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Abstract 9 

Sensations such as spiciness or stinging are particularly challenging to assess in sensory evaluation tests, 10 

as sensitization (increase in intensity with repeated tasting) and desensitization (decrease in intensity 11 

with repeated tasting) phenomena can confound intensity ratings. However, much of the published 12 

work on these phenomena are with model solutions or complex meals rather than commercial 13 

beverages. Thus, we tested whether we could observe sensitization or desensitization using canned 14 

spicy ginger beer (contained chili extract) and seltzer water. Samples were presented in pairs, with a 20 s 15 

wait and no rinse within a pair, but a 4 min wait with rinsing between pairs. Pairs of samples were: 16 

ginger beer followed by ginger beer, ginger beer followed by seltzer, seltzer followed by ginger beer, and 17 

seltzer followed by seltzer. These pairs were intended to allow us to also test for cross-18 

sensitization/desensitization between the two beverages. Tests were conducted both in open cups and 19 

capped vials to observe how loss of carbonation influenced sample ratings. Participants tasted all pairs 20 

of samples in counterbalanced order and rated samples for intensity of “Spiciness, burning, or stinging 21 

sensation,” bitterness, sweetness, sourness, overall flavor, and liking/disliking.  Results indicate no 22 

sensitization effects. Desensitization, however, likely occurred for both beverages. Further, tasting 23 

seltzer and ginger beer together in a pair amplified the “bitterness” of the seltzer water, a likely contrast 24 

effect. Overall, while sensitization may not interfere with the sensory ratings for these beverages, 25 

contrast effects and desensitization should be considered carefully when planning sensory evaluation 26 

tests.   27 

 28 
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 30 

  31 



1. Introduction 32 

Many flavors can be challenging to evaluate in sensory tests due to order effects when tasting. Some 33 

compounds linger, leading to difficulty clearing the sensation before tasting other samples and 34 

confounding results. Other compounds, capsaicin and other chemesthetic compounds in particular, can 35 

have sensitization and desensitization effects. Chemesthesis is the chemical induction of thermal and 36 

irritating sensations, such as spiciness from peppers, cooling from menthol, and stinging or biting from 37 

carbonation (Green, 1996, 2003). Sensitization occurs when re-tasting of the sample leads to increased 38 

intensity compared to the first taste, where desensitization occurs when re-tasting leads to decreased 39 

intensity. For spiciness from capsaicin, the inter-stimulus interval (time between samplings) directly 40 

influences whether sensitization or desensitization should be expected. Prior work indicates that up 41 

through approximately 2.5-3.5 minutes between tastes, sensitization occurs, and after 5.5 minutes 42 

between tastes desensitization occurs (Green, 1989, 1991). The desensitization can even last several 43 

days (Karrer & Bartoshuk, 1991; McBurney, Balaban, Christopher, & Harvey, 1997).  44 

 45 

Some of the alterations in sensitivity to chemesthetic compounds with repeated exposure can certainly 46 

be psychological, as the exposures increase the familiarity and/or could change the affective response to 47 

a flavor; however, sensitization and desensitization are mechanistically driven through peripheral cells 48 

as well (Bevan, Quallo, & Andersson, 2014; Szallasi & Blumberg, 1999). The phenomenon is perhaps best 49 

studied for the transient receptor potential channels (TRP), in particular the subfamily V member 1 or 50 

vanniloid receptor 1 (TRPV1). TRPV1 is activated by capsaicin, as well as temperatures above 42°C, 51 

acidity, and additional chemical compounds such as allyl isothiocyanate (found in mustard and wasabi) 52 

(Bevan et al., 2014; Nagy, Friston, Valente, Torres Perez, & Andreou, 2014). Cellular phosphorylation of 53 

specific residues of TRPV1 lead to increased reactivity of the protein to stimuli, while dephosphorylation 54 



leads to desensitization (Tominaga, 2006). The dephosphorylation can be driven by calcium flux into the 55 

cell, which occurs when TRPV1 is stimulated (see (Bevan et al., 2014) for a detailed discussion of these 56 

processes).  57 

 58 

These phenomena surrounding the response to chemesthetic stimuli exhibit themselves in human 59 

behavior. Sensitization is anecdotally reported when consuming spicy meals, and cross-sensitization 60 

between stimuli through events such as experiencing stronger burning sensations when taking a drink of 61 

a carbonated beverage immediately after eating a spicy food (“Mouth on Fire?,” 2014; “The Dos and 62 

Donts of Eating Spicy Foods,” 2014). However, observing the sensitization effect for real foods in the 63 

laboratory has proven challenging, though desensitization has been observed (Prescott, 1999). Indeed, 64 

chronic desensitization is thought to drive the differences in reported spiciness intensity of consumers 65 

and non-consumers of spicy chili peppers, as consumers consistently report lesser intensity of spiciness 66 

compared to non-consumers (Nolden, 2016; Nolden & Hayes, 2017; Prescott & Stevenson, 1995; 67 

Stevenson & Prescott, 1994).  68 

 69 

Consequently, gaining accurate comparative estimates of sensory intensity for products containing 70 

capsaicin, and potentially other chemesthetic stimuli, is challenging. Using actual foods and beverages 71 

can complicate these phenomena further, as context, mixture suppression, matrix effects, and a number 72 

of other possible factors in actual foods could influence outcomes. Thus, we designed the following 73 

experiment to test whether sensitization and desensitization could be observed for two commercially 74 

available chemesthetic beverages: a spicy ginger beer and a carbonated water. We also designed the 75 

experiment to test for possible cross-sensitization; i.e., to test whether sensitization from spiciness 76 

crossed over to enhance stinging from carbonation and vice versa.   77 



 78 

2. Methods 79 

2.1 Samples 80 

Samples for this study included a non-alcoholic ginger beer (Q drinks Spectacular Ginger Beer, packaged 81 

in 12 oz aluminum cans; ingredient list: carbonated water, agave, ginger extract, lime extract, coriander 82 

extract, cardamom extract, orange extract, chili extract, citric acid) and a carbonated water (Kroger 83 

brand Seltzer water, packaged in 12 oz aluminum cans; ingredient list: carbonated water). The 84 

carbonated water will be referred to as “seltzer” for brevity.  85 

 86 

2.2 Tests 87 

Two tests were conducted: the first with approximately 15 mL of sample poured into 4 oz cups with sip-88 

through lids prior to tasting (referred to as the “Open” test hereafter), and the second with 89 

approximately 15 mL samples served in 0.5 oz amber vials with PTFE-cone lined caps to help prevent 90 

loss of carbonation (referred to as the “Capped” test hereafter). The sip-through design of the lids for 91 

the Open test cups allowed air to escape through the hole for drinking, but participants could not see 92 

the color of the samples. We attempted to keep samples for no longer than 15 minutes after opening 93 

the canned beverages. All samples (cups or vials) were kept a refrigerator at approximate 4°C until 94 

participants arrived for their scheduled tests. As the initial results from the Open test indicated 95 

substantial carbonation loss over the course of the experiment (much lower ratings for seltzer over the 96 

course of the tests for each participant), we reran the test with the capped amber vials.  97 

 98 

2.3 Tasting procedure 99 



Other than the open or capped containers, the procedure for sensory evaluation was the same for both 100 

experiments. Participants were recruited from Purdue University’s campus and surrounding area. All 101 

testing methods were approved by the Purdue University Human Subjects Biomedical Review Board as 102 

exempt under exemption 6 for tasting of whole foods and food ingredients. Participant screening 103 

information, scheduling, demographic, and sensory data were collected using RedJade Sensory Software 104 

(Curion, Redwood City, CA). Eligible participants reported no known problems with their sense of taste 105 

and smell, no tongue/lip/cheek piercings, were over 18 years of age, and were willing to drink 106 

carbonated beverages such as “sparkling water, ginger ale, non-alcoholic ginger beer, cinnamon flavored 107 

beverages, and others.” The generalized visual analog scale used to collect intensity data was a 108 

horizontal 606 pixel length scale (presented on an iPad mini 2 in landscape orientation), programmed to 109 

collect with ratings from -10 to 110, with inset anchors of “None” and “Strongest ever” at 0 and 100. On 110 

screen instructions told participants that “None” meant they did not experience any of this sensation at 111 

all, and “Strongest ever” meant the strongest sensation they have ever experienced. For warm-up 112 

questions, participants were told to rate the intensity of the sensation based on remembered intensity, 113 

or imagined intensity if they had never experienced the sensation. A liking scale was also used, which 114 

was the same size as the intensity scale, but had the anchors “Worst ever,” “Neutral,” and “Best ever” at 115 

0, 50, and 100 on the scale (end anchors for worst and best were inset by 10 pts as before).   116 

 117 

Participants provided information on their age, gender identity, biological sex, and ethnicity. Next, 118 

participants completed a warm-up questionnaire to familiarize them with the visual analog scales our 119 

laboratory uses to collect data. The warm-up asked the subject to rate the intensity of the brightness of 120 

the sun, the brightness of this room, the loudness of a shout, the loudness of a whisper, the bitterness 121 

of black coffee, and the sweetness of pure sugar. Questions were presented in randomized order. 122 

Participants were told that we use this scale to verify they understand the scale, and were asked to 123 



please rate the items as accurately as possible even if they had attended sessions in our lab in the past 124 

(this helps reduce the number of participants who simply click through all the warm-up screens without 125 

giving actual ratings). Ratings from the warm-up were used as a check on whether participants 126 

understood the directions and used the scale as instructed. This was done by verifying that participants 127 

rated the brightness of the sun as greater than the brightness of this room, and the loudness of a shout 128 

as greater than the loudness of a whisper. Participants who failed this check were excluded from the 129 

final analysis. 130 

 131 

After completing the demographic questionnaire and warm-up, participants began rating samples. 132 

Samples were presented as pairs and organized onto a tray template to aid in the tasting process (see 133 

supplemental files, available through Purdue Repository). The details of the questionnaire are included 134 

in supplemental file 2 . The iPads led the participants through the tasting procedure, explaining that they 135 

would be tasting several pairs of samples in a timed fashion, with very specific times for rinsing with 136 

water or not. Each participant received 4 pairs of samples: seltzer water followed by seltzer water, 137 

seltzer water followed by ginger beer, ginger beer followed by seltzer water, and ginger beer followed 138 

by ginger beer. The pairs were presented in counterbalanced order. Participants were instructed to 139 

drink the entire sample, hold it in their mouth for 10 seconds, swallow, then rate the intensity of the 140 

“Spiciness, burning, or stinging sensation,” “Sweetness,” “Sourness,” “Bitterness,” “Overall flavor 141 

intensity,” and then “Overall liking.” After 20 seconds, participants repeated this tasting process for the 142 

second sample of the pair (no water rinse in between). After tasting and rating the second sample, a 4 143 

minute wait was enforced during which the participant was instructed to rinse with water (room 144 

temperature spring water, Hickory Springs, purchased locally in 6 gallon containers for a water cooler). 145 

After the 4 minute wait, the participant moved on to the next pair of samples, and the process repeated. 146 

An overview of this tasting procedure is shown in figure 1.  147 



 148 

2.4 Participants 149 

In both tests there were 47 participants (Open: 16 male, 31 female; Capped: 15 male, 32 female). Details 150 

on age ranges and ethnic distribution of the participants is provided in supplemental file 3. Notably, the 151 

participants in the tests were not all the same individuals. Some may be repeats between the Open and 152 

Capped tests, but we did not collect identifiable information during the sensory tests so we cannot be 153 

certain who the repeated participants are. Thus, all participants in both tests are treated as unique 154 

individuals in the statistical analysis. After removing the participants who failed the warm-up check 155 

(sun>room, shout>whisper), 45 participants remained for analysis in the Open experiment (31 female, 156 

14 male) and 43 participants remained in for analysis in the Capped experiment (30 female, 13 male). 157 

No participants selected the “Other” gender category in either test.  158 

 159 

2.5 Analysis 160 

Data were analyzed using SAS 9.4. For all tests, data were analyzed separately for each rated quality 161 

(i.e., spiciness/burning/stinging, bitterness, sourness, sweetness, overall flavor, liking). Additionally, 162 

residuals indicated no transformation of the data was necessary for the qualities of main interest. Some 163 

patterns were evident in the residuals for sourness, bitterness, and sweetness, but the patterns indicate 164 

this is due to many participants giving the samples ratings at or near 0 for these qualities, which was 165 

expected (seltzer water is not sweet, neither beverage was sour, etc.). These data were not of primary 166 

interest for the study, so no further analysis or transformations were conducted.  167 

 168 



First, data were analyzed to evaluate the effect of open cups compared to capped vials on sensory 169 

ratings. The mixed procedure with subject as a repeated measure was used to run the following linear 170 

mixed model, using the Kenward-Roger approximation for degrees of freedom:  171 

Rating = Test, Gender, Beverage, PairOrder, Test*Beverage, Test*Gender  172 

“Beverage” was seltzer or ginger beer, “Test” was Open or Capped, and “PairOrder” was the first, 173 

second, third, or fourth pair within the sample set (i.e., tasting order for the pairs, which was 174 

counterbalanced). Participant was entered as a repeated factor, with the autoregressive covariance 175 

structure (data sorted by test, sample, participant, then order of tasting). All interaction terms were 176 

tested, but only Test*Beverage and Test*Gender showed any significant effects; thus, other interaction 177 

terms were removed for clarity.  178 

 179 

As effects were observed due to open compared to capped vials, all further analysis was conducted only 180 

on the data from the capped vials, in order to disentangle potential desensitization effects from loss of 181 

carbonation effects. For these analyses, the following model was used: 182 

Rating = Sample, Gender, PairOrder  183 

In this model, “Sample” specifically referred to individual samples within the full tasting paradigm (there 184 

were eight, see Table 1). “PairOrder” again referred to counterbalanced order of tasting. See Table 1 for 185 

the details of the model factors. Participant was entered as a repeated factor, and the covariance 186 

structure was set as autoregressive (data were sorted by test, beverage, participant, then order of 187 

tasting). After evaluating the overall effects from the factors listed above, least squared means 188 

estimates were calculated for specific comparisons, as shown in Table 1. The model was primarily used 189 

to interpret effects for “Spiciness, burning, or stinging sensation” (hereafter referred to as “burning”), 190 



but since data were collected on bitterness, sweetness, sourness, overall flavor, and liking the results for 191 

those are also included (mostly in supplemental file 4). Specific comparisons analyzed to determine 192 

sensitization or desensitization are listed in Table 1. From prior work, we expected to observe 193 

sensitization most strongly when a sample was tasted immediately after itself within a pair, while we 194 

expected to see desensitization through decreasing ratings with increasing tasting order (PairOrder, in 195 

our analysis). Note that we used “PairOrder” to observe these effects rather than actual order (i.e, first 196 

through eighth), as actual order was confounded with the sample (i.e., “Ginger beer after Ginger beer” 197 

could never be tasted first, but it could have been tasted within the first pair). Bonferroni adjustments 198 

were used for post hoc analyses involving multiple comparisons. Interaction terms were tested but none 199 

were found to be significant, so they were removed for clarity.  200 

 201 

3. Results 202 

Results of statistical tests are shown in Figures 2 and 3 as well as Table 2 (the table is included in 203 

addition to the figures in order to provide the specific means and standard errors). For the first model, 204 

used to assess the effect of tasting when using the capped vials compared to open cups, significant 205 

effects are apparent for the test type, beverage, order of tasting, gender, interaction of test type with 206 

beverage, and interaction of test type with gender. As expected, ratings for burning (“Spiciness, burning, 207 

or stinging sensation”) were lower in the open cups compared to the capped vials. Lower ratings were 208 

given over the course of the test (as indicated by PairOrder). Post-hoc comparisons show that samples 209 

tasted in the first pair of the testing order were rated as higher than subsequent samples. Regarding the 210 

interaction of test type and beverage, seltzer was significantly more intense for burning when tasted 211 

from capped vials compared to open; a trend may be apparent for ginger beer (p=0.061) for slightly 212 

lower burning ratings when presented in vials compared to open, which was not expected. Significant 213 



effects are also present for the interaction of test and gender, however the small sample size for males 214 

make interpretation of those effects unreliable.   215 

 216 

Both models indicate that females rated the beverages are more burning than males. Again, this should 217 

be interpreted with caution due to the small number of males in these tests.  218 

 219 

The second model was run only on data from the capped vials test and was primarily intended to check 220 

for sensitization/desensitization effects for burning. The results do not support sensitization, but do 221 

support desensitization.  When ginger beer was tasted immediately after itself, burning had a tendency 222 

to decrease (drop of 5 pts, p=0.075). More convincingly, burning ratings decreased with tasting order as 223 

indicated by lower ratings with increasing PairOrder. However, after Bonferroni adjustments, 224 

differences are only marginally significant and only for samples tasted in the first pair compared to in 225 

the third or fourth pairs. Also of note, seltzer was rated as more intense for burning after tasting ginger 226 

beer, which is likely due to carryover of the burning from the ginger beverage. Finally, some effects for 227 

bitterness, overall flavor, and liking ratings are also noted. For bitterness, ratings decreased over the 228 

course of the experiment as evidenced by PairOrder. Additionally, when ginger beer was tasted after 229 

seltzer it was rated as less bitter, and when seltzer was tasted after ginger beer it was rated as more 230 

bitter. Regarding overall flavor, seltzer was rated as more intense after tasting ginger beer, again likely 231 

due to carryover from the ginger beer spices. Finally, ginger beer was rated lower for liking when tasted 232 

after itself.  233 

 234 

4. Discussion 235 



Our data do not support sensitization or cross-sensitization effects for the “Spiciness, burning, or 236 

stinging sensation” from spicy ginger beer or seltzer in an acute sensory test. However, desensitization is 237 

apparent in the lower burning-type ratings over the course of the experiment. Our data support the 238 

concept of contrast effects for bitterness. Finally, our data confirm that careful attention should be given 239 

to how carbonated beverages are served for sensory tests, as differences were observed between the 240 

capped and open containers. 241 

 242 

The lack of a sensitization phenomenon for either carbonation sting or ginger beer spice has precedent. 243 

While sensitization to capsaicin is reasonably well established when capsaicin is applied with filter discs 244 

(Affeltranger, McBurney, & Balaban, 2007; Balaban, McBurney, & Stoulis, 1999; Cliff & Green, 1996; 245 

Green, 1989, 1991), the phenomenon is often inconsistent or absent when using oral rinses or actual 246 

foods (Cliff & Green, 1996; Dessirier, O’Mahony, Iodi-Carstens, & Carstens, 2000; Nasrawi & Pangborn, 247 

1990; Prescott, 1999). Notably, the ginger extract ingredient in our ginger beer likely contributed 248 

zingerone as a spicy compound, and zingerone has not been demonstrated to cause sensitization in 249 

general (Prescott & Stevenson, 1996b), though isolated participants may show sensitization (Prescott & 250 

Stevenson, 1996a).  251 

 252 

The decreased ratings as the order of tasting pairs increased is likely evidence of desensitization to 253 

chemesthesis from carbonation and/or spiciness. We actually expected this effect to be stronger for the 254 

spiciness of ginger beer compared to the sting from carbonation, but no such interaction effect was 255 

evident. Prior work indicates desensitization occurs for zingerone (from ginger), capsaicin (from chilis), 256 

and piperine (from black pepper) (Affeltranger et al., 2007; Dessirier, Nguyen, Sieffermann, Carstens, & 257 

O’Mahony, 1999; Prescott & Stevenson, 1996a), which could all plausibly be found in spicy beverage 258 



formulations such as the ginger beer used in this study. However, desensitization for carbonation 259 

stinging is relatively unexplored. Cross-desensitization has been reported for capsaicin to carbonation 260 

sting (Dessirier, Simons, O’Mahony, & Carstens, 2001), which could certainly be the source of 261 

desensitization for carbonation observed in our study. In a study separating the sensation of bubbles 262 

from carbonation “bite,” significant time effects were observed for carbonation bite, and decreases in 263 

ratings over time can be seen in the data from that work (Wise, Wolf, Thom, & Bryant, 2013). 264 

Potentially, the decreases in ratings could also be due to a habituation type phenomenon instead of true 265 

desensitization, where participants become accustomed to the sensation and so lower the associated 266 

sensory ratings. However, cellular evidence confirms sensitization/desensitization of transient receptor 267 

potential channels, such as for capsaicin and TRPV1 (Gordon-Shaag, Zagotta, & Gordon, 2008; Joseph, 268 

Wang, Lee, Ro, & Chung, 2013; Leamy, Shukla, McAlexander, Carr, & Ghatta, 2011; Lennertz, Kossyreva, 269 

Smith, & Stucky, 2012; Numata, Kiyonaka, Kato, Takahashi, & Mori, 2011; Zhu et al., 2005). While 270 

carbonation has not been extensively tested for desensitization at the cellular level, the TRPA1 receptor 271 

responds to acidification from carbonic acid that is created from carbonic anhydrase IV acting on carbon 272 

dioxide (Wang, Chang, & Liman, 2010), and so the mechanisms for desensitization similar to other 273 

transient reception potential channels may be plausible for carbonation “sting” or “bite.”  274 

 275 

Given the higher ratings for the first pair of samples compared to other pairs, we considered that the 276 

decrease in ratings for both ginger beer and seltzer was due to a “first sample effect” rather than actual 277 

desensitization (Lawless & Heymann, 2010). In this case, participants would have initially rated the 278 

sample as high due to lack of context, familiarity, or perhaps surprise, but the latter ratings would be 279 

stable. To check for this, we re-analyzed the data removing the first time each beverage was tasted (not 280 

the entire first pair, just the first rating for each beverage, which may or may not have been in the first 281 

pair due to the counterbalancing). In that analysis, the patterns of responses were not substantively 282 



different, though the main effect for PairOrder was lost (results included in the supplemental file 4). We 283 

suspect this is due to loss of power from excluding some of the sample size, as the means across the 284 

PairOrders still followed the same general downward pattern. Thus, while the first sample may indeed 285 

be rated differently from the others, desensitization should still be considered as well.  286 

 287 

Regarding the effects observed for bitterness, we theorize this is mostly due to contrast effects between 288 

the two beverages (Lawless, 1983; Lawless & Heymann, 2010). It is also possible that seltzer tasted after 289 

ginger beer may have been rated as more bitter due to carryover of some of the ginger beer taste, but if 290 

these were only carry over effects then it is unclear why ginger beer after seltzer would be rated as less 291 

bitter than ginger beer first. Alternatively,  these ratings may not have been for true bitterness, but for 292 

the unpleasant quality of the plain seltzer water in comparison to the ginger beer. We suspect the ginger 293 

beer likely emphasized the “bitterness” in the seltzer water, and the seltzer water emphasized less 294 

“bitterness” in the ginger beer. However, such contrast effects should be more specifically targeted in a 295 

separate study to give conclusive results. At very least, our data confirm the need to consider contrast 296 

when tasting very different flavors in a single experiment.  297 

 298 

Finally, we were not surprised to find differences between ratings for open compared to capped 299 

containers when serving carbonated beverages. However, the finding that the ginger beer had a trend 300 

toward being less intense for burn when capped compared to open was unexpected. As many of our 301 

participants were likely the same in both tests, this could have been due to increased familiarity with the 302 

product (we have found in many tests that ratings tend to decrease over time, especially for “bad” 303 

sensations; unpublished data). However, the phenomenon of initial elevation bias has been observed in 304 

psychological surveys of thoughts, feelings, and behaviors (Shrout et al., 2018). Notably, this group also 305 



found that this initial elevation of ratings/values was higher for negative than positive affect. 306 

Nonetheless, without knowing for certain how many and which subjects were repeated in our own 307 

experiments, we cannot state for certain that the potential decline in ginger beer burn was due to this 308 

elevation bias effect or due to another factor, such as interaction with other sensory active ingredients. 309 

 310 

5. Conclusions 311 

Neither sensitization nor cross-sensitization to “spiciness, burning, or stinging sensation” were observed 312 

using a commercially available spicy ginger beer and seltzer water. However, lower ratings for these 313 

sensations over the course the experiment point to desensitization during the experiment. Such order 314 

effects, which may have a physiological as well as psychological basis, should be considered when 315 

planning sensory evaluations.  316 
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Figures 324 

 325 

Figure 1: Tasting paradigm. Order of pairs was counterbalanced. 326 

 327 

 328 

Figure 2: Results of Model 1 for “Spiciness, burning, or stinging sensation”, analyzing data from open 329 

cups and capped vials together. Details on interaction effects can be found in supplemental files. 330 

Significant or marginal effects are noted with their p-values, all other comparisons were p>0.1 331 

 332 



 333 

Figure 3: Significant results of Model 2 for all qualities (top), “Spiciness, burning, or stinging sensation” 334 

referred to as Burning (center), and Bitterness (bottom). Significant or marginal effects are noted with 335 

their p-values, all other comparisons were p>0.1 336 

  337 



Table 1: Linear Mixed Model details 
Model:  Rating = Test, Sample, Gender, PairOrder, Test*Sample, Test*Gender, Test*PairOrder 
Explanation of factors: 
 Test Open or Capped 
 Pairs / Samples Pair: Ginger beer – Ginger beer Ginger beer first 

Ginger beer after Ginger beer 

Pair: Ginger beer – Seltzer Ginger beer first 
Seltzer after Ginger beer 

Pair: Seltzer – Seltzer Seltzer first 
Seltzer after Seltzer 

Pair: Seltzer – Ginger beer Seltzer first 
Ginger beer after Seltzer 

 Gender Male or Female 
 PairOrder First, Second, Third, or Forth pair of samples in the tasting order 
  
Least Squares Means and Estimates: 
 Comparison Purpose 
 (Ginger beer after Ginger beer) compared to (Ginger beer first) Sensitization with Ginger beer 
 (Ginger beer after Seltzer) compared to (Ginger beer first) Cross sensitization of Ginger beer to Seltzer 
 (Seltzer after Seltzer) compared to (Seltzer first) Sensitization to Seltzer 
 (Seltzer after Ginger beer) compared to (Seltzer first) Cross-sensitization of Seltzer to Ginger beer 
 PairOrder Overall sensitization/desensitization 

 338 

  339 



Table 2: Results from statistical models 
Model for effect of open cups compared to closed vials: 
Rating = Test, Beverage, PairOrder, Test*Beverage, Test*Gender 
 Mean ± SEM 

p-value 
 Test Gender Beverage PairOrder Test*Beverage 
Burning Capped: 47±1 

Open: 43±1 
p=0.028 

Male: 41±2 
Female: 48±1 

p=0.0002 

Ginger beer: 58±1 
Seltzer: 32±1 

p<.0001 

1: 52±2 
2: 44±2 
3: 43±2 
4: 40±2 
p<.0001 

Bonferroni adjusted: 
1 to 2: p=0.003 
1 to 3: p=0.002 

1 to 4: p<0.0001 
All other p>0.1 

Capped Ginger beer: 56±2 
Open Ginger beer: 61±2 

p=0.061 
 

Capped Seltzer: 38±2 
Open Seltzer: 25±2 

p<0.0001 

Model for test of sensitization/desensitization (from capped vials data only): 
Rating = Sample Gender PairOrder 
 Mean ± SEM 

p-value 
 Gender PairOrder Beverage type1 Sample2 
Burning Male: 42±4 

Female: 52±2 
p=0.016 

1: 52±3 

2: 47±3 

3: 45±3 

4: 44±3 

p=0.036  
Bonferroni adjusted: 

1 to 3 : p=0.065 
1 to 4 : p=0.051 
All other p>0.1 

Ginger beer: 56±3 
Seltzer: 37±3 

p<0.0001 

Ginger beer first: 57±3 
Ginger beer after ginger beer: 52±3 

p=0.075 
Ginger beer after seltzer: 56±3 

p=0.787 
 

Seltzer first: 36±3 
Seltzer after seltzer: 40±4 

p=0.195 
Seltzer after ginger beer: 42±3 

p=0.030 

Other qualities (only significant effects shown; full results in supplemental files) 
 PairOrder Beverage type1 Sample* 

Bitterness 1: 27±2 
2: 26±2 
3: 24±2 
4: 19±2 
p=0.043 

Post hoc (Bonferroni) 
1 to 4: p=0.058 
2 to 4: p=0.071 
All other p>0.1 

No effect Ginger beer first: 26±4 
Ginger beer after seltzer: 20±4 

p=0.019 
 

Seltzer first: 22±4 
Seltzer after ginger beer: 28±4 

p=0.035 

Flavor No effect Ginger beer: 56±3 
Seltzer: 29±3 

p<0.0001 

Seltzer first: 26±3 
Seltzer after ginger beer: 38±3 

p<0.0001 
Liking No effect Ginger beer: 47±3 

Seltzer: 37±3 
p=0.0007 

Ginger beer first: 48±3 
Ginger beer after ginger beer: 44±3 

p=0.039 
Sweetness No effect Ginger beer: 31±3 

Seltzer: 6±3 
p<0.0001 

No effect 

1Comparison generated using least squared means estimate statement using sample codes (i.e., all ginger beers compared to 
all seltzer waters) 
2All sample comparisons are made between when the beverage was tasted first compared to when it was tasted second (either 
after itself or the other beverages) 



References 340 
Affeltranger, M. A., McBurney, D. H., & Balaban, C. D. (2007). Temporal interactions between oral 341 

irritants: piperine, zingerone, and capsaicin. Chemical Senses, 32(5), 455–462. 342 

https://doi.org/10.1093/chemse/bjm014 343 

Balaban, C. D., McBurney, D. H., & Stoulis, M. (1999). Time course of burn to repeated applications of 344 

capsaicin. Physiology & Behavior, 66(1), 109–112. 345 

Bevan, S., Quallo, T., & Andersson, D. A. (2014). TRPV1. In Mammalian Transient Receptor Potential 346 

(TRP) Cation Channels (pp. 207–245). Berlin, Heidelberg: Springer. https://doi.org/10.1007/978-347 

3-642-54215-2_9 348 

Cliff, M. A., & Green, B. G. (1996). Sensitization and desensitization to capsaicin and menthol in the oral 349 

cavity: interactions and individual differences. Physiol Behav, 59, 487–494. 350 

Dessirier, J. M., Nguyen, N., Sieffermann, J. M., Carstens, E., & O’Mahony, M. (1999). Oral irritant 351 

properties of piperine and nicotine: psychophysical evidence for asymmetrical desensitization 352 

effects. Chemical Senses, 24(4), 405–413. 353 

Dessirier, J. M., O’Mahony, M., Iodi-Carstens, M., & Carstens, E. (2000). Sensory properties of citric acid: 354 

psychophysical evidence for sensitization, self-desensitization, cross-desensitization and cross-355 

stimulus-induced recovery following capsaicin. Chemical Senses, 25(6), 769–780. 356 

Dessirier, J. M., Simons, C. T., O’Mahony, M., & Carstens, E. (2001). The oral sensation of carbonated 357 

water: cross-desensitization by capsaicin and potentiation by amiloride. Chemical Senses, 26(6), 358 

639–643. 359 

Gordon-Shaag, A., Zagotta, W. N., & Gordon, S. E. (2008). Mechanism of Ca2+ -dependent 360 

desensitization in TRP channels. Channels, 2(2), 125–129. 361 

https://doi.org/10.4161/chan.2.2.6026 362 

Green, B. G. (1989). Capsaicin sensitization and desensitization on the tongue produced by brief 363 

exposures to a low concentration. Neurosci Lett, 107, 173–178. 364 



Green, B. G. (1991). Temporal characteristics of capsaicin sensitization and desensitization on the 365 

tongue. Physiol Behav, 49, 501–505. 366 

Green, B. G. (1996). Chemesthesis: Pungency as a component of flavor. Trends Food Sci Tech, 7, 415–367 

423. https://doi.org/Doi 10.1016/S0924-2244(96)10043-1 368 

Green, B. G. (2003). Oral chemesthesis as a component of flavor. Abstr Pap Am Chem S, 226, U67–U67. 369 

Joseph, J., Wang, S., Lee, J., Ro, J. Y., & Chung, M.-K. (2013). Carboxyl-terminal domain of Transient 370 

Receptor Potential Vanilloid 1 contains distinct segments differentially involved in capsaicin- and 371 

heat-induced desensitization. Journal of Biological Chemistry, 288(50), 35690–35702. 372 

https://doi.org/10.1074/jbc.M113.513374 373 

Karrer, T., & Bartoshuk, L. (1991). Capsaicin desensitization and recovery on the human tongue. Physio 374 

Behav, 49, 757–764. 375 

Lawless, H. T. (1983). Contextual effects in category tatings. Journal of Testing and Evaluation, 11(5), 376 

346–349. 377 

Lawless, H. T., & Heymann, H. (2010). Sensory Evaluation of Food: Principles and Practices (2nd ed.). 378 

New York, NY: Springer. 379 

Leamy, A. W., Shukla, P., McAlexander, M. A., Carr, M. J., & Ghatta, S. (2011). Curcumin ((E,E)-1,7-bis(4-380 

hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione) activates and desensitizes the nociceptor 381 

ion channel TRPA1. Neuroscience Letters, 503(3), 157–162. 382 

https://doi.org/10.1016/j.neulet.2011.07.054 383 

Lennertz, R. C., Kossyreva, E. A., Smith, A. K., & Stucky, C. L. (2012). TRPA1 mediates mechanical 384 

sensitization in nociceptors during inflammation. PloS One, 7(8), e43597. 385 

https://doi.org/10.1371/journal.pone.0043597 386 

McBurney, D. H., Balaban, C. D., Christopher, D. E., & Harvey, C. (1997). Adaptation to capsaicin within 387 

and across days. Physiol Behav., 61, 181-90. 388 



Mouth on Fire? The Best (and Worst) Ways to Soothe the Burn Fast. (2014, July 30). Retrieved May 2, 389 

2018, from https://greatist.com/eat/best-way-to-soothe-burning-mouth 390 

Nagy, I., Friston, D., Valente, J. S., Torres Perez, J. V., & Andreou, A. P. (2014). Pharmacology of the 391 

capsaicin receptor, transient receptor potential vanilloid type-1 ion channel. Progress in Drug 392 

Research. Fortschritte Der Arzneimittelforschung. Progres Des Recherches Pharmaceutiques, 68, 393 

39–76. 394 

Nasrawi, C. W., & Pangborn, R. M. (1990). Temporal gustatory and salivary responses to capsaicin upon 395 

repeated stimulation. Physiol Behav, 47, 611–615. 396 

Nolden, A. A. (2016). Biological factors involved in sensory responses to chemesthetic stimuli. The 397 

Pennsylvania State University, University Park, PA. Retrieved from 398 

https://etda.libraries.psu.edu/catalog/13185aua223 399 

Nolden, A. A., & Hayes, J. E. (2017). Perceptual and affective responses to sampled capsaicin differ by 400 

reported intake. Food Qual Pref, 55, 26–34. https://doi.org/10.1016/j.foodqual.2016.08.003 401 

Numata, T., Kiyonaka, S., Kato, K., Takahashi, N., & Mori, Y. (2011). Activation of TRP channels in 402 

mammalian systems. In TRP Channels (pp. 43–90). Boca Raton, FL: CRC Press. 403 

Prescott, J. (1999). The generalizability of capsaicin sensitization and desensitization. Physiology & 404 

Behavior, 66, 741–749. 405 

Prescott, J., & Stevenson, R. J. (1995). Effects of oral chemical irritation on tastes and flavors in frequent 406 

and infrequent users of chili. Physiology & Behavior, 58(6), 1117–1127. 407 

Prescott, J., & Stevenson, R. J. (1996a). Desensitization to oral zingerone irritation: effects of stimulus 408 

parameters. Physiology & Behavior, 60, 1473–1480. 409 

Prescott, J., & Stevenson, R. J. (1996b). Psychophysical responses to single and multiple presentations of 410 

the oral irritant zingerone: relationship to frequency of chili consumption. Physiology & 411 

Behavior, 60, 617–624. 412 



Shrout, P. E., Stadler, G., Lane, S. P., McClure, M. J., Jackson, G. L., Clavél, F. D., … Bolger, N. (2018). Initial 413 

elevation bias in subjective reports. Proceedings of the National Academy of Sciences of the 414 

United States of America, 115(1), E15–E23. https://doi.org/10.1073/pnas.1712277115 415 

Stevenson, R. J., & Prescott, J. (1994). The effects of prior experience with capsaicin on ratings of its 416 

burn. Chemical Senses, 19(6), 651–656. 417 

Szallasi, A., & Blumberg, P. M. (1999). Vanilloid (Capsaicin) Receptors and Mechanisms. Pharmacological 418 

Reviews, 51(2), 159–212. 419 

The Dos and Donts of Eating Spicy Foods. (2014, August 12). Retrieved May 2, 2018, from 420 

https://spoonuniversity.com/how-to/spicy-food-dos-and-donts 421 

Tominaga, M. (2006). Chapter 6 Gating, Sensitization, and Desensitization of TRPV1. In Current Topics in 422 

Membranes (Vol. 57, pp. 181–197). Academic Press. https://doi.org/10.1016/S1063-423 

5823(06)57005-X 424 

Wang, Y. Y., Chang, R. B., & Liman, E. R. (2010). TRPA1 is a component of the nociceptive response to 425 

CO2. The Journal of Neuroscience : The Official Journal of the Society for Neuroscience, 30(39), 426 

12958–12963. https://doi.org/10.1523/JNEUROSCI.2715-10.2010 427 

Wise, P. M., Wolf, M., Thom, S. R., & Bryant, B. (2013). The influence of bubbles on the perception 428 

carbonation bite. PLOS ONE, 8(8), e71488. https://doi.org/10.1371/journal.pone.0071488 429 

Zhu, M. H., Chae, M., Kim, H. J., Lee, Y. M., Kim, M. J., Jin, N. G., … Kim, K. W. (2005). Desensitization of 430 

canonical transient receptor potential channel 5 by protein kinase C. American Journal of 431 

Physiology-Cell Physiology, 289(3), C591–C600. https://doi.org/10.1152/ajpcell.00440.2004 432 

 433 

  434 



Supplemental 435 

 436 

 437 


	Desensitization but not Sensitization from Commercial Chemesthetic Beverages
	Recommended Citation

	tmp.1578594694.pdf.9Ppkc

