number. 

For each measurement session, sample evaluation was conducted monadically, with the order 

of sample presentation following a Williams Latin Square design to balance order and carryover 

effects (a different Latin square was used for each session). For the evaluation without a nose clip, 

sensory attributes were assessed in the following order: first, orthonasal olfactory properties (smell), 

followed by the sensory properties experienced in the mouth (retronasal olfactory properties, taste, 

and trigeminal sensations), and finally, aftertastes after spitting out the sample (residual retronasal 

olfactory properties, tastes, and trigeminal sensations). 

For the evaluation with a nose clip, the order was as follows: sensory properties in the mouth 

(flavour and trigeminal sensations), followed by aftertastes (residual flavour and trigeminal 

sensations). 

4.4. Statistical Analyses 

Statistical analyses were performed using XLSTAT-Sensory software (version 2020.2.3, 

Addinsoft, Paris, France). The experimental data were subjected to a two-way analysis of variance 

(ANOVA) with the following model: Subject + Product + Session + Subject*Product + Error (random 

effects of Subject and Session) to determine the discriminatory power of the different sensory 

attributes. For each descriptor, post-hoc multiple pairwise comparisons (Tukey HSD, with a 

significance level set at 5%) were conducted to compare the products pairwise. A normalized 

principal component analysis (PCA, biplot representation) was performed on matrix correlation of 

all sensory descriptors to visualise the correlation between the sensory attributes and the nutritional 

supplements on a single two-dimensional plane. A second two-way ANOVA with the model: 

Condition + Subject + Product + Session + Condition*Product + Error (random effects of Subject and 

Session). was conducted to assess the impact of flavouring on taste perceptions, followed by a Tukey 

test (p < 0.05%). 

5. Conclusions 

This study aimed to establish the sensory profile of effervescent nutritional supplements 

dissolved in water by differentiating the three oropharyngeal phases: before ingestion (orthonasal 

olfactory properties), during ingestion - sensory properties experienced with the product in the 

mouth (retronasal olfactory properties, taste, and trigeminal sensations), and aftertastes - after 

spitting out the sample (residual aromas, flavours, and trigeminal sensations). We observed that the 

nutritional supplements were characterized by very distinct olfactory sensory attributes, regardless 

of the perception modalities. During ingestion, each nutritional supplement was differentiated from 

the others by one or more attributes: sweet, bitter, sour, astringent, and metallic. Similarly, differences 

between products were found in the retronasal perception of odorous attributes. Sour and sweet 

aftertastes were observed for each product, while the intensity of other attributes—salty, metallic, 

astringent, and bitter—allowed for further differentiation. Moreover, the retronasal odour 

perception, due to the flavouring of the products, was found to positively or negatively influence 

other perceptions, such as taste, metallic, and astringent sensations, during both ingestion and the 

aftertaste phase. Hypotheses regarding the mechanisms underlying these sensory modifications have 

been proposed. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 January 2025 doi:10.20944/preprints202501.0700.v1

https://doi.org/10.20944/preprints202501.0700.v1


 13 of 14 

 

Based on these findings, the main perspectives are: (i) understanding these interactions between 

taste and retronasal odour perceptions could help optimize strategies for masking undesirable tastes, 

potentially avoiding the use of sweeteners or costly encapsulation techniques, and (ii) reducing the 

incorporation of substances such as salts and sugars in line with nutritional recommendations. 
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