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Abstract

Multiple putative free fatty acid (FFA) transduction mechanisms have been identified in the oral cavity. They reportedly differ in
their distribution on the tongue and each has a unique range of ligand specificities. This suggests that there should be regional
differences in sensory responses to varying FFAs. This was assessed through spatial testing with caproic (C), lauric (L), and
stearic (S) FFAs among 35 healthy adults. Stimuli were applied to the fungiform (FU), foliate (FO), and circumvallate (CV)
papillae with a cotton-tipped applicator. Oral detection thresholds were measured by an ascending, 3-alternative, forced-
choice, sip and spit procedure. Intensity ratings were obtained on the general labeled magnitude scale. Nongustatory cues
were minimized by testing with the nares blocked, eyes covered, and by masking tactile cues with the addition of gum acacia
and mineral oil to the stimuli vehicle. Thresholds were obtained from nearly all individuals at each site, and the concentration
was similar across the 3 FFAs. Absolute intensity ratings differed significantly with C > L > S overall and at the CV and FO
papillae. At the FU papillae, the L and S ratings were comparable. Ratings were highest at the FU followed by the CV and then
the FO papillae. Slopes of the concentration–intensity rating functions were higher for L compared with C and S at the CV
papillae as well as both L and C compared with S at the FO papillae. However, overall, slopes were comparable across sites.
These findings strengthen evidence for oral FFA perception in humans by replicating threshold sensitivity findings and
documenting monotonic scaling ability for these stimuli. Further, they challenge current views on transduction as sensory
responsiveness was observed at tongue sites not predicted to support FFA detection.
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Introduction

Human psychophysical studies can both inform and confirm

basic research on chemosensory physiology as well as clinical

assessment. One powerful tool is spatial testing (Bartoshuk

1989), which allows isolation of peripheral transduction

mechanisms, neural pathways, and central coding processes.

For example, recent applications reveal regional differences
in taste responsiveness to sweetness (Warnock and Delwiche

2006) and saltiness (Grover and Frank 2008), suggestive of

variations in transduction mechanisms for these taste qual-

ities at different sites. The technique was used in the present

study to explore regional differences in free fatty acid (FFA)

detection in the oral cavity with the aim of identifying likely

transduction mechanisms.

Psychophysical studies using whole-mouth stimulation
document that humans can detect FFAs in the oral cavity

when nongustatory cues are minimized (Nasser et al.

2001; Kamphuis et al. 2003; Chale-Rush et al. 2007a; Mattes

2008). This has been demonstrated for FFAs of common sat-

uration but varying in chain length (at least from C:6 to

C:18), as well as varying degree of saturation (i.e., polyun-

saturated, monounsaturated, and saturated) with constant

chain length. However, attribution of these results to taste

remains problematic. FFAs are odorous irritants that con-
tribute tactile sensations, so isolation of a taste component

is difficult. In addition, there is a lack of consensus on the

existence and nature of transduction mechanisms for the de-

tection of FFAs.

A number of putative receptors for FFAs have been pro-

posed, including delayed rectifying potassium channels

(DRK), CD36, and several G-protein–coupled receptors

(e.g., GPCR40, GPCR41, GPCR43, and GPCR120), but
none alone binds the array of FFAs detected by humans.

DRKs are blocked by unsaturated long-chain FFAs

(Gilbertson et al. 1997); CD36 and GPCR120 bind FFAs
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with >14 carbons (Baillie et al. 1996; Ibrahimi et al. 1996;

Hirasawa et al. 2005); GPR40 binds medium- and long-chain

FFAs (Briscoe et al. 2003; Itoh et al. 2003), whereasGPCR41

and GPCR43 only bind short-chain FFAs (Brown et al.

2003; Le Poul et al. 2003; Xiong et al. 2004). To date, based
primarily on mice and rat data, only DRK and GPCR120

have been localized to the apical membrane of cells in fun-

giform (FU) papillae (Gilbertson et al. 1997; Damak et al.

2007; Matsumura et al. 2007). All but GPCR40 have been

identified in foliate (FO) papillae (Fukuwatari et al. 1997;

Laugerette et al. 2005; Hansen et al. 2006; Damak et al.

2007; Matsumura et al. 2007), and all are reportedly present

in circumvallate (CV) papillae (Fukuwatari et al. 1997;
Laugerette et al. 2005; Hansen et al. 2006; Damak et al.

2007; Matsumura et al. 2007). Consequently, current knowl-

edge would lead to the hypothesis that medium-chain FFAs

should not be detectable at FO and FU papillae and short-

chain FFAs should not be detectable at FU papillae. Fur-

ther, it is likely that an array of FFAs would be present

in the oral cavity when consuming a high-fat food (e.g.,

Kintner and Day 1965; Brown et al. 1979; Woo and Lindsay
1983; Woo et al. 1984; Molteberg et al. 1995), so if the num-

ber of receptors activated influences FFA intensity ratings, it

might be predicted that intensity ratings would be rank or-

dered as CV > FO > FU. However, if there are other uniden-

tified receptor systems or if detection is based on nonspecific

mechanisms, such as FFA diffusion across taste cell mem-

branes with subsequent activation of intracellular signaling

systems, there may be no regional differences. Evidence for
the latter mechanism has been provided for sodium chloride

(NaCl) and acids where Na and protons pass through ion

channels (DeSimone and Lyall 2006) as well as selected sweet

and bitter stimuli capable of diffusing through the taste cell

membranes (DeSimone 2000; Peri et al. 2000; Zubare-

Samuelov et al. 2005). Threshold and suprathreshold re-

sponses to FFAs varying in chain length were obtained from

different tongue regions to test these hypotheses.

Materials and methods

Participants

Eligibility criteria included the following: 18–60 years of age,

healthy, nonsmoker, and normal orosensory function. Inter-

ested participants were required to provide written informed

consent and were remunerated for their time and effort. The

protocol was approved by the University Institutional Re-

view Board.

General protocol

Prospective participants responding to public announce-

ments about the study completed an extensive screening
questionnaire eliciting information about general health, di-

et, activity, and selected personality traits. Those meeting

age, health, and smoking status eligibility criteria were in-

vited to a sensory screening session. This session entailed

measurement of threshold sensitivity for sucrose on the an-

terior dorsal, posterior lateral, and posterior central tongue.

Participants with sucrose thresholds falling within published

normative ranges at each site were recruited for further eval-
uation. NaCl and propylthiouracil (PROP) were measured

by whole-mouth exposure, and findings were only used

for descriptive purposes. Participants were then scheduled

for three 30- to 60-min sessions over a 3-week period. During

these sessions, detection thresholds and suprathreshold

intensity ratings were obtained for stearic acid, lauric acid,

and caproic acid at each of the 3 tongue sites.

Sensory stimuli

Taste thresholds for sucrose were assessed using a concentra-

tion range from 0.0001 to 1.0 M, with dilutions by 0.25 log
units. Intensity ratings were obtained for 5 PROP concentra-

tions 3.2 · 10–5, 1.0 · 10–4, 3.2 · 10–4, 1.0 · 10–3, and 3.2 · 10–3

mol/l and 5NaCl concentrations 0.01, 0.032, 0.1, 0.32, and 1.0

mol/l NaCl. All stimuli were prepared in deionized water.

The FFAs were homogenized in deionized water containing

0.01% ethylenediaminetetraacetic acid, 5% gum acacia, and

5% mineral oil. The FFA stimuli were made daily and stored

in tightly sealed light-protected bottles. Concentrations
ranged from 0.00028% to 5%, with dilutions differing by

0.25 log units. Because stearic and lauric acids are solids

at room temperature, they were presented at 67–69 �C. Cap-
roic acid and the blank were also presented at 67–69 �C for

consistency.

Spatial testing procedure

Participants reported to the laboratory for the screening and

3 test sessions after having refrained from food, beverage,

and oral care product exposures for at least 2 h prior to ar-

rival. All testing was conducted with participants wearing
blindfolds to minimize visual cues and noseclips to minimize

olfactory stimulation. For sucrose and FA threshold testing,

stimuli were presented in an ascending, 2-alternative, forced-

choice, procedure. Three areas of the tongue were assessed:

the anterior tongue (FU papillae), posterior lateral tongue

(FO papillae), and posterior central tongue (CV papillae).

In random order, stimuli were applied via sterile cotton

swabs on one side of the tongue and a blank, the vehicle with-
out a FA, on the other side. The participant was then asked

to identify which side of the tongue received the stimulus.

Participants rinsed with deionized water between samples.

This procedure continued until the participant correctly

identified the stimulus at a given concentration 3 times.

Participants completed testing for a single FFA per session.

Following threshold determination, 5 suprathreshold con-

centrations of the FFA tested on that day were presented
to each tongue site. Participants rated their intensity on a

general Labeled Magnitude Scale (gLMS) scale presented

with Compusense 4.8 software, expectorated, and rinsed
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with deionized water between samples. The scale descriptors

and geometric mean values were strongest imaginable (1.98),

very strong (1.70), strong (1.52), moderate (1.21), weak

(0.76), barely detectable (0.14), and no sensation (0.00). Du-

plicate ratings were obtained.

PROP classification

Classification of PROP taster status was determined by par-

ticipants’ PROP/NaCl intensity ratio. Participants rated the

perceived intensity of the 5 concentrations of each stimulus.

Stimuli were presented in random order at room tempera-

ture. Participants placed 10 ml of the sample in their mouth,
rated the perceived intensity on a gLMS scale presented with

Compusense 4.8 software, and expectorated. Participants

rinsed with deionized water between samples. If the

PROP/NaCl ratio was less than 0.8, between 0.8 and 1.2,

or greater than 1.2, participants were classified as nontasters,

tasters, and supertasters, respectively (Kamphuis and

Westerterp-Plantenga 2003).

Statistical analyses

An initial data review revealed that the threshold data were

skewed. Thus, the data are presented as medians with the

semi-interquartile range (SIQR = [75th–25th% score]/2) as

the index of variance. Nonparametric statistics (i.e., Fried-

man tests) were used for analyses of these data. No stearic
acid threshold value was obtained for 2 individuals at the

CV site, 1 at the FO site, and 3 at the FU site. For lauric

acid, no threshold was measured for 2 people at the CV site

and 4 people at the FU site. It was not the same individuals

who were generally less sensitive. When no threshold was

obtained, the highest concentration tested (5% w/w) was en-

tered as the threshold value. Given the use of nonparametric

statistics, this had little impact on the analyses. Testing was
also conducted omitting these individuals with no substan-

tive change in findings. Intensity ratings were contrasted by

repeated measures analysis of variance (ANOVA) with stim-

ulation site (CV, FO, and FU) and FFA stimulus (stearic,

lauric, and caproic) as within factors. Analyses were con-

ducted with the raw data and log-transformed data. The

former better reveal concentration ranges where sensation

growth may differ according to stimulus of site, whereas

the latter provides a measure of intensity gain over the

full range of stimuli tested. Associations were evaluated

by Pearson correlation coefficients. Documentation of sex,

BMI, and PROP taster effects was not an objective of the
trial. However, exploration of differences in FA sensitivity

between the small subgroups of participants with these

characteristics (i.e., 13 males and 22 females; 22 lean, 8 over-

weight and 5 obese; 7 nontasters and 21 tasters; 7 supertast-

ers) revealed no significant effects or trends; thus, the pooled

sample was used in all analyses. Where multiple comparisons

were tested, the Bonferroni correction was applied. The cri-

terion for statistical significance was P < 0.05, 2 tailed.

Results

Participants

Data were collected from 35 men (N = 13) and women (N =

22). Their mean age was 23.7 ± 0.6 years, and their mean

BMI was 24.5 ± 0.8 kg/m2. Twenty-nine self-classified them-

selves as white, nonhispanic, 1 as African American, 1 as

Asian, and 4 as ‘‘other.’’

Thresholds

Median (SIQR) threshold concentrations for stearic, lauric,
and caproic FAs measured at the CV, FO, and FU sites are

presented in Figure 1. The left panel displays data by site of

stimulation, whereas the right panel groups thresholds by

FFA type. No significant differences were observed across

sites or FFAs. The variance in threshold values was ex-

tremely large, generally 4 orders of magnitude. For stearic

acid at the CV, FO, and FU sites, the ranges were

0.0003–1.6% w/w, 0.00028–2.8% w/w, and 0.0003–1.6% w/
w, respectively. The ranges for lauric acid were 0.0028–

1.6% w/w, 0.0003–0.9% w/w, and 0.0003–1.6% w/w and

for caproic acid they were 0.0003–0.5% w/w, 0.00003–

0.9% w/w, and 0.0003–0.9% w/w, respectively. Thresholds

for FFAs at the 3 tongue sites were significantly correlated

indicating the stability of the values. For stearic and lauric

acids, all correlations were P < 0.001. This was also the case

Figure 1 Median (SIQR) detection threshold values at the CV, FO, and FU papillae sites for stearic (C:18), lauric (C:12), and caproic (C:6) FFAs (left panel) and
the median (SIQR) detection thresholds for stearic, lauric, and caproic FFAs at CV, FO, and FU sites (right panel).
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for caproic except for 2 comparisons where the significance

was P = 0.001 and P = 0.012.

Intensity ratings

Correlation coefficients between duplicate ratings for each

FFA at each test site were uniformly high (r = 0.42–0.89)

and statistically significant (all P < 0.015). Thus, means were

computed and used for further analyses. A repeated meas-

ures ANOVA with tongue site, fat type, and concentration

as within-subject factors revealed significant main effects for
fat type [F(2,68) = 142.6, P < 0.001] and concentration

[F(4,136) = 132.1, P < 0.001], as well as interactions for

tongue site · fat type [F(4,136) = 3.86, P = 0.005], tongue

site · concentration [F(8,272) = 2.32, P = 0.02], and fat type ·
concentration [F(8,272) = 9.16, P < 0.001]. Collapsed over

tongue sites and concentration, the absolute intensity ratings

of the 3 FFAs differed with caproic (mean [standard error

{SE}] = 1.53 [0.03]) > lauric (0.92 [0.45]) > stearic (0.81
[0.06]). Averaged over the 3 tongue sites and 3 FFAs, inten-

sity ratings for all concentrations differed from each other

and increased monotonically (0.82 [0.045], 1.01 [0.04], 1.11

[0.04], 1.21 [0.04], and 1.28 [0.04]). The various interactions

were explored further as described below.

Intensity ratings by stimulation site

The absolute intensity ratings differed significantly at each of

the 3 tongue sites with the highest ratings for stimulation of

FU (mean [SE] = 1.099 [0.042]) followed by CV (1.082

[0.043]) and then FO (1.077 [0.043]) papillae. Intensity rat-

ings for the 5 FFA stimulus concentrations obtained at

the 3 tongue sites are plotted in Figure 2 grouped by
FFA. Plots on the left are raw scores, and plots on the right

are the same data plotted on log–log axes to better highlight

the change of intensity with concentration.

At all 3 stimulation sites, there were significant main effects

of fat type (all P < 0.001), concentration (all P < 0.001), and

a fat type by concentration interaction (all P < 0.001). With

respect to fat type, at all sites, absolute ratings for caproic

acid were significantly higher than for the other 2 FFAs
(both P < 0.001). Ratings for lauric acid were higher than

for stearic acid at the CV (P = 0.033) and FO (P = 0.02) sites

but were similar at the FU site. The concentration effect

Figure 2 Intensity ratings at CV, FO, and FU sites for stearic (C:18), lauric (C:12), and caproic (C:6) FFAs. Plots on the left are raw data, and plots on the right
are least-square regression lines plotted on log–log coordinates.
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reflected the ability of participants to discriminate between

all concentrations at all sites. The interaction effect was at-

tributable to the greater initial rise of intensity with caproic

acid compared with lauric and stearic. However, over the full

concentration ranges, the slopes of the concentration–inten-
sity rating functions were similar.

Intensity ratings by FFA

Figure 3 contains the data contrasting the FFA intensity rat-

ings for each FFA at the 3 stimulation sites. The left plots

display the raw data, whereas the right plots depict the
least-square regression lines on log–log coordinates of the

same data to highlight the growth of sensation at each site

with increasing concentration. Although there was a signifi-

cant concentration effect [F(4,136) = 23.06, P < 0.001], there

was no main effect of site or a site by concentration interac-

tion for stearic acid. The same results held for lauric acid.

However, for caproic acid, there were significant main effects

of site [F(4,68) = 7.03, P = 0.002] and concentration
[F(4,136) = 116.8, P < 0.001] as well as a significant site

by concentration interaction [F(8,272) = 2.8, P = 0.005].

Ratings for caproic acid were significantly higher at the

FU site compared with the other 2 sites (both P < 0.001).

Ratings at the FO site were also significantly greater than

those at the CV site (P = 0.019).

Interactions and associations

The ability of participants tomonotonically rate the intensity

of the 3 FFAs at each stimulation site was assessed by

determining the least-square regression line of the log-

transformed concentration–intensity judgment data for the

6 combinations and calculating the coefficients of determina-
tion to assess the goodness of fit. Table 1 contains the mean

slope values, coefficients of determination, and the propor-

tion of coefficients <0.5. A repeated measures ANOVA re-

vealed a significant [F(2,68) = 4.48, P = 0.015] effect of

intensity ratings at the CV papillae such that the slopes were

significantly lower for caproic acid than lauric acid (P =

0.023) and a trend for stearic acid to be lower than lauric

(P < 0.07). Further, the slope of responses for stearic acid
was significantly lower than either lauric (P = 0.016) or cap-

roic (P = 0.012) acids at the FO papillae. No significant

Figure 3 Intensity ratings for stearic (C:18), lauric (C:12), and caproic (C:6) FFAs at CV, FO, and FU sites. Plots on the left are raw data, and plots on the right
are least-square regression lines plotted on log–log coordinates.
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differences were noted at the FU papillae. There were

marked differences in the goodness of fit of the functions.

The proportion of coefficients of determination below

50% was only one-third to one-half as common for the cap-

roic acid samples compared with the stearic and lauric acids.

Poor fit is interpreted as poor scaling ability. No individual

had a coefficient of determination value of <0.5 for all trials.
With correction for multiple comparisons, slopes of inten-

sity ratings were significantly correlated for stearic acid at the

CV and FU papillae (r = –0.54) and FO and FU papillae (r =

0.48); lauric acid at the FO and FU papillae (r = 0.58); cap-

roic acid at the CV and FO (r = 0.61), CV and FU (r = 0.54),

and FO and FU (r = 0.60) papillae. Correlations between

FFAs at each site were not significant. No planned correla-

tions for threshold values between FFAs or between sites
were statistically significant. In addition, no significant cor-

relations were observed between the threshold concentra-

tions and slopes of the intensity functions for any of the

FFA at any of the stimulation sites.

Discussion

This study sought to further document the capacity of hu-

mans to detect fat in the oral cavity with nongustatory cues

minimized and to use a psychophysical approach to highlight

potential mechanisms. The present findings build on earlier

evidence of oral fat detection using single stimulus concen-

trations of the sodium salt of linoleic acid (Kamphuis et al.

2003) and conjugated linoleic acid (Nasser et al. 2001) as well
as thresholds for linoleic, oleic, stearic, lauric, and caproic

acids (Chale-Rush et al. 2007a, 2007b; Mattes 2008). The

threshold data confirm with a different sensory testing tech-

nique that detection is made by nearly all individuals, albeit

over a wide concentration range. Absolute threshold concen-

trations are comparable to those reported previously using

the same vehicle for caproic acid but slightly lower for lauric

and stearic acids (Mattes 2009). The latter may be attribut-
able to greater effective concentrations at the taste receptor

cell due to reduced salivary dilution of the stimulus with the

application procedure compared with a whole-mouth expo-

sure (Smutzer et al. 2008). It may also just fall within the er-

ror of measurements given the limited sample sizes of the

study populations tested to date and wide variance of thresh-

olds. Threshold concentrations were similar for the 3 tested

FFAs, whereas an earlier trial reported a lower threshold for
caproic acid compared with lauric and stearic acids (Mattes

2009). Again, this may reflect a more uniform exposure with

the direct application procedure. The longer chain FFA

would be less soluble in saliva, so possibly transported to

taste receptor cells less efficiently with a whole-mouth sip

and spit procedure.

New data are presented on suprathreshold ratings for the

selected FFA. Generally, the responses demonstrate the
ability of participants to monotonically grade intensity with

concentration for each FFA. Moreover, based on strong

test–retest correlations of the ratings, they are reliable

within individuals. However, the slopes of the intensity

functions are low, well below 1.0, indicating a compressed

function. The use of suprathreshold stimuli complicates at-

tribution of the ratings to a particular sensory mechanism,

such as taste, because there is greater potential for the high-
er FFA concentrations to add odor, irritancy, or textural

cues. Testing blindfolded individuals with nares blocked

is a well-established effective control for visual and olfac-

tory-based responses. The stimuli were presented mixed

with high levels of gum acacia and mineral oil to thicken

and add lubricity to the vehicle and mask the contribution

of the FFA to these cues. However, the adequacy of this

control is not known because fats impart an array of some-
sthetic cues that extend beyond viscosity and lubricity (e.g.,

mouth coating, wetability, and heat transfer). Exclusion of

irritancy is perhaps most problematic. Threshold studies

(Chale-Rush et al. 2007a; Mattes 2009) have revealed no

differences in performance when testing is conducted with

or without prior capsaicin desensitization. However, ex-

trapolation of findings from threshold studies to supra-

threshold ratings is uncertain. Further, there is recent
evidence of DRK and G-protein–coupled receptors that

bind FAs on trigeminal fibers (Hansen et al. 2006; Yu

et al. 2008). Thus, like the threshold data, the suprathres-

hold ratings are consistent with, but are not definitive

evidence for, a taste mechanism.

Findings from the spatial tests raise questions about the

contribution of different putative FFA transduction mech-

anisms. The most striking observation was that thresholds
and suprathreshold intensity responses were obtained

from tongue regions not believed to support transduction

Table 1 Indices of suprathreshold intensity ratings for stearic, lauric, and
caproic FAs rated at the CV, FO, and FU papillae areas

Mean (SE)
slope

Mean (SE)
R2

Proportion of
slopes with
R2 < 0.5

Stearic-CV 0.22 (0.06) 0.61 (0.06) 37.1

Stearic-FO 0.10 (0.03) 0.48 (0.06) 54.3

Stearic-FU 0.16 (0.05) 0.56 (0.06) 47.1

Lauric-CV 0.37 (0.06) 0.56 (0.06) 40.0

Lauric-FO 0.26 (0.05) 0.53 (0.05) 42.9

Lauric-FU 0.21 (0.06) 0.55 (0.05) 37.1

Caproic-CV 0.18 (0.05) 0.72 (0.04) 11.4

Caproic-FO 0.25 (0.03) 0.72 (0.04) 14.3

Caproic-FU 0.18 (0.02) 0.69 (0.04) 20.0

Column 1 is the mean of the individual slopes of the least-squared
regression lines of the concentration–intensity judgment plots. Column 2 is
the coefficient of determination of the functions. (N = 35 except for stearic-
FU where N = 34).
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mechanisms for selected stimuli (Mattes 2009). Specifically,

thresholds and monotonically increasing intensity ratings

were observed with application of caproic acid on FU papil-

lae, which are not believed to harbor GPCR41 or GPCR43,

the putative short-chain FFA-binding proteins on taste cells.
Similarly, threshold and suprathreshold responses were ob-

tained for lauric acid application to the FO and FU papillae,

which are not believed to contain GPCR40, the binding pro-

tein for shorter, medium-chain FFAs. Multiple explanations

may account for these observations. First, it is possible that

current knowledge of the distribution of currently identified

FFA-binding proteins is incorrect. There is only preliminary

evidence for the localization of these proteins. Second, the
ligand specificity of each receptor may not be correct. Sys-

tematic testing with an array of FFAs has been conducted

with DRK (Gilbertson et al. 1997) and CD36 (Laugerette

et al. 2005), but much less is known about GPCRs and

FFA transport proteins (FATPs) on taste cells.

Third, uncharacterized receptors may be present at these

sites that are capable of transducing these FFA. Many

GPCRs remain orphaned (Metpally and Sowdhamini
2005), and the potential for FATPs, present in the gut (Stahl

et al. 1999), to serve as FFA transporters in taste cells war-

rants further investigation. FATP4 is present in lingual and

palatal mucosa (Laugerette et al. 2005) and binds saturated

and unsaturated FFAs between C10 and C26. FATP5 is an-

other potential candidate as knockouts reduce energy intake

on a high-fat diet independently of changes in satiety hor-

mones or digestive efficiency (Hubbard et al. 2006). This sug-
gests that altered taste is a testable contributor. FATP may

also trap FFA intracellularly creating a gradient to draw

FFAs into cells where they may activate intracellular signal-

ing systems (Mashek and Coleman 2006).

Fourth, there may be a nonspecific mechanism for FFA

detection, such as passive diffusion across taste cell mem-

branes and activation of intracellular signaling systems. De-

tection of lipophilic sweet and bitter compounds has been
documented by this mechanism (DeSimone 2000; Peri

et al. 2000; Zubare-Samuelov et al. 2005). The amphipathic

property of FFAs allows them to rapidly translocate across

membranes (Hamilton and Kamp 1999; Hamilton et al.

2001; Kamp and Hamilton 2006). However, based on their

diffusion coefficients (Baillie et al. 1996), which vary directly

with chain length, there would be some differentiation be-

tween FFAs. The present data reveal a rank ordering of in-
tensity ratings directly related to chain length, and studies

with murine taste cells reveal a direct association between

Ca2+ influx and exposure to FFAs of increasing chain length

(i.e., palmitic, linoleic, and docosahexaenoic acid) (Gaillard

et al. 2008). Consistent with such a nonspecific mechanism,

no differences in thresholds were observed for the FFAs

across all stimulation sites and intensity ratings were highly

correlated between most sites.
A diffusion mechanism does not preclude receptor-

mediated transduction. Indeed, they likely coexist (Baillie

et al. 1996). Receptor-mediated transduction may predomi-

nate at low stimulus concentrations, but when receptor bind-

ing is saturated and FFAs are available, diffusion may be the

predominant route of passage across membranes (Ibrahimi

and Abumrad 2002). Unbound FFA concentrations in the
circulation may be in the nanomolar range (Azzazy et al.

2006), but concentrations 6–8 orders of magnitude higher

may occur in the oral cavity while eating (Rukunudin

et al. 1998; Wan et al. 1998; Bertran et al. 1999; Che Man

et al. 1999; Gopala Krishna et al. 2006; Li et al. 2008).

In summary, the present findings build on the evidence that

humans can detect FFAs in the oral cavity when nongusta-

tory cues are minimized. Further, they challenge existing
views of FFA transduction mechanisms because detection

and reliable monotonic intensity scaling of FFAs not be-

lieved to be ligands for putative receptors at various sites

were observed. As ‘‘taste’’ mechanisms for sucrose (Dyer

et al. 2005; Jang et al. 2007) and amino acids (Bezencon

et al. 2007) in the duodenum suggest the presence of a nutri-

ent signaling system continuum in the gastrointestinal tract,

the long recognized FFA detection and absorption mecha-
nisms in the intestine provide a basis for hypothesizing

the presence of such a system in the oral cavity and, perhaps,

how it may function.
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