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ABSTRACT 

Orosensory perception strongly influences food and beverage liking and consumption. 

Variation in the perception of these oral sensations presents an opportunity to 

conceptualise and commercialise products based on consumers’ taste responsiveness. 

This thesis investigates the role of orosensory responsiveness in alcoholic beverage 

behaviour. Specifically, examining the role of thermal tasting in beer and cider liking and 

consumption. 60 participants (31 thermal tasters (TTs) and 29 thermal non-tasters (TnTs) 

rated the intensity of aqueous solutions of beer- and cider- relevant tastants: iso-α-acid 

(bitterness), ethanol (irritation, bitterness, sweetness), dextrose (sweetness) and citric acid 

(sourness) at concentrations typically found in commercial beers on generalised labelled 

magnitude scales (gLMS). Taste intensities (gLMS) and liking (9-point hedonic scale) of 

eight beer and cider samples differing in iso-α-acid and ethanol content were also rated. 

Participants self-reported on their beer and cider consumption. They also rated the 

importance of select factors when purchasing beer. TTs experienced the bitterness of 

ethanol more intensely than did TnTs (p(t)<0.05), they also rated the bitterness, sourness, 

astringency, and overall taste intensity of sampled beers and ciders higher than TnTs 

(p(F)<0.05). Agglomerative hierarchical and k-means clustering of liking scores revealed 

3 clusters of consumers, characterized as ‘bitter dislikers’, ‘beer likers’, and ‘alcohol 

lovers’. ‘Taste’ was the most important factor consumers used when purchasing beer. It 

can be concluded that thermal taster status is an important determinant in the perception 

of beer and cider flavour. These results should assist product developers in designing 

beers and ciders targeted for specific segments of the population. 
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CHAPTER 1: INTRODUCTION 

Alcohol consumption 

Alcoholic beverage consumption is widespread worldwide. According to the most recent 

World Health Organization (WHO) data, globally, individuals aged 15 years and older 

consume 6.2 litres of pure alcohol per year. Total alcohol consumption varies among 

countries, with the lowest consumption rates in the South-East Asian Region. In the 

Western Pacific and African Region, the levels of alcohol consumed tend to be 

intermediate. The highest consumption levels are in first world countries, precisely 

Europe and the Americas (World Health Organization 2014). For example in 2013,  

approximately 80% of the Canadian adult population reported that they consumed alcohol 

in the previous year (Health Canada 2015).  

 According to Health Canada, approximately 4 to 5 million Canadians engage in 

high risk drinking. Alcohol misuse increases the chance of alcohol related incidents 

including cardiovascular diseases, mental health issues and accidental injuries (Rehm et 

al. 2009). Youths (individuals between the ages of 15 and 24) are most at risk of 

experiencing greater levels of harm associated with alcohol consumption than any other 

age group. Included in this cohort of drinkers are college students. Excessive alcohol 

consumption among college students has become a ritual that students view as part of 

their college experience.  

Though the negative effects of alcohol consumption typically dominates the 

literature, low and moderate levels of alcohol consumption are associated with lower 

rates of diabetes and cardiovascular diseases (Ashley et al. 2000). For many individuals, 



2 
 

consuming alcohol is an integral part of their social life; it is consumed at religious, 

celebratory and cultural events. Drinking alcohol also has many social benefits (Niland et 

al. 2013); it increases positive emotions, the amount of time people spend conversing as 

well as enhances social bonding (Sayette et al. 2012). For example, college students 

indicated that they drink to relieve stress, to fit in with their peers and to show that they 

have adapted to college life (Stewart et al. 2002). 

Factors influencing alcohol consumption 

Many factors influence why individuals consume alcohol. Predictors of alcohol 

consumption vary and include genetics, alcohol sensitivity, social sanctions, gender roles, 

coping styles, motives and expectations, depression, self-esteem, sensation-seeking, anti-

sociality, interpersonal relationships and sexual assault (Nolen-Hoeksema 2004). 

Possibly, the most important factor influencing alcohol consumption behaviour is taste. 

For instance, studies on wine (Espejel and Fandos 2009), beer (Chrysochou 2014; 

Muggah and McSweeney 2017) and cider (Gabrielyan et al. 2014; Tozer et al. 2015), 

have all highlighted the importance of taste in influencing consumer behaviour. The taste 

of alcoholic beverages is highly dependent on the individual components. Ethanol, for 

example is a key ingredient of all alcoholic beverages. In aqueous solution ethanol elicits 

sweetness, bitterness, saltiness and sourness  (Scinska et al. 2000; Mattes and DiMeglio 

2001; Allen et al. 2014; Nolden and Hayes 2015). The sensations elicited by ethanol are 

dependent on concentration. Table 1.1 shows ethanol concentrations and the 

corresponding dominant oral sensations elicited. 
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Table 1.1 Ethanol concentrations and dominant sensation(s) elicited. 

Ethanol 

concentration 

(% v/v)  

Dominant sensation(s) Literature Source 

4, 8, 10, 16 Bitterness 

Nolden and Hayes (2015); 

Scinska (2000; Nolden 

and Hayes 2015)   

32, 48 Burning/Tingling; Irritation 

Nolden and Hayes (2015); 

Prescott and Swain-

Campbell (2000) 

50 Burning/Stinging Allen et al. (2014) 

 

Taste 

Taste helps humans evaluate what they consume, which promotes the ingestion of 

nutritious foods and the elimination of potential toxins or poisons from the diet. From an 

evolutionary perspective the ability to reject bitter substances was critical in ensuring the 

survival of the species (Breslin 2013). Taste has however evolved and is now one of the 

most important factor influencing food and beverage choices (Glanz et al. 1998). Taste is 

the oral sensation produced when food is consumed, eliciting a response from the 

chemoreceptors within the mouth. These sensations include the prototypical tastes: sweet, 

sour, salty, bitter and umami. More recently, Running et al. (2015) proposed oleogustus 

as an additional taste. There are two categories of prototypical tastes: the ion channel 

tastes and the G protein-coupled receptor (GPCR) tastes (Bachmanov and Beauchamp 

2007). Saltiness and sourness occur due to depolarization of the ion channels. Sweet, 

umami or bitter taste occurs when molecules hydrogen bond to GPCRs on the taste bud 
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(Talavera et al. 2005). Other sensations include mouth-feel (which comprises astringency, 

touch, heat and prickling) and retro-nasal aroma (Jackson 2009).   

The sensations elicited stimulate the taste receptor cells (TRCs). Taste 1 receptor 

(TAS1R) gene is responsible for encoding sweet or umami sensitive proteins. While 

Taste 2 receptor (TAS2R) gene encodes for protein responsible for bitter transduction 

(Bachmanov and Beauchamp 2007). TRCs are arranged in taste buds located within taste 

papillae. There are four types of papillae - fungiform, circumvallate, foliate and filiform 

(Segovia et al. 2002). Papillae are located on the tongue as well as other parts of the oral 

cavity, for example the throat. They have also been identified in a variety of other sites 

such as the larynx, epiglottis and also the upper sections of the alimentary canal 

(Bachmanov and Beauchamp 2007).  

Filiform papillae, the most common type of papillae gives the tongue its 

characteristic ‘rough’ appearance. These papillae however do not contain taste buds and 

hence are not related to taste. Circumvallate papillae are mainly located towards the back 

of the tongue while foliate papillae are located along the side of the tongue, in front of the 

“V” (Haines and Ard 2013). Fungiform papillae are mainly located at the tip and sides of 

the tongue and are very important as they play a critical role in individual taste variation. 

Specifically, the number of fungiform papillae positively correlates with an individual’s 

taste responsiveness (Miller and Reedy 1990; Zhang et al. 2009), consequently 

contributing to food and beverage liking and consumption (Duffy and Bartoshuk 2000).  

Taste and alcoholic beverage consumption 

Alcoholic beverages represent sensorially complex matrices that enables us to explore the 

relationship between taste responsiveness and consumer behaviour. Beer is the most 
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consumed alcoholic beverage, the largest proportion of beer consumed globally is in the 

Americas (World Health Organization 2014). For instance, in Canada, beer is the most 

consumed alcoholic beverage with $9.2 billion in sales for 2015-2016 accounting for 

41.5% of total alcoholic beverage sales. Beer is an alcoholic beverage produced from the 

yeast-fermentation of sugars from malted barley and flavoured with hops. Four main 

ingredients are used for brewing beer: water, malted barley, yeast and hops (Bamforth 

2009b). Beer contains about 90% water with the ethanol content ranging from 0.05% in 

non-alcoholic beers to about 12.5% v/v of ethanol (Tonelli 2008) in stronger beers.  

Another alcoholic beverage which is increasingly becoming more popular is cider. 

For example, in Canada in 2015-2016 cider sales were up 10.7% from the previous year  

(Statistics Canada 2016). Cider is a slightly alcoholic beverage produced from the 

fermentation of apple must (Buglass 2011). The ethanol content of ciders rarely exceeds 

6% v/v and cider tends to have a taste profile similar to wine (Jolicoeur 2013). Both cider 

and beer contain multiple chemical constituents (see Table 1.2), which vary according to 

the method of cider or beer production and style. These constituents influence the oral 

sensations elicited by both beer and cider. The main dominant oral sensations for beer and 

cider can be see in Table 1.2.  
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Table 1.2. Alcoholic beverage category (beer and cider), main chemical constituents 

and the dominant orosensations elicited.  

Alcoholic 

beverage 

category Main chemical constituents 

Dominant oral 

sensations 

elicited Literature cited 

Beer  

Water, ethanol, iso-α-acid, 

carbon dioxide, polyphenols, 

organic acids, sugars 

Bitterness, 

sweetness, 

carbonation, 

fullness 

(Langstaff et al. 

1991) 

    

Cider 

Water, sugars, organic acids, 

ethanol, polyphenols 

Bitterness, 

astringency, 

sweetness,  Jolicoeur (2013) 

  
 

 
 

 

Individual differences in taste perception 

Individuals perceive sensations elicited by food and beverages differently for varying 

reasons. For example, differences in salivary flow rates vary among individuals, thus 

influencing their perception of astringency (Fischer et al. 1994; Ishikawa and Noble 

1995). Arguably, the most important factor influencing individual differences in the 

perception of oral sensation is genetic variation (Garcia-Bailo et al. 2009). 

Responsiveness to the bitterant 6-n-propylthiouracil (PROP), has historically been used 

as a genetic marker to attempt to explain some of the individual differences in taste 

perception (Fox 1932).  

Another marker of individual differences in the perception of oral sensation is 

thermal taster status (TTS). 20-50% of the population are thermal tasters (TTs), TTs 

perceive a phantom taste with thermal stimulation of certain areas of the tongue (Cruz 

and Green 2000; Green and George 2004; Bajec and Pickering 2008; Yang et al. 2014). 
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Sensations elicited during thermal elucidation include sweetness, saltiness, sourness, 

bitterness, umami and metallic. Individuals who do not experience any sensations at all 

are deemed thermal non-tasters (TnTs) (Bajec and Pickering 2008). In addition to their 

ability to perceive a ‘phantom taste’ from thermal stimulation, TTs rate the intensity of 

some prototypical tastes, some odorants, chemesthetic sensations and temperature stimuli 

significantly higher than thermal non-tasters (Cruz and Green 2000; Green and George 

2004; Bajec and Pickering 2008; Bajec et al. 2012; Yang et al. 2014). Differences in the 

flavour perception of select alcoholic beverages also vary between TTs and TnTs. For 

example, TTs rate the dominant oral sensations elicited by beer and wine higher than 

TnTs (Pickering et al. 2010a; Pickering et al. 2010b). TTs are also more discriminatory of 

CO2 levels in carbonated water and are more likely to show negative emotions to beer 

than TnTs (Hort et al. 2016; Yang et al. 2018). This heightened orosensory 

responsiveness experienced by TTs does not always translate to liking, for instance no 

significant difference was found between TTs and TnTs for beer liking (Pickering et al. 

2010b), while TnTs rate the liking of cooked fruits and vegetables higher that TTs (Bajec 

and Pickering 2010). Self-reported liking is described as a more dependable predictor of 

intake than other traditional diet intake measures (Duffy 2007). It has been speculated 

that TTS may associate with alcohol consumption behaviours, specifically TTs due to 

their heightened responsiveness may consume less alcohol, due to the aversive sensations 

ethanol elicits (Thibodeau et al. 2017).   

The following thesis examines the influence of TTS on the perceived intensity of 

orosensory stimuli (tastants, beer, cider). Additionally, the relationship between TTS and 

beer and cider liking and consumption will also be investigated.  
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Structure of thesis 

Chapters 2 and 3 have been written as manuscripts for publication; hence some 

information may be repeated between the chapters.  

Chapter 2 

Chapter 2 examines the influence of TTS on the perception of oral sensations, including 

sensations elicited by beer- and cider- relevant tastants and sampled beer and cider. The 

main goal of this study was to investigate the influence of TTS on the perception of oral 

sensations elicited by dextrose, iso-α-acid, citric acid and ethanol. Additionally, the 

influence of TTS on sensations elicited by sampled beer and cider was investigated. 

Further, it was also determined if there was any association between sensations elicited 

by beer- and cider- relevant tastants and sensations elicited by sampled beer and cider. 

Chapter 3 

Chapter 3 examines the influence of TTS on beer/cider liking and consumption. 

Additionally, we explored the importance of select factors when purchasing beer. 

Further, it was investigated if measures of consumption such as monthly consumption 

frequency, drinks per occasion and consumption frequency were impacted by sensations 

elicited by beer- and cider- relevant tastants and sampled beer and cider. 

Chapter 4  

Chapter 4 provides a general discussion and conclusion to relate the previous chapters to 

each other. 
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CHAPTER 2: OROSENSORY RESPONSIVNESSS AND BEER AND CIDER 

FLAVOUR PERCEPTION 

Introduction 

The perception of flavour is very important in determining the kinds of food and 

beverages we consume and consequently our nutritional and health status. Therefore, an 

understanding of the individual differences in the perception of flavour is important to 

healthcare and food science professionals. These differences present a unique opportunity 

to conceptualise and commercialize products that will appease consumers taste 

preference. Flavour is a psychological construct that encompasses three sensory modes 

used when assessing food quality, namely i) olfaction (colloquially known as ‘smell’), ii) 

prototypical tastes (sweet, sour, salty, bitter, umami and oleogustus), and iii) 

chemesthesis and somatosensory sensations experienced in the oral cavity (e.g. 

astringency, heat, creaminess). 

Taste phenotypes 

Individuals differ in their perception of oral sensations. This variation is due to many 

factors including gender (Bartoshuk et al. 1994; Hort et al. 2016), age (Mojet et al. 2001), 

ethnicity (Williams et al. 2016), and salivary composition and flow rate (Spielman 1990). 

Possibly, the most important factor influencing individual differences in the perception of 

oral sensations is genetic variation. Over eight decades ago, the chemist A.L. Fox 

discovered that some individuals perceive the compound phenylthiocarbamide (PTC) to 

be bitter while to others it is tasteless (Fox 1932). Responsiveness to PTC and later its 

chemical relative 6-n-propylthiouracil (PROP) has historically been used as a marker of 

genetic variability in the perception of oral sensations. 
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Another more recently reported marker of individual variation in orosensation is 

thermal taster status (TTS). Thermal tasters (TTs), who constitute 20-50% of the 

population, experience a phantom taste (e.g. sweet, sour) with thermal stimulation of 

certain areas of the tongue (Cruz and Green 2000; Green and George 2004; Bajec and 

Pickering 2008; Yang et al. 2014). The specific sensations elicited vary with the location 

of the tongue stimulated (middle, left, right) and temperature regime used (cooling or 

heating). Thermal non-tasters (TnTs) do not experience any sensations, and individuals 

not meeting either classification criteria (‘uncategorizables’) are typically eliminated 

from thermal taste studies. To date, the mechanisms underlying thermal taste are largely 

unknown. However, indication from Trpm5 knockout mice suggests that TRPM5, a 

cation channel essential for transduction of sweet, umami, and bitter taste, plays a role in 

thermal tasting (Talavera et al. 2005); indicating that it may be under genetic control. 

Recently, Hort et al. (2016) suggested that the phenomenon of thermal tasting may be a 

result of cross-wiring between the trigeminal nerves and the gustatory nerves.  

Thermal tasters experienced the sweetness of sucrose, the bitterness of quinine 

hydrochloride and the sourness of citric acid significantly more intensely than thermal 

non-tasters, when applied to the front and back of the tongue and soft palate as well as 

whole mouth rinses (Green and George 2004). Green and George (2004) additionally 

identified that orthonasally and retronasally presented vanillin was experienced more 

intensely by thermal tasters than thermal non-tasters. Extending these findings beyond 

simple aqueous solutions, Pickering et al. (2016) reported an overall trend of thermal 

tasters giving higher intensity ratings for the main oral sensations elicited by 20 common 

food and beverage products, including vegetables, milk products, sweet treats, textured 
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foods and salty snacks with significant findings for the bitter orosensory grouping only. 

In a female cohort, Pickering and Klodnicki (2016) reported no differences in intensity 

ratings between the different thermal taster groups for the sampled foods mentioned 

previously.  

Alcoholic beverages 

In addition to their role in habitual diet-related disease risk and health outcomes, 

alcoholic beverages represent sensorially complex matrices that allow for the association 

between orosensory responsiveness and consumer perception and preference to be more 

fully explored.  

In 2014, approx. 396.76 billion litres of beer and cider (for comparison 25.76 

billion litres of wine and 23.11 billion litres of spirit) were consumed globally (Canadean 

2014). Worldwide, there has been an overall increase in per capita alcohol consumption 

mostly driven by China and India (World Health Organization 2014). Drinking patterns 

and style of drink vary from one geographical region to the next. For example, among 

Canadians beer is the most consumed alcoholic beverage. Over the years however there 

has been a decline in beer consumption; the category consisting of cider and other 

refreshment beverages however has seen double digit (10.7%) growth (Statistics Canada 

2016). Cider and beer are complex beverages containing numerous volatile and non–

volatile constituents. In beer, they may be primary (ethanol, bitter compounds from hops 

and carbon dioxide) or secondary (iso-amyl acetate, ethyl butyrate and non-volatile 

compounds such as polyphenols, organic acids and sugars) flavour constituents 

(Clapperton et al. 1976; Parker 2012). The sensory profile of cider is more similar to wine 

than beer and includes sensory active compounds such as ethanol, sugars, organic acids, 

polyphenols and a range of aromatic compounds (Lea and Piggott 2003).  
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The main orosensations elicited by beer and cider are bitterness, sourness, sweetness, 

astringency and carbonation (Jolicoeur 2013); Langstaff et al. 1991). In beer and cider, 

sweetness arises from unfermented or ‘priming’ sugars and sourness from organic acids 

such as tartaric, malic or citric acid. Bitterness is predominantly imparted by iso-α-acid 

from hop addition in beer and some cider styles and ethanol present in both beer and 

cider, while astringency is evoked by polyphenols from the malt (Bamforth 2009a). 

 The oral sensations elicited by both beer and cider depend on the concentration of 

the individual components, which are modified during the production process to give a 

specific beer or cider style. Historically, scientists have used psychophysical techniques 

to quantitatively investigate the relationship between sensory stimuli and human 

perception. One relevant example is the study of Nolden and Hayes (2015) with aqueous 

solutions of ethanol, the principal ingredient in all alcoholic beverages. Bitterness was 

reported as the dominant oral sensation at 4%, 8% and 16% v/v ethanol and 

burning/tingling at 32% and 48% v/v (Nolden and Hayes 2015), showing that 

orosensations elicited by ethanol are dependent on concentration. Another sensorially 

important compound found in alcoholic beverages is iso-α-acid. It was predominantly 

used in beer but more recently has also been used to make hopped cider. Psychophysical 

experiments with iso-α- acid demonstrated that the duration of bitterness increases 

significantly with repeated ingestion of beer varying in iso-α-acid concentration, while 

bitterness intensity remains constant (Guinard et al. 1986). These individual components 

of both beer and cider contribute to their overall flavour and therefore play a critical role 

in liking and consumption of these beverages.  
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A limited number of studies have examined the relationship between TTS and 

perception of alcoholic beverages. Pickering et al. (2010b) reported that TTs rated the 

sweetness, sourness, bitterness, astringency and overall taste intensity elicited by white 

and red wine higher than TnTs. Pickering et al. (2010a) investigated the relationship 

between TTS and the flavour intensity elicited by seven beer styles (wheat beer, brown 

ale, pale ale, low-alcohol lager, standard lager, high-alcohol lager and stout). A strong 

trend was observed of TTs scoring the dominant oral sensations and overall flavour 

intensity higher than thermal non-tasters for all beers except stout. This study however 

had several limitations. Firstly, the sample size was small (n=40), possibly under-

powering the examination of a TTS effect. Astringency was not assessed despite it being 

acknowledged as a key sensation elicited by beer (Meilgaard et al. 1979; Langstaff et al. 

1991). Finally, the study did not examine whether differential sensitivity to specific beer 

constituents accounted for the differences in orosensory responsiveness observed for the 

sampled beers. To our knowledge, the association of taste phenotypes, or orosensory 

responsiveness more generally, with perception of and preference for cider has not been 

reported in the literature. These considerations inform the current study. 

The current study 

The main objective of this study is to determine if TTS associates with intensity ratings 

of oral sensations elicited by beer- and cider- relevant tastants and sampled beer and 

cider. We also wish to determine the association between sensations elicited by beer- and 

cider- relevant tastants and those elicited by sampled beer and cider. We have three main 

corresponding hypotheses: 

H1: TTs will rate the intensities of oral sensations elicited by beer- and cider- relevant 

tastants higher than TnTs. 
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H2: TTs will have heightened taste responsiveness to sensations elicited by sampled beer 

and cider. 

H3: The intensity of orosensations elicited by beer- and cider- relevant tastants will 

positively associate with the intensity of orosensations elicited by sampled beer and cider. 

Materials and methods 

Participants 

164 participants were recruited from Brock University and the surrounding communities 

through flyers and personal communication and included student, staff, and faculty 

members. Participants were only eligible if they were 19 years or older and were healthy; 

that is, did not have any conditions or illnesses (e.g., allergies to the stimuli being tested) 

that prevented them from tasting normally. Both drinkers and non-drinkers who did not 

avoid alcohol for solely moral and religious reasons were encouraged to participate. 

Participants consisted of 109 females, 51 males and 4 persons who did not report their 

sex, with a mean age of 23.2 years ± 5.9 SD. 61.9% of participants reported White as 

their ethnicity, 11.9% Chinese and 26.2% were from other ethnic groups. Incentive for 

participation was offered in the form of entry into a monetary/gift card draw or 

alternatively, participation credit was given towards specific Business and Psychology 

courses. Prior to the commencement of the study, informed consent was obtained from all 

participants and all procedures were cleared by the Brock University Research and Ethics 

Board (REB 15-176).  

All training and evaluation took place in the controlled Sensory Evaluation 

Laboratory at Brock University, with data collected over three sessions. Session 1 

involved all participants and lasted for approximately 120 min. It consisted of filling out 
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background information questionnaires/surveys, training on the prototypical tastes and 

chemesthetic sensations, scale familiarisation and determining thermal taster status.  If 

thermal taster status could be clearly established, participants where invited back for 

subsequent sessions. Sessions 2 and 3 lasted approx. 60 min each, during which 

participants rated the intensity of sensations elicited by aqueous solutions of 4 beer- and 

cider- relevant tastants (Session 2) and 8 beer and cider samples (Session 3). 

Scale acclimation 

Two intensity scales, the generalized visual analogue scale (gVAS) and the generalized 

Labelled Magnitude Scale (gLMS) were used for psychophysical data collection.  The 

gVAS was used to rate sensation intensity of the basic taste solutions. The gLMS was 

used to collect responses to thermal taste elicitation and to score sensations elicited by the 

beer- and cider- relevant tastants and the beer and cider samples.  Prior to data collection, 

participants were familiarized with the appropriate scales to ensure correct scale usage, 

by rating 5 remembered sensations “brightness of the sun when staring directly at it”, 

“sweetness of cotton candy”, “burning sensation from eating a whole hot pepper”, “pain 

from biting your tongue”, and “touch sensation of a pill on your tongue”.  

The gVAS is a vertical scale anchored at the bottom (0 mm) with “NS-No 

sensation” and with “SE-strongest sensation of any kind experienced” at the top (100 

mm). Three unlabelled equidistant line anchors at 25 mm, 50 mm and 75 mm 

respectively break up the line into quadrants. The gLMS is a vertical quasi-logarithmic 

scale anchored at the base (0 mm) with “No sensation”, “Barely Detectable” (1.4 mm), 

“Weak” (6.1 mm), “Moderate” (17.2 mm), “Strong” (35.4 mm), “Very Strong” (53.3 
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mm) and the top “Strongest Imaginable” (100 mm). The method of Bajec and Pickering 

(2008) was used to train participants on correct use of both the gLMS and the gVAS.  

Prototypical taste training 

Aqueous solutions of oral stimuli were presented to participants as exemplars of the 

different prototypical tastes, primarily to assist them with identification of possible 

sensations elicited during the thermal taste determination procedure and to give additional 

practice using the gVAS. All solutions were prepared volumetrically using pure water 

(Millipore RiOs 16 Reverse Osmosis System, MA) stored in the dark at 2-4 o C and 

brought to room temperature two hours prior to testing. Solutions were not kept for more 

than 7 days except for quinine hydrochloride (discarded after 3 days), aluminum sulphate 

and cupric sulphate (discarded after 3 h).  

Labelled 20 mL aqueous solutions representing sweet (250 mM sucrose - Ultra 

Pure, Bioshop, ON), sour (3.25 mM citric acid anhydrous, Fisher Scientific, NJ), bitter 

(0.0275 mM quinine monohydrochloride dihydrate, SAFC Supply Solutions, MO), salty 

(180 mM sodium chloride, ACP Chemicals Inc, QC), umami (125 mM L-glutamic acid  

monosodium hydrate, Sigma-Aldrich, MO), metallic (1.00 mM cupric sulphate 

pentahydrate, BioShop, ON) and astringent (0.88 mM aluminum sulphate, Sigma-

Aldrich, MO) were presented in plastic SOLO® cups to participants. Participants were 

asked to take the entire sample in their mouth swish for 5 s and expectorate. Following a 

10 s wait, participants rated the maximum intensity of the sensation elicited on individual 

gVAS scales. A minimum 1 min inter-stimulus break was enforced between each sample, 

during which participants were asked to thoroughly rinse with filtered water (Brita®, 

ON) and unsalted soda crackers (no name®, ON) were available ad libitum. After this 
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exercise a short break was taken during which participants completed a questionnaire. 

Next, participants repeated the above procedure using blind-coded randomized samples 

and were instructed to identify the taste possibilities (sweet, salty, sour, bitter, umami, 

metallic and astringent) in addition to rating the maximum intensity of the elicited 

sensation. If participants were unable to identify a blind coded sample correctly they were 

given the named solution to review, followed by another set of blind coded samples to 

identify the taste possibilities. 

Thermal taster status determination 

 Thermal taster status was determined consistent with the method of Bajec and Pickering 

(2008) . Briefly, a 64 mm2 computer-controlled Peltier device with a thermocouple 

feedback attached to a toothbrush-sized water-circulated heat sink (thermode) was 

applied to the participant’s tongue by the researcher. The procedure had two different 

cycles, a warming cycle followed by a cooling cycle. All participants rated any sensations 

elicited using six single sheets with six separate gLMS scales labelled “heat” or “cold” 

(depending on whether the cooling or heating cycle was being assessed), “sweet”, “salty”, 

“sour”, “bitter”, “umami”, “metallic” and “other”. Warming trials always preceded 

cooling trials at each location to avoid adaptation from the intense cold stimulation 

(Green and George 2004). For thermal taster status categorization, thermal tasters (TTs) 

were defined as those that reported the same taste sensation, rated above weak, at the 

same location and temperature regime in both replicates. Thermal non-tasters (TnTs) 

were defined as those that did not perceive any taste sensation in any trial (Green and 

George 2004; Bajec and Pickering 2008; Bajec et al. 2012). 
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Preparation of beer- and cider- relevant tastants 

Aqueous solutions of four components typically found in commercial beers and ciders 

(‘beer- and cider- relevant tastants’) were prepared in pure water (Millipore RiOs 16 

Reverse Osmosis System, MA), stored in the dark at 2-4 o C and brought to room 

temperature two hours prior to testing. Dextrose (Canadian Homebrew Supplies Corn 

sugar, Brampton, ON), citric acid (Fisher Scientific, NJ), iso-α-acid (Kalsec Isolone® 

Isomerized Hop Extract, Kalamazoo, MI) and ethanol (Storechem Alcohols Ltd Ethyl 

Alcohol 95% Kosher, London, ON) were chosen as these compounds elicit a range of 

orosensations, including the main sensations elicited by beer and cider.  After extensive 

bench testing, the final concentrations were selected to cover the array of commercial 

beer and cider styles sold in the Liquor Control Board of Ontario (LCBO). The 

concentration series and the corresponding oral sensations assessed are given in Table 

2.1. 

 

 

 

 

 

 



19 
 

Table 2.1 Concentration of beer- and cider-relevant tastants and oral sensations assessed. 

Component 

Oral sensations 

assessed  

Concentration 

Units 

Dextrose Sweetness 7, 40, 80  g/L 

Citric acid Sourness 56, 230, 550  mg/L 

iso-α-acid Bitterness 10, 20, 50  mg/L 

Ethanol 

Sweetness, 

Bitterness, 

Irritation/burning 

2, 4, 5, 7, 10  % v/v 

 

Evaluation of beer- and cider- relevant tastants 

20 ml samples of the tastants were served at room temperature in plastic cups (SOLO cup 

company IL), fitted with clear plastic lids (Dart container corporation MI) coded with 

random three-digit codes. Samples were presented randomly using the Williams Latin 

Square Design (Macfie et al. 1989). Prior to taste evaluation participants were verbally 

oriented to the Compusense®5 (Compusense, Guelph, ON) computer programme that was 

used to collect the intensity ratings.  

 Participants were instructed to take the whole content of the cups into their mouth, 

swish each solution on their palate for 5 s and then expectorate, wait approximately 10 s 

and then rate the maximum intensity of the elicited oral sensations being assessed (see 

Table 1) on a gLMS by clicking the mouse. A minimum inter-stimulus break of 1 min 

was enforced between each sample within a concentration series and 2 min between the 
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different tastant series, to reduce sensory fatigue and carryover effects. Additionally, 

participants were instructed to rinse thoroughly with filtered water (Brita® ON) before 

and after tasting each sample and unsalted soda cracker (no name® ON) were available 

ad libitum. 

Preparation of beer and cider samples 

A lightly hopped, low alcohol lager beer and an unsweetened non-carbonated cider were 

selected as base matrices for the study. The physiochemical properties of these samples 

are given in Table 2.2.   

     Table 2.2 Physiochemical parameters of base beer, cider and isomerized hop extract. 

        aAgilent 6890 Series Gas chromatography system with flame ionization detector (FID) 

     b Methods as described by Iland et al. (2000) 

     c D-Fructose and D-glucose assay enzyme kit (Megazyme International, Ireland) 

     d American Society of Brewing Chemist (ASBC) Beer – 23F 

Sample Parameter 
Value (±standard 

deviation) 
Units 

Analysis 

method 

Beer Ethanol 4.9 ± 0.01 % v/v GC-FIDa 

 
pH 3.65  pH meterb 

 

Titratable acidity 

(TA) 
2.14 ± 0.01 g/L 

NaOH 

titrationb 

 

Residual sugar 

(RS) 
< 0.07  g/L Enzyme kitc 

 

iso-α-acid (IAA) 3.41 ± 0.17 mg/L 
ASBC Beer- 

23Fd 

Cider Ethanol 7.4 ± 0.01 % v/v GC-FIDa 

 
pH 3.38  pH meterb 

 

Titratable acidity  5.12 ± 0.01 g/L 
NaOH 

titrationb 

  Residual sugar  < 0.07 g/L g/L Enzyme kitc 

Isomerized hop 

extract 
iso-α-acid  941.5 ± 42.10 mg/L 

ASBC Beer- 

23Fd 
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To achieve the desired diversity of sample styles, the still cider was carbonated using 

sodastream® PLAY™, and target iso-α-acid and ethanol levels were achieved by the 

addition of a commercially available food grade solution of isomerized hop extract (30% 

w/w Kalsec®) and kosher ethanol (95% v/v Storechem), respectively. The iso-α-acid and 

ethanol concentration of the beers and ciders are given in Table 2.3.  

Table 2.3 Iso-α-acid and ethanol concentration of the beers and ciders. 

Sample type  

iso-α-acida 

concentration/(mg/L) 

Ethanolb 

concentration/(%v/v) 

Beer 3.41 4 

Beer 13.41 4 

Beer 43.41 4 

Beer 3.41 5 

Beer 3.41 7 

Beer 3.41 10 

Cider 0 7 

Cider 18.41 7 

   a Kalsec Isolone® Isomerized Hop Extract, Kalamazoo, MI 

  b Storechem Alcohols Ltd Ethyl Alcohol 95% Kosher, London, ON 

 

Beer samples were prepared from the base beer 2 h in advance of sensory evaluation. 

After additions were completed, the bottles were covered with Parafilm wrap (Parafilm 
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M®, Sigma-Aldrich, MO), gently mixed and immediately transferred to cold storage (2-4 

o C) until sensory evaluation.  

Beer and cider tasting 

All beer and cider samples were poured 10 min before evaluation and presented to 

participants at 6 ± 2oC as 40 mL samples in black ISO tasting glasses coded with random 

3-digit codes. Each glass was covered with a plastic petri dish to reduce loss of 

carbonation. The samples were presented in a randomized order and each sample was 

evaluated monadically and expectorated.  Participants were instructed to cleanse their 

palates with filtered water (Brita, ON) and unsalted crackers (no name®, ON) before 

evaluating each sample.  Prior to taste evaluation participants were verbally oriented to 

the Compusense® 5 (Compusense, Guelph, ON) computer programme that was used to 

collect all beer and cider intensity ratings. They were instructed to take the sample in 

their mouth, swish on their palate for 5 s, expectorate and wait 10 s before rating the 

maximum intensity of “sweetness”, “bitterness”, “sourness”, “irritation/burning”, 

“carbonation/prickling’, “warming”, and “overall taste intensity”, regardless of when it 

occurred during the preceding 15 s on individual gLMS (Bajec and Pickering 2008). Each 

sample was tasted in the presented sequence and participants rinsed with filtered water 

prior to and after each sample. In addition, unsalted soda crackers were available ad 

libitum. After the eight samples (6 beers and 2 ciders) had been assessed, the exercise was 

repeated after a 10 min break with fresh re-randomized samples to obtain duplicate 

ratings for each sample. To reduce sensory fatigue and carryover effects a minimum 

inter-stimulus break of 2 min was enforced between each sample. 
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Data treatment and analysis 

An alpha level of 0.05 was used when interpreting significance for all data analysis 

performed. All analyses were conducted using XLSTAT Version 2017.19.05.46974 

(Addinsoft, NY) and Microsoft® Excel® for PC 2016 (Microsoft®, ON). The intensity 

rating data for both beer- and cider- relevant tastants as well as sampled beer and cider 

underwent a log10 transformation to improve normality (Shapiro-Wilks).  

Participants were categorised as TTs or TnTs and a linear regression performed 

for each participant, using individual intensity ratings as the dependent variable and beer- 

and cider- relevant tastant concentration as the independent variable. A coefficient (β) 

was generated from the linear regression for each participant, and these individual 

coefficients were pooled for each TTS group and t-tests conducted to examine whether β 

for each sensation: stimulus pairing differed between TTs and TnTs.  

Two-way analysis of variance (ANOVAs) were used to examine the main effect 

of TTS and tastant concentration and their interaction on intensity of sensations elicited 

by beer- and cider- relevant tastants. Tukey’s HSD was used as the mean separation test 

following significant ANOVA. Two-way ANOVA (TTS and sample) was run to examine 

the effect of TTS and their interaction on perceived intensity of oral sensations elicited by 

sampled beer and cider. Correlations between sensations elicited by beer- and cider- 

relevant tastants and sensations elicited by sampled beer and cider were examined using 

Pearson’s r. 



24 
 

Results 

Of the 164 participants who took part in Session 1, 60 completed all 3 sessions. TTS 

categorization yielded 31 TTs (21 females, 9 males and 1 unreported) and 29 TnTs (17 

females and 12 males).  

Orosensory responsiveness and perception of beer- and cider- relevant tastants 

Mean logged intensity ratings for all beer-and cider- relevant tastants increased with 

concentration, except for ethanol sweetness (see Fig. 5.1 and Fig. 5.2, Appendix I). 

t-tests conducted on β generated from the slopes of the linear regression of TTs and TnTs 

(pooled individual results of each group) found no difference between the phenotypes for 

dextrose sweetness (t=0.446, p=0.657), citric acid sourness (t=0.171, p=0.865), iso-α-acid 

bitterness (t=0.116, p=0.250) ethanol sweetness (t=0.930, p=0.356), ethanol bitterness 

(t=1.747, p=0.086) or ethanol irritation (t=1.693, p=0.096), although the latter two 

approached significance. The corresponding psychophysical curves are shown in Fig. 2.1 

– 2. 6.  
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Fig. 2.1 Dextrose sweetness response for thermal tasters (TT) (n=31) and thermal non- 

tasters (TnT) (n=29). Log concentration represents 7, 8 and 40 g/L dextrose. Lines 

represent (logged) intensity ratings ± SE mean. Secondary scale indicates labels on the 

gLMS: BD= barely detectable, W= weak, M= moderate, S= strong. 

 

 

p= 0.657 
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Fig. 2.2 Citric acid sourness response for thermal tasters (TT) (n=31) and thermal non-

tasters (TnT) (n=29).  Log concentration represents 56, 230 and 550 mg/L. Lines 

represent (logged) intensity ratings ± SE mean. Secondary scale indicates labels on the 

gLMS: BD= barely detectable, W= weak, M= moderate, S= strong. 

 

 

p= 0.865 
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Fig. 2.3 iso-α- acid bitterness response for thermal tasters (TT) (n=31) and thermal non-

tasters (TnT) (n=29).  Log concentration represents 10, 20 and 50 mg/L. Lines represent 

(logged) intensity ratings ± SE mean. Secondary scale indicates labels on the gLMS: BD- 

barely detectable, W- weak, M- medium, S- strong, VS- very strong.  

 

p= 0.256 
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Fig. 2.4 Ethanol sweetness response for thermal tasters (TT) (n=31) and thermal non-

tasters (TnT) (n=29). Log concentration represents 2,4,5,7 and 10% v/v. Lines represent 

(logged) intensity ratings ± SE mean. Secondary scale indicates labels on the gLMS: BD- 

barely detectable, W- weak. 

 

p= 0.356 
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Fig. 2.5 Ethanol bitterness response for thermal tasters (TT) (n=31) and thermal non-

tasters (TnT) (n=29). Log concentration represents 2,4,5,7 and 10% v/v). Lines represent 

(logged) intensity ratings ± SE mean. Secondary scale indicates labels on the gLMS: BD- 

barely detectable, W- weak, M- medium, S- strong. 

 

p= 0.086 
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Fig. 2.6 Ethanol irritation response for thermal tasters (TT) (n=31) and thermal non-

tasters (TnT) (n=29). Log concentration represents 2,4,5,7 and 10% v/v). Lines represent 

(logged) intensity ratings ± SE mean. Secondary scale indicates labels on the gLMS: BD- 

barely detectable, W- weak, M- medium, S- strong. 

 

    As shown in Fig. 2.7 and Fig. 2.8, TTs were more responsive to the bitterness of 

ethanol (t=6.209, p=0.013) than TnTs, while sourness of citric acid (t= 3.864, p=0.051) 

approached significance. 

p= 0.096 
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Fig. 2.7 Thermal taster status (TTS) effect on intensity ratings (± standard error) of beer-

relevant tastants. Thermal tasters (TT) (n=31); Thermal non-tasters (TnT) (n=29). BD- 

Barely detectable, W- weak, M- medium 

 

 

Fig. 2.8 Thermal taster status (TTS) effects on mean logged intensity ratings (± standard 

error) of beer-relevant tastants (ethanol). Thermal tasters (TT) (n=31); Thermal non-

tasters (TnT) (n=29). * significant at p< 0.05. BD- Barely detectable, W- weak 
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Orosensory responsiveness and perception of sampled beer and cider 

Beer 

TTs rated the sourness (t =7.738, p=0.006), bitterness (t=12.009, p=0.001), and overall 

taste intensity (t =13.018, p=0.00) of sampled beer higher than TnTs (Fig. 2.9). 

 

 

Fig. 2.9 Thermal taster status (TTS) effects on intensity ratings (± standard error) of beer 

(n=6) samples. Thermal tasters (TT) (n=31); Thermal non-tasters (TnT) (n=29). * denotes 

significant at p< 0.05. BD- Barely detectable, W- weak, M- medium, S- strong 

 

Cider 

TTs rated the sourness (t =8.078, p=0.005), astringency (t=5.264, p=0.024), and overall 

taste intensity (t =10.769, p=0.001) of sampled cider higher than TnTs (Fig. 10). 
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Fig. 2.10 Thermal taster status (TTS) effects on mean logged intensity ratings (± standard 

error) of cider (n=2) samples. Thermal tasters (TT) (n=31); Thermal non-tasters (TnT) 

(n=29). * significant at p< 0.05. BD- Barely detectable, W- weak, M- medium, S- strong 

 

Relationship between orosensory intensity of beer- and cider- relevant tastants and 

sampled beer and cider 

Table 2.4 and Table 2.5 shows the Pearson correlation coefficients (r) for the intensity of 

sensations elicited by beer- and cider- relevant tastants and sensations elicited by sampled 

beer and cider. Many significant associations were found, and correlations may be 

interpreted as high if |r| > 0.700, medium if 0.500 ≤ |r| ≥ 0.700 and low if |r| < 0.300 

(Hinkle et al. 2003; Rumsey 2013). 



 

 

Table 2.4 Correlation between intensity of sensations elicited by beer- and cider- relevant tastants and sampled beer (n=6), n=60  

participants. 

Abbreviations: Dextrose [Dex], Ethanol [Eth], Citric Acid [Citric], Significant findings indicated by: p<0.05*, p<0.01**, p<0.001*** 

Variables Sweetness  Sourness  Bitterness  Carbonation  Astringent  Warming  Overall taste intensity  

Sweetness [Dex] 0.106 0.258* 0.211 0.030 0.245 0.134 0.111 

Sourness [Citric] -0.137 0.233 0.281* 0.364** 0.345** 0.209 0.396** 

Bitterness [iso-α-acid] -0.138 0.069 0.362** 0.303* 0.243 0.123 0.374** 

Sweetness [Eth.] 0.142 0.344** 0.231 -0.086 0.266* 0.193 -0.077 

Bitterness [Eth.] 0.231 0.388** 0.354** -0.020 0.308* 0.295* 0.119 

Irritation [Eth.] -0.022 0.190 0.335** 0.057 0.347** 0.276* 0.056 

Sweetness  1 0.492*** 0.065 -0.223 0.207 0.174 -0.171 

Sourness  
 

1 0.652*** 0.154 0.657*** 0.526*** 0.335** 

Bitterness  
  

1 0.429*** 0.669*** 0.531*** 0.672** 

Carbonation  
   

1 0.426*** 0.605*** 0.573*** 

Astringent  
    

1 0.648*** 0.420*** 

Warming  
     

1 0.379** 

Overall taste intensity  
      

1 



 

 

Table 2. 5 Correlation between intensity of sensations elicited by beer- and cider- relevant tastants and sampled cider (n=2), (n=60) 

participants. 

Abbreviations: Dextrose [Dex], Ethanol [Eth], Citric Acid [Citric], Significant findings indicated by: p<0.05*, p<0.01**, p<0.001*** 

Variables Sweetness  Sourness  Bitterness  Carbonation  Astringent  Warming  Overall taste intensity  

Sweetness [Dex] 0.092 0.125 0.078 0.031 0.118 0.220 0.051 

Sourness [Citric] 0.061 0.074 0.037 0.276* 0.269* 0.237 0.332** 

Bitterness [iso-α-acid] -0.145 0.100 -0.065 0.237 0.198 0.184 0.205 

Sweetness [Eth.] 0.042 0.206 0.047 0.084 0.183 0.221 -0.149 

Bitterness [Eth.] 0.206 0.303** 0.175 0.075 0.234 0.266* 0.052 

Irritation [Eth.] -0.035 0.152 0.016 0.145 0.280* 0.233 0.002 

Sweetness  1 0.030 0.060 0.050 0.156 0.084 -0.053 

Sourness   1 0.379** 0.136 0.435*** 0.275* 0.526*** 

Bitterness    1 0.263 0.474*** 0.423*** 0.423*** 

Carbonation     1 0.496*** 0.508*** 0.187 

Astringent      1 0.470*** 0.411 

Warming       1 0.284** 

Overall taste intensity       
 

1 
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Discussion 

TTS and perception of oral sensations – beer- and cider- relevant tastants 

Extensive psychophysical experiments have been conducted to investigate the 

relationship between physical stimuli and the sensations they evoke. However, few 

studies have examined the effect of TTS on the perception of oral sensation and 

consequently consumption behaviours (Green and George 2004; Bajec and Pickering 

2008; Bajec and Pickering 2010; Pickering et al. 2010a; Pickering and Klodnicki 2016). 

This study introduces a novel approach with the inclusion of tastants at varying 

concentration (beer-and cider- relevant tastants) eliciting the same sensations as the 

product (beer and cider) being investigated. To our knowledge this is the first study to 

investigate TTS effect on intensity ratings of ethanol and dextrose. As the concentration 

of the beer- and cider- relevant tastants increased, the intensity of the sensations elicited 

tend to also increase but at varying rates, except for sweetness of ethanol. These results 

are in complete agreement with other psychophysical studies investigating chemosensory 

response to capsaicin, piperine, zingerone and ethanol, across a concentrations series 

(Green and Hayes 2004; Nolden and Hayes 2015).  

We hypothesized that TTs would rate the intensities of oral sensations elicited by 

beer- and cider- relevant tastants (dextrose, citric acid, iso-α-acid and ethanol) higher than 

TnTs. TTs tended to rate the intensity of sensations elicited by all beer- and cider- 

relevant tastants higher than TnTs, although this advantage was not seen for the bitterness 

of iso-α-acid. This finding was consistent with differences reported between TTs and 

TnTs for intensity ratings of simple aqueous solutions, some odorants and chemesthetic 

stimuli (Green and George 2004; Green et al. 2005; Bajec and Pickering 2008; Yang et 
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al. 2014). Of the four beer- and cider- relevant tastants, TTs rated the bitterness of ethanol 

significantly higher than TnTs, while the sourness of citric acid, approached significance. 

Both citric acid and ethanol are trigeminal stimuli (Green 1988; Gilmore and Green 1993; 

Dessirier et al. 2000; Mattes and DiMeglio 2001). Hort et al. (2016), speculated that the 

trigeminal and gustatory nerves may be  intertwined. Perhaps, in TTs, stimulation of the 

trigeminal receptors by ethanol and citric acid results in enhanced gustatory response. 

This result offers compelling evidence for a perceptual advantage among TTs and has 

implications for the food and beverage industry. For instance, TTs have a lower 

difference threshold for sourness of white wine than TnTs (Pickering and Kvas 2016). As 

a result, TTs may be more responsive to the orosensory properties of alcoholic beverages 

more than TnTs, which in turn may negatively impact their liking and consequently 

consumption. 

TTS and perception of oral sensations – beer and cider 

We also hypothesized that TTs would rate the intensity of oral sensations from sampled 

beer and cider, higher than TnTs. TTs rated the bitterness, sourness and overall taste 

intensity of beer higher than TnTs (ANOVA). The sourness, astringency and overall taste 

intensity of cider were also rated higher by TTs than TnTs. Our results agreed with  those 

of Pickering et al. (2010a), who reported that TTs tended to rate the sourness of 

Hoegaarden wheat beer, Molson Canadian lager, and Molson Excel low alcohol lager 

higher than TnTs. Additionally, TTs rated the bitterness of Molson Canadian higher than 

TnTs. These results also concur with TTS differences in the intensity ratings of 

orosensations elicited by white and red wines (Pickering et al. 2010b). It is interesting to 
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note that the significant findings were for the dominant oral sensations of the beer and 

cider.  

Association between tastants and sampled beer and cider. 

Sensations elicited by the beer- and cider- relevant tastants were generally weakly to 

moderately associated with sensations elicited by sampled beer and cider (Table 2.4 and 

Table 2.5). The beer- and cider- relevant tastants are simple aqueous solutions while beer 

is a complex matrix comprising a wide array of sensory active components (Bamforth 

2009a). Due to the compositional complexity of beer, the components interact with each 

other, likely leading to suppression or enhancement of some attributes. In aqueous 

solution the tastant concentration affects which chemosensory property will dominate. 

The bitterness of an aqueous solution of iso-α-acid is due to the iso-α-acid itself however 

in a complex medium such as beer the ethanol and the iso-α-acid present both contribute 

to enhanced bitterness. Jones et al (2008) reported enhanced bitterness of model white 

wine with high levels of ethanol. In contrast, sweetness from unfermented sugars may be 

suppressed by iso-α-acid in the beer resulting in reduced sweetness perception (Clark et 

al. 2011).  

Implications and further research   

Flavour perception is multi-modal involving aroma, taste and mouthfeel, with all these 

modalities working together to influence how we perceive our foods. How we perceive 

flavour in a simple aqueous solution is not indicative of how it may be perceived in an 

actual product. From our study we can concluded that taste intensity of simple aqueous 

solutions maps poorly onto taste perception in a more complex medium such as beer 

where taste interactions are occurring. These interactions may suppress or enhance 
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certain orosensory properties of a product, thus influencing its flavour. Further research 

could explore binary, ternary or quaternary mixtures to investigate the extent of mixture 

suppression and enhancement occurring in actual food and beverages.  

This research could be further enhanced by using Temporal Dominance of Sensation or 

its more recent alternative Temporal Check All That Apply methods to assess the beer 

and cider samples. During oral processing of food and beverages the flavour perception 

changes continuously. These alternatives offer the advantage of assessing several 

attributes simultaneously over time, unlike single point evaluations such as intensity 

scoring (Di Monaco et al. 2014).    

Due to the enhanced acuity of TTs, they may avoid alcoholic beverages because 

of their predominantly aversive nature, thus offering some protection against the misuse 

and abuse of alcohol. For example, bitterness, sourness and astringency sensations are 

typically considered to be aversive in nature and thus negatively impact both liking and 

intake, as evidenced by Thibodeau et al. (2017) reporting of reduced alcohol intake 

among individuals with heightened responsive to sourness and astringency. Further 

research could examine TTS and alcohol liking and intake.  

Conclusion 

The effect of TTS on intensity ratings of oral sensations elicited by beer- and cider- 

relevant tastants and sampled beer and cider was examined. Additionally the correlation 

between sensations elicited by beer- and cider- relevant tastants and those elicited by 

sampled beer and cider was determined. TTs rated the bitterness of ethanol significantly 

higher than TnTs, while the sourness of citric acid approached significance. TTs perceive 

sourness, bitterness, astringency and overall flavour intensity elicited by sampled beer 
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and cider more intensely than TnTs. This supports the view that TTs have a sensory 

advantage over TnTs in the context of complex food and beverages.  
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CHAPTER 3: ASSOCIATION OF THERMAL TASTER STATUS WITH LIKING 

AND INTAKE OF BEER AND CIDER: AN EXPLORATORY STUDY OF 

CONSUMER BEHAVIOURS 

Introduction 

The intake of alcohol is prevalent worldwide. For many individuals, consuming alcohol is 

an integral part of their social life. The World Health Organization (WHO) reported that 

globally, individuals aged 15 years and above, drink 6.2 litres of pure alcohol annually, 

which approximates to 13.5 grams of pure alcohol daily. Alcohol consumption varies 

depending on geographical location. The highest consumption rates are in the developed 

world (Europe and the Americas), while the South-East Asian Region recorded the lowest 

consumption levels (World Health Organization 2014). For example, in 2013, 

approximately 80% of the Canadian adult population reported that they drank alcohol in 

the previous year (Health Canada 2015). Globally, a wide range of alcoholic beverages 

are available for enjoyment, including wines, spirits, beers, ciders and coolers. The type 

of alcoholic beverage people consume, varies depending on where they live. Individuals 

in Asian and Eastern Europeans countries consume mostly spirits. Wines are the most 

consumed beverage for some European countries and South American countries 

(Argentina and Chile), other beverages (fermented beverages from sorghum etc., cider, 

fruit wine and fortified wine) are predominantly consumed in Sub-Saharan Africa. Beer, 

accounts for the largest share of alcohol consumed in majority of the western world, 

Northern Europe, some African countries and Australia (World Health Organization 

2014). In Canada, beer is the most consumed alcoholic beverage, with $9.2 billion in 

sales for 2015-2016; accounting for 41.5% of total alcoholic beverage sales. Currently 
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beer sales is on the decline, however, the beverage category, consisting of ciders, coolers 

and other refreshment beverages, saw a 10.7% growth in sales (Statistics Canada 2016).  

At the point of purchase, consumers are bombarded with an array of beer products for 

them to choose from. Knowing the relative importance of the factors used when 

purchasing beer is important for product developers and marketers, as they can use this 

information to incorporate new products into their portfolio to target specific groups of 

consumers; specifically developing marketing and promotional strategies including 

labelling, advertising, branding and pricing initiatives.  

While there are many factors both intrinsic and extrinsic that influence alcohol 

consumption behaviours, taste is arguably the most important. The taste of both ciders 

and beers are influenced by their individual components. Ethanol, sugars, organic acids, 

polyphenols and a range of aromatic compounds are the main constituents of cider (Lea 

and Drilleau 2003), while ethanol, iso-α-acid imparted by hops (primary bitterant of 

beer), carbon dioxide, volatile (iso-amyl acetate, ethyl butyrate) and non-volatile 

compounds (polyphenols, organic acids and sugars) are the main components of beer 

(Clapperton et al. 1976; Parker 2012). The final concentration of the individual 

compounds and ultimately the style of the beer and cider is dependent on the process 

parameters used during production; parameters such as temperature regime, 

maturation/storage times and processing aids. The main oral sensations; bitterness, 

sourness, sweetness, astringency and carbonation elicited by cider and beer, (Langstaff et 

al. 1991; Jolicoeur 2013) depends on the concentrations of these individual components.  

Beer is a complex beverage (Clark et al. 2011). The decision on which beer to 

choose at the point of purchase can be difficult. Furthermore, beer is a consumable and so 
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its quality typically can’t be fully evaluated until after it is purchased, so consumers rely 

heavily on price, packaging information, brand, promotional materials, second-hand 

information and previous purchase experience (Jacoby 1971). Beer consumers make their 

purchasing decision based on numerous factors. These factors include intrinsic (taste) and 

extrinsic (price, brand, label) properties and other characteristics such as age and income 

(Gabrielyan et al. 2014). Numerous consumer behaviour studies have been conducted on 

both cider and beer. Gabrielyan et al. (2014) examined the relationship between the 

organoleptic properties and consumers willingness to pay for beer and proposed that 

flavour was the most important attribute consumers used when deciding which beer to 

buy.  Additionally, Muggah and McSweeney (2017) concluded that the most important 

drivers of consumer liking of beer was flavour. Also, Tozer et al. (2015) determined that 

overall liking, taste, aroma and age were important factors driving willingness to pay for 

craft cider.  

 Preference for and the consumption of alcoholic beverages are determined by 

various factors. These may be biological, psychological or social in nature and include 

genetics, alcohol sensitivity, social sanctions, gender roles, coping styles, motives and 

expectations, depression, self-esteem, sensation-seeking, anti-sociality, interpersonal 

relationships and sexual assault (Nolen-Hoeksema 2004). Arguably the most important 

factor influencing alcohol perception, preference and intake, is taste. Interindividual 

differences exists in taste perception. Responsiveness to 6-n-propylthoiuracil (PROP) is 

the oldest and most widely used genetic marker used in categorising taste variation 

among individuals (Fox 1932). More recently, another marker of individual differences in 

the perception of oral sensation has been proposed; thermal taster status (TTS). Thermal 
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tasters (TTs) who make up about 20-50% of the population, experience a phantom taste 

(sweet, sour etc.) when specific areas of the tongue are heated or cooled (Cruz and Green 

2000; Green and George 2004; Bajec and Pickering 2008; Yang et al. 2014). In contrast, 

individuals who do not experience these thermal induced sensations are categorized as 

thermal non-tasters (TnTs). Though the phenomenon of thermal tasting was discovered 

almost 20 years, we are still unsure of the underlying mechanisms. Data generated from 

studies on knockout mice imply that TRPM5 is involved in thermal tasting (Talavera et 

al. 2005), suggesting that this source of individual variation in under genetic control. 

TRPM5 is a transient receptor potential (TRP) superfamily cation channel, involved in 

the perception of sweet, umami and bitter taste (Zhang et al. 2003). TTs and TnTs differ 

in their orosensory responsiveness, with TTs experiencing a greater responsiveness to 

taste, tactile and temperature stimuli, as well as some retronasally presented odorants 

(Green and George 2004; Green et al. 2005; Bajec and Pickering 2008; Yang et al. 2014; 

Hort et al. 2016). Additionally, TTs experienced the dominant oral sensations of sampled 

wine (Pickering et al. 2010b) and beer (Pickering et al. 2010a) more intensely than TnTs. 

These differences in orosensory responsiveness between TTs and TnTs did not always 

extend to food and beverage liking (Pickering et al. 2010a; Pickering et al. 2010b; 

Pickering et al. 2016).   

Hedonic measurement (liking) - a reliable proxy for intake (Duffy et al. 2009), also 

varies with TTS, across a variety of food items (Bajec and Pickering 2010; Pickering and 

Klodnicki 2016). More recently Yang et al. (2018), reported that TTs experienced the 

emotions ‘tame’, ‘curious’, ‘underwhelmed’, ‘shocked’, ‘bored’ and ‘disgusted’ 

significantly more than TnTs when drinking beer. They speculated that emotional 
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response maybe more reliable than traditional hedonic measures in explaining differences 

between TTs and TnTs.  

To date most TTs study have focussed on differences in orosensory responsiveness 

between the two taste phenotypes, while little attention has been given to exploring how 

this enhanced acuity translates to liking and consumption. Affective tests (hedonic, 

preference) are one type of consumer test, used to evaluate and quantify consumers 

degree of like or dislike for a product (Lawless and Claassen 1993). This liking data can 

be used in cluster analysis or segmentation analysis, which is an exploratory data analysis 

tool used to group objects based on similarities between them. Cluster analysis allows 

food product developers to focus their product development, marketing strategy and their 

sales and promotional initiatives to a specific consumer segment. Pickering et al. (2014) 

and Pickering and Hayes (2017), used cluster analysis to segment wine consumers in 

Ontario and New York into distinct market segments based on their liking of different 

styles of commercial wines. 

In this study, we explored the importance of select factors when purchasing beer. We 

also examined if TTs differed from TnTs in beer and cider intake and liking. We also 

explored how select biological and experiential factors might drive beer market 

segmentation. Additionally, we investigated if intensity of sensations elicited by beer- 

and cider- relevant tastants and sampled beer and cider associate with beer and cider 

liking and consumption.  
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Materials and Methods 

Participants 

164 participants (109 females, 51 males and 4 unreported) from Brock University and the 

local community were recruited through flyers, online postings and personal 

communication. To incentivise participants, they were offered credits toward specific 

Business and Psychology courses, or alternatively, entry into a monetary/gift card draw. 

To be eligible to participate in the study, participants were required to be at least 19 years 

of age, healthy and allergy free, as determined by a health information questionnaire. 

Alcohol drinkers and non-drinkers (n=6) were encouraged to participate, provided they 

did not avoid alcohol for moral and religious reasons. All procedures used in the study 

were cleared by the Brock University Research and Ethics Board (REB File 15-176) and 

all participants gave their consent prior to commencement of the study. 60 of the 164 

participants completed the study; the remaining participants were excluded because they 

could not be categorised as TTs or TnTs or attend all required sessions. The final cohort 

consisted of 31 TTs (21 females, 9 males and 1 unreported) and 29 TnTs (17 females and 

12 males), with a mean age of 23.2 years ± 5.9 SD. 61.9% of participants reported White 

as their ethnicity, 11.9% Chinese and 26.2% belonged to other ethnic groups. All training 

and evaluation took place in the controlled Sensory Evaluation Laboratory at Brock 

University, with data collected over three sessions.  

Scale acclimation 

Participants were trained on the use of the generalized visual analogue scale (gVAS), 

which was used to score sensation intensity of the basic taste solutions.  The scale is 

anchored at the bottom (0 mm) with “NS-No sensation” and “SE-strongest sensation of 
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any kind experienced” at the top (100 mm), with three unlabelled equidistant horizontal 

line anchors, breaking the scale into quadrants at 25 mm, 50 mm and 75 mm respectively. 

To familiarize participants with the scale and to facilitate accurate scale usage they rated 

the intensity of five remembered sensations, “brightness of the sun when staring directly 

at it”, “sweetness of cotton candy”, “burning sensation from eating a whole hot pepper”, 

“pain from biting your tongue”, and “touch sensation of a pill on our tongue” by 

drawing a horizontal line across the scale. The approach of Bajec and Pickering (2008) 

used above was also used to train participants on the correct usage of the generalized 

labelled magnitude scale (gLMS), which was used to collect responses during the thermal 

taste elicitation exercise and also to rate beer and cider sensation intensities. The gLMS is 

a vertical quasi-logarithmic scale anchored at the base (0 mm) with “No sensation”, 

“Barely Detectable” (1.4 mm), “Weak” (6.1 mm), “Moderate” (17.2 mm), “Strong” (35.4 

mm), “Very Strong” (53.3 mm) and the top “Strongest Imaginable” (100 mm).  The five 

remembered sensations above were also used to familiarise participants with the use of 

the gLMS. For both scales verbal and written instructions were given to participants. 

Prototypical taste training 

Aqueous solutions of oral stimuli were presented to participants to assist them with 

identification of possible sensations elicited during the thermal taste determination 

procedure. 

Labelled 20 mL aqueous solutions representing sweet (250 mM sucrose - Ultra 

Pure, Bioshop, ON), sour (3.25 mM citric acid anhydrous, Fisher Scientific, NJ), bitter 

(0.0275 mM quinine monohydrochloride dihydrate, SAFC Supply Solutions, MO), salty 

(180 mM sodium chloride, ACP Chemicals Inc, QC),  umami (125 mM L-glutamic acid  
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monosodium hydrate, Sigma-Aldrich, MO), metallic (1.00 mM cupric sulphate 

pentahydrate, BioShop, ON) and astringent (0.88 mM aluminum sulphate, Sigma-

Aldrich, MO) were presented in SOLO® cups. Participants were instructed to rinse with 

filtered water (Brita®, ON) before starting and between each solution.  In addition, 

unsalted soda crackers (No Name®, ON) were available ad libitum.  Participants were 

asked to swish each solution on their palate for 5 s, expectorate, wait 10 s and rate the 

maximum intensity of the elicited sensation they perceived on a gVAS, regardless of 

when it occurred during the preceding 15 s. After this exercise, a short break was taken 

during which participants completed a questionnaire. The above procedure was repeated 

with blind-coded randomized samples and participants instructed to identify the taste 

(sweet, salty, sour, bitter, umami, metallic or astringent) and to rate the maximum 

intensity of the sensation. Participants who were unable to correctly identify all the blind 

coded samples were re-introduced to the labelled solutions, and a second set of blind-

coded samples presented for identification.  

Thermal taste determination 

The method of Bajec and Pickering (2008)  was used to determine participants’ TTS.  A 

64-mm2 computer-controlled Peltier device with a thermocouple feedback attached to a 

toothbrush-sized water-circulated heat sink (thermode) was applied to the participant’s 

tongue by the researcher. The procedure has a warming cycle and a cooling cycle, 

warming trials always preceded cooling trials to avoid adaptation from the intense cold 

stimulation (Green and George 2004). Prior to stimulating the tongue, participants 

underwent training runs to become familiar with the procedure, where the thermode was 

applied to both the palm and vermillion border of the bottom lip. Following thermal 
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stimulation participants rated the maximum intensity of any sensations elicited on six 

single sheets of paper with six separate gLMS scales labelled “heat” or “cold” (depending 

on whether the cooling or heating cycle was being assessed), “sweet”, “salty”, “sour”, 

“bitter”, “umami”, “metallic” and “other”. For TTS categorization, thermal tasters (TTs) 

were defined as those individuals that reported the same taste sensation, rated above 

weak, at the same location and temperature regime in both replicates. Thermal non-tasters 

(TnTs) were defined as those who did not perceive any taste sensation in any trial (Bajec 

and Pickering 2008; Bajec et al. 2012). 

Preparation of beer- and cider- relevant tastants 

Dextrose (Canadian Homebrew Supplies Corn sugar, Brampton, ON), citric acid (Fisher 

Scientific, NJ), iso-α-acid (Kalsec Isolone® Isomerized Hop Extract, Kalamazoo, MI) 

and ethanol (Storechem Alcohols Ltd Ethyl Alcohol 95% Kosher, London, ON) were the 

beer- and cider- relevant tastants chosen for our study. Individually these tastants elicit 

the dominant oral sensations encountered in beer and cider (Thibodeau and Pickering 

2017), and concentrations were selected to represent the range of commercial beers and 

ciders found in the Liquor Control Board of Ontario (LCBO), see Table 3.1. All 

solutions were prepared in pure water (Millipore RiOs 16 Reverse Osmosis System, 

MA), stored in the dark at 2-4 o C and brought to room temperature two hours prior to 

testing.   
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Table 3.1 Concentration of beer- and cider-relevant tastants and oral sensations assessed. 

Component 

Oral sensations 

assessed  

Concentration 

Units 

Dextrose Sweetness 7, 40, 80  g/L 

Citric acid Sourness 56, 230, 550  mg/L 

iso-α-acid Bitterness 10, 20, 50  mg/L 

Ethanol 

Sweetness, 

Bitterness, 

Irritation/burning 

2, 4, 5, 7, 10  % v/v 

 

Evaluation of beer- and cider- relevant tastants 

Compusense®5 (Compusense, Guelph, ON) software was used to collect all intensity 

ratings. Before sensory evaluation participants were given verbal instructions on how to 

use the programme. 20 ml samples were served at room temperature in plastic cups 

(SOLO® cup company IL) fitted with clear plastic lids (Dart container corporation MI) 

coded with random three-digit codes. Samples were presented randomly using a Williams 

Latin Square Design (Macfie et al. 1989).  

 Participants were instructed to take the whole content of the cups into their mouth, 

swish each solution on their palate for 5 s, expectorate, wait approximately 10 s and then 

rate the maximum intensity of the elicited oral sensation on a gLMS using a mouse. The 

sensations assessed can be seen in Table 3.1. To prevent the negative effects of sensory 

fatigue and carryover effects, a minimum inter-stimulus break of 60 s was interspersed 
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between each change in concentration and 120 s between the different tastants. 

Additionally, participants were instructed to rinse thoroughly with filtered water (Brita® 

ON) and unsalted soda crackers (No Name® ON) were available ad libitum. 

Preparation of beer and cider samples 

A lightly hopped, low alcohol base lager beer and an unsweetened cider base to which 

pre-isomerized hop extract and ethanol were added, were used for the study. The beer and 

cider samples were stored at 1- 40C to maintain microbial, colloidal and flavor stability 

until their preparation for sensory assessment. Samples were assessed for perceived 

intensity of “sweetness”, “bitterness”, “sourness”, “irritation/burning”, 

“carbonation/prickling’, “warming”, and “overall taste intensity” by participants. The 

physiochemical properties of the samples are given in Table 3.2.  
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Table 3.2 Physiochemical parameters of base beer and cider  

     aAgilent 6890 Series Gas chromatography system with flame ionization detector (FID) 

       b Methods as described by Iland et al. (2000) 

     c D-Fructose and D-glucose assay enzyme kit (Megazyme International, Ireland) 

     d American Society of Brewing Chemist (ASBC) Beer – 23F 

 

Beer samples were prepared from the base beer 2 h in advance of sensory evaluation. 

Prior to sensory evaluation, the still cider was carbonated using Sodastream® PLAY™. 

Different iso-α-acid and ethanol levels were achieved by the addition of a commercially 

available food grade solution of isomerized hop extract (30% w/w; Kalsec®, MI), and 

kosher ethanol (95% v/v; Storechem, ON). Isomerized hop extract and ethanol were 

added to the base beer to give final concentrations of 3.41, 13.41 and 43.41 mg/L iso-α-

acid, and 5, 7 and 10% v/v ethanol. Similarly, the cider was spiked with the hop extract to 

achieve a final iso-α-acid level of 25 mg/L. Following addition of the isomerized hop 

Sample Parameter 
Value (±standard 

deviation) 
Units 

Analysis 

method 

Beer Ethanol 4.9 ± 0.01 % v/v GC-FIDa 

 
pH 3.65  pH meterb 

 

Titratable acidity 2.14 ± 0.01 g/L 
NaOH 

titrationb 

 
Residual sugar < 0.07 g/L Enzyme kitc 

 

iso-α-acid 3.41 ± 0.17 mg/L 
ASBC Beer- 

23Fd 

Cider Ethanol 7.4 ± 0.01 % v/v GC-FIDa 

 
pH 3.38  pH meterb 

 

Titratable acidity 5.12 ± 0.01 g/L 
NaOH 

titrationb 

  Residual sugar < 0.07 g/L g/L Enzyme kitc 
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extract and ethanol to the respective samples, the bottles were covered, gently mixed and 

immediately placed in cold storage (2-40C) until they were ready to be tasted.  

Beer and cider evaluation 

Before participants assessed the beer and cider samples they were verbally orientated to 

the Compusense® 5 (Compusense, Guelph, ON) software, which was used to collect all 

beer and cider sensation intensity and hedonic ratings. The samples were poured 10 min 

prior to tasting in 40 mL aliquots and presented to participants at 6 ± 2oC in black ISO 

tasting glasses coded with random 3-digit codes. To reduce carbonation loss, each glass 

was covered with a plastic petri dish and presented to participants in a randomized order. 

Participants were instructed to cleanse their palates with water (Brita®, ON) and unsalted 

crackers (no name®, ON) before evaluating each sample. Additionally, they were 

instructed to taste the sample in the presented order as well as to evaluate each sample 

monadically and expectorate before tasting the next sample. Participants started the 

assessment by taking half of the entire sample in their mouth, swishing around for 5 s, 

expectorate and wait 10 s before indicating their liking using the 9-point hedonic scale. 

Following these ratings, participants took the remaining sample in their mouth swished 

on their palate for 5 s, expectorated and waited 10 s before rating the maximum perceived 

intensity of “sweetness”, “bitterness”, “sourness”, “irritation/burning”, 

“carbonation/prickling’, “warming”, and “overall taste intensity”, regardless of when it 

occurred during the preceding 15 s, on individual gLMS (Bajec and Pickering 2008).  

Participants were instructed to rinse with filtered water prior to and after each 

sample and unsalted soda cracker were available ad libitum. After the eight samples (6 

beers and 2 ciders) had been assessed, the exercise was repeated after a 10 min break with 
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fresh re-randomized samples to obtain duplicate ratings for each sample. To prevent the 

negative effects of sensory fatigue and carryover effects, a minimum inter-stimulus break 

of 120 s was interspersed between each sample.  

Alcohol consumption measures 

Self-reported alcohol consumption was obtained for all participants.  Participants 

indicated both the number of days per month they consumed alcoholic beverages 

(frequency) and the number of standard alcoholic beverages consumed on days when 

they were drinking (drinks per occasion). The response options were beer, sweet wine, 

dry wine, unmixed spirits, mixed spirits, cider and other. Monthly alcohol consumption 

was calculated by multiplying frequency and drinks per occasion for each drink category 

(Duffy et al, 2004b). As the focus of this study is on beer and cider, only these beverage 

categories will be reported here.   

Factors influencing beer purchase decisions 

Participants were asked ‘How important are the following factors when purchasing 

beer?’ with response options being 1- Not important to 7- Extremely important. The 

factors presented were taste, price, brand, size, packaging (e.g. label), style of beer (e.g. 

lager, ale, stout, IPA), occasion, other. 

Data treatment and analysis 

An alpha level of 0.05 was used when interpreting significance for all data analysis. All 

analyses were conducted using XLSTAT Version 2017.19.05.46974 (Addinsoft, NY, 

USA). All liking data followed a normal distribution (Shapiro-Wilks). The consumption 

data were not normally distributed (Shapiro-Wilks), therefore different transformations 

(natural log, logarithm10, square root and inverse) were performed to try and improve 
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normality. However, none of the transformations succeeded, so these data were analysed 

using non-parametric statistics (Friedman’s and Mann-Whitney U test). The sensation 

intensity data were collected on gLMS; data collected using this scale are log distributed, 

hence a log10 transformation was performed on all sensation intensity data (Cruz and 

Green 2000; Shen et al. 2017).  

Factors influencing beer purchase. 

 A Student’s t-test examined whether TTs differ from TnTs in the importance of the 

factors influencing beer purchase decisions. Friedman’s test (Q) for ranked data was used 

to determine if there were any difference in the rank sums for factors influencing beer 

purchase decision. 

Preference and liking. 

A two-way ANOVA (TTS and sample treatment) examined the effects of TTS on 

hedonic ratings for sampled beer and cider. Agglomerative hierarchical and K-means 

clustering techniques were used to classify participants based on their liking scores for 

the beer and cider samples. Agglomerative hierarchical clustering (Dissimilarity 

proximity type, Ward’s method, Euclidean distance) revealed three clusters based on the 

dendrogram plot. K-means clustering [criterion: Trace (W); nearest neighbour estimation 

for missing data] was used to classify the participants. Each cluster was then compared 

for age, sex, TTS, alcohol intake status, annualised intake frequency and consumption 

(beer and cider). Clusters were examined using one-way ANOVA for the quantitative 

variables and Chi-square for qualitative variables (Table 3.3). 
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Consumption 

Non- parametric testing (Mann-Whitney) examined differences in beer and cider 

consumption (monthly consumption, consumption frequency and drinks per occasion) 

between TTs and TnTs. Pearson (r) correlations examined the association between 

sensations elicited by beer- and cider- relevant tastants, and sampled beer and cider liking 

and consumption (consumption frequency, monthly consumption and drinks per 

occasion).  

Results 

Importance of select factors when purchasing beer 

For the entire cohort, taste (6.14 ± 1.25) was the most important factor influencing beer 

purchase (1- Not important to 7- Extremely important). Importantly, taste was 

significantly more important for TTs (6.37 ± 0.80) than TnTs (5.42 ± 1.80) (t=2.72, 

p=0.009) in influencing beer purchase. Taste was ranked as the most important variable 

for TTs (Q= 87.93, p<0.0001) and TnTs (Q=40.06, p<0.0001) in deciding the kind of 

beer that is procured. Interestingly, the order of the mean of ranks differed between the 

two TTS groups for several other factors as seen in Table 3.3.  

Table 3.3.  Importance of specific factors in beer purchase  

             Thermal tasters                            Thermal non-tasters 

Factor  Mean of ranks Factor  Mean of ranks 

Taste 7.17 Taste  6.28 

Style 5.36 Price 5.70 

Occasion 4.93 Occasion 5.28 

Price 4.80 Style 4.92 

Size  4.06 Size 4.11 

Brand 3.83 Brand 3.53 

Other 2.94 Label 3.22 

Label 2.91 Other 2.97 
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Liking and consumption 

Overall hedonic ratings were generally low for the beer and cider samples, with an 

average value of 5.14 corresponding to approximately the ‘neither like or dislike’ anchor 

term. The average liking scores for the entire cohort (from most to least liked) were: low 

alcohol beer, 5.77; medium alcohol beer, 5.54; low hopped beer, 5.43; high alcohol beer, 

5.26; medium hopped beer, 4.98; cider, 4.88; high hopped beer, 4.78; and hopped cider, 

4.67. No differences (ANOVA) in hedonic ratings was found between TTs and TnTs for 

the beer and cider samples (see Figure 3.1). 

 

 

Fig. 3.1 Influence of Thermal Taster Status on hedonic ratings of beer and cider. Bars 

represent mean hedonic scores ± SD (standard deviation). Thermal tasters (TT) (n=31); 

Thermal non-tasters (TnT) (n=29) 
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Mean monthly consumption (standard drinks) for all participants was 11.1 ± 19.6 and 

3.12 ± 8.6 for beer and cider respectively. There were no differences (Mann-Whitney 

test) between TTs and TnTs for all consumption measures (monthly consumption, 

consumption frequency and drinks per occasion) for beer or cider (Refer Table 5.3, 

Appendix I).  

Orosensory responsiveness, TTS and alcoholic beverage liking and consumption 

Combined cohort. The Pearson correlation coefficients (r) between sensation intensity 

and liking (beer and cider) and intake of beer can be found in the Table 5.2, Appendix I. 

Cider consumption and frequency were very low for this cohort, and these data are not 

reported. Correlation may be interpreted as high if |r| > 0.700, medium if 0.500 ≤ |r| ≥ 

0.700 and low if |r| < 0.300 (Hinkle et al. 2003; Rumsey 2013). Significant correlations 

were found between several sensations and alcohol behaviours at p<0.001, p<0.01 or 

p<0.05. For the combined cohort, beer liking tended to be negatively associated with the 

intensity of sensations elicited by both beer- and cider- relevant tastants and sampled 

beer, except for beer sweetness, which was positively associated with liking. Beer 

monthly consumption did not associate with any of the sensations measured, although 

consumption frequency was negatively associated with the bitterness, carbonation, 

warming and overall taste intensity of the sampled beer, and positively associated with 

citric acid sourness. Cider liking was positively correlated with cider sweetness, and 

negatively associated with cider bitterness and astringency. 

Thermal Taste Status Comparison. The Pearson correlation coefficients (r) between 

sensation intensity and liking (beer and cider) and intake of beer of TTs and TnTs, can be 

found in the Table 5.3, Appendix I. Three beer- and cider-relevant tastants, (dextrose 
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sweetness, citric acid sourness and ethanol sweetness) were inversely correlated with 

overall beer liking for TTs, whereas only citric acid sourness was inversely correlated for 

TnTs. For sensations elicited by sampled beer, TTs and TnTs had similar responses: 

sourness, bitterness, astringency and overall taste intensity were inversely associated with 

beer liking, whereas sweetness was positively correlated. Of the three beer intake 

measures, the only difference between the two phenotypes was for consumption 

frequency, which was negatively correlated with astringency intensity for TTs, but not so 

for TnTs. For cider, both ethanol irritation and cider carbonation inversely correlated with 

liking for TTs, while for TnTs cider sourness was negatively associated with liking. 

Cluster analysis 

An initial cluster analysis was performed to investigate how the beer products grouped 

together based on liking scores. As shown in Figure 3.2, three main groupings were 

revealed. The groups formed were 1) cider and hopped cider, 2) high alcohol beer 3) high 

hopped beer, low hopped beer, medium hopped beer, low alcohol beer and medium 

alcohol beer.  
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Fig. 3.2 Dendrogram from cluster analysis of beer liking scores (agglomerative 

hierarchical clustering-dissimilarity proximity, Ward’s method, Euclidean distance) 

 

Cluster analysis of the beer and cider consumers, revealed three distinct clusters as 

presented in Table 3.4. 

 

 

 



 

61 
 

 Table 3.4. Characteristics of alcohol beverage liking clusters 

 

Cluster 1  

"Bitter 

 dislikers" 

Cluster 2 

"Beer 

likers" 

Cluster 3 

"Alcohol 

lovers" Overall 
 

Number  18 21 21 60  

Age (years) a (NS) 
    

 

      Mean 25.0 23.8 22.1 23.6  

      Standard deviation 6.8 6.0 4.4 5.9  

      Minimum 19.0 19.0 19.0 19.0  

      Maximum 43.0 36.0 36.0 43.0  

Sex b (NS) 
    

 

     Male 5 6 10 35%  

     Female 13 15 11 65%  

Alcohol intake status c (NS) 
    

 

       Drinkers of alcohol  14 18 21 10%  

       Non-drinkers of alcohol 4 3 0 90%  

Thermal Taster Status d (NS) 
    

 

        Thermal taster 8 15 8 54%  

        Thermal non-taster 10 6 13 46%  

Annualised intake frequency (# days per month)  
 

 
  

 

       All alcohol e 139.8 142.8 144.6 142.41  

       Beer f 14.1 35.4 61.9 37.13  

       Cider g  14.1 24.0 5.7 15  

Annualised consumption (standard drinks) 
    

 

       All alcohol h 359.0 356.5 358.7 358.1  

       Beer i 23.9 106.2 226.1 118.7  

       Cider j 21.2 61.8 13.9 32.3  

Notes: a F56,2 =1.087, p=0.345; b χ2=2.7, p=0.254 (df=2); c χ2 =3.5, p=0.175 (df=2); d χ2=5.9, p=0.053 (df=2)  
 

e F2,59=0.356, p<0.702; f F2,59 =5.9, p=0.005, Cluster 3 differs significantly from Cluster 1  
 

g F2,55=1.237, p=0.298; h F2,55=0.356, p=0.702; i F2,55=5.048, p=0.010, Cluster 3 differs significantly from Cluster 1  

j F2,55=0.008, p=0.993. NS = not significant. 
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Cluster 1 had low average liking scores for high hopped (2.7) and high alcohol 

beer (3.7), hopped cider (3.8) and medium hopped beer (3.6). These participants were the 

oldest (25 ± 6.8) of the 3 clusters and were more likely to be females and thermal non- 

tasters. We identified this group as ‘bitter dislikers’. 

Cluster 2 gave higher average hedonic ratings for the beer samples (5.4) than for 

the cider samples (4.3). They were intermediate between Clusters 1 and 2 for age. They 

were more likely to be females and had the highest percentage of thermal tasters. They 

have an intermediate alcoholic beverage intake frequency and the lowest consumption 

overall. This cluster was characterised as ‘beer likers’. 

Cluster 3 had the highest overall hedonic scores (6.2) for all alcohol beverage 

samples and were the youngest of the three clusters. They had an almost equal proportion 

of males and females. They all consume alcohol and were more likely to be thermal non- 

tasters. They have a relatively high consumption and consumption frequency. They drink 

the most beers of all 3 clusters, and we have identified them as ‘alcohol lovers’. The 

hedonic ratings of the samples by each cluster can be seen in Table 3.5.  
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Table 3.5.  9-point hedonic scores (average) of each cluster 

 

  

Cluster 1         

"Bitter 

dislikers" 

Cluster 2           

"Beer likers" 

Cluster 3      

"Alcohol 

lovers" 

       Low hopped beer 4.2 5.1 6.8 

       Medium hopped beer 3.6 4.5 6.5 

       High hopped beer 2.7 5.0 6.2 

       Low alcohol beer 4.4 5.9 6.8 

       Medium alcohol beer 4.1 5.9 6.3 

       High alcohol beer 3.7 5.9 5.9 

       Cider 4.6 4.0 5.9 

       Hopped cider 3.8 4.5 5.5 

 

Discussion 

Importance of select factors when purchasing beer 

In our study we identified that, regardless of taste phenotype, the most important factor 

consumers use when purchasing beer was ‘taste’, followed by (in descending order of 

importance) ‘occasion’, ‘price’ and ‘brand’. Previous studies have also reported the role 

‘taste’ plays in influencing the consumer’s purchase behaviour with other food and 

beverage products (Hall et al. 2001; Jaeger et al. 2009; Lee et al. 2012). The relative 

importance attached to the eight factors consumers used when purchasing beer, differed 

between TTs and TnTs, with ‘taste’ being the most important for both TTS groups. 

Interestingly ‘style’ was the next most important factor for TTs, but only 4th most salient 

for TnTs. ‘Style’, in this context, encompasses or is defined by the sensory characteristics 

of the product, thus reinforcing the argument that ‘taste’ is very important to TTs. For 
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instance, the average beer drinker view ‘style’ mainly as a sensory (‘taste’) construct, and 

would refer to smooth beers, ‘bitter beers’ or hoppy beers’ as different beer styles. 

Chrysochou (2014), concluded in their study of light beers consumers that the foremost 

driver of light beer purchase was taste. This finding underscores the importance of taste. 

Beers are available in a wide range of styles and thus vary in their aroma, taste and 

mouthfeel. The dominant oral sensations of beer are sourness, bitterness and astringent. 

These sensations are perceived as aversive to some individuals and thus may affect beer 

liking and intake. For instance, in a study of female Canadian beer drinkers, Muggah and 

McSweeney (2017) reported that bitterness had a negative effect on beer liking, while 

sweetness had a positive effect (Muggah and McSweeney 2017). Tanimura and Mattes 

(1993), in their study of the relationship between sensitivity to iso-α-acid (primary 

bitterant in beer) and beer intake, concluded that sensitivity to iso-α-acid was 

significantly higher for slight beer drinkers (< 2 beers per week) in comparison to heavy 

consumers of beer (> 8 beers per week).  

Liking and consumption of beer and cider 

Perception of oral sensation plays an important role in food and beverage behaviour; we 

therefore hypothesized that differences in the perceived intensity of oral sensations 

elicited by beer and cider would associate with beer and cider behaviour. Generally, 

liking (except sweetness of beer and cider) and beer consumption frequency (except 

sourness of citric acid) tended to be negatively associated with the intensity of sensations 

elicited by both beer- and cider- relevant tastants and sampled beer and cider (Table 5.2, 

Appendix I). Association between the sweetness of beer and cider and liking was an 

exception, with our results showing a positive association for both TTS groups. Taste 
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responsiveness varies significantly among individuals and has been shown to associate 

with alcohol consumption. For example, Thibodeau et al. (2017) reported that sour 

responsiveness was associated with reduced beer intake.  

As the nominally aversive nature of alcoholic beverages serves as a deterrent to 

alcohol consumption for individuals with a heightened responsiveness (Thibodeau and 

Pickering 2017), we therefore expect lower consumption for these individuals. Consistent 

with Pickering et al. (2010a; 2010b), we found no differences between the TTS groups 

for overall liking. Liking and consumption of beer and cider is influenced by multiple 

experiential, psychological and biological factors. Not surprising therefore is the null 

result obtained for the consumption measures between the two TTS groups. Availability 

and consumer knowledge of cider, for example, may influence its consumption. Also, 

personality traits, such as sensation seeking plays a role in liking and intake. Sensation 

seekers tend to be high consumers of alcohol (Zuckerman and Kuhlman 2000). A larger 

sample size may also have been required to robustly assess the impact of TTS on hedonic 

ratings of beer and cider.  

Cluster analysis 

Using the hedonic ratings of the beer and cider samples, we sought to explore the 

influence of select biological and experiential factors on beer market segmentation. 

Cluster analysis of the participants, yielded three clearly distinct groups identified by 

their preference for certain style of beer and ciders. The main difference between our 

clusters was the “annualised intake frequency” and “annualised consumption” of beer. 

This difference was observed between Cluster 1 and Cluster 3, with the lower intake for 

Cluster 1. Interestingly, Cluster 1 respondents were the oldest of the clusters and were 
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more likely to be females, while Cluster 3 were the youngest and had equal proportions 

of male and female. Participants of our study were mainly drawn from undergraduate 

students. There is a trend of excessive alcohol consumption among this cohort. According 

to a study conducted by Stewart et al. (2002), students consume alcohol as a coping 

mechanism to the stress of college life, for peer acceptance and to demonstrate to their 

peers that they have adapted to the college lifestyle. Also, among college age students, 

price is one of the foremost drivers of alcohol intake. In a study of college students, 

Powell at al. (2004) concluded that there was a significant reduction in the interest for 

alcohol when priced was increased. Youths have limited to no disposable income and so 

they tend to be influenced more by price than quality. Numerous studies have reported 

that when alcohol price is increased there is a corresponding reduction in the amount of 

alcohol consumed by frequent drinkers than those who rarely drink (Coate and Michael 

1988; Laixuthai and Chaloupka 1993).   

Other considerations 

At the point of purchase, consumers do not always taste the product and so they rely on 

other criteria in making their beer choice. Our consumer study primarily focussed on the 

extrinsic and intrinsic properties of the products; further work could investigate the 

impact of emotional response when purchasing beer, as well as on beer and cider 

consumption behaviours of TTs and TnTs. A growing body of literature has examined the 

effect of emotional response on consumer behaviours (Havlena and Holbrook 1986; 

Richins 1997; Spinelli et al. 2014). Recently, Yang et al. (2018)  speculated that 

emotional response measurement may provide more information to supplement our 

current  understanding of how taste phenotype influence alcoholic beverage behaviours. 
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Emotions, both negative and positive, play an important role in our purchasing 

behaviours. Also, food and beverages can elicit an emotional response when we consume 

them which can supplement information provided by traditional hedonic measures, as 

emotional response tends to be more discriminatory (Gutjar et al. 2015; Spinelli et al. 

2015). 

Liking and consumption of beer and cider is influenced by multiple experiential, 

psychological and biological factors, that were not addressed in this study.  Our cohort 

consisted mainly of undergraduate students who are unemployed and/or in a lower 

income bracket, and so the tendency is for them to buy what is available and affordable to 

them (i.e. cheap). Further research could therefore explore income levels of the 

respondents.  

A large sample size typically between 75-150 is required when performing 

affective tests (Kemp et al. 2009; Lawless and Heymann 2010) due to the high variability 

in preference between individuals and to ensure that the test is statistically powered to 

draw conclusions. Due to commitment issues, scheduling conflicts and availability of 

panellists, recruiting adequate participants for sensory testing is usually challenging. The 

results from our cluster analyses is meant to be exploratory and should thus be treated 

with caution. 

Conclusion 

These results have led us to the conclusion that “taste” is the most important factor used 

when purchasing beer, regardless of taste phenotype. The sensations, bitterness, sourness, 

carbonation, warming and overall taste intensity were associated with beer consumption 

frequency.  We found no differences between TTs and TnTs in their beer or cider liking 
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and intake. Additionally, beer and cider consumers can be grouped into three distinct 

clusters based on their liking of a range of beer and cider samples differing in ethanol and 

iso-α-acid levels. Cluster analysis revealed that the main differences between our clusters 

(Clusters 1 and 3) were their annualised beer intake and beer intake frequency. 

Additionally, the clusters varied in their TTS proportions. These findings provide 

additional insights into beer and cider liking and intake and should benefit both the 

alcohol industry and research communities.  
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CHAPTER 4: GENERAL DISCUSSION AND CONCLUSION 

 

Individual differences in orosensory responsiveness 

6-n-propylthiouracil (PROP) responsiveness has long been used as a proxy to explain 

individual differences in the perception of oral sensations (Fox 1932). Though PROP 

sensitivity typically dominates the literature, the same does not apply to thermal tasting 

since its was initially proposed almost two decades ago (Cruz and Green 2000). Thermal 

tasters (TTs) perceive a ‘phantom’ taste with stimulation (warming and cooling) of 

specified areas of the tongue, while thermal non-tasters (TnTs) do not.  

TTs also tend to rate prototypical tastes and most chemesthetic sensations higher 

than TnTs in aqueous solutions. TTs are also more responsive than TnTs to temperature 

stimuli as well as some retronasally presented odorants (Green and George 2004; Bajec 

and Pickering 2008; Yang et al. 2014). Investigation of differences between TTs and 

TnTs in more compositionally complex food and beverage items, reveal that TTs tend to 

be more responsive to the oral sensations elicited by both beer and wine (Pickering et al. 

2010a; Pickering et al. 2010b). 

 Differences in the perception of oral sensations between TTs and TnTs has been 

linked to hedonic ratings (liking) of a range of food and beverage items (Bajec and 

Pickering 2010; Pickering and Klodnicki 2016). Other studies found no differences in 

hedonic ratings between TTs and TnTs (Pickering et al. 2010a; Pickering et al. 2010b; 

Pickering et al. 2016). Most thermal taste studies have focussed on the association of 

orosensory responsiveness with perception of and preference for select food and beverage 

items.  
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The study by Pickering et al. (2010a) on TTS effect on beer flavour perception 

and liking had a few weaknesses, firstly the number of respondents were small. Secondly, 

they overlooked the effect of astringency perception on beer flavour and thirdly they did 

not investigate how differences in sensitivity to beer constituents associate with 

orosensory responsiveness for sampled beer. Also, a review of the literature revealed that 

to date, no studies have been conducted on orosensory responsiveness and cider 

perception. This thesis seeks to address these concerns.  

Thesis objective 

This thesis examined the effect of TTS on the perception of oral sensations elicited by 

beer- and cider- relevant tastants (dextrose, iso-α-acid, citric acid and ethanol) and 

sampled beer and cider. Another objective of this thesis was to examine possible 

correlations between sensations elicited by beer- and cider- relevant tastants and 

sensations elicited by sampled beer and cider to ascertain if orosensory responsiveness to 

beer- and cider- relevant tastants influence beer and cider flavour perception.  

Further, the importance of select factors (‘style’, ‘taste’, ‘price’, ‘occasion’, ‘size’, 

‘brand’, ‘label’ and ‘other’) when purchasing beer, was examined to determine what 

factors consumers deemed most important. TTS effect on beer and cider liking and 

consumption was also investigated. Additionally, the influence of select biological and 

experiential factors on beer market segmentation was also explored. Finally, associations 

between intensity of sensations elicited by beer-and cider-relevant tastants and sampled 

beer and cider liking and consumption was examined, to determine if the impact of 

individual differences in orosensory responsiveness translate to real world beer and cider 

consumption behaviours. 
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Thesis- main findings 

TTS was associated with bitterness of ethanol and approached significance for sourness 

of citric acid, with TTs scoring sensation intensity higher than TnTs. Association between 

sensation intensity of beer- and cider- relevant tastants and sampled beer and cider, were 

mostly weak to moderate. This led us to speculate that taste intensity of simple aqueous 

solutions maps poorly onto taste perception of beer (a more complex medium) where 

complex taste interactions are occurring. TTs also perceived the sourness, bitterness, 

astringency and overall flavour intensity elicited by sampled beer and cider more 

intensely than TnTs. This did not translate however to overall liking of the beer and cider 

samples; no significance differences were found between TTs and TnTs for beer and 

cider liking.  

 Liking and intake of sampled beer and cider was generally negatively and weakly 

to moderately associated with sensation intensity of beer and cider (tastants and samples). 

Also, we found no differences between TTs and TnTs in their consumption of beer and 

cider. Using cluster analysis, we grouped participants into three clusters based on their 

overall liking of the beer and cider samples; “bitter dislikers”, “beer likers” and “alcohol 

lovers”. The main characteristics differentiating the clusters were their annualised beer 

intake and beer intake frequency. From our analysis, “taste” is the most important factor 

consumers use when purchasing beer. With regards to TTS effect, the order of 

importance of the select factors investigated differed between TTs and TnTs. 

Specifically, for TTs, ‘taste’ was the most important factor followed by ‘style’, while for 

TnTs, ‘taste’ was followed by ‘price’.  
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Summary discussion and conclusion 

Individuals differ in their orosensory responsiveness which may offer some insight into 

food and beverage behaviour. For example, differences between TTs and TnTs in their 

perception of oral sensations elicited by beer- and cider- relevant tastants may explain 

some of the variability in alcoholic beverage behaviours. Ethanol, the key ingredient 

common to all alcoholic beverage elicits the aversive sensations, bitterness and irritation 

depending on concentration (Nolden and Hayes 2015). Moore and Weiss (1995), reported 

that one of the reasons adolescents abstain from alcohol was due to their dislike of the 

taste. Among young adults, desirable oral sensations such as sweet are reported as 

reasons for liking and drinking alcoholic beverages (Lanier et al. 2005). Thibodeau et al. 

(2017) reported reduced wine consumption among consumers with heightened taste 

responsiveness to sourness and astringency.   

Despite the differences between the two thermal taster groups in their perception 

of oral sensations, this did not translate to liking or intake of alcoholic beverages. To date 

many theories have been proposed to explain factors influencing food and beverage 

behaviour, key among them is taste (Glanz et al. 1998). It is possible, that taste may have 

less effect on the consumption of alcoholic beverages. Drinking occurs in social 

environments, where the consumption of alcohol is encouraged and thus the aversive 

sensations of bitter, sour and irritation which serve as deterrent may be ignored. From 

studies of chilli peppers we know that humans are capable of consuming foods that they 

ordinarily detest, when they are placed in social settings that boosts consumption  (Rozin 

and Schiller 1980). Another factor that mediates liking of nominally aversive food and 

beverages, including alcoholic beverages, is sensation seeking. Sensation seekers tend to 
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seek out new and exciting experiences (Woicik et al. 2009). Sensation seeking may be a 

reliable predictor of binge drinking among adolescents. For instance, among college 

students, sensation seekers are more at risk of increased alcohol consumption (Glazer et 

al. 2010).  

In conclusion, there are many biological, psychological and physiological factors that 

influence the liking and consumption of food and beverages some of which our research 

may not have explored. The influence of emotional response and sensation seeking in 

mediating liking and consumption of food and beverages, are factors which should be 

investigated. These factors when assessed in combination with taste phenotype provide a 

better understanding of food and beverage consumption behaviours.  
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APPENDICES 

Appendix I: Supplementary materials for chapters 2 and 3 

 

 

 

Fig 5.1. Mean log intensity ratings of sweetness of dextrose (7,40 and 80 g/L), sourness 

of citric acid (56, 230 and 550 mg/L) and bitterness of iso-α-acid (10, 20 and 50 mg/L). 

Lines represent (logged) intensity ratings ± SE mean. Secondary scale indicates labels on 

the gLMS: BD= barely detectable, W= weak, M= moderate, S= strong, VS= very strong, 

SI= strangest imaginable. 
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Fig 5.2. Mean log sweetness, bitterness and irritation/burning intensity ratings of ethanol 

at 2,4, 5, 7 and 10% v/v. Lines represent (logged) intensity ratings ± SE mean. Secondary 

scale indicates labels on the gLMS: BD= barely detectable, W= weak, M= moderate. 
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Table 5.1. Correlation between sensation intensity and sampled beer and cider liking 

(average 9-point hedonic scores) for thermal tasters (31) and thermal non-tasters (29). 

 

 Beer (n=6) liking Cider (n=2) liking 

 TT (r) TnT (r) TT (r) TnT (r) 

Sweetness [Dextrose] -0.183** -0.100 0.081 -0.061 

Sourness [Citric acid] -0.163** -0.201*** 0.078 -0.091 

Bitterness [iso-α-acid] -0.119 -0.140* 0.022 -0.083 

Sweetness [Ethanol] -0.319*** 0.080 -0.122 0.049 

Bitterness [Ethanol] 0.045 0.113 -0.03 -0.052 

Irritation [Ethanol] -0.097 0.097 -0.129* -0.093 

Sweetnessꝉ 0.332*** 0.326*** -0.022 0.035 

Sournessꝉ -0.259*** -0.216** -0.028 -0.147* 

Bitternessꝉ -0.390*** -0.470*** -0.016 -0.124 

Carbonationꝉ -0.092 -0.199** -0.186** -0.080 

Astringentꝉ -0.283*** -0.275*** -0.062 -0.119 

Warmingꝉ -0.08 0.06 0.046 -0.034 

Overall taste intensityꝉ -0.299*** -0.399*** -0.009 -0.193 

Abbreviation: Thermal taster (TT) and thermal non-tasters (TnT) 

Average concentrations: Dextrose (7, 40, 80 g/L), Ethanol (2, 4, 5, 7, 10% v/v), Citric 

Acid (56, 230, 550 mg/L), iso-α-acid (10, 20, 50 mg/L). 

Significant findings indicated by: p<0.05*, p<0.01**, p<0.001*** 

ꝉ, denotes sensations elicited by sampled products. 
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Table 5.2. Correlation between sensation intensity of beer- and cider- relevant tastants 

(n=4), sampled beer (n=6) and cider (n=2) and cider (liking) and beer liking and intake.  

 

 

 Beer 

liking 

Beer 

monthly 

consumption 

Beer 

consumption 

frequency 

Beer 

drinks 

per 

occasion 

Cider 

liking 

 r r r r r 

Sweetness [Dextrose] -0.160*** -0.057 -0.161 0.089 0.005 

Sourness [Citric acid] -0.193*** 0.078 0.292* -0.103 -0.012 

Bitterness [iso-α-

acid] 

-0.133** 0.018 -0.032 -0.078 -0.001 

Sweetness [Ethanol] -0.112** -0.082 -0.148 -0.022 -0.007 

Bitterness [Ethanol] 0.072 -0.083 -0.109 0.093 -0.018 

Irritation [Ethanol] -0.032 -0.234 -0.068 -0.184 -0.082 

Sweetnessꝉ 0.356*** 0.022 -0.022 0.106 0.253** 

Sournessꝉ -0.149** -0.001 -0.127 0.000 -0.163 

Bitternessꝉ -0.303*** -0.155 -0.288*** -0.018 -0.241** 

Carbonationꝉ -0.047 -0.100 -0.262** 0.035 -0.031 

Astringentꝉ -0.204*** -0.059 -0.153 0.034 -0.219* 

Warmingꝉ -0.042 -0.089 -0.263*** 0.113 0.001 

Overall taste 

intensityꝉ 

-0.157** -0.090 -0.165* -0.036 -0.120 

Average concentrations: Dextrose (7, 40, 80 g/L), Ethanol (2, 4, 5, 7, 10% v/v), Citric 

Acid (56, 230, 550 mg/L), iso-α-acid (10, 20, 50 mg/L) 

Significant findings indicated by: p<0.05*, p<0.01**, p<0.001*** 

ꝉ, denotes sensations elicited by sampled products. 
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Table 5.3. Correlation between sensation intensity of beer- and cider- relevant tastants 

(n=4), sampled beer (n=6) and cider (n=2) and measures of beer consumption for thermal 

tasters (31) and non-tasters (n=29). 

 

 

 Beer monthly 

consumption (Mean 

standard drinks) 

Beer consumption 

frequency (Mean 

standard drinks) 

Beer drinks per 

occasion (Mean 

standard drinks)  

 TT(r) TnT (r) TT (r) TnT (r) TT (r) TnT (r) 

Sweetness 

[Dextrose] 

-0.127 -0.199 0.010 -0.183 -0.189 -0.253 

Sourness [Citric 

acid] 

-0.008 -0.215 0.071 -0.288 0.161 -0.243 

Bitterness [iso-α-

acid] 

0.111 -0.184 0.057 -0.133 -0.004 -0.280 

Sweetness 

[Ethanol] 

0.012 -0.089 0.199 -0.143 -0.141 -0.182 

Bitterness 

[Ethanol] 

-0.089 0.166 0.300 -0.208 -0.074 -0.055 

Irritation [Ethanol] -0.257 0.185 -0.161 0.122 -0.195 -0.004 

Sweetnessꝉ 0.269 0.193 0.149 0.083 0.197 0.085 

Sournessꝉ -0.004 0.085 -0.169 0.055 0.120 0.023 

Bitternessꝉ 0.190 -0.104 -0.239 -0.064 -0.019 -0.106 

Carbonationꝉ -0.188 -0.142 -0.278 -0.239 -0.037 -0.055 

Astringentꝉ -0.168 0.043 -0.358* -0.002 0.091 0.067 

Warmingꝉ -0.096 0.017 -0.252 -0.196 0.035 0.151 

Overall taste 

intensityꝉ 

-0.189 -0.192 -0.240 -0.020 -0.011 -0.258 

Abbreviation: Thermal taster (TT) and thermal non-tasters (TnT) 

Average concentrations: Dextrose (7, 40, 80 g/L), Ethanol (2, 4, 5, 7, 10% v/v), Citric 

Acid (56, 230, 550 mg/L), iso-α-acid (10, 20, 50 mg/L) 

Significant findings indicated by: p<0.05*, p<0.01**, p<0.001*** 

ꝉ, denotes sensations elicited by sampled products. 
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Table 5.4. Beer (n=6) and cider (n=2) consumption measures for the combined cohort 

and for thermal tasters and thermal non-tasters. 

 

 Beer 

monthly 

consumption 

(Mean 

standard 

drinks) 

Beer 

consumption 

frequency 

(Mean 

standard 

drinks) 

Beer 

drinks 

per 

occasion 

(Mean 

standard 

drinks)  

Cider 

monthly 

consumption 

(Mean 

standard 

drinks) 

Cider 

consumption 

frequency 

(Mean 

standard 

drinks) 

Cider 

drinks 

per 

occasion 

(Mean 

standard 

drinks)  

Combined 

cohort 

11.06 ± 19.6 3.31 ± 4.06 1.99 ± 

2.11 

3.9 ± 8.55 1.34 ± 2.26 0.87 ± 

1.47 

TT 

(n=31) 

12.82 ±20.39 3.92 ± 4.49 2.21 ± 

2.07 

4.44 ± 

10.932 

1.74 ± 2.67 0.97 ± 

1.63 

TnT 

(n=29) 

9.44 ± 18.78 2.483 ± 1.56 1.79 ± 

2.19 

1.55 ± 2.82 0.79 ± 1.42 0.72 ± 

1.22 

Abbreviation: Thermal taster (TT) and thermal non-tasters (TnT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

93 
 

Appendix II: Summary of demographics for all participants 
 

Table 5.5. Summary of demographic measures for all participants. 
 

  

All participants (N=163) 

TTS     

  

TT 

(N=44) 

TnT 

(N=36) 

Other 

(N=83) 

Gender     

Male 31.3% (51) 

29.5% 

(13) 55.6% (20) 

26.5% 

(22) 

Female 66.9% (109) 

68.2% 

(30) 44.4% (16) 

71.1% 

(59) 

Not reported 1.8% (3) 2.3% (1) - 2.4% (2) 

Ethnicity     

White 60.7% (99) 

65.9% 

(29) 61.1% (22) 

57.8% 

(48) 

Chinese 11.7% (19) 6.8% (3) 16.6% (6) 

12.0% 

(10) 

Other 27.6% (45) 

27.3% 

(12) 22.2% (8) 

30.1% 

(25) 

Age     

Minimum 19 19 19 19 

Maximum 52 36 43 52 

Mean 23 23 23 21 

Standard deviation 5.9 5.2 5.9 6.3 

Smoker     

Yes 6.7% (11) 9.1% (4) 11.1% (4) 3.6% (3) 

No 91.4% (149) 

88.6% 

(39) 86.1% (31) 

94% 

(78) 

Not reported 1.8% (3) 2.3% (1) 2.7% (1) 2.4% (2) 

Drink alcohol     

Yes 85.2% (139) 

88.6% 

(39) 89% (32) 

83.1% 

(69) 

No 11.7% (19) 9.1% (4) 8.3% (3) 

14.5% 

(12) 

Not reported 3.1% (5) 2.3% (1) 2.7% (1) 2.4% (2) 

Thermal taster status (TTS) group: TT=thermal taster, TnT=thermal non-taster, 

Other=individuals not categorized 
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Appendix-III: Independent t-test results for linear regression of beer-and cider- 

relevant tastant response of TTs and TnTs 

 

Table 5.6. The results of independent sample t-test for beer-relevant tastants dosage 

response of thermal tasters and thermal non-tasters.  

    

 

TnT 

(n=29) 

  

              

TT 

(n=31) 

  

 

        

(Sensation) 

Beer- and 

cider-relevant 

tastants)  

Concentrat

ion  

Mea

n                                            

Stand

ard 

error 

 

β 
Me

an                                            

Standa

rd 

error 

 

β 

t 

(Obse

rved 

value

) 

|t| 

(Criti

cal 

value

) 

DF 

p-

value                   

(Two-

tailed) 

Sweetness 

(Dextrose) 

7g/L 0.51 0.08 
 0.4

4 
0.09 

 

0.446 2 60 0.657 40 g/L 0.91 0.06 
0.57

0 

0.9

9 
0.08 

0.642 

80 g/L 1.12 0.08 
 1.2

2 
0.09 

 

Sourness                            

(Citric acid) 

56 mg/L 0.63 0.07  0.7 0.08  

-

0.171 
2 60 0.865 230 mg/L 0.89 0.06 

0.74

1 
1.1 0.08 

0.720 

550 mg/L 1.22 0.07 
 1.3

2 
0.06 

 

Bitterness 

(iso-α-acid) 

10 mg/L 1.11 0.08 
 1.0

1 
0.08 

 

-

0.116 
2 61 0.25 20 mg/L 1.14 0.08 

0.73

1 
1.1 0.09 

0.599 

50 mg/L 1.46 0.06 
 1.3

7 
0.07 

 

Sweetness 

(Ethanol) 

2 %v/v 0.52 0.09 
 0.5

3 
0.09 

 

0.93 2 59 0.356 

4 %v/v 0.67 0.09 
 0.6

6 
0.07 

 

5 %v/v 0.64 0.09 
0.10

2 

0.6

3 
0.1 

0.239 

7 %v/v 0.63 0.09 
 0.6

1 
0.09 

 

10 %v/v 0.66 0.1 
 0.7

5 
0.1 

 

Bitterness 

(Ethanol) 

2 %v/v 0.64 0.09 
 0.6

5 
0.09 

 

1.747 2 60 0.086 

4 %v/v 0.84 0.09 
 0.9

9 
0.08 

 

5 %v/v 0.8 0.08 
0.32

0 

0.9

3 
0.08 

0.533 

7 %v/v 1.09 0.05  1.2 0.07  

10 %v/v 0.94 0.06 
 1.2

8 
0.06 

 

2 %v/v 0.47 0.09 
 

0.3 0.07 
 

1.693 2 60 0.096 
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Irritation/Bur

ning 

(Ethanol) 

4 %v/v 0.62 0.08 
 0.6

9 
0.1 

 

5 %v/v 0.77 0.09 
0.49

8 
0.8 0.09 

0.680 

7 %v/v 0.96 0.08 
 0.9

9 
0.1 

 

10 %v/v 1.03 0.08 
 1.2

6 
0.09 

 

Thermal tasters: TT; Thermal non-tasters: TnT 

β: Coefficient from linear regression 
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Appendix IV: Certificate of Ethics Clearance for Human Participant Research 
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Appendix V: Information letter, Consent and Compensation Form 

 

Date: February 2015 

Project Title: Taste responsiveness and beer behaviour (liking and intake)  

Principal Investigator/Faculty Supervisor: Dr. Gary Pickering, Professor, 

Department of Biological Sciences, Cool Climate Oenology and Viticulture Institute, and 

Department of Psychology 

Brock University  

(905) 688-5550 Ext. 4715 

gpickering@brocku.ca 

Student Principal Investigator: Stephanie Small-Kelly, Master of Science Student, 

Department of Biological Science  

Brock University 

(905) 688-5550 ext. 4719 

ks14yz@brocku.ca. 

Co-investigators: Ping Liang, Professor, Department of Biological Science 

     Hannah Pickering, Bachelor of Science student, Department of    

Psychology 

     Jamie- Lee Robb, Research Assistant, Department of Biological 

Science 

INVITATION 

You are invited to participate in a graduate thesis study, to investigate taste 

responsiveness and beer behaviour (liking and intake). Your taste responsiveness will be 

determined by your thermal taster status (TTS). Thermal tasting is the ability to perceive 

phantom taste sensations as a result of heating or cooling of the tongue.  

The aim of the study is to determine how thermal taster status will impact taste 

responsiveness to ethanol and iso--acids, two components found in beers. Additionally, 

a secondary objective will be to determine if an individual’s taste responsiveness to 

ethanol and iso-- acids will impact their choice of beer style. This project will also 

investigate whether an individual’s sensitivity to the bitter compound 6-propyl-2-

thiouracil (PROP) has an impact on their taste responsiveness to ethanol and iso-α-acids. 

Finally, the genetic origin of thermal tasting will also be investigated. Participation in this 

study requires you to attend 3 sessions: session 1 will be approximately 2 hours while 

sessions 2 and 3 will take approximately 1 hour of your time, resulting in a total of 4 
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hours. The estimated time between sessions is approximately 1 week between session 1 

and session 2 and approximately 1 week between session 2 and session 3. 

WHAT’S INVOLVED 

In session 1, you will complete a general background information questionnaire, a foodie 

survey and an alcohol use disorders identification test (AUDIT). You will also become 

familiarized with line scales, as well as the basic tastes (sweet, sour, salty, umami and 

bitter). Participation will also involve rating oral rinses of the above-mentioned solutions. 

Your thermal taster status will be determined by gently heating or cooling small areas of 

your tongue using a 64 mm2, toothbrush shaped, computer controlled thermode. In order 

to become comfortable with the thermode, it will first be demonstrated on your palm and 

lip.  Before use, the thermode will be rinsed with ethyl alcohol and then wrapped in 

plastic saran wrap to ensure sanitation. 

Your PROP taster status will also be determined, by rinsing with PROP solution and 

rating its intensity.  Finally, you will be asked to provide a spit sample from which DNA 

will later be extracted in Dr. Ping Liang’s lab to help determine which genes are 

responsible for thermal tasting. Participation in the DNA collection is not required, in 

order to complete all other portions of the study.  

Your age will also be verified (government issued photo identification (ID) required) to 

ensure you are 19 years and older. 

In session 2, you will complete a series of questionnaires related to personality traits: the 

Big Five Inventory and the Adult Impulsiveness, Venturesomeness and Empathy (IVE) 

Scale. This will be followed by familiarization with iso--acids and ethanol. Your 

responsiveness to these compounds will also be determined by rinsing with aqueous 

solutions at varying concentrations and you will be asked to rate the intensity of the 

sensation perceived. Please note that you must expectorate all samples. 

Additionally, you will complete questionnaires about alcoholic preference and 

consumption.  

In session 3, you will be presented with 8 different beer styles, asked to taste these 

samples and to indicate your preference and consumption patterns of these beer styles by 

filling out a questionnaire. Please note that you must expectorate all samples.  

 

RESPONSIBILITIES 

To participate in this study, you need to schedule time slots for the sessions (1st session - 

2 hours, 2nd session - 1 hour and 3rd session - 1 hour) to come to the CCOVI Sensory Lab 

(H301) or the research lab (MCH315) located in Brock University. Time slots will be 

available during normal working hours, after working hours, and on weekends, as agreed 

upon by the participant and the Principal Student Investigator. All sessions involve the 
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completion of questionnaires which are web-based and are housed on a secure Brock 

website. All sessions will be performed individually. No group participation is required. 

You are required to bring an ID (government issued photo identification), because this 

study involves beer tasting and you must be 19 years old or older. The principal student 

investigator will be verifying your age by requesting your ID (government issued photo 

identification) in session 1. 

POTENTIAL BENEFITS AND RISKS 

Possible benefits of participation include the opportunity to gain an awareness of your 
palate and the ability to discriminate between different basic tastes (sweet, sour, salty, 
bitter, umami) as well as the tactile sensations (astringent and metallic). Individuals will 
also develop knowledge of taste phenotypes and how they can influence individual taste 
variations, including their own. Additional benefits include the opportunity to be one of a 
few hundred individuals, to have their thermal taster status determined.  
Thermal tasting is relatively new and very little scientific material can be found about this 

phenomenon. This study would therefore add to the small amount of existing knowledge 

of thermal tasting. Specifically, it may help elucidate the relationship between TTS and 

alcohol consumption. 

The anticipated risks associated with participation in this study are no greater than those 

encountered in normal daily food and beverage consumption. Specifically, there is a risk 

of adverse reaction or allergy when ingesting substances. The following page lists the 

ingredients used in the study. Please review it and inform the Principal Student 

Investigator if you have any known allergies. Some individuals may find that PROP 

tastes bitter and this could be uncomfortable. An additional risk is Cupric Sulphate, which 

is not available as a food-quality grade. However, the Material Safety Data Sheet 

(MSDS) states that the acute oral toxicity (LD50) is 300 mg/kg in rats. In this study a 

100mL solution at 1mM of Cupric sulphate will be prepared (15.9 mg). Cupric Sulphate 

has been used to elicit metallic taste in previous Thermal Taste studies at Brock 

University (14-119-PICKERING) without any adverse effect.  

Please inform the Student Principal Investigator if you have known food or beverage 

allergies, or specific allergies to the ingredients used in this study (see ingredients list 

below).    

Please Note: All substances must be expectorated. 

EXCLUSION CRITERIA 

- The prospective participant is less than 19 years of age. 

- We are looking for both drinkers and non-drinkers. However, the non-drinkers 

must not avoid alcohol for purely moral or religious reasons. 

- The prospective participant must not have any conditions or must not take any 

drugs that prevent them from tasting normally (oral and nasal damage, currently 

taking specific medications such Vincristine) 

- The prospective participant has allergies to the stimuli presented in the study.  
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This study requires that you answer questions related to alcohol consumption and 

behaviour. Also, if you become upset about any issues that have been raised in this study, 

counselling services are available: 

 

For Brock students:   

Brock Personal Counselling 

905-688-5550 x4750 

http://www.brocku.ca/personal-counselling 

Offers free counselling services for all Brock Students during normal business hours.  See 

website or call for more details 

For all: 

FCC (Family Counselling Centre Niagara) 

905-937-7731 

www.fccniagara.on.ca 

A member agency of the United Way. Offers general counselling (for a fee) and provide 

no cost, walk-in, single-session counselling twice weekly on a first come first serve basis.  

See website for more details. 

 

In addition, online resources about alcohol use are available on the Brock Personal 

Counselling website (www.brocku.ca/personal-counselling/information-on-special-

topics). 

 

CONFIDENTIALITY 

All information and data you provide is considered confidential; your name will not be 

disclosed to anyone outside of the researchers listed above. Furthermore, because our 

interest is in the average responses of the entire group of participants, you will not be 

identified individually in any way in written reports of this research. Data collected 

during this study will be stored in a secure filing cabinet located in a locked office. All 

data will be kept for 7 years after which time paper and electronic data will be destroyed 

and disposed of.   

 

http://www.brocku.ca/personal-counselling/information-on-special-topics
http://www.brocku.ca/personal-counselling/information-on-special-topics
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You will be assigned a 3-digit code at the beginning of the study, and your data will be 

stored using your 3-digit code and not your name. Once the link between your name and 

your random 3-digit code has been removed, removal of your data may not be possible.  

Access to this data will be restricted to the Principal Investigator/Faculty Supervisor Gary 

Pickering, the Student researcher Stephanie Small-Kelly and the co-investigator Jamie-

Lee Robb and Hannah Pickering. DNA samples will be stored in secured -20 and -80oC 

freezers in Dr. Liang’s lab. Access to samples will be limited to Dr. Liang and approved 

researcher(s) working under his direct supervision. Samples will be destroyed on 

completion of the project. 

 

VOLUNTARY PARTICIPATION 

Participation in this study is voluntary. If you wish, you may decline to answer any 

questions or participate in any component of the study. Furthermore, you may decide to 

withdraw from this study at any time before the data collection is completed. Your 

decision to participate, not participate or withdraw from the study will in no way affect 

your academic standing. 

If you do withdraw, any data collected from you will be immediately destroyed. To 

withdraw from the study, please contact Gary Pickering (gpickering@brocku.ca) or 

Stephanie Small-Kelly (ks14yz@brocku.ca) and every effort will be made to destroy 

your data. 

COMPENSATION 

Participation in this study will require attendance at 3 sessions (1st session - 2 hours, 2nd 

session - 1 hour and 3rd session - 1 hour), resulting in a total of 4 hours.  

Participants who complete the study will be entered in a random draw for one of two (2) 

$100 VISA® gift cards. These gift cards can be used at any store that accepts regular 

VISA® credit cards. The approximate chances of winning are 1 in 30. The random draw 

will take place once all sessions in the study are completed, in approximately December 

2016. Alternatively, participants who are enrolled in PSYC 1F90 and attend all 3 sessions 

may opt out of the gift card draw and receive 4 hours of research participation credit. 

Participants that withdraw from the study and elect to receive the research participation 

credit will only receive credit for the number of hours completed in the study (2 hours for 

completing session 1 only).  

Please note: Participation in the DNA collection is not required to receive compensation. 

PUBLICATION OF RESULTS 

Results of this study may be published in professional journals and presented at 

conferences. Feedback about this study will be available to you by Stephanie Small-Kelly 

at ks14yz@brocku.ca. The results from this study will become available in December 

2016.  
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CONTACT INFORMATION AND ETHICS CLEARANCE 

If you have any questions about this study or require further information, please contact 

the Principal Investigator/Faculty Supervisor or the Student Principal Investigator contact 

information provided above. This study has been reviewed and received ethics clearance 

through the Research Ethics Board at Brock University REB 15-176 PICKERING. If you 

have any comments or concerns about your rights as a research participant, please contact 

the Research Ethics Office at (905) 688-5550 Ext. 3035, reb@brocku.ca. 

Thank you for your assistance in this project! Please keep a copy of this form for your 

records. 

INGREDIENT LIST  

• Sucrose (aka. table sugar or cane sugar)         

• Citric acid (commonly found in citrus fruit such as lemons and limes) 

• Quinine monohydrochloride dihydrate (bitter compound, commonly used in tonic 

water) 

• L-glutamic acid monosodium salt hydrate (aka. MSG, naturally occurring in 

grapes, tomatoes and some cheeses, also commonly used in seasonings, bottled 

sauces, smoked meats) 

• Sodium chloride (aka. Table salt) 

• 6-Propyl-2-thiouracil (PROP, Bitter compound) 

• Water 

• SCOPETM Classic Mouthwash 

• iso-α-acids (typically used in beers during production) 

• Ethanol, naturally found in all alcoholic beverages 

• Aluminum sulphate (Astringent flavour /sensation) 

• Cupric Sulphate (Metallic flavour) 

• Unsalted crackers 

 

Solution Composition: 

Sweet solutions: Sucrose, water  

Sour solutions: Citric acid, water  

Bitter solutions: Quinine monohydrochloride dihydrate, water  

Umami solutions: L-glutamic acid monosodium salt hydrate, water  

Salt solutions: Sodium chloride, water 

PROP solutions: 6-Propyl-2-thiouracil, water 

Mouthwash: SCOPETM Classic Mouthwash 

Metallic solutions: Cupric sulphate, water 
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Astringent solutions: Aluminum sulphate, water 

Ethanol solutions: Ethyl alcohol, water 

iso-α- acid solutions: Isolone®, water 

CONSENT FORM 

I agree to participate in this study described above. I have made this decision based on the 

information I have read in the Information-Consent Letter. I have had the opportunity to 

receive any additional details I wanted about the study and understand that I may 

continue to ask questions throughout the study and in the future. I understand that I may 

withdraw this consent at any time and I will not be subjected to any penalty or 

discriminatory treatment.  

Name:        ________________________________________ 

  

Signature:  ______________________________ Date:  

_______________________________ 

 

Please check YES or NO to saliva collection for the purpose of determining the genetic 

basis of thermal tasting. 

☐YES  ☐NO 

 

Please provide an emergency contact that we can call in case of an emergency 

 

Contact: ____________________       

 

Phone Number: ____________________  

 

Relation: ____________________  

 

Please check the box and fill out the contact information below if you ARE interested in 

being contacted to participate in future studies conducted by the Pickering Lab.  

 

☐ 
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Email Address:  ____________________________________________ 

 

Phone Number:  ____________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix VI: Background Information Questionnaire 

 

BACKGROUND INFORMATION QUESTIONNAIRE  

 



 

105 
 

Please provide some details about yourself.  Answer the questions by filling in the blank, 

marking an “X” or circling as appropriate.  All answers will be kept strictly confidential.   

 

Part A: Demographics Information 

 

Please indicate today’s date:   

 

Please indicate your age:  

 

Please indicate your biological sex:  ☐ Male ☐ Female ☐ Intersex 

 

Please check the ethnicity that best applies. 

Please Note: If none apply, indicate your ethnicity under ‘Other’ and specify.  If you would 

like to add additional information (e.g., mixed ethnicity), please do so under ‘Comments’. 

  ☐ White   ☐ Filipino 

  ☐ Chinese   ☐ Japanese 

  ☐ South Asian   ☐ Latin American 

  ☐ Southeast Asian   ☐ Arab 

  ☐ Black    ☐ Aboriginal (e.g., North 

American/Indian/Metis/Inuit) 

  ☐ Other, please specify:                

         Comments: 

 

Were you born in North America? ☐ Yes ☐ No 

 

If no, where were you born?  City:    Country:  

 

Part B: Health Information 

 

☐ Yes   ☐ No Do you currently have any allergies, diseases, disorders, or illnesses?  

    If yes, please list all conditions: 
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☐Yes  ☐ No  Are you currently taking any prescription medications?    

If yes, please list all prescription medications.  If you are uncertain of 

the drug name, indicate what you are taking it for and its mode of 

delivery (e.g., inhaler for asthma, pills for gout, cream for eczema, 

etc.): 

 

 

☐Yes  ☐ No Are you currently taking any non-prescription medications/drugs 

regularly? (e.g., aspirin, Tylenol, homeopathics, recreational drugs 

etc.) 

    If yes, please list: 

 

 

 

☐ Yes  ☐ No  Do you have any facial/head piercings?   

    If yes, please indicate their location(s):  

 

 

 

☐ Yes  ☐ No  Have you ever had any oral and/or nasal damage?  

If yes, please indicate their location(s) (e.g., biting through tongue, 

cheek damage, broken nose, nose surgery, oral surgery, invasive 

dental procedures (wisdom teeth removed, root canal, etc.): 

 

 

 

☐ Yes  ☐ No Have you ever had a head injury leading to concussion and/or loss of 
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consciousness?  

If yes, please indicate the number of times you have had a head 

injury resulting in concussion and/or loss of consciousness: 

 

 

 

☐ Yes ☐ No  Do you have any food allergies or food related conditions? 

 If yes, please list: 

 

Part C: Lifestyle Information 

 

☐ Yes ☐ No  Do you currently smoke? 

 

☐ Yes ☐ No  Have you smoked in the past? 

    If yes, please indicate how long you smoked for and when you  

    stopped: 

 

☐ Yes ☐ No  Do you currently drink alcoholic beverages? 

 

If you do not currently drink alcoholic beverages, please answer the following 

questions:  

 

☐ Yes ☐ No  Did you drink alcoholic beverages in the past?    

If yes, please indicate how long you drank alcoholic beverages for 

and when you stopped: 

If yes, please indicate why you stopped (please check all that apply). 

☐ Religious beliefs 

☐ History of Alcoholism in the family 
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☐ Previous history of problem drinking 

☐ Pregnancy/Breastfeeding/Trying for a child 

☐ Don’t like the taste 

☐ Medical Reasons 

☐ Alcohol intolerance 

☐ Other, please specify: 

If no, please indicate why you have never consumed alcoholic 

beverages (please check all that apply). 

☐ Religious beliefs 

☐ History of Alcoholism in the family 

☐ Previous history of problem drinking 

☐ Pregnancy/Breastfeeding/Trying for a child 

☐ Don’t like the taste 

☐ Medical Reasons 

☐ Alcohol intolerance 

☐ No exposure 

☐ Other, please specify: 

 

 

 

 

 

 

Appendix VII- Alcoholic beverage preferences and consumption questionnaire 
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Appendix VIII: Sample remembered sensation (gVAS) 

 

You are being asked to rate the intensity of a remembered sensation, namely, the pain 

from biting your tongue, by indicating where it lies on a scale of all experienced 

sensations. Please take a moment to think about the last time you experienced this 

sensation, and how intense it was for you. 

  

The top of the scale (SE) is the Strongest sensation of any kind that you have ever 

Experienced, which includes pain. The bottom of the scale (NS) is No Sensation. 

 

Please mark the scale with a horizontal line only.  

 

pain from biting your tongue 

 

 

 

 

SE 

NS 
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Appendix IX: Sample remembered sensation (gLMS) 

 

You are being asked to rate the intensity of a remembered sensation, namely, the pain 

from biting your tongue, by indicating where it lies on a scale of all possible sensations. 

The scale contains commonly used terms like weak and strong, and the top of the scale is 

the strongest sensation of any kind that you can imagine experiencing.  

When you make your ratings you should use the terms just as you would in daily life. But 

do not limit your ratings to the terms themselves. A good strategy is to first decide which 

term most closely describes the strength of the sensation. Then, fine tune your rating by 

moving your line between that descriptor and the next most appropriate one. For 

example, if you think a sensation is about moderate, but a little bit stronger, you should 

place a line on the appropriate place just above moderate.  

It is important to note that the top of the scale is “strongest imaginable”, which represents 

the most intense—and therefore most painful—sensation that you can ever imagine 

experiencing. 

Please mark the scale with a horizontal line only.  

pain from biting your tongue 

 

Barely Detectable  
No Sensation 

 
Strongest Imaginable 

Very Strong 

Strong 

Moderate 

Weak 
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Appendix X: Taste training (gVAS) labelled samples  

 

Please rinse with the water provided. You are being asked to rate the intensity of sweet 

by indicating where it lies on a scale of all experienced sensations. The top of the scale 

(SE) is the Strongest sensation of any kind that you have ever Experienced, which 

includes pain. The bottom of the scale (NS) is No Sensation. 

Please take the entire volume of the sample provided, swish it around in your mouth for 

five (5) seconds, then expectorate (i.e., spit out). After you have expectorated, wait 

approximately ten (10) seconds and then rate the maximum intensity that you perceived 

in the preceding fifteen (15) seconds.Please keep in mind, that you are rating the 

maximum intensity for sweetness, whenever it may occur.  

Please mark the scale with a horizontal line only. 

sweet 

 

 

Other sensations rated are: sour, bitter, salty, umami, astringent, metallic 

 

 

SE 

NS 
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Appendix XI: Taste testing (gVAS) labelled samples  

 

You are being asked to rate the intensity of the sample by indicating where it lies on a 

scale of all experienced sensations. The top of the scale (SE) is the Strongest sensation of 

any kind that you have ever Experienced, which includes pain. The bottom of the scale 

(NS) is No Sensation. 

Please take the entire volume of the sample provided, swish it around in your mouth for 

five (5) seconds, then expectorate (i.e., spit out). After you have expectorated, wait 

approximately ten (10) seconds and then rate the maximum intensity that you perceived 

in the preceding fifteen (15) seconds. Please keep in mind, that you are rating the 

maximum intensity for the sample, whenever it may occur. 

Please mark the scale with a horizontal line only.  

 

 

Taste possibilities (Please circle one): Sweet, Sour, Salty, Bitter, Umami, Astringent or 

Metallic 

 

SE 

NS 
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Appendix Xll: Palm and Lip gLMS 

 

You are being asked to rate the intensity of the temperature applied to your lip and the 

temperature applied to the palm of your hand by indicating where it lies on a scale of 

all possible sensations. The scale contains commonly used terms like weak and strong, 

and the top of the scale is the strongest sensation of any kind that you can imagine 

experiencing.  

When you make your ratings you should use the terms just as you would in daily life. But 

do not limit your ratings to the terms themselves. A good strategy is to first decide which 

term most closely describes the strength of the sensation. Then, fine-tune your rating by 

moving your line between that descriptor and the next most appropriate one. For 

example, if you think a sensation is about moderate, but a little bit stronger, you should 

place a line on the appropriate place just above moderate.  

It is important to note that the top of the scale is “strongest imaginable”, which represents 

the most intense—and therefore most painful—sensation that you can ever imagine 

experiencing 

Please mark the scale with a horizontal line only.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Barely Detectable  
No Sensation 

 
Strongest Imaginable 

Very Strong 

Strong 

Moderate 

Weak 

Barely Detectable  
No Sensation 

 
Strongest Imaginable 

Very Strong 

Strong 

Moderate 

Weak 

Barely Detectable  
No Sensation 

 
Strongest Imaginable 

Very Strong 

Strong 

Moderate 

Weak 

Barely Detectable  
No Sensation 

 
Strongest Imaginable 

Very Strong 

Strong 

Moderate 

Weak 

HEAT PALM HEAT LIP 
COOL LIP 

COOL PALM 
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Appendix XIII: Sample gLMS used in TTS determination 
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Appendix XlV: PROP gLMS 
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Appendix XV: Other surveys completed in Session 1 but not included in thesis 

Foodie  
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Alcohol Use Disorder Identification Test 
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Impulsiveness Venturesomeness and Empathy Scale 
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Big Five Inventory 
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