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Abstract

:

Consumers often identify “taste” as an important factor when selecting alcoholic beverages. Although it is assumed that reduced alcohol consumption in PROP super-tasters is due to a greater dislike of the nominally aversive sensations that they experience more intensely (e.g., bitterness) when compared to PROP non-tasters, this question has not been specifically asked to them. Therefore, we examined consumers’ self-reported aversion towards specific sensory attributes (bitter, hot/burn, dry, sour, sweet, carbonation) for four alcoholic beverage types (white wine, red wine, beer, spirits) using a convenience sample of U.S. wine consumers (n = 925). Participants rated 18 statements describing different combinations of sensory attributes and alcoholic beverages on a 5-point Likert scale (e.g., Beer tastes too bitter for me). Individuals who tended to agree more strongly with the statements (i.e., they were more averse; p(F) < 0.05) tended to (i) consume less of all beverage types, (ii) consume a higher proportion of white wine (p(r) < 0.05), and (iii) were more likely to be female or PROP super-tasters. The results suggest that self-reported aversion to specific sensory attributes is associated with not only lower overall intake of alcoholic beverages, but also a shift in the relative proportions of beverage type consumed; a key finding for studies investigating how taste perception impacts alcohol consumption.
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1. Introduction


Individual differences in the perception of oral taste and chemesthetic sensations exist and influence the development of food preferences, intake, and health-related outcomes (reviewed in: [1,2,3,4]). As consumers often cite flavour as one of the most important factors in food and beverage choice (e.g., [5,6,7,8]), understanding factors that impact their choice are important. According to the National Health Interview Survey, in 2018, two-thirds of U.S. adults consumed alcoholic beverages [9]. Thus, as alcoholic beverage consumption is widespread, research into the impact of taste and chemesthesis is warranted. Importantly, this research may provide insights that can be applied to reduce the harm associated with alcohol-related disease, while also providing valuable consumer information to the food and beverage industry.



Thibodeau et al. [10] found that alcohol consumption was not always linearly associated with orosensory responsiveness. Individuals with intermediate responsiveness to bitterness and astringency tended to drink more alcohol than low or high responders [10]. The authors attribute this observation to the fact that the flavour of alcoholic beverages is likely optimized by producers for the ‘average’ consumer. Importantly, alcoholic beverages are one of a growing number of products for which a wide variety of styles and flavors are available [11]. Thus, research into the impact of individual differences in taste perception and aversion in particular is needed to determine if, rather than reducing consumption of alcoholic beverages, consumers with particular taste aversions instead shift their consumption towards other alcoholic beverage types, perhaps better ‘optimized’ for their palate. Importantly, this research may explain why overall alcohol consumption is not associated with bitterness perception in some studies [12,13]. By considering both the volume and the proportion of alcoholic beverages consumed across categories (e.g., beer vs. wine), types (e.g., red wine vs. white wine), and styles (e.g., dry white wine vs. sweet white wine), a more nuanced picture of alcohol consumption can be obtained.



The dominant sensations elicited by ethanol, the primary product of fermentation, are nominally aversive (bitterness, burning/tingling, astringency [14,15,16]). Thus, it has been hypothesized that individuals who are more responsive to these sensations consume less alcohol as it is less likely to be pleasant. This hypothesis is consistent with the work of Nolden and Hayes [15] who found that increased responsiveness to bitterness and burning/tingling of ethanol was associated with a decrease in the frequency of beer, wine, and unmixed spirits consumption. In contrast, Higgins and Hayes [17] reported that the intensity of tetralone (a hop extract that is bitter) and pale ale consumption were positively correlated for pale ale consumers, suggesting that for a subset of consumers the bitterness elicited by hops may be desirable. Furthermore, ethanol also elicits sweetness [14,15,16], a sensation that is typically characterized as appetitive [18]. Lanier et al. [19] demonstrated that increased sweetness of sampled scotch was associated with an increase in overall alcohol consumption, whereas the opposite was true for the bitterness. In the same study, Lanier et al. [19] found increased sweetness and decreased bitterness were associated with a higher liking of sampled beer but did not directly mediate overall alcohol consumption. Together, these studies demonstrate that characterizing the aversive/appetitive nature of the taste and chemesthetic sensations elicited by alcoholic beverages is complex.



Increased orosensory responsiveness is not always associated with lower alcohol consumption and the nature of the relationship may depend on whether the orosensation in question is considered aversive or appetitive in a given context or for a given consumer. Thus, in the current study, participants were asked to self-report on a 5-point Likert scale their aversion towards the sensory attributes of a range of alcoholic beverages described in 18 statements (e.g., Beer tastes too bitter for me). Although this approach is different from measuring orosensory/hedonic responses directly in sampled products, it may provide new insights into how consumers experience alcoholic beverages. It builds on the hypothesis that differences in orosensory responsiveness towards a product lead to differences in liking, which ultimately impact the products’ consumption [2,3]. By determining whether the intensity of specific orosensations is experienced as aversive (i.e., too intense) or appetitive (i.e., not too intense) we hope to better understand the link between responsiveness and liking. If this approach yields useful information, it also lends itself to large field-based trials and samples without the need for a physical sensory lab. The latter consideration has become increasingly salient in several countries recently, with COVID-related policies and protocols restricting access and use of many ‘brick-and-mortar’ sensory laboratories.



The development of food likes and dislikes is influenced by learning (reviewed in: [20]). When a new food or beverage is consumed, our innate dislike (or aversion towards) some of the sensations elicited (e.g., bitterness, burning) may reinforce our overall dislike for the product [20]. Conversely, our innate liking of the appetitive sensations (e.g., sweetness) may reinforce our liking [20]. Nevertheless, extrinsic factors (e.g., brand name, food packaging/labelling, cost, emotional context, perceived satiety) also impact liking (see [21] for a review). As consumers in our study also self-reported their liking of several alcoholic beverages, we tested the association between self-reported aversion towards and liking of alcoholic beverages. Although preliminary, the results inform if and to what degree self-reported aversion impacts both liking and consumption patterns.



1.1. PROP Taster Status


Measures of overall differences in orosensory responsiveness, such as taste phenotypes [22,23,24], can be used as general proxies for responsiveness (e.g., [25,26,27]). The most well-established taste phenotype from literature is PROP taster status (PTS). PTS measures an individual’s responsiveness to the bitter compound, 6-n-propylthiouracil (PROP). As such, individuals are typically classified into three phenotypic groups: PROP non-tasters (pNT) for whom PROP elicits little or no sensation, PROP medium-tasters (pMT) for whom PROP elicits a mildly bitter sensation, and PROP super-tasters (pST) for whom PROP elicits a highly bitter sensation [28,29]. PROP bitterness is positively correlated with suprathreshold sweetness, bitterness [13,22,23,28,30], saltiness, sourness, [13,22,23,30], astringency, and metallic intensity [23,30] in aqueous solutions. As PTS can be accessed rapidly and easily [31], it is a useful proxy for orosensory responsiveness in epidemiological studies investigating the impact of taste perception on food and beverage consumption (e.g., [12,13,32,33]) and is advantageous when conducting sensory research under COVID-related restrictions as outlined above.



PTS is also associated with differences in the perception of ethanol and alcoholic beverages. PROP tasters (pST and pMT) rated the bitterness of ethanol (10–50%, [34]) and irritation (30–50%; [34,35]) as higher than PROP non-tasters. Using phenylthiocarbamide (PTC), a compound that activates the same bitter taste receptor as PROP, no differences in intensity were found between PTC tasters and non-tasters for lower concentrations of ethanol (4.25–17% [36]). In addition, tetralone (7–35 ppm) intensity did not differ on the basis of PTS groups [36]. When real alcoholic beverages are sampled (beer and wine), pST also rate the intensity of the orosensations elicited (bitterness, astringency, sourness, heat/irritation) higher than pNT in most [37,38,39] but not all studies [40]. On balance, the literature supports the hypothesis that pST rate the intensity of the taste/chemesthetic sensations elicited by alcoholic beverages higher than pNT.



Differences in alcohol consumption have been reported on the basis of PTS. pNT consumed more beer during their first year of drinking than pST [37], but current overall drinking patterns did not differ in some studies [13,37,41,42]. In contrast, PROP responsiveness was associated with overall alcohol consumption [19,43], although it did not directly mediate consumption. Increased PROP responsiveness was also associated with the consumption of fewer “shots of liquor” and “glasses of cocktails” but did not impact consumption of “cans of beer” or “glasses of wine” in a sample of Italian cocktail consumers [25]. When a larger sample of Italians was surveyed as part of the Italian Taste Project, PROP responsiveness was negatively correlated to beer, wine, and spirits/liquor consumption, but not aperitifs/cocktails [44]. In addition, in a prior study using the same dataset as the current study, increased PROP responsiveness was associated with lower alcohol consumption [45]. Thus, determining whether PTS associates with self-rated aversion toward specific taste qualities, as measured by the alcohol taste statements, may provide further insights into the drivers of alcohol consumption.



Ullrich et al. [46] reported that food adventurous pMT/pST liked more foods than their non-adventurous counterparts, whereas adventurousness had a minimum effect in pNT. Although preference/liking of alcoholic beverages has been associated with both food [46,47] and alcoholic beverage [45] neophobia, PTS did not mediate this relationship in the study on wine liking using the same study participants [45]. In contrast, Ullrich et al. [46] reported that PROP tasters who were more food adventurous liked strong alcohol more than tasters who were less food adventurous, providing some preliminary evidence that food/alcoholic beverage adventurousness may mediate the association between PROP responsiveness and alcohol liking. Thus, investigating the impact of alcohol adventurousness on alcoholic beverage aversion is also warranted.




1.2. Study Aims


Consumers often cite taste as a key driver when selecting alcoholic beverages for consumption. However, as consumers likely use the term taste as a general term describing any sensation elicited during food consumption [48,49], it is often not clear what aspects of “taste” they are describing. Measuring orosensory and hedonic responsiveness directly can be cost and time prohibitive when larger sample sizes are desired. Thus, exploring novel ways to capture consumers’ responses to alcoholic beverages through survey-based approaches can enable expanded research in the field and provide an alternative tool when COVID-related restrictions limit traditional lab-based sensory data collection. To this end, we sought to determine whether aversion towards the taste and/or chemesthetic sensations is driving differences in alcohol preferences and consumption. Importantly, by comparing self-reported aversion toward the orosensations elicited by alcoholic beverages to general measures of taste responsiveness (PROP, sex) and personality measures (alcohol adventurousness), further insights into both alcohol behavior and consumers’ awareness of and ability to self-report its drivers are forthcoming. More generally, the study provides insights into the relationships between orosensory responsiveness, aversion, liking, and consumption of alcoholic beverages.



The following aims informed the analyses conducted in the study:




	
To determine how participants describe their aversion towards the taste and chemesthetic sensations elicited by alcoholic beverages.



	
To determine whether these descriptions provide ecologically relevant insights into alcohol consumption patterns.



	
To determine whether self-reported liking of alcoholic beverages is correlated to consumers’ description of alcohol taste aversion.



	
To determine whether PTS, sex, or alcohol adventurousness are associated with alcohol taste aversion.










2. Materials and Methods


2.1. Participants


Printed surveys were mailed to 5000 randomly selected consumers from the mailing list of a large wine retailing group in the northeastern United States. Three weeks after the survey was mailed, a reminder was sent to encourage participants to complete and return their responses. A prize draw was also included to incentivized participation with cash prizes valued at USD 500 (1st prize), USD 250 (2nd prize), USD 125 (3rd prize), USD 50 (4th prize), and 10 USD 20 prizes. Using prepaid business envelopes, 1014 participants returned their responses within 6 weeks, representing a response rate of 20%. All participants consented to the study by returning their survey responses by mail and only those wishing to be entered in the prize draw provided contact details (name and phone number). The study was approved by the Institutional Review Board of the University at Buffalo (#121710 [4]) and was consistent with the Declaration of Helsinki.



The data of 87 participants was excluded as they failed to fully complete the alcohol taste statements, the primary focus of this study. As a result, the final sample consisted of 925 consumers, of which 364 were male and 552 were female. Participant age was captured using the following categories: under 21 (n = 2), 21–25 (n = 8), 26–30 (n = 32), 31–35 (n = 45), 36–40 (n = 36), 41–45 (n = 78), 46–50 (n = 110), 51–55 (n = 138), 56–60 (n = 148), 61–65 (n = 111), and over 65 (n = 214). Participants self-reported their ethnicity as Caucasian (n = 893), African American (n = 11), Asian or Pacific Islander (n = 3), Hispanic Latino (n = 3), American Indian (n = 3), and other (n = 4). Some participants did not disclose sex (n = 9), age (n = 3), or ethnicity (n = 8).



The following procedure was used to check for potential outliers. Potential outliers were identified as values three times the interquartile range above the third quartile or below the first quartile [23,50]. As outliers can be very common in large datasets [50], scattergrams were generated to determine if the potential outliers should be removed. A visual examination of the distribution was used to decide if potential outliers are likely true outliers and thus should be removed. Any further exclusions based on missing data and/or outliers are described below, and sample sizes are included for all analyses.




2.2. Questionnaire and Data Treameant


As part of a larger study, participants were asked to complete several measures. Those included in the current study are described below.



Participants provided opinions on a range of taste and chemesthetic sensations commonly elicited by alcoholic beverages (alcohol taste statements; Table 1) using a 5-point Likert scale ranging from strongly disagree (1) to strongly agree (5). On the basis of the results of the principal components analysis (see Section 3.1 for details), alcohol taste statements with similar response patterns were grouped into indices (Table 1). For each index, scores were obtained by taking the mean of all alcohol taste statements within the group (e.g., for “overall alcohol” index the mean was taken of A1 and A2). No outliers were detected for the alcohol taste statements, resulting in a sample size of 925 for these analyses.



Alcohol consumption was captured for five alcoholic beverage categories (white wine, red wine, beer, spirits, other) by asking two questions; “On average, how many times a month do you drink the following beverages?” and “On days when you drink alcoholic beverages, how many do you consume (i.e., average number of drinks per day)?” Response categories for the frequency of consumption were 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15–19, 20–24, 25–29, and ≥30. When reporting the number of drinks per day, participants were told that a standard drink was 12 oz. (bottle) of beer, 6 oz. (glass) of wine, or 1.5 oz. of spirits and were free to write in any numerical value. Total monthly consumption for each alcoholic beverage category was obtained by multiplying their responses to each question, an approach successfully used in previous studies [10,45]. Overall total monthly consumption for all alcoholic beverages was obtained by summing the values for each beverage category. Raw monthly alcohol consumption scores were not normally distributed. Data were transformed (log(value + 1)) to meet the assumptions of normality (Figure A1).



Thirty-three participants did not fully complete the alcohol consumption questions, so their data were excluded. Before log transformation, potential outliers were detected for white wine consumption (>40; n = 17), red wine (>68; n = 10), beer (>48; n = 46), spirits (>40; n = 31), and overall alcohol (>144; n = 18). Scattergrams were plotted to visualize the outliers, leading to the removal of data for consumers with high consumption of white wine (n = 1; 95 drinks), red wine (n = 2, 96–450 drinks), beer (n = 2, 152–336 drinks), and spirits (n = 1, 180 drinks). Two additional participants were excluded as their stated total alcohol consumption was very high (226–256 drinks). Data were removed when the outlier did not appear to belong to the distribution. Importantly, after log transformation, all retained alcohol consumption values fell within the acceptable range (3X IQR above the 3rd quartile). Thus, after outlier analysis and checking for missing data, 41 participants were excluded, resulting in a final sample size of 884. The mean number of drinks consumed per month was 7.2 +/− 10.4 (SD) for white wine, 11.6 +/− 13.8 (SD) for red wine, 10.0 +/− 17.6 (SD) for beer, 7.4 +/− 13.4 (SD) for spirits, and 36.2 +/− 30.7 (SD) overall (Figure A1).



Next, the proportion of alcohol consumed by beverage type (red wine, white wine, beer, and spirits) was calculated. For each participant, monthly alcohol consumption for each beverage type was divided by their overall alcohol consumption (Figure A2). As a result, scores for each beverage type ranged from 0 to 1, with the sum of all beverage types equal to 1. In total, 72 participants were excluded as they did not currently consume any alcohol (n = 31) or they were previously excluded from the monthly alcohol consumption analyses (n = 41). As no outliers were identified, the final sample size was 853. The mean proportion of drinks consumed per month was 0.25 +/− 0.30 (SD) for white wine, 0.35 +/− 0.32 (SD) for red wine, 0.22 +/− 0.27 (SD) for beer, and 0.19 +/− 0.25 (SD) for spirits.



Alcoholic beverage adventurousness was measured by asking participants “How often do you try new alcoholic beverages?” Participants responded by selecting “never” (n = 150, 16%), “rarely” (n = 497, 54%), “some of the time” (n = 263, 28%), or “most of the time” (n = 12, 1%). Overall, 3 participants did not provide a response, resulting in alcohol adventurousness being captured for 922 participants. A ‘high’ adventurousness group was created by combining participants who responded “some of the time” or “most of the time” [45,51], and ‘low’ and ‘none’ groups by using the responses for “rarely” and “never”, respectively.



Participants completed the Alcohol Use Disorders Identification Test (AUDIT; [52]) and the overall risk level was calculated based on the instructions from Barbor et al. [52]. A preliminary review of AUDIT responses showed that most participants in the study fell in the lowest risk category (data not shown) and that most of the variance in scores could be attributed to the questions “How often do you have a drink containing alcohol?” and “How many drinks containing alcohol do you have on a typical day when you are drinking?”. Therefore, only the responses to these questions were retained for further analysis. Participants reported their frequency of alcohol consumption using five options (never, n = 13; monthly or less, n = 119; 2 to 4 times per month, n = 251; 2 to 3 times per week, n = 269; 4 or more times per week, n = 236). Data for the “never” and “monthly or less” responses were combined to better balance sub-sample sizes. The number of drinks per day was collected using five response choices (1 or 2; 3 or 4; 5 or 6; 7 to 9; 10 or more). However, due to small sample sizes for some of these response categories, participants were divided into two groups for the analysis (1 or 2, n = 649; 3 or more, n = 239). In total, 37 participants did not complete the AUDIT resulting in a sample size of 888 for these questions.



Self-reported alcoholic beverage liking was captured using a generalized degree of liking scale (gDOL; [51,53,54]). Participants self-reported their liking of 38 alcoholic beverages from −100 (strongest dislike of any kind) to +100 (strongest liking of any kind) where 0 was neutral. Alcoholic beverages were interspersed within a large set of items (n = 116) including other foods (e.g., pizza, fresh strawberries), non-alcoholic beverages (e.g., skim milk, unsweetened grapefruit juice), and activities (e.g., driving fast on a twisty road, warm fire on a cold day). Participants who indicated that they had never tried a beverage/food/activity did not provided liking ratings for that item. Most participants had not tried all the alcoholic beverages (n = 657) with a mean number of “never tried” alcoholic beverages of 6.9 +/− 8.2 (SD). Although this ensured that participants did not rate alcoholic beverages they had not tried, it left several empty cells. As such, indices of liking for alcoholic beverages were generated for different alcoholic beverage types (see Appendix B, Table A1). A general index of beer liking was created by averaging liking scores of 13 beer types. Similarly, an index of spirits liking was created by averaging liking scores for eight spirit types. Wine-related products were divided into four indices based on the clusters identified by Pickering et al. [45] in the same dataset. The wine-related indices were red wine, dry wine, sweet wine, and fortified wine. Participants were included in an index if they rated their liking of at least one item within the index. Liking ratings of ready-to-drink mixed alcohol, flavored vodka, and liqueurs were excluded from the indices as they vary widely in ingredients, production practices, and orosensory characteristics, limiting our ability to clearly define the style. Sample sizes ranged from 883 to 910. No further exclusions were needed as no outliers were detected. For all liking indices with two or more items, Cronbach’s alpha (α > 0.70) indicated acceptable levels of internal reliability [55]. However, some items in the beer and sweet wine indices may be redundant as Cronbach’s alpha was above 0.90 [55]. Similar conclusions regarding internal reliability can be drawn from the mean interitem correlations, which were also within or slightly above an acceptable range (MIC; 0.15–0.50) [56]. Readers are referred to Appendix B where the summary and internal reliability statistics are provided in Table A1 and boxplots for each index are shown in Figure A3.



All data analyses were performed using XLSTAT Version 2020.5.1 (Addinsoft, New York, NY, USA) and Microsoft® Excel® for Mac Version 16.48 (Microsoft®, Mississauga, ON, Canada). All MANOVA and ANOVAs were replicated in IBM SPSS Statistics for Windows, Version 26.0.0.0 (IMP Corp. Armonk, NY, USA) in order to generate effect sizes and to calculate power, as these are not available through XLSTAT. Significance for all analyses was set at p = 0.05. Unless otherwise noted, all data were normally distributed (a skew of less than 2 and a kurtosis of less than 7 [57]). Figure 1, Figure A1, Figure A2, and Figure A3 were generated using in RStudio Version 1.1.463 (RStudio, Inc., Boston, MA, USA) using ggplot2 (Version 3.2.1; [58]). Effect sizes for Pearson’s correlations were considered small, medium, or large, when absolute r values were greater than 0.1, 0.2, or 0.3, respectively [59]. Specific details of the data analyses are included in the results for brevity.




2.3. PROP Phenotyping


Paper filter disks impregnated with 50 mmol/L of 6-n-propylthiouracil (MP Biomedicals, Solon, OH, USA) were prepared as described by Zhao et al. [31]. Based on previously successful mail studies [45,51], a single disk was included with each survey package to measure PROP responsiveness. Instructions for self-administration and rating of the disk were included at the end of the survey. Briefly, participants were asked to thoroughly rinse their mouth with water before placing the disk on the tip of their tongue for 30 s or until fully wetted. Next, participants rated the intensity of the sensation elicited using a generalized labelled magnitude scale (gLMS; [60]). Thirty-seven participants did not complete the PROP responsiveness task and were excluded. Participants were divided into PROP phenotypes using criteria previously established for other studies based on the same dataset [45,51]; 256 non-tasters (NT), <9 mm; 467 medium-tasters (MT), 9–50 mm; 165 super-tasters (ST). Mean PROP responsiveness was 27.4 +/− 26.2 (SD). PROP responsiveness was not normally distributed, so log(score + 1) was performed to improve normality (data not shown). No outliers were detected.





3. Results and Data Analysis


3.1. Alcohol Taste Statements and Alcohol Consumption


To determine whether any patterns exist in responses to the alcohol taste statements and to reduce the dimensionality of the data, principal component analysis (Pearson’s correlation) with varimax rotation was performed (n = 925). The Kaiser-Meyer-Olkin measure was 0.802, which indicates that the sample size was adequate [61,62]. Bartlett’s test for sphericity showed that the statements were sufficiently intercorrelated to continue (χ2 (153) = 7560, p < 0.001). Six factors had eigenvalues above 1.0 and were retained for varimax rotation (Table 1). The cumulative variability explained by the six factors was 72%.



Based on the factor for which each statement was most strongly loaded, the statements were divided into six initial groups, each corresponding to a different factor. Two changes to the groupings were made based on face validity, resulting in the identification of seven indices. Statement A7 (hot/burn of wine), was moved from Factor 5 (overall alcohol) to Factor 1 (dry wine) as factor loadings were similar for both. A new index (sweet wine) was created for A9 (sweetness of sweet wine) as it was strongly negatively loaded on Factor 1 (dry wine), whereas all the other statements were positively loaded (A7, A4, A5, A8). Indices were largely based on the type of alcoholic beverage referenced in the statement. The only group formed based on the attribute described was for complexity (Factor 2). As complexity is difficult to define [63] and a definition was not provided to participants, it was excluded from the remaining part of the study. Internal reliability of the indices, as measured by Cronbach’s alpha (α > 0.70) and MIC (0.15–0.50) was acceptable, although MIC values above 0.5 for overall alcohol and spirits suggest that some items may be redundant [55,56]. Mean agreement with the alcohol taste indices was 1.9 +/− 0.9 (SD) for overall alcohol, 2.0 +/− 0.9 (SD) for dry wine, 3.6 +/− 1.4 (SD) for sweet wine, 2.5 +/− 1.5 (SD) for sparkling wine, 2.1 +/− 1.0 (SD) for beer, and 3.00 +/− 1.3 (SD) spirits. The distribution of scores is shown in Figure 1.



In part to determine whether the alcohol taste indices (Table 1) were an ecologically useful measure, we assessed their correlation (Pearson’s) to overall monthly alcohol consumption or to monthly consumption of white wine, red wine, beer, or spirits (n = 884; Table 2). Using the same approach, correlations between individual alcohol taste statements and alcohol consumption were performed (data not shown). The results confirmed that the trends reported here for the indices were consistent with those for all the individual taste statements included in each index. Higher numerical values for the alcohol taste indices indicate an increase in agreement; thus, negative correlations indicate that participants who describe alcoholic beverages as more aversive tend to consume less. In general, as participants agreed more strongly with the alcohol taste indices, they tended to consume less of all alcoholic beverage types. One exception was found, such that consumers that tended to agree with the statement “sweet white wine tastes too sweet for me” (A9, or sweet wine index) tended to also consume more red wine. This finding suggests that consumers who find the sweetness of sweet white wine aversive may shift their consumption to red wine that is typically dry. Although correlations between consumption and alcohol taste indices were found for many combinations, effect sizes were largest when the type of alcoholic beverage described and consumed were the same.



Next, we tested for correlations (Pearson’s) between alcohol taste indices and the proportion of each alcoholic beverage type consumed by participants (n = 853, Table 2). Using the same approach, correlations between individual alcohol taste statements and alcohol consumption were performed (data not shown). Alcohol taste indices increased as participants agreed more strongly with the statement; thus, positive correlations indicate that as the proportion of an alcoholic beverage consumed increases, participants also describe the alcohol taste index as more aversive. Results for the individual alcohol taste statements were largely consistent with those for the index to which they belonged. Participants that described most alcoholic beverages as aversive tended to also consume a higher proportion of white wine. Participants that consumed a higher proportion of red wine tended to describe dry wine as less aversive and sweet wine as more aversive. Similarly, participants that consumed a higher proportion of beer or spirits also described the sensations they elicit as less aversive. However, although the dry wine index was positively correlated with the proportion of white wine consumed, A7 (r = 0.003, p = 0.939) and A8 (r = −0.075, p = 0.028) were uncorrelated and negative correlated with the proportion of white wine consumed, respectively. Similarly, although the dry wine index was negatively correlated with the proportion of red wine consumed, A8 (r = −0.004, p = 0.915) was not correlated with the proportion of red wine consumed. The fact that A7 and A8 describe wine in general, whereas A4 and A5, the other two members of the index, describe red wine, may partially explain these inconsistencies.



To investigate the association between the alcohol taste indices and the frequency of alcohol consumption, a MANOVA was performed where the six indices were included as dependent variables and categorical alcohol consumption frequency from the AUDIT was used as the explanatory variable. In total, 37 participants did not complete the AUDIT, so the final sample size was 888. The MANOVA was significant (F (18, 2643) = 9.3, p < 0.001, η2p = 0.06, observed power = 1.00) so separate one-way ANOVAs were performed. Alcohol taste indices varied significantly based on the frequency of alcohol consumption for overall alcohol (F (3, 884) = 23.8, p < 0.001, η2p = 0.08), dry wine (F (4, 883) = 34.3, p < 0.001, η2p = 0.10), sweet wine (F (3, 884) = 11.1, p < 0.001, η2p = 0.04), sparkling wine (F (3, 884) = 4.1, p = 0.007, η2p = 0.01), beer (F (3, 884) = 11.6, p < 0.001, η2p = 0.04), and spirits (F (3, 884) = 21.1, p < 0.001, η2p = 0.07). Tukey’s HSD was used to separate the means with results summarized in Figure 2. For most indices, individuals who consumed alcoholic beverages more frequently tended to describe alcoholic beverages as less aversive. However, the opposite was true for sweet wine, where individuals that described sweet wine as too sweet tended to consume alcoholic beverages more frequently.



The same approach was used to assess the AUDIT responses for the number of drinks consumed on a typical day when drinking. A MANOVA showed that the alcohol taste indices varied with the number of drinks consumed (F (6, 881) = 6.3, p < 0.001, η2p = 0.04, observed power = 0.99) so t-tests were performed for each alcohol taste index. Alcohol taste indices varied significantly for overall alcohol (t (886) = 3.8, p < 0.001, d = 0.30), beer (t (886) = 5.5, p < 0.001, d = 0.43), and spirits (t (886) = 3.6, p = 0.003, d = 0.28) but no differences were found for dry wine (t (886) = 1.7, p = 0.090, d = 0.13), sweet wine (t (886) = 0.4, p = 0.665, d = 0.03), or sparkling wine (t (886) = 0.7, p = 0.495, d = 0.05). Results are summarized in Figure 3.




3.2. Alcohol Taste Indices and Alcohol Preferences


Although flavour is often cited as an important driver of food liking, other extrinsic factors (e.g., brand name, food packaging/labelling, cost, emotional context, perceived satiety) also impact liking (see [21] for a review). Thus, we sought to determine whether the alcohol taste indices were correlated (Pearson’s) to the alcohol liking indices (Table 3). In general, self-reported liking of most alcoholic beverages (red wine, dry white wine, fortified wine, beer, and spirits) was negatively correlated to alcohol taste indices (i.e., as aversion increased, liking decreased). One exception was the sweet wine alcohol taste index. In this case, increased aversion to the sweetness of sweet wine was positively correlated to the self-reported liking of red wine (r = 0.24, p < 0.001), dry white wine (r = 0.21, p < 0.001), and beer (r = 0.11, p = 0.001) was negatively correlated to the liking of fortified wine (r = −0.08, p = 0.015) and was not correlated to spirits liking (r = 0.02, p = 0.530). Liking for sweet wine did not follow the same patterns as liking for the other alcoholic beverages. As aversion increased for dry white wine, sweet wine liking increased (r = 0.18, p < 0.001), whereas increased aversion for sweet wine (r = −0.51, p < 0.001) and sparkling wine (r = −0.19, p < 0.001) was associated with decreased liking of sweet wine. In addition, the correlations were strongest when the same type of alcoholic beverages was captured by the alcohol taste statement index and self-reported liking. Thus, these findings further support the link between taste/chemesthetic sensations and the liking of a product.




3.3. Factors That Impact Alcohol Taste Index Scores


As the alcohol taste indices were associated with differences in alcohol consumption, we sought to determine whether sex (male or female), PTS (pNT, pMT or pST), or alcohol adventurousness (none, low, or high) impacted scores. Data for 46 participants were excluded as they failed to complete at least one of the above measures, resulting in a final sample size of 879. MANOVA confirmed that sex (F (6, 872) = 24.7, p < 0.001, η2p = 0.15, observed power = 1.00), PTS (F (12, 1744) = 2.2, p = 0.009, η2p = 0.02, observed power = 0.96), and alcohol adventurousness (F (12, 1744) = 8.2, p < 0.001, η2p = 0.053, observed power = 1.00) each impacted the ratings of the alcohol taste statements. As a result, all three variables were retained and included in three-way ANOVAs with all two-way interactions for each of the alcohol taste indices. As none of the interactions were significant (data not shown), the analysis was repeated without interaction terms. The variance inflation factor was below 1.3 for all combinations of the explanatory variables, indicating they were not intercorrelated [64]. Results are summarized in Table 4. Tukey’s HSD was used as a means separation test and the results are summarized in Figure 4, Figure 5 and Figure 6.



Based on the three-way ANOVAs, in general, as alcohol adventurousness increased, alcoholic beverages were described as less aversive by consumers. pST tended to describe alcoholic beverages as more aversive than pNT. Similarly, females tended to describe alcoholic beverages as more aversive than males. Differences in the magnitude between PTS groups tended to be smaller than those for sex or alcohol adventurousness. As this finding may be partially attributable to the use of PTS groups, further analysis using PROP responsiveness was warranted. To this end, Pearson’s correlation was used to test for an association between log-transformed PROP responsiveness and the alcohol taste indices. PROP responsiveness was significantly positively correlated with scores for the dry wine index (r = 0.12, p < 0.001) and the spirits index (r = 0.09, p = 0.008). Similarly, the positive correlation between the overall alcohol index PROP responsiveness (r = 0.06, p = 0.062) approach significance. PROP responsiveness was not correlated with the sweet wine index (r = −0.050, p = 0.138), the sparkling wine index (r = 0.02, p = 0.477), or the beer index (r = 0.04, p = 0.203). When a similar approach, was used to test for correlation between PROP responsiveness and the individual alcohol taste statements, results for individual statements were largely consistent with those of the index to which they belong (data not shown). However, A12 (beer tastes too bitter me) was positively correlated with PROP responsiveness (r = 0.09, p = 0.010).





4. Discussion


Principal component analysis showed that untrained consumers grouped the alcohol taste statements by alcoholic beverage type rather than by the sensation described (Table 1). This result might suggest that consumers group all the aversive sensations together for each alcoholic beverage type, rather than considering them individually. For example, the same participants tended to describe wine as too dry, too bitter, too hot/burn, and too sour. Novices and wine experts perform equally when identifying basic tastes [65], which may be akin to comparing trained and untrained consumers. Thus, our findings suggest that finer discrimination of the taste/chemesthetic sensations elicited by alcoholic beverages in the current context may not be possible. Instead, self-reported aversion towards the taste and chemesthetic sensations elicited by alcoholic beverages may be generalized, reflecting the rapid and global judgements typically made when perceiving overall flavour [66]. Nevertheless, considerable differences in the intensity of the taste/chemesthetic sensations exist within the alcoholic beverage categories studied here. Thus, consideration of styles within specific sub-groups of alcoholic beverages (e.g., lager vs. pale ale) may better capture aversion towards specific taste/chemesthetic sensations, rather than general aversion.



As the survey was administered by mail, the alcohol taste statements were not randomized across participants. Instead, they were grouped by alcoholic beverage type, which may have led to order effects or habituation [67], partially explaining the results. However, the survey also included four questions about the complexity of alcoholic beverages that were spatially separated throughout the survey (appearing with each beverage type), and these were grouped together regardless of the alcoholic beverages type in the principal component analysis. Thus, participants were able to distinguish aversion for some types of sensations/concepts.



Consumers that tended to describe the ‘sweetness of sweet wine’ as more aversive, also tended to describe the sensations elicited by red and dry wine (hot/burns, bitter, dry, sour) as less aversive. This finding suggests that aversion towards sweetness is a key feature used by consumers when differentiating wine styles. In fact, cluster analysis of wine liking scores in the same dataset [45] demonstrated that liking for sweet wines (dessert, coolers, fruit wine, flavored fruit wine, sweet wine, and sweet rosé) was distinct from red wine, dry white wine, and fortified wine. As the sweetness of different sweet wine styles can also vary considerably [68], more research is needed to determine whether aversion to the sweetness of sweet wine is similar across styles. Conversely, consumers tended to rate their aversion towards all the taste/chemesthetic sensations elicited by beer (sour, bitter, sweet, and carbonation) similarly. Importantly, our findings suggest that capturing aversion towards the sweetness of alcoholic beverages is important. Furthermore, as sweet-related aversion may follow a distinct pattern to that of the other sensations elicited by alcoholic beverages (e.g., bitter, sour), careful consideration is needed before including sweet-related alcohol taste statements in alcohol taste indices.



Boxplots for most of the alcohol taste statement indices (overall alcohol, dry wine, sparkling wine, and beer) showed that consumers tended to disagree that the taste and chemesthetic sensations were too intense. Conversely, most consumers tended to agree that sweet wine was too sweet (Figure 1). Thus, the finding suggests that taste sensations that are typically characterized as aversive (hot/burns, bitter, sour) and those typically considered appetitive [18] may not always be described as such by alcoholic beverage consumers. More research is encouraged to determine in which contexts and for which consumers taste and chemesthetic sensations are considered aversive or appetitive.



While we did not design the study to formally validate a new scale for measuring consumers’ experiences of alcoholic beverages, the indices developed based on their self-reported aversion showed acceptable internal reliability and were correlated with both alcohol consumption and preferences. Together, the results provide a proof-of-concept correlation and further research is encouraged to develop a formal measure of self-reported aversion to alcoholic beverages. Future research could address factors that limited our ability to fully validate the alcohol taste indices, including use of a fully representative sample of alcohol consumers, defining alcoholic beverage types (e.g., sweet wine), and determining test-retest reliability [69]. In addition, testing statements for all combinations of alcoholic beverages and orosensations that are commonly elicited (e.g., beer tastes too hot/burns for me) would allow for a more thorough assessment of potential items for inclusion in the scale [69]. Future studies should also screen participants that currently abstain from alcohol to determine if they have previously consumed it. Importantly, lifetime abstainers should be excluded as they cannot rate their aversion towards alcoholic beverages if they have never consumed them. Further research is also encouraged to determine if similar measures can be developed for non-alcoholic beverages and food.



4.1. Alcohol Taste Indices, Consumption and Liking


Not unexpectedly, individuals that are more averse to the taste and chemesthetic sensations elicited by alcoholic beverages tend to drink less of all alcoholic beverage types (overall and drinks per day when drinking) and tend to drink less frequently. These results raise the question of whether self-reported aversion to the taste and chemesthetic sensations elicited by alcoholic beverages are protective against alcohol misuse or risk of developing an alcohol use disorder. Most consumers in our sample are in the lowest risk category of the AUDIT, limiting our ability to address the question; however, we recommend that further research includes individuals with or at higher risk of developing an alcohol use disorder to further examine this possibility.



Although orosensory responsiveness was not measured, our results are consistent with studies that have shown that higher orosensory responsiveness is associated with lower alcohol consumption [10,15,19]. Importantly, by asking consumers to rate their aversion towards taste and chemesthetic sensations, we are able to determine whether consumers find the sensations appetitive or aversive. More research comparing our approach (e.g., “beer tastes too bitter”) with more traditional orosensory ratings (e.g., “beer tastes bitter”) is recommended. In particular, this strategy may help to resolve reports where orosensory responsiveness is positively correlated with alcohol consumption, such as Higgins and Hayes’ [17] finding that tetralone intensity and pale ale consumption were positively correlated for pale ale consumers.



Proportionally, participants tended to consume less of the alcoholic beverages they found most aversive and more of the beverages they found less aversive. Thus, increased aversion towards alcoholic beverages was associated with both reductions and shifts in alcohol consumption. As the alcohol taste indices are also strongly negatively correlated to alcoholic beverage liking, these findings support the hypothesis that alcoholic beverage disliking is at least partially driven by taste/chemesthetic aversion. More research is needed to confirm these findings in sampled products and in different cohorts. Furthermore, research where extrinsic factors that impact liking are included is encouraged, as it would allow us to determine if/how extrinsic factors impact aversion. For example, determining whether taste/chemesthetic-related claims on alcoholic beverage packaging (e.g., “no harsh bitterness”) mediate the liking or consumption of alcoholic beverages may provide additional insights into optimal strategies for targeted marketing of alcoholic beverages [70].




4.2. Alcohol Taste Indices, PTS, Sex and Alcohol Adventurousness


Pickering et al. [45] demonstrated in the same dataset that wine consumption and liking were lower in pST and individuals with low alcohol adventurousness. Thus, we correctly hypothesized that pST and individuals with lower levels of alcohol adventurousness would report higher levels of aversion to the taste/chemesthetic sensations elicited by alcoholic beverages than would pNT and individuals with high levels of alcohol adventurousness, respectively. Although the findings may not be surprising, they do provide evidence of a direct and missing link between orosensory responsiveness and consumption/liking. That is, the greater orosensory responsiveness of pST compared to pNT results in higher aversion and thereby lower liking and consumption. Future research on PTS and alcoholic beverage behavior is encouraged to include consumers’ self-reported aversion to tastes as a potential mediating factor, given that some studies report that liking is highest in pNT and lowest in pST [45,71,72], some do not [26,42,73], and others fail to find a significant association [32,74].



Additionally, consistent with Pickering et al. [45], no interaction was found between PTS and alcohol adventurousness. Ullrich et al. [46] have reported that food adventurousness impacted the liking of alcoholic beverages for PROP tasters (i.e., combined pMT and pST) but not for pNT. Although the current study and Pickering et al. [45] asked participants to rate their liking of alcoholic beverages, Ullrich et al. [46] counted the number of alcoholic beverages liked. Thus, methodological differences may account for the different results.



The impact of sex on the rating of the alcohol taste indices was investigated, as females are more responsive to basic taste stimuli than males [75,76]. Thus, we hypothesized that when compared to males, the increased responsiveness of females would result in higher aversion towards the taste/chemesthetic sensations in alcoholic beverages. Consistent with our hypothesis, females self-reported higher levels of aversion to four alcohol taste indices (overall alcohol, dry wine, beer, and spirits). As such, it is plausible that the increased aversion to taste and chemesthetic sensations in females may explain reports of gender/sex differences in overall alcohol consumption [44,77,78] or alcohol liking [44], both of which are lower in females than males. When the wine consumption (total intake and frequency) of males and females was compared in an earlier study using the same data, no sex differences were reported [45]. However, the study did not consider the consumption of beer or spirits, where sex-based differences in consumption are possible. Furthermore, as consumers in the current study were recruited using the mailing list of a wine retailing group and red wine was the preferred alcoholic beverage in the current study (Figure A3), Pickering et al. [45] may not have captured many individuals that dislike wine. As such, differences in wine consumption based on aversion to the taste/chemesthetic sensations of alcoholic beverages may yet be identified in a more representative sample of alcoholic beverage consumers. Further research to fully characterize the relationship between taste responsiveness/aversion and alcohol behavior is needed and is timely, as the origin of sex/gender-related differences (e.g., biological or social) is currently being debated [79].





5. Conclusions


The current study provides insights into the value of self-reported aversion towards the taste and chemesthetic sensations elicited by alcoholic beverages and its impact on alcoholic beverage liking and consumption in a large sample of consumers (N = 925). Higher aversion towards the taste and chemesthetic sensations elicited by alcoholic beverages was associated with lower liking and monthly consumption of most alcoholic beverages. Sex and PTS are proxies for orosensory responsiveness, and both were associated with differences in the alcohol taste indices. As such, our findings suggest that greater orosensory responsiveness likely contributes to higher aversion to the taste and chemesthetic sensations elicited by alcoholic beverages, which in turn reduces liking and consumption. However, the current study also demonstrated that consumers shift their consumption towards alcoholic beverages they describe as less aversive. As a result, future studies exploring the relationship between taste and chemesthetic responsiveness and alcohol behavior should examine both overall consumption and the proportion of alcoholic beverage types consumed. In addition, capturing self-reported aversion may help to more fully explain the relationship between orosensory responsiveness and alcohol preferences/consumption. Self-reported aversion towards orosensations, particularly in alcoholic beverages that elicit a nominally aversive sensation (e.g., bitterness), may allow consumers to be segmented into groups that vary in their liking of the sensation in order to obtain a more nuanced picture of overall preferences and consumption. Importantly, despite the lack of training, consumers’ self-reported aversion did associate with alcohol behavior, suggesting that the approach can be adapted to capture valuable information during product development by alcohol producers.
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Appendix A. Alcohol Consumption Boxplots
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Figure A1. Boxplots showing the monthly consumption of alcoholic beverages overall and by type (white wine, red wine, beer, and spirits; n = 884). 
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Figure A2. Boxplots showing the proportion of white wine, red wine, beer, and spirits consumed monthly (n = 853). 
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Appendix B. Liking Indices
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Figure A3. Boxplots showing the mean self-reported liking scores (gDOL) for red wine (n = 904), dry wine (n = 910), sweet wine (n = 911), fortified wine (n = 883), beer (n = 900), and spirits (n = 905). 






Figure A3. Boxplots showing the mean self-reported liking scores (gDOL) for red wine (n = 904), dry wine (n = 910), sweet wine (n = 911), fortified wine (n = 883), beer (n = 900), and spirits (n = 905).
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Table A1. Summary of alcoholic beverage liking indices (MIC = mean interitem correlation, α = Cronbach’s alpha). * Wine-related products were divided into four indices based on the clusters identified by Pickering et al. [45] in the same dataset.
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Index

	
Items

	
Descriptive Stats

	
Internal Reliability




	
M

	
SD

	
n

	
α

	
MIC






	
Red wine *

(1 item)

	
Red wine

	
40

	
−55

	
904

	
NA

	
NA




	
Dry wine *

(2 items)

	
Dry white wine

	
Dry sparkling wine

	
8

	
49

	
910

	
0.68

	
0.51




	
Sweet wine *

(6 items)

	
Wine coolers (e.g., Seagram’s Escapes, Sun Country);

Fruit wine (e.g., Becker Farms Vizcara);

Dessert wine (e.g., Icewine, Sauternes);

Sweet white wine

	
Flavored fruit wine (e.g., Arbor mist);

Sweet rosé wine (e.g., Carlo Rossi Rosé)

	
−14

	
47

	
911

	
0.91

	
0.61




	
Fortified wine *

(5 items)

	
Port wine (e.g., Graham’s Tawny, Sandeman Ruby);

Hard cider (e.g., George Hornsby’s, Woodchuck)

	
Dry sherry;

Dry rosé wine;

Sweet sherry

	
−17

	
44

	
883

	
0.83

	
0.49




	
Beer

(13 items)

	
India Pale Ale (e.g., Victory Brewing IPA, Southern Tier);

Lambic beer (e.g., Lindemans Belgian Framboise);

Mild and brown ale (e.g., Newcastle Brown Ale);

Ultra-light beer (e.g., MGD 60, Michelob Ultra);

Stout and Porter (e.g., Guinness extra stout);

Lager beer (e.g., Heineken, Labatt Blue);

Wheat beer

	
Light beer (e.g., Miller Lite, Bud Light);

Malt liquor (e.g., Colt 45, Steel Reserve);

Pale ale (e.g., Sierra Nevada, Bass);

Pilsner beer (e.g., Pilsner Urquell);

Strong/high alcohol beer;

Ale (e.g., Sam Adams)

	
−9

	
48

	
901

	
0.94

	
0.54




	
Spirits

(8 items)

	
Scotch (blend or single malt);

Unflavored vodka (e.g., Svedka, Grey Goose);

Rum (straight);

Brandy/Cognac

	
Bourbon;

Whisky;

Tequila;

Gin

	
−14

	
44

	
905

	
0.88

	
0.46




	
Excluded

(3 items)

	
Ready-to-drink mixed alcohol (e.g., Bacardi’s Rum Runner, Jack and Cola);

Flavoured vodka

	
Liqueurs (e.g., Bailey’s Irish Cream)

	
NA

	
NA

	
NA

	
NA

	
NA
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Figure 1. Boxplots of Likert scores for the alcohol taste indices (n = 925). 
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Figure 2. Mean scores for the alcohol taste indices grouped by frequency of alcohol consumption (monthly or less (n = 132), 2 to 4 times per month (n = 251), 2 to 3 times per week (n = 269), 4 or more times per week (n = 236)). Significantly different means from one-way ANOVA are indicated with different letters. 
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Figure 3. Mean scores for the alcohol taste indices grouped by drinks per day when consuming alcoholic beverages (1 or 2, n = 649; 3 or more, n = 239). Significantly different means from t-tests are indicated with different letters. 
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Figure 4. Mean scores for the alcohol taste indices grouped by alcohol adventurousness (137 none, 478 low, 464 high). Significantly different means from three-way ANOVAs indicated with different letters. 
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Figure 5. Mean scores for the alcohol taste indices grouped by PROP taster status (255 pNT, 459 pMT, 165 pST). Significantly different means from three-way ANOVAs indicated with different letters. 
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Figure 6. Mean scores for the alcohol taste indices grouped by sex (351 male, 528 female). Significantly different means from three-way ANOVAs indicated with different letters. 
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Table 1. Factor loadings for the principal component analysis of the alcohol taste statements after varimax rotation. Bolded values indicate on which factor each statement is most strongly loaded (N = 925; MIC = mean interitem correlation, α = Cronbach’s alpha).
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Item or Index

	
Factor




	
1

	
2

	
3

	
4

	
5

	
6






	
Overall alcohol (α = 0.82, MIC = 0.69)

	

	

	

	

	

	




	
A1: Alcoholic beverages tend to taste too bitter for me.

	
0.260

	
0.097

	
0.267

	
0.294

	
0.706

	
0.020




	
A2: Alcoholic beverages tend to taste too hot/burn for me.

	
0.144

	
0.147

	
0.210

	
0.251

	
0.781

	
0.016




	
Dry wine (α = 0.79, MIC = 0.48)

	

	

	

	

	

	




	
A7: Wine tastes too hot/burns for me.

	
0.466

	
0.139

	
0.161

	
0.012

	
0.553

	
0.209




	
A4: Red wine tastes too bitter for me.

	
0.836

	
0.044

	
0.090

	
0.147

	
0.232

	
0.018




	
A5: Red wine tastes too dry for me.

	
0.848

	
0.020

	
0.112

	
0.148

	
0.121

	
0.041




	
A8: Dry white wine tastes too sour for me.

	
0.579

	
0.067

	
0.109

	
0.209

	
0.176

	
0.174




	
Sweet wine

	

	

	

	

	

	




	
A9: Sweet white wine tastes too sweet for me.

	
−0.541

	
0.110

	
−0.137

	
0.087

	
0.303

	
0.366




	
Sparkling wine

	

	

	

	

	

	




	
A6: I don’t like the taste of the

carbonation (‘bubbles’) in sparkling wine.

	
0.051

	
0.054

	
0.100

	
0.073

	
0.045

	
0.911




	
Beer (α = 0.83, MIC = 0.55)

	

	

	

	

	

	




	
A11: Beer tastes too sour for me.

	
0.146

	
0.041

	
0.858

	
0.111

	
0.188

	
−0.013




	
A12: Beer tastes too bitter for me.

	
0.140

	
0.036

	
0.847

	
0.141

	
0.188

	
−0.033




	
A13: Beer tastes too sweet for me.

	
−0.036

	
0.109

	
0.667

	
0.005

	
0.243

	
0.081




	
A14: I don’t like the taste of the carbonation (‘bubbles’) in beer.

	
0.081

	
0.015

	
0.735

	
0.111

	
−0.077

	
0.381




	
Spirits (α = 0.88, MIC = 0.79)

	

	

	

	

	

	




	
A16: Straight spirits (e.g., whisky) taste too hot/burn for me.

	
0.096

	
−0.006

	
0.060

	
0.893

	
0.169

	
0.031




	
A17: Straight spirits (e.g., whisky) taste too bitter for me.

	
0.143

	
0.043

	
0.160

	
0.896

	
0.146

	
0.060




	
Complex (α = 0.77, MIC = 0.46)

	

	

	

	

	

	




	
A3: Alcoholic beverages tend to taste quite complex for me.

	
0.003

	
0.817

	
−0.019

	
0.046

	
0.263

	
0.012




	
A10: Wine tends to taste quite complex for me.

	
0.043

	
0.833

	
−0.066

	
−0.054

	
0.111

	
0.039




	
A15: Beer tends to taste quite complex for me.

	
0.008

	
0.711

	
0.451

	
0.062

	
−0.127

	
0.041




	
A18: Spirits tend to taste quite complex for me.

	
0.080

	
0.603

	
0.103

	
0.554

	
−0.026

	
0.099




	
Percent (%) of variability explained

	
13.6

	
12.9

	
16.0

	
12.3

	
10.5

	
6.7
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Table 2. Correlation between alcohol taste statement indices and measures of alcohol consumption by beverage type (overall, white wine, red wine, beer, and spirits). Correlation coefficients (r) are shaded in green and red to highlight significant positive and negative correlations, respectively. Effect sizes were considered small (*), medium (**), or large (***) when absolute r values exceeded 0.1, 0.2, or 0.3, respectively [59]. (NA = “not applicable”).






Table 2. Correlation between alcohol taste statement indices and measures of alcohol consumption by beverage type (overall, white wine, red wine, beer, and spirits). Correlation coefficients (r) are shaded in green and red to highlight significant positive and negative correlations, respectively. Effect sizes were considered small (*), medium (**), or large (***) when absolute r values exceeded 0.1, 0.2, or 0.3, respectively [59]. (NA = “not applicable”).





	
Alcohol Taste Index.

	
White Wine

	
Red Wine

	
Beer

	
Spirits

	
Overall




	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p






	
Monthly alcohol consumption (n = 884)




	
Overall alcohol

	
−0.12 *

	
0.001

	
−0.17 *

	
<0.001

	
−0.21 **

	
<0.001

	
−0.22 **

	
<0.001

	
−0.34 ***

	
<0.001




	
Dry wine

	
−0.07

	
0.040

	
−0.40 ***

	
<0.001

	
−0.08

	
0.022

	
−0.07

	
0.036

	
−0.27 **

	
<0.001




	
Sweet wine

	
−0.03

	
0.412

	
0.18 *

	
<0.001

	
0.01

	
0.853

	
0.02

	
0.495

	
0.13 *

	
<0.001




	
Sparkling wine

	
−0.08

	
0.021

	
−0.06

	
0.061

	
−0.04

	
0.228

	
−0.07

	
0.044

	
−0.06

	
0.055




	
Beer

	
−0.01

	
0.725

	
−0.12 *

	
<0.001

	
−0.47 ***

	
<0.001

	
−0.09

	
0.005

	
−0.26 **

	
<0.001




	
Spirits

	
0.05

	
0.143

	
−0.14 *

	
<0.001

	
−0.19 *

	
<0.001

	
−0.38 ***

	
<0.001

	
−0.27 **

	
<0.001




	
Proportion of alcohol consumption (n = 853)




	
Overall alcohol

	
0.09

	
0.007

	
0.05

	
0.142

	
−0.07

	
0.045

	
−0.10 *

	
0.003

	
NA




	
Dry wine

	
0.15 *

	
<0.001

	
−0.27 **

	
<0.001

	
0.08

	
0.023

	
0.09

	
0.007

	
NA




	
Sweet wine

	
−0.06

	
0.063

	
0.16 *

	
<0.001

	
−0.08

	
0.027

	
−0.05

	
0.132

	
NA




	
Sparkling wine

	
0.00

	
0.904

	
−0.01

	
0.818

	
0.01

	
0.857

	
0.01

	
0.806

	
NA




	
Beer

	
0.20 **

	
<0.001

	
0.09

	
0.011

	
−0.38 ***

	
<0.001

	
0.05

	
0.120

	
NA




	
Spirits

	
0.21 **

	
<0.001

	
0.08

	
0.016

	
−0.07

	
0.034

	
−0.27 **

	
<0.001

	
NA
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Table 3. Correlation between alcohol taste statement indices and self-reported alcoholic beverage liking (red wine, dry wine, sweet wine, fortified wine, beer, spirits). Correlation coefficients (r) are shaded in green and red to highlight significant positive and negative correlations, respectively. Effect sizes were considered small (*), medium (**), or large (***) when absolute r values exceeded 0.1, 0.2, or 0.3, respectively [59]. (NA = “not applicable”).






Table 3. Correlation between alcohol taste statement indices and self-reported alcoholic beverage liking (red wine, dry wine, sweet wine, fortified wine, beer, spirits). Correlation coefficients (r) are shaded in green and red to highlight significant positive and negative correlations, respectively. Effect sizes were considered small (*), medium (**), or large (***) when absolute r values exceeded 0.1, 0.2, or 0.3, respectively [59]. (NA = “not applicable”).





	
Alcohol Taste

Index

	
Self-Reported Liking




	
Red Wine

(n = 904)

	
Dry White Wine

(n = 910)

	
Sweet Wine

(n = 911)

	
Fortified Wine

(n = 883)

	
Beer

(n = 900)

	
Spirits

(n = 905)




	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p

	
R

	
p

	
r

	
p






	
Overall

alcohol

	
−0.25 **

	
<0.001

	
−0.16 *

	
<0.001

	
0.02

	
0.638

	
−0.14 *

	
<0.001

	
−0.28 **

	
<0.001

	
−0.29 **

	
<0.001




	
Dry

wine

	
−0.58 ***

	
<0.001

	
−0.41 ***

	
<0.001

	
0.18 *

	
<0.001

	
−0.21 **

	
<0.001

	
−0.26 **

	
<0.001

	
−0.22 **

	
<0.001




	
Sweet

wine

	
0.24 **

	
<0.001

	
0.21 **

	
<0.001

	
−0.51 ***

	
<0.001

	
−0.08

	
0.015

	
0.11 *

	
0.001

	
0.02

	
0.530




	
Sparkling

wine

	
−0.05

	
0.127

	
−0.31 ***

	
<0.001

	
−0.19 *

	
<0.001

	
−0.19 *

	
<0.001

	
−0.13 *

	
<0.001

	
−0.15 *

	
<0.001




	
Beer

	
−0.18 *

	
<0.001

	
−0.17 *

	
<0.001

	
0.04

	
0.180

	
−0.19 *

	
<0.001

	
−0.62 ***

	
<0.001

	
−0.23 **

	
<0.001




	
Spirits

	
−0.24 **

	
<0.001

	
−0.12 *

	
<0.001

	
0.00

	
0.968

	
−0.22 **

	
<0.001

	
−0.26 **

	
<0.001

	
−0.53 ***

	
<0.001
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Table 4. Summary of three-way ANOVAs where alcohol taste indices were the dependent variables and alcohol adventurousness (none, low, high), PROP taster status (pNT, pMT, pST), and sex (male, female) were the independent variables.
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Alcohol Taste Index

	
Model

df = 5, 873

	
Alcohol

Adventurousness df = 2

	
PROP Taster Status

df = 2

	
Sex

df = 1




	
R2

	
F

	
p

	
F

	
p

	
η2p

	
F

	
p

	
η2p

	
F

	
p

	
η2p






	
Overall alcohol

	
0.068

	
12.7

	
<0.001

	
25.2

	
<0.001

	
0.06

	
2.6

	
0.077

	
0.01

	
4.5

	
0.035

	
0.01




	
Dry wine

	
0.038

	
6.9

	
<0.001

	
5.1

	
0.006

	
0.01

	
8.2

	
<0.001

	
0.02

	
4.3

	
0.037

	
0.01




	
Sweet wine

	
0.009

	
1.5

	
0.183

	

	

	

	

	

	

	

	

	




	
Sparkling wine

	
0.042

	
7.7

	
<0.001

	
17.9

	
<0.001

	
0.04

	
0.9

	
0.392

	
<0.01

	
3.2

	
0.074

	
<0.01




	
Beer

	
0.094

	
18.1

	
<0.001

	
19.6

	
<0.001

	
0.04

	
1.8

	
0.172

	
<0.01

	
38.3

	
<0.001

	
0.04




	
Spirits

	
0.142

	
28.9

	
<0.001

	
17.2

	
<0.001

	
0.04

	
3.3

	
0.037

	
0.01

	
85.8

	
<0.001

	
0.01
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