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SHORT ABSTRACT: 51 
This protocol measures human taste responses and includes a brief anatomical assessment, a 52 
short taste test, and a validation method using the subject's reported sensation and taste 53 
receptor genotype.  54 
 55 
LONG ABSTRACT: 56 
The emerging importance of taste in medicine and biomedical research, and new knowledge 57 
about its genetic underpinnings, has motivated us to supplement classic taste-testing methods 58 
in two ways. First, we explain how to do a brief assessment of the mouth, including the tongue, 59 
to ensure that taste papillae are present and to note evidence of relevant disease. Second, we 60 
draw on genetics to validate taste test data by comparing reports of perceived bitterness 61 
intensity and inborn receptor genotypes. Discordance between objective measures of genotype 62 
and subjective reports of taste experience can identify data collection errors, distracted 63 
subjects or those who have not understood or followed instructions. Our expectation is that 64 
fast and valid taste tests may persuade researchers and clinicians to assess taste regularly, 65 
making taste testing as common as testing for hearing and vision. Finally, because many tissues 66 
of the body express taste receptors, taste responses may provide a proxy for tissue sensitivity 67 
elsewhere in the body and, thereby, serve as a rapid, point-of-care test to guide diagnosis and a 68 
research tool to evaluate taste receptor protein function. 69 
 70 
INTRODUCTION: 71 
Measures of human taste perception can be both part of medical care and a target of 72 
biomedical research, yet taste has received scant attention compared with hearing and vision 73 
(Table 1). From the medical perspective, when clinicians evaluate patients complaining of taste 74 
loss, in most cases the actual loss is of smell1, which has led to dismissal of taste loss as an 75 
uncommon and often invalid presenting complaint. Taste distortions (dysgeusia) are more 76 
common and frequently arise from the secondary effects of medications or peripheral nerve 77 
injury2,3, but neither form has an effective treatment (other than stopping the medication). 78 
Clinicians have also ignored taste loss because it has hitherto had little diagnostic or prognostic 79 
value on its own. However, although the measurement of taste has been a backwater, it may 80 
now be entering mainstream medicine with the revival of a historical appreciation that taste 81 
may be a diagnostic or prognostic tool4,5. For instance, bitterness perception can predict 82 
immune function6 or the willingness of a patient to take medication7. Nonetheless, biomedical 83 
researchers have largely neglected taste. This inattention may, in part, reflect the fact that early 84 
progress in understanding this sensory system has its roots in experimental psychology8, a field 85 
with which those in medicine may be relatively unfamiliar. Moreover, renewed interest in taste 86 
has ushered in standardized taste methods9 that build on earlier methods10, which while 87 
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comprehensive are lengthy and inappropriate for clinical settings. Finally, confidence in taste 88 
measures can be weak because subjects report on their own experience and validation of their 89 
observations has hitherto been lacking. Our hope is that a simple measure that investigators or 90 
clinicians can easily administer will gain in popularity with both constituents. Here we describe 91 
a simple taste exam protocol that has three parts: an assessment of the oral cavity, the taste 92 
test, and a validation step using inborn genotype. First, we provide biological context for these 93 
procedures, which merge simple practices in medicine, sensory measures from experimental 94 
psychology and validation of responses using genotype and genetics.  95 
 96 
Taste perception starts in the mouth, so an effective taste exam needs to include a brief clinical 97 
assessment for obvious oral diseases, redness, swelling and other discoloration. The oral cavity 98 
contains seven subsites: the tongue, gingiva, floor of mouth, buccal mucosa, labial mucosa, 99 
hard palate, and the retromolar trigone. Past studies of human taste focused on healthy 100 
participants or those with well-defined diseases, but as taste testing becomes routine in 101 
medical exams, it is important to record the condition of the oral cavity as part of the 102 
procedure.  103 
 104 
The tongue itself is a muscular structure encased in mucosa; dotting its dorsal surface are 105 
papillae, the small raised structures that give the tongue its unique texture and contain taste 106 
receptor cells. We classify papillae by their shape: fungiform, filiform, foliate, and circumvallate. 107 
Fungiform papillae (FP) are located anterolaterally on the tongue and are round, with a 108 
mushroom shape11. Investigators have published several useful methods to quantify FP and we 109 
direct readers to these sources for measurement protocols12-16. Foliate papillae, shaped like the 110 
pages of a book (folia), are located exclusively on the lateral posterior tongue surface11. 111 
Circumvallate papillae, found in the sulcus terminalis of the tongue base, are large dome-112 
shaped structures surrounded by mucosal walls (Latin circum, “surround,” + vallum, “wall”)11. 113 
The most numerous papillae, the filiform, are long and thin and do not contain taste receptors.  114 
 115 
People differ in tongue anatomy. While the sources of this anatomic variation are unknown, it is 116 
determined in part by inborn genetic variation, with investigators reporting 31% concordance 117 
of tongue anatomy among dizygotic twins and 60% concordance among monozygotic twins17. 118 
Papillary density also differs among people, and although rare, at least one genetic disease 119 
(familial dysautonomia) results in a congenital absence of taste papillae18-20. Thus, before 120 
performing psychophysical testing, it is helpful to confirm the presence of FP as part of the brief 121 
assessment and note the relative size and color of the tongue and evidence of oral disease.  122 
 123 
The taste papillae contain the sensory cells that when stimulated initiate taste sensation. 124 
Humans are capable of sensing at least five classes of taste: salty, sour, bitter, sweet, and 125 
umami. While salty, sweet, and umami tastes signal the presence of valuable food sources 126 
containing sodium chloride, glucose, and amino acids, respectively, bitterness and sourness 127 
signal the presence of potential toxins and acids from the bacterial decomposition of food, 128 
respectively, and induce aversive behavior21. Salty and sour tastes are transduced through the 129 
activation of ion channels found in some types of taste cells, though the understanding of salt 130 
transduction is evolving and it may require type I cells as well22,23. Bitter, sweet, and umami 131 
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arise from activation of G-protein-coupled receptors on type II taste cells, each attuned to a 132 
particular taste. Heterodimers of subunits of three particular receptors transduce sweet and 133 
umami while bitter compounds activate a group of 25 different bitter receptors24. These bitter 134 
receptors can respond to multiple bitter compounds, and a single bitter compound often 135 
stimulates more than one receptor25. Despite the recent expansion of knowledge about the 136 
molecular basis of taste, novel pathways26 and new discoveries beyond the traditional five taste 137 
qualities (e.g., calcium27 or fatty acid28 perception) may lie ahead.  138 
 139 
There are at least two surprising aspects of the taste families of receptors: genes that code for 140 
these receptors can differ markedly in DNA sequence and hence function among people, and 141 
many tissues of the body express these genes21,29-31. These extraoral sites include the brain, 142 
thyroid, upper and lower respiratory tract, and the gastrointestinal tract, among many 143 
others21,29-31. While the taste receptors at these locations do not participate in taste perception 144 
in the traditional sense, they likely sense the local chemical environment29,32. For example, the 145 
ciliated epithelium of the upper respiratory tract expresses the bitter receptor T2R38 (Bitter 146 
Taste Receptor 38), which responds to chemical compounds produced by bacteria and 147 
influences the innate immune response32, such as increasing mucociliary clearance and levels of 148 
anti-microbial peptides and nitric oxide. This finding has medical implications for chronic 149 
rhinosinusitis, a disease of chronic bacterial infection and inflammation of the upper respiratory 150 
tract and paranasal sinuses.  151 
 152 
Of particular relevance to the taste exam we describe here is that the T2R38 bitter taste 153 
receptor, encoded by the TAS2R38 gene, exhibits genetic variability and therefore variable taste 154 
sensitivity. Perceptual differences for the bitter compound phenylthiocarbamide (PTC) were 155 
first described by the chemist Arthur Fox33; later this compound was identified as an agonist of 156 
the T2R38 receptor34. Individual differences arise from the DNA sequence of the TAS2R38 gene, 157 
which has three single-nucleotide polymorphisms, each yielding amino acid substitutions (A49P, 158 
A262V, and I296V; A=Alanine, P=Proline, V=Valine, I=Isoleucine). Two common haplotypes 159 
result, PAV and AVI, with PAV/PAV individuals being highly sensitive to PTC (“tasters”), AVI/AVI 160 
individuals being relatively insensitive (“non-tasters”), and heterozygous AVI/PAV individuals 161 
being more variable in their sensitivity35. There are more examples of genetic variation affecting 162 
bitter perception, e.g., taste receptor T2R19, encoded by the TAS2R19 gene, similarly exhibits 163 
genetic variability and differing taste sensitivity to the bitter compound quinine36. Likewise, 164 
variation in TAS2R31 affects the perceived bitterness of one of the high-potency sweeteners37-165 
39. 166 
 167 
Here we describe a rapid method to characterize a patient’s sense of taste that draws on high-168 
yield protocols in clinical medicine, experimental psychology and genetics.  169 
 170 
PROTOCOL: 171 
 172 
The University of Pennsylvania Institutional Review board approved this protocol. We excluded 173 
subjects if they were under 18 years of age or were pregnant.  174 
 175 
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1. Oral Cavity Evaluation: Disease Assessment and Papilla Identification  176 
 177 
1.1. Instruct the subject to open the mouth. 178 
 179 
1.2. Using a light source such as a penlight or headlamp, illuminate the oral cavity and 180 
examine the seven subsites of the area (tongue, floor of mouth, buccal mucosa, labial mucosa, 181 
gingiva, hard palate, and retromolar trigone). 182 
 183 
1.2.1. Visualize the dorsal surface of the tongue. Instruct the subject to lift up the tongue, and 184 
examine the ventral tongue surface and floor of mouth, making sure to extend the examination 185 
posteriorly to the molars. 186 
 187 
1.2.2. Using a tongue depressor, lateralize the subject’s cheek to visualize the buccal mucosa, 188 
as well as the lateral gingiva bilaterally surrounding the upper and lower teeth. 189 
 190 
1.2.3. Extend the examination anteriorly by lifting the upper and lower lips to visualize the 191 
surfaces of the labial mucosal and anterior gingiva. 192 
 193 
1.2.4. Finally, visualize the hard palate and retromolar trigone. 194 
 195 
1.2.5. Note lesions, abrasions, and masses or signs of inflammation. 196 
 197 
1.2.6. Again, ask the subject to open the mouth and extend the tongue. 198 
 199 
1.2.7. Use a light source to visualize the dorsal surface of the tongue. 200 
 201 
1.2.8. Identify the presence or absence of FP, e.g., a smooth tongue surface  202 
 203 
1.3. Note the results of the oral cavity examination before proceeding with taste testing. If 204 
investigators conduct this taste test in a medical context, unexpected findings should prompt 205 
further work-up. 206 
 207 
2. Psychophysical Taste Testing 208 
 209 
Note: Resources and descriptions for the psychophysical taste testing that follow are also 210 
available from the following web page: https://osf.io/hn87s/.  211 
 212 
2.1. Tastant preparation 213 
 214 
2.1.1. Prepare solutions as directed below. Make each solution using a volumetric flask to 215 
ensure precision of concentrations to ± 0.0002 M. Dissolve samples using ultrapure water. 216 
Tailor the choice of compounds to the research goals. The compounds included here are meant 217 
as one example.  218 

https://osf.io/hn87s/
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2.1.1.1. Denatonium benzoate (bitter): prepare a stock solution of 4.99 x 10-3 M 219 
denatonium benzoate by dissolving 2.228 g of denatonium benzoate in 1 L of water. Add 180 µL 220 
of this stock solution to a 500 mL volumetric flask. Add water to bring the volume to 500 mL, 221 
producing a solution with a final concentration of 1.8 µM. 222 
 223 
2.1.1.2. PTC (bitter): Place 0.0135 g of PTC in a 500 mL volumetric flask. Add water to 224 
bring the volume to 500 mL. PTC is difficult to dissolve, so place a stir bar in the flask and heat 225 
the solution to 70 °C on a hot plate. Use the stir bar to mix the solution until all solute has 226 
dissolved (~15 min). This produces a solution with a final concentration of 180 µM. 227 
 228 
2.1.1.3. Quinine (bitter): Place 0.011 g of quinine HCl dihydrate in a 500 mL volumetric 229 
flask. Add water to bring the volume to 500 mL, producing a solution with a final concentration 230 
of 56 µM. 231 
 232 
2.1.1.4. Sodium chloride (salty): Place 7.5 g of sodium chloride in a 500 mL volumetric 233 
flask. Add water to bring the volume to 500 mL, producing a solution with a final concentration 234 
of 0.25 M. 235 
 236 
2.1.1.5. Sucrose (sweet): Place 60 g of sucrose in a 500 mL volumetric flask. Add water to 237 
bring the volume to 500 mL, producing a solution with a final concentration of 0.35 M. 238 
 239 
2.1.2. Store taste solutions at 4 °C. Some commonly used taste compounds are light-sensitive, 240 
and investigators should wrap them in foil or other materials to reduce their exposure to light.   241 
 242 
2.1.3. To identify common errors in solution preparation, fill one tasting cup with the old 243 
solution and one with the new solution. Taste each solution to verify they are identical in 244 
strength. 245 
 246 
2.1.4. Include water as a control solution, presented in the first position to verify subjects 247 
understand the testing procedure. Present subjects with each tastant and the control tastant 248 
twice, taking care to avoid presenting the same tastant consecutively. For example, to test five 249 
unique tastants, feature twelve samples in the questionnaire (see 2.2): the five tastants and 250 
water, each presented twice. Aliquot 5 mL of water into individual glass scintillation vials. Label 251 
the vial caps with a dark blue sticker bearing the number 1. 252 
 253 
2.1.5. Repeat this process for each tastant. Label vial caps with a circular sticker according to 254 
the order of presentation and some color code, example detailed below; match the vial labels 255 
with the labels on the taste questionnaire (see 2.2). 256 
Water (dark blue) 257 
Quinine (light blue) 258 
NaCl (green) 259 
PTC (yellow) 260 
Sucrose (orange) 261 
Denatonium benzoate (red) 262 
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NaCl (dark blue) 263 
Denatonium benzoate (light blue) 264 
Water (green) 265 
Quinine (yellow) 266 
Sucrose (orange) 267 
PTC (red) 268 
 269 
2.1.6. Package samples by placing them into two boxes, samples 1–6 and 7–12 in boxes 270 
labeled “box A” and “box B,” respectively (Figure 1); other packaging strategies are possible. 271 
 272 
[Place Figure 1 here] 273 
 274 
2.2. Taste questionnaire 275 
 276 
2.2.1. Prepare the taste questionnaire using a category scale for rating taste intensity and a 277 
forced choice for identifying the taste quality of each tastant (Figure 2). 278 
 279 
2.2.2. Place circular labels of the appropriate color and number next to the appropriate 280 
sample in the taste questionnaire (see 2.1.6). 281 
 282 
[Place Figure 2 here] 283 
 284 
2.3. Taste Test Administration 285 
 286 
2.3.1. Provide subjects with box A, box B, a bottle of water, empty cup, pen, and pen-and-287 
paper taste questionnaire containing entries for 12 samples. Use the same brand of bottled 288 
water throughout the duration of any given study. As an alternative to a paper questionnaire, 289 
port the material into online survey software and administered via tablet or desktop/Laptop. A 290 
sample template is available at https://osf.io/hn87s/. 291 
 292 
2.3.2. Instruct subjects that they will be asked to rate both the intensity and quality (e.g., salty, 293 
sour, bitter, sweet, or no flavor) of each tastant. Also, inform subjects they may not experience 294 
all qualities. 295 
 296 
2.3.3. Explain the testing procedure, as follows: Rinse your mouth twice with water and spit it 297 
out in the cup provided. Pour all of sample 1 into your mouth and hold it there for 5 seconds 298 
before spitting the solution into the cup. Do not gargle or swallow the solution. Circle one of 299 
the 13 vertical lines corresponding with the sample’s intensity, on a scale of 0 to 12, from “no 300 
intensity at all” to “extremely intense” and choose a single quality to describe the taste. 301 
Afterward, rinse your mouth with water twice before proceeding to the next sample. 302 
 303 
2.3.4. Observe the subject tasting and rating sample 1 (water). Should the rating deviate from 304 
“no intensity at all” and “no flavor,” reiterate the questionnaire instructions before allowing the 305 
test to proceed. 306 

https://osf.io/hn87s/
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 307 
2.3.5. Review the finished questionnaire for completeness. 308 
 309 
2.3.6. Score intensity ratings on a scale of 0 to 12 from the vertical lines that the subjects 310 
circled. Average the two intensity ratings for each tastant; this value will be used for analysis. 311 
 312 
3. Genotype 313 
 314 
3.1. Collect saliva from each subject using a saliva DNA collection kit. 315 
 316 
3.2. Purify genomic DNA from the sample by following manufacturer instructions. 317 
 318 
3.3. Determine TAS2R38 genotype using SNP genotyping assays (rs713598, rs1726866, 319 
rs10246939).40 320 
 321 
3.4. Determine TAS2R19 genotype using SNP genotyping assays (rs10772420).36 322 
 323 
4. Genotype-Phenotype Validation 324 
 325 
4.1. Review the available pooled control data from over 800 subjects genotyped for TAS2R38 326 
(rs713598, rs1726866, rs10246939) and TAS2R19 (rs10772420) at the following web page: 327 
https://carayata.shinyapps.io/TasteBoxplots/. 328 
 329 
4.2. Based on a subject’s TAS2R38 genotype, compare his or her psychophysical taste 330 
response for the bitter compound PTC with the norms for individuals of the same genotype. 331 
Responses should match; however, in rare cases, TAS2R38 genotype does not perfectly predict 332 
PTC sensory results.35 333 
 334 
4.3. Should responses show significant divergence, compare the subject’s taste response for 335 
quinine with the norms for individuals of the same TAS2R19 genotype. Responses for quinine 336 
intensity and genotype should match.36 Should all taste results fail to correspond with 337 
genotype, it is possible that the subject (a) does not understand the task (b) is providing 338 
spurious ratings or malingering or (c) there has been an data collection error on the part of the 339 
investigator. 340 
 341 
4.4. Identify data point outliers, and perhaps exclude them from analysis (Figure 3). 342 
Correspondence of sensory results with objective genotyping validates the reliability of the 343 
psychophysical testing procedure. 344 
 345 
REPRESENTATIVE RESULTS:  346 
Results from the taste test have been pooled for all subjects evaluated (n = 840) and are 347 
presented after segregation by genotype. The full data set is accessible at 348 
https://carayata.shinyapps.io/TasteBoxplots/ and can be reviewed for each tastant assessed 349 
and for TAS2R38 and TAS2R19 genotypes. Results confirm the existence of perceptual taste 350 

https://carayata.shinyapps.io/TasteBoxplots/
https://carayata.shinyapps.io/TasteBoxplots/


   

Page 9 of 12 

differences for PTC among subjects grouped by TAS2R38 receptor genotype (Figure 3). Ratings 351 
of PTC intensity are significantly different across TAS2R38 genotypes (AVI/AVI, 0.86; AVI/PAV, 352 
6.95; PAV/PAV, 8.18; one-way ANOVA, p < 0.0001). Results of quinine intensity are also 353 
significantly different across TAS2R19 genotype (A:A, 3.77; A:G, 3.08; G:G, 2.26; one-way 354 
ANOVA, p < 0.0001). 355 
 356 
Figure 1: Taste kit. Subjects use the kit to rate taste intensity and quality of various color-coded 357 
tastants. Box A contains samples 1-6, box B contains 7-12. 358 
 359 
Figure 2: Taste questionnaire entry, comprising a category scale for intensity rating and 360 
forced choice response for tastant quality. The taste questionnaire will include one entry for 361 
each of the color-coded tastants tested. 362 
 363 
Figure 3: PTC taste questionnaire results by TAS2R38 genotype. The taste questionnaire can be 364 
used to segregate individuals by TAS2R38 genotype based on PTC bitterness intensity ratings on 365 
a category scale (*p < 0.0001). Here we see a few outliers, data points located outside the 366 
fences (“whiskers”) of this boxplot (e.g., outside 1.5 times the interquartile range above the 367 
upper quartile and bellow the lower quartile) 368 
 369 
Table 1. Records identified using 'Taste' versus 'Hearing' and 'Vision' as keywords 370 
 371 
DISCUSSION: 372 
The significance of this method is that it uses a multidisciplinary approach with features from 373 
medicine (the oral exam), experimental psychology (the taste test) and genetics (a validation 374 
step). Taste information is likely to develop as a diagnostic and prognostic tool because taste 375 
provides a window into the function of proteins elsewhere in the body. From an experimental 376 
psychology viewpoint, the addition of a simple exam can identify subjects who are not 377 
appropriate for the study of normative taste function. From a genetics point of view, these 378 
procedures provide a simple way to study easily reproducible genotype-phenotype 379 
relationships.  380 
 381 
Measuring human taste has several critical features that are intangible but important, including 382 
helping the subject feel at ease and oriented to the task, and especially in medical settings, 383 
keeping the procedure short, so the attention of the subject does not waver. It is also important 384 
to intervene if subjects appear uncomfortable, and trouble-shoot their concerns, such as 385 
regarding the nature of the testing stimuli. Subjects are often reassured to learn that most of 386 
the testing stimuli are in foods, e.g., salt and sugar. This procedure, while simple, has significant 387 
limitations. While the oral exam is routine for investigators with medical training, those with 388 
experimental psychology or genetics training are likely to be less facile at recognizing oral 389 
disease. Another limitation is the rating scale that while easily understood by subjects with no 390 
prior training, may obscure differences between individuals, or groups of individuals41. Finally, 391 
the guidance on how to treat subjects with mismatches between genotype and phenotype in 392 
the statistical processing of the data is not yet codified into simple rules, e.g., dropping subjects 393 
who fail to meet certain criterion.  394 
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 395 
Looking ahead to future applications, taste exams may become routine parts of medicine like 396 
vision and hearing tests, which would increase our understanding of how taste relates to 397 
human disease and well-being and will allow us to refine this simple test.  398 
 399 
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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                                                                                           Danielle Renee Reed, Ph.D. 
                                                                                            Monell Chemical Senses Center 
                                                                                                                   3500 Market Street 

                                                                                            Philadelphia, Pennsylvania 
19104-3308 

Thursday, January 25, 2018 

To:  Editorial Board, Journal of Visualized Experiments 

From:  Danielle Renee Reed, Ph.D. 

Re: Revision: “Taste exam: A brief, validated, and high-yield test for clinically 

pertinent chemical perception” 

 

To the concerned member(s) of the Editorial Board, 

 

We are submitting our revised manuscript titled “Taste exam: A brief, validated, and high-yield 

test for clinically pertinent chemical perception” for consideration for the Journal of Visualized 

Experiments. Below we respond to the comments from the editor and reviewers.  

 

We numbered the material in a specific way to ensure that the origin of all comments was 

clear (‘E’ for editor and ‘R’ for reviewer) and distinguished the comment from our answers 

(comment, ‘C’; answer, ‘A’). Multipart comments were unpacked and renumbered to ensure 

we addressed each point. Our answers are italic font, comments in regular font. As an 

example, the first comment of the second reviewer is 2R.1C and our answer to this comment 

is 2R.1A.  

 

As instructed, we state that the authors have (a) conferred, (b) approved the final 

manuscript, and (c) will assume full responsibility for its written contents.  

 

We further state that neither the manuscript nor any parts of its content are currently under 

consideration or published in another journal. 

 

We appreciate your further consideration of our submission. Please feel free to contact me at 

(267) 519-4915 or reed@monell.org if you have any questions. 

 

Sincerely, 

 
 

Danielle Renee. Reed, Ph.D. 

Associate Director 

Monell Chemical Senses Center 
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E1C. Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript 

and any errors in the submitted revision may be present in the published version. 

E1A. To the best of our ability, we have corrected grammatical and spelling errors.  

E2C. Please abbreviate all journal titles. 

E2A. We have abbreviated all journal titles. Journal editors provided no guidance regarding the 

abbreviation convention, so we followed the journal abbreviations used by PubMed.  

E3C. Please define all abbreviations before use. 

E3A. We have defined all abbreviations prior to first use, although we assume that DNA is on the list 

of commonly used abbreviations that require no definition.  

E4C. Please use focused images of uniform size/resolution (at least 300 dpi). 

E4A. We will ensure that all images uploaded will be at least 300 dpi. 

E5C. Please revise the table of the essential supplies, reagents, and equipment. The table 

should include the name, company, and catalog number of all relevant materials in separate 

columns in an xls/xlsx file. 

E5A. We now provide the relevant table in the requested format. 

E6C. JoVE cannot publish manuscripts containing commercial language. This includes 

trademark symbols (™), registered symbols (®), and company names before an instrument 

or reagent. Please remove all commercial language from your manuscript and use generic 

terms instead. All commercial products should be sufficiently referenced in the Table of 

Materials and Reagents. 

E6A. We ensured that the manuscript has no commercial language including trademark or registered 

symbols.  

E7C. Please include an ethics statement before the numbered protocol steps, indicating that 

the protocol follows the guidelines of your institution’s human research ethics committee. 

E7A. We added the following ethics statement: "The University of Pennsylvania Institutional Review 

Board approved this protocol." 

E8C. Please specify inclusion/exclusion criteria for subjects. 

E8A. We added the inclusion and exclusion criteria as follows: "We excluded subjects if they were 

under 18 years of age or were pregnant."  

E9C. Please provide citations for protocol steps 3 and 4. 

E9A. We have added reference (a) to step 3 and references (b) and (c) to step 4, below. 

a) Guo, S. W. & Reed, D. R. The genetics of phenylthiocarbamide perception. Ann of 

Hum Biol. 28 (2), 111-142, doi:10.1080/03014460151056310, (2001). 

b) Reed, D. R. et al. The perception of quinine taste intensity is associated with common 

genetic variants in a bitter receptor cluster on chromosome 12. Hum Mol Genet. 19 

(21), 4278-4285 (2010). 

c) Bufe, B. et al. The molecular basis of individual differences in phenylthiocarbamide 

and propylthiouracil bitterness perception. Curr Biol. 15 (4), 322-327, 

doi:http://dx.doi.org/10.1016/j.cub.2005.01.047, (2005). 
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E10C. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) 

that identifies the essential steps of the protocol for the video, i.e., the steps that should be 

visualized to tell the most cohesive story of the Protocol. The highlighted steps should form 

a cohesive narrative with a logical flow from one highlighted step to the next. Remember 

that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be 

available to the reader. Please ensure that the highlighted steps form a cohesive narrative 

with a logical flow from one highlighted step to the next. Please highlight complete 

sentences (not parts of sentences). Please ensure that the highlighted part of the step 

includes at least one action that is written in imperative tense. Steps 1 and 2 are most 

amenable to filming. 

E10A. We have highlighted approximately 2.5 pages with the essential steps of the protocol most 

appropriate for video recording. 

E11C. Please remove the embedded figure(s) from the manuscript. All figures should be 

uploaded separately to your Editorial Manager account. Each figure must be accompanied 

by a title and a description after the Representative Results of the manuscript text. 

E11A. We have removed the figures from the manuscript and we will upload them separately. 

E12C. As we are a methods journal, please revise the Discussion to explicitly cover the 

following in detail in 3-6 paragraphs with citations: ‘critical steps within the protocol’, ‘any 

modifications and troubleshooting of the technique’, ‘any limitations of the technique’, 

‘significance with respect to existing methods’, and ‘any future applications of the 

technique’.  

E12A. We have included these requested points in the discussion section (page 8).  

 

1R.1C. – none 

1R.1A. – no response required 

 

Introduction to Reviewer 2. Four themes emerged from the comments raised below and 

addressing them in this introduction allows us then to respond fully to the remaining 

concerns. The four themes are intended audience, the goal of this manuscript, clarifying 

the clinical example used and the practical value of genotyping. We address each theme 

below. [Theme 1# Audience]: This method paper has at least three intended audiences: (a) 

researchers conducting taste testing who are interested in methods validated by genetic testing, (b) 

clinicians who are interested in taste testing as a research and eventually a diagnostic tool and (c) 

trainees, especially sensory scientists, who might benefit from an explicit method with a genetic 

validation step. We offer these methods not only to clinicians but also broadly, to basic science 

researchers, many of whom have little or no training in psychophysics. [Theme 2# Goal]: We now 

more clearly state the main message of this methods approach, which is to direct attention to three 

points that can improve the quality of taste data collected in a research or clinical setting. Building on 

the Boolean logic example provided by the reviewer: if there are papillae, and there is no evidence of 

oral disease, and intensity ratings match genotypes, it is 'true' that taste intensity ratings are more 

likely to be valid. [Theme 3# Clinical Example]: Although our current interest is in chronic 
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rhinosinusitis (CRS), our goal is to ensure that taste testing becomes standard in many areas of 

medicine, because almost every tissue studied to date expresses one or more bitter or sweet taste 

receptors. We provide but one example with CRS. We explain both the broad applications of this 

method and the use of CRS as a test case more clearly in the introduction. [Theme 4# Use and 

Value of Genotyping]: Sensory ratings by their nature are subjective because people report on their 

personal experience. Evaluating genotype provides a way of matching the reported experience to an 

objective measurement. If there is no agreement between genotype and reported sensation for an 

individual subject, it may be that the subject is inattentive or otherwise not reporting accurately. The 

use of genotype gives sensory psychophysics a new tool to evaluate data quality. However, it is up to 

individual investigators to use this tool in the evaluation of their own data. For instance, the match 

between genotype and sensory ratings can identify errors in data collection, distracted subjects or 

people who did not understand the scales. 

2R.1C. The short abstract is clear and helpful, it lists that there are three things assessed and 

the importance. The long abstract is more muddled. It jumps from an introduction to the 

method (seemingly incomplete, listing only 2 things assessed, then jumps into an incoherent 

explanation of the genotyping, and then back to background-like statements again. Tighten 

it up and remove the rambling prose and it would be good to go. 

2R.1A. We have given the long-abstract a logic overhaul; it has been revised by both the senior 

authors and a science editor who helped polish the final version.  

2R.2C. The entire paragraph about tongue anatomy (127-136) seems a little odd. The 

afterthought of the clinical assessment of "evidence of oral disease, such as lesions or lumps, 

or other clinically remarkable features" seems more important to me than just "do they have 

papillae?" The section on oral cavity evaluation needs to be more detailed about what to 

look for and why. e.g. the method explains to look at the 7 subsites, but not what you 

should be looking for in any of these sites and why each site is important and what it means 

if you do find something noteworthy in any given site… beyond the absence or presence of 

papillae. 

2R.2A. Recognizing that the section on oral pathology was thin in comparison to other sections, we 

have added more description and an explicit checklist of what to look for when assessing oral disease. 

Many published studies with human taste data make no mention of any type of oral exam so we 

emphasize this simple but overlooked step.  

2R.3C. The psychophysical taste test includes a seemingly random assortment of taste tests 

with a vague reference that assessors could use any combination or other taste tests as 

necessary. It is not clear to me why these specific tastes tests were selected (3 bitter, 1 salty, 1 

sweet), with the exception of PTC which ties back to the original rationale about CRS and 

has a genetic component that is included in the methodology presenting (thus 

strengthening the case for testing that taste ligand). Quinine it seems is being used as a 

second opinion (section 4.3)? The rationale for the tests included could be better explained 

and again, why this measurement matters. What does one do with this data by itself and 

now in conjunction with the oral assessment? 
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2R.3A. We provide a rational in the section for some of the taste compounds but we emphasize that 

other stimuli could be included to tailor the method to particular research questions.  

2R.4C. There is a decent amount of space dedicated to papillae density, but it looks like the 

protocol is literally "see if they have them". Is it more important to look for presence vs 

absence of papillae than density? No rationale is given for density; however the authors do 

explain why it is important to look for presence or absence. The latter appears more 

important, in which case density is not necessary for the oral assessment in this method. 

Other minor note related to papillae: the density methods listed are all for fungiform 

papillae, and not for foliate or circumvallate. If density is in fact necessary, authors need to 

point to methods to assess density for all types of papillae or explain why FP is good 

enough a measure. 

2R.4A. The goal of this manuscript is in part to advocate for simple steps all investigators can use to 

increase the quality of their human taste data. One such example is to ensure that each subject has 

fungiform papillae. These papillae are on the tip of the tongue and easy to see in contrast to foliate or 

circumvallate, which are harder to visualize because of their location. Evaluating fungiform papillae 

density contributes more information, and we direct investigators to other protocols for this 

procedure.  

2R.5C. The taste questionnaire entry form should have the forced choice (quality) listed 

first, then the VAS should follow (it currently is shown with the VAS first). Also it should be 

clear that you are asking for the intensity of the primary taste detected, not the overall 

intensity of the sample. It is unclear if you give patients the chance to list secondary tastes 

and intensities for a given sample, or if they are only being asked to rate the primary 

attribute. 

2R.5A. We appreciate these suggestions, but participants see the computerized instruction to 'circle 

only one quality' on the same 'page' that they rate intensity. They are also instructed to rate overall 

intensity, not the intensity of individual attributes.   

2R.6C. Better job needs to be done explaining what is the most important measure and why, 

in case resources are not unlimited and the steps in the proposed method need to be 

prioritized. What if an MD doesn't have access to genotyping, what alternative method 

could be proposed in that case? 

2R.6A. We have no alternative to genotyping. However, genotyping is now a routine part of 

protocols in both clinical research and medicine, and our goal is to move the field forward by 

describing the value of genotyping in the evaluation of self-report sensory data.  

2R.7C. I guess I wonder what the point of the phenotyping is, especially when the authors 

go on to say the PAV/AVI diplotype confounds everything.  

2R.7A. It is unclear how data from heterozygous people "confounds everything". Ratings of one 

bitter compound are tied to the diplotype of one bitter receptor gene, and data from people with a 

heterozygous diplotype fit a well-described genetic model that predicts a wide range of responses 

compared to people with either homozygous diplotype.  

2R.8C. Or is it simply that taste loss may have occurred? This was not adequately 

highlighted for me.  
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2R.8A. One of the uses of the genotyping information could be to identify taste loss, for instance, if 

someone with the taste diplotype rating the bitter ligand like water. However, this is not the intended 

use of the information, because in the case of taste loss, participants would rate other compounds as 

being like water too. This is one rationale for including compounds that elicit taste qualities other 

than the one of primary interest in any given research protocol. 

2R.9C. What is the point of figure 1? Perhaps add labels to the different subsites for 

identification purposes, and add other images of things at each subsite to look 

for/abnormalities as indicated in 1.2 and 1.3. 

2R.9A. We provided Figure 1 to show the tongue, one of the seven subsites we recommend examining 

as part of a thorough oral cavity evaluation. We now include descriptive labels to assist the reader in 

identifying structures relevant to the oral exam. 

2R.10C. Is figure 4 a previously published result or new data? It contradicts many reports 

that show no statistical difference between heterozygotes and dominant (PAV) 

homozygotes. 

2R.10A. The data reported here are new but are consistent with published results. Whether 

TAS2R38 heterozygotes differ statistically from homozygotes often depends on the number of participants 

studied. For studies with smaller numbers of subjects, there are sometime no statistical differences between 

heterozygotes and people with the homozygous taste (PAV/PAV) diplotype owing to reduced statistical power, 

whereas there almost alwaysare for larger numbers of participants. See Figure 2 in 

doi:10.1097/01.ALC.0000145789.55183.D4 for a published example of these heterozygous vs taster 

homozygous differences.  
2R.11C. PTC elicits retronasal olfaction, therefore propylthiouracil is a better ligand choice for this 

reason 

2R11A. We selected PTC over propylthiouracil because it is a higher affinity ligand for the T2R38 receptor 

(see doi:10.1016/j.cub.2005.01.047).  

2R.12C. In all cases nose clips or instructing the patient to plug their nose would be valuable 

to eliminate olfactory cues and allow them to be mindful only of taste detection. 

2R.12A. The odor associated with PTC might affect threshold measurement, but comparison of ratings during 

pilot testing confirmed the odor contributes little to the overall perception of the stimulus at the concentration 

used here. 

2R.13.C. Step 2.2.3 is a non-scientific measurement for quality control that would lead to 

flavor drift over time, decreasing the validity of this method. Might there be a quantitative 

method you could propose? 

2R13.A. Tasting newly prepared solutions is a common sense procedure to avoid serious errors such 

as using a different chemical during solution preparation (sucrose versus salt). We include this point 

because investigators can overlook this simple step. This is just a final step in quality control, after 

following the standard procedures for the preparation of solutions of given concentrations.  

2R.14C. The genotype section should explain the relationship between the genes proposed 

for testing and the taste tests that were administered, e.g. TAS2R38 PTC/PROP… TAS2R19 

quinine? It is not fully explained in the manuscript, and wouldn't necessarily make sense to 

someone who wasn't in genetics/sensory science (i.e. if this is written for MDs it is not a fair 

assumption that they would know the reason why these genes are selected). 

https://dx.doi.org/10.1097%2F01.ALC.0000145789.55183.D4
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2R.14A. In this revised version, we clarify the connection between inborn genetic variants of the 

bitter receptor gene TAS2R19 and quinine taste perception.  

2R.15C. Why are there two boxes, are the patients to pause in between samples 6 and 7. Are 

they just holders for the samples? In which case are they necessary? Better to let 

administrators prepare and store/hold samples in whatever manner works for them, and list 

the boxes as an example? 

2R.15A. We use this two-box configuration because these small boxes fit easily into the limited 

storage space of our clinic. We now indicate in this revision that this configuration is one of many 

possible configurations.  

2R.16C. There is a reference that there is one particular disease that causes an absence of FP 

(lines 130-131) but the authors don't talk about what that disease is. It is brought up again in 

the discussion so might be worth explaining a bit more. I recommend the authors call it out 

by name and speak a little more about it. 

2R.17A. We now provide more information about familial dysautonomia and provide more context 

about this disorder. 

2R.18C. Line 89 add "loss" after "taste". 

2R.18A.We corrected this typo (omitted word) as advised.  

 

Reviewer #3 Comments 

Introduction to Reviewer 3. The overview comment is that we have studied the material 

covered in the six references highlighted by Reviewer 3 and have incorporated it into the 

manuscript. We address the remaining points below.  

 

3R.1C. Previous articles on the clinical assessment of taste have been published (e.g., 

Bartoshuk, Gent, Catalano, & Goodspeed, 1983; Mueller et al., 2003), but are not cited; these 

articles should be mentioned, though it is obvious that the proposed exam does not simply 

replicate previous publications 

3R.1A. These papers are now referenced and our work is now better placed in historical context for 

the reader.  

 

3R.2C. Firstly, the oral cavity evaluation as described ignores the lateral surfaces of the 

tongue. In doing so, the foliate papillae are not examined. Although fungiform papillae are 

perhaps best associated with genetic diversity, the foliate papillae are nevertheless 

important in taste perception and contribute differentially from other papillae to the 

perception of a taste stimulus (Collings, 1974; Ishida, Ugawa, Ueda, Murakami, & Shimada, 

2002). Thus, any examination of the tongue for conditions that could affect taste function 

should include an assessment of all visible taste papillae - not just the fungiform papillae. 

2R.2A. While logical to evaluate the presence of the foliate and circumvallate papillae as well as the 

more easily spotted fungiform papillae, this is harder to do in practice. Our pilot testing indicates 

that visualizing the rear of the tongue can make subjects gag and that foliate papillae can be hard to 
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see depending on individual tongue anatomy. While we appreciate the suggestion, here we prioritize 

speed and subject comfort over comprehensiveness.  

 

3R.3C. Next, the psychophysical taste testing as described suffers from a lack of sensitivity 

to potential disturbances in taste. The whole-mouth testing that is described is less sensitive 

than regional testing to the effects of aging and other conditions that may affect gustation 

(Matsuda & Doty, 1995; Bartoshuk, 1989). In addition, the scaling used to assess the tastants 

may obscure differences between individuals, or groups of individuals (e.g., Bartoshuk, 

Duffy, Fast, Green, Prutkin, & Snyder, 2003). 

3R.3A. The value of regional testing is appreciated but we have weighed the value of the knowledge 

gained against the time constraints of most clinical testing, and we will pursue the whole-mouth 

approach, mindful of the limitations of the whole-mouth approach. As a remediation measure, we now 

direct interested researchers to the NIH Toolbox regional taste protocols. We are also aware that the 

scale selected has limitations, but it requires little training time, unlike the labeled magnitude scale. 

However, drawing on this comment from the reviewer, we now point out the limitation of the scale 

we have selected to the reader.  

3R.4C. Lastly (and this is a small thing, but important), Figure 1 simply shows the dorsal 

portion of the tongue. Of the seven subsites that are mentioned for oral assessment, this 

particular part is likely the most recognizable - and thus, the least in need of illustration. 

Perhaps a different figure would better assist your readers/viewers in completing the 

evaluation. 

3R.4A. As an improvement, we are illustrating all seven regions of the tongue as part of the filmed 

portion of this article, which we agree were not adequately illustrated by our former Figure 1.  


