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Abstract

Findings from studies examining interactions between fat taste and dietary fat intake or body weight 
are mixed. A convenience sample of 735 visitors to the Denver Museum of Nature & Science ≥8 years 
old rated the taste intensity of edible taste strips impregnated with varying concentrations (%v/v) of 
linoleic acid (LA) (blank = 0.0, low = 0.06, medium = 0.15, high = 0.38). Percent body fat (BF%) was 
measured using bioelectrical impedance. Fat taste intensity was rated as significantly different across 
all concentrations (P < 0.001) except between the blank and low concentrations (P = 0.1). Ratings 
increased monotonically across concentrations. Children (<18 years; N = 180) rated all concentrations 
as more intense than adults (P < 0.001 for all). Women and girls rated the highest concentration as 
more intense than men and boys (P < 0.02 for all). BF% was not correlated with fat taste intensity 
ratings. Self-reported dietary intake indicated that obese individuals’ intensity ratings for medium and 
high concentrations of LA were inversely related to recent mono- and poly-unsaturated fat exposure 
(r = −0.19 to −0.27; P < 0.03 for all). No such associations were observed in the nonobese group. 
Findings suggest that factors other than simple adiposity status influence fat taste intensity ratings, 
and that participants in fat taste studies should receive standardized meals prior to testing.
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Introduction

Previously, detection of fat in the oral cavity was thought to occur 
through olfactory and textural modalities. More recently, evidence 
suggests that nonesterified fatty acids also generate taste responses 
in humans as measured by thresholds when potential olfactory and 
textural cues from fat stimuli are masked or eliminated (for reviews 
see Running et al. 2013; Tucker et al. 2014a). Taste contributes to 
the flavor of foods, and consumers report that taste/flavor is the pri-
mary driver of food selection (Glanz and Basil 1998; Dressler and 

Smith 2013). Because food choice influences body weight, relation-
ships between “fat taste” sensitivity, dietary fat intake, and meas-
ures of adiposity, such as body mass index (BMI), have been the 
subject of growing research attention.

Fat taste sensitivity and suprathreshold responsiveness have gen-
erally been negatively correlated with dietary fat intake (Stewart et al. 
2010, 2011a; Chevrot et al. 2014; Martinez-Ruiz et al. 2014). That 
is, higher thresholds (lower sensitivity) to the taste of fat are associ-
ated with higher dietary fat intake. However, there are conflicting 
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reports of associations between fat taste thresholds and dietary fat 
consumption when analyzed by BMI, with 1 study reporting a direct 
relationship only among lean and overweight participants (Tucker 
et al. 2014b), and another demonstrating direct associations only in 
the obese (Chevrot et al. 2014).

In terms of adiposity, BMI has been associated with fat taste 
sensitivity in some (Stewart et al. 2010, 2011a, 2011b; Stewart and 
Keast 2012; Martinez-Ruiz et al. 2014) but not all studies (Mattes 
2009, 2011; Stewart and Keast 2012; Chevrot et al. 2014; Tucker 
et al. 2014b). When observed, associations are inverse, leading some 
researchers to conclude that reduced fat taste sensitivity leads to 
increased consumption of high-fat foods. The lower perceived fat 
content purportedly leads to decreased satiety thereby promoting 
weight gain and obesity (Keast et  al. 2014). However, BMI fre-
quently misclassifies the adiposity status (normal, overweight, obese) 
of individuals undergoing taste testing compared with more accurate 
measures of adiposity, like bioelectrical impedance (BIA) (Roubenoff 
1996). This misclassification could contribute to the differences in 
the above reported findings.

The varying results reported above concerning the role of fat 
taste sensitivity in both dietary fat intake and adiposity are com-
plicated by limitations in sample size and measurement selection. 
To overcome these limitations, we tested fat taste sensitivity in a 
large sample of visitors (N = 735) to the Genetics of Taste Lab at 
the Denver Museum of Nature & Science in Denver, Colorado, USA 
between 2013 and 2014. A primary aim was to determine if par-
ticipants could rate the intensity of varying concentrations of lin-
oleic acid (C18:2) (LA) presented in the form of edible taste strips. 
Secondary aims included: determining associations between fat taste 
sensitivity and body fatness as measured by BIA, examining how 
food and beverage intake prior to testing influenced fat taste sensitiv-
ity, and comparing fat taste sensitivity of adults versus children and 
men versus women. DNA samples were collected to explore a possi-
ble genetic basis for oral fat detection, and results from that analysis 
will be presented in a second report.

Materials and methods

Participants
Written consent was obtained for adults (≥18). Children (≤17) 
both gave assent and had written approval obtained from a 

legal guardian. The testing protocol was approved by the Purdue 
University Institutional Review Board, and the study complied with 
the Declaration of Helsinki for Medical Research involving Human 
Subjects. Because the study took place in the Museum, individu-
als were not excluded from participating based on smoking status, 
medication use and so forth. Participants with pacemakers did not 
participate in percent body fat (BF%) measurements.

Study design
Wearing nose clips, participants rated the intensity of edible strips 
impregnated with either no stimulus (blank) or varying concentra-
tions of LA (low = 0.06% v/v, medium = 0.15% v/v, high = 0.38% 
v/v) on a 100 mm visual analog scale (VAS). The VAS was selected 
due to its ease of use for younger participants and was anchored 
with “extremely weak” and “extremely strong.” LA is a cis-unsat-
urated 18-carbon essential fatty acid that activates taste recep-
tor cells (Liu et  al. 2011), and concentrations were selected to 
represent amounts commonly found in the diet (Pop et al. 2010; 
USDA 2010). LA was selected due to its essentiality in the diet. 
Presentation of the edible strips was randomized, and the study 
was double blinded. Prior to rating the edible strips, participants 
sampled a blank strip and a strip with the highest concentration 
of LA to become familiar with both the sensation of the strip dis-
solving in the oral cavity and with the taste quality because an 
agreed upon descriptor for fat taste in the English language is lack-
ing (Tucker and Mattes 2012). The testing period for each edible 
strip was 45 s. To avoid fatigue, participants were instructed to 
place the strip on one side of the tongue as far in the back of 
the mouth as possible; participants alternated sides with each new 
presentation. To further avoid fatigue, additional data collection 
activities were interspersed between each tasting, including inten-
sity ratings of an edible taste strip containing sucralose, a spicy 
cinnamon candy, and the odor of spearmint extract (Figure 1). The 
time between tasting activities varied as a function of the num-
ber of people participating during each testing session. Nose clips 
were worn for all stimuli except the spearmint odor presentation. 
The sucralose stimulus served to check that participants could per-
form the rating task using the VAS scale. The cinnamon candy was 
selected to evaluate trigeminal nerve/chemesthetic sensitivity. The 
odorant confirmed functional olfactory capability.

Figure 1. Testing visit protocol.
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Stimuli
Edible strips were selected as the stimulus delivery method because 
the strips rapidly and completely dissolve in the mouth and eliminate 
bulk viscosity textural cues encountered with solution-based stimuli 
(Running et al. 2013), and possess a longer shelf-life compared with 
fatty acid emulsions (Ebba et al. 2012). The edible strips were made 
using a solution of pullulan-hydroxypropyl methylcellulose (HPMC) 
(Smutzer et al. 2008) combined with a stable emulsion of 0.5% w/v 
LA, 12% w/v gum Arabic, 0.01% w/v ethylenediaminetetraacetic 
acid (EDTA, an antioxidant), and 0.01% w/v tert-Butylhydroquinone 
(TBHQ, an antioxidant). Pullulan was obtained from Hayashibara 
Co., Ltd. HPMC was obtained from Dow Chemical Company. LA, 
EDTA, and TBHQ were all obtained from Spectrum Chemical. The 
gum Arabic was purchased from Sigma–Aldrich Corporation. The 
LA emulsion was homogenized with a Branson sonifier cell disruptor 
(model S-150D; Branson Ultrasonics) at 90% amplitude for 25 min on 
ice. The pullulan-HPMC and LA solutions were combined to produce 
LA concentrations of 0.05%, 0.12%, and 0.28% v/v. Evaporation of 
water resulted in the higher amounts of LA in the finished strip, that 
is, 0.06%, 0.15%, and 0.38% v/v by calculation. Because the edible 
strips were prepared using a given concentration of LA solution, the 
stimuli will be referred to as concentrations throughout this article. 
A total of 0.75 mL of each LA concentration was pipetted into plastic 
weigh boats that served as molds. The solutions dried to a thin film 
within 24 h at room temperature. The edible strips were stored frozen 
under nitrogen. Gas chromatography–mass spectrometry analysis 
revealed no appreciable oxidation products.

Anthropomorphic and dietary data
Percent body fat and dietary intake data were also collected. BF% 
was assessed by BIA (Tanita, Body Composition Analyzer, model 
TBF-215; Tanita Corp. of America Inc.) with participants in street 
clothes but shoes and socks removed. BF% of ≥25% in men and 
≥30% in women resulted in classification as obese (Shah and 
Braverman 2012). A subset of adults recorded the amount of food 
and beverage consumed during their last eating occasion prior to 
testing. Participants were asked to be as specific as possible in terms 
of what and how much was consumed. One undergraduate dietetics 
student entered the data into Nutritionist Pro 5.0 (Axxya Systems) 
dietary analysis software to eliminate inter-rater error.

Statistics
Data were analyzed using IBM SPSS Statistics version 22. Demographic 
data are presented as means ± standard deviations (SD). Taste inten-
sity data are presented as means ± standard error of the mean (SEM). 
Repeated measures analysis of variance (RMANOVA) and pairwise 
comparisons with Bonferroni corrections were used to evaluate differ-
ences in intensity ratings between LA concentrations. Between group 
comparisons were made using independent t-tests. Pearson’s correla-
tion coefficients were used to assess associations between participant 
characteristics and taste intensity ratings. Slope analysis quantified 
changes in intensity ratings relative to gradations of LA concentration. 
The level of significance was set at P < 0.05, 2-tailed.

Results

A total of 735 participants completed taste testing (N = 549 adults, 
180 children [8–17 years old], 6 unknown). Of these participants, 
37.9% were male. The majority of the participants were White 
(85.9% White, 3.1% Asian, 1.4% Black, and 8.8% Hispanic). The 
average age was 33 ± 19.4  years (range: 8–90  years). Mean BF% 
among adults was 26.9 ± 11.0%. Because levels of risk associated 
with BF% vary in children by sex and age (McCarthy et al. 2006), 
sample sizes were too small to make meaningful comparisons, so 
these data were not statistically analyzed.

Intensity ratings for the entire group and ratings for both adults 
and children are presented in Figure  2. Results from RMANOVA 
indicated significant differences in intensity ratings across all 3 
fat concentrations for the entire group [F(2.9, 1998.5)  =  170.2, 
P < 0.001], adults [F(2.8, 1472.4) = 153.6, P < 0.001], and children 
[F(3.0, 500.5) = 24.3 P < 0.001]. Paired comparisons showed signifi-
cantly different ratings between all concentrations (P < 0.004 for all) 
except between the blank and low concentration (P = 0.1) (Figure 2). 
Children rated all concentrations as significantly more intense than 
adults (P < 0.001 for all) (Figure 3). Children also rated the taste of 
the sucralose strip (37.9 ± 1.9 mm vs. 27.8 ± 0.9 mm), the spiciness of 
the cinnamon candy (61.8 ± 2.4 mm vs. 39.8 ± 1.2 mm), and the odor 
of the spearmint extract (76.3 ± 1.5 mm vs. 68.5 ± 0.8 mm) as signifi-
cantly more intense than adults (P < 0.001 for all), and children rated 
the spiciness of the cinnamon candy as significantly higher than that 
of the highest LA strip (P < 0.001). Adult women rated the highest 

Figure 2. Whole group intensity ratings of LA (N  = 735). There were significant differences (P  < 0.001) for intensity ratings of low (21.5 ± 0.9 mm), medium 
(28.4 ± 1.0), and high concentrations (42.0 ± 1.1) of fat taste stimuli as recorded on a VAS scale. Ratings increased in a dose-dependent fashion (mean ± SEM).
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concentration as significantly more intense than men (47.6 ± 1.5 mm 
vs. 34.3 ± 1.6 mm, P < 0.001) (Figure 4) and girls rated the highest 
concentration as significantly more intense than boys (54.3 ± 3.0 mm 
vs. 43.9 ± 3.4 mm; P = 0.02) (Figure 5). Women also judged the spici-
ness of the cinnamon candy more intense (P = 0.001) than men, but 
sucralose intensity and odor ratings did not differ between sexes. 
Slope analysis revealed that for every 0.1% increase in LA concen-
tration, mean intensity ratings increased by 5.9 mm.

In adults, BF% was not significantly correlated with fat taste 
intensity ratings (Figure  6). No differences in fat taste intensity 
ratings were noted between nonobese (N  = 236) and obese adults 
(BF% ≥25% in males and ≥30% in females; N = 304), except for 
the medium LA concentration where lean participants rated the taste 
strip as more intense (31.0 ± 1.7 mm vs. 25.9 ± 1.5 mm; P  =  0.03). 
When analyzed by obesity status, nonobese women were more sensi-
tive than nonobese men at the highest concentration (46.8 ± 2.5 mm 
vs. 37.2 ± 2.6 mm, P = 0.01). Obese women were also more sensitive 
than obese men (47.9 ± 2.1 mm vs. 32.1 ± 2.6 m, P  <  0.001) at the 
highest concentration. No differences in ratings between nonobese 
and obese men or women were identified.

Finally, self-reported dietary intake of the meal consumed 
prior to testing was obtained from a subset of adults (N = 223; 
83 male; 140 female; 125 obese; 94 not obese). Age and %BF 
did not differ between those who reported dietary data and those 
who did not (P > 0.4 for all). Intensity ratings for LA did not dif-
fer between those who reported dietary data and those who did 
not (P > 0.2 for all). Total fat and monounsaturated fat intake 
at the prior eating occasion were negatively correlated with taste 
intensity ratings of the medium concentration of LA (r  =  −0.14 
for both; P = 0.03–0.04); a trend was seen for polyunsaturated fat 
intake (r = −0.13; P = 0.054) for all participants. When stratified 
into obese and nonobese categories by %BF, correlations between 
recent fat intake and fat taste intensity ratings in lean individuals 
were not significant; however, in the obese participants, for the 
medium concentration, mono- and polyunsaturated fat intake was 
negatively associated with fat taste intensity ratings (r  =  −0.21, 
P  =  0.021; r  =  −0.24, P  =  0.006, respectively). Similar findings 
were observed for the high concentration: (r  = −0.19, P  = 0.03; 
r = −0.265, P = 0.003, respectively). Trends were noted for rela-
tionships between total fat intake and intensity ratings for both the 

Figure  3. Children versus adult intensity ratings of LA (N  =  549 adults, 180 children, 5 unknown). There were significant differences (P  <  0.001) between 
children’s and adults’ ratings of fat taste intensity on a VAS scale. Ratings for children and adults were as follows: low (31.2 ± 2.1 mm vs. 18.2 ± 1.0 mm), medium 
(38.3 ± 2.1 mm vs. 24.9 ± 1.1 mm), and high (49.3 ± 2.2 mm vs. 39.4 ± 1.3 mm). Ratings increased in a dose-dependent fashion (mean ± SEM).

Figure 4. Men versus women intensity ratings of LA (N = 219 male, 330 female). There were significant differences (P < 0.001) in fat taste intensity ratings of the 
highest concentration of LA between men and women on a VAS scale (47.6 ± 1.5 mm vs. 34.3 ± 1.6 mm).
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medium and high concentrations (r = −0.16, P = 0.08; r = −0.15; 
P = 0.084, respectively). The time between the eating occasion and 
testing averaged 3.2 ± 2.5 h but was not associated with fat inten-
sity ratings.

Discussion

This large, double-blind study confirms previous work (Ebba et al. 
2012) that participants were able to perceive and monotonically rate 
the intensity of graded concentrations of LA in edible taste strips. 
This study expands upon previous studies by including children and 
utilizing a more accurate measure of adiposity, BIA, to explore rela-
tionships between fat taste sensitivity and adiposity. Fat taste inten-
sity increased with increasing LA concentration in both adults and 
children, consistent with findings in adults using LA (Martinez-Ruiz 
et al. 2014) as well as other fatty acid solutions (caproic, lauric, and 
stearic) (Mattes 2009).

Children rated all LA concentrations as significantly more intense 
than adults. As children rated all stimuli as more intense than adults, 
this finding is not specific to fat taste. Differences in VAS scores were 
similar for fat taste, odor, and sweet intensities. Because fatty acids 
have the potential to be chemesthetic stimuli at high concentrations, 
we compared ratings of the highest LA strip to the ratings for the 
cinnamon candy. Children rated the spiciness of the cinnamon candy 
as significantly higher than that of the highest LA strip (P < 0.001), 
suggesting that the strip did not impart a strong chemesthetic quality.

Although aging is generally associated with diminished taste per-
ception (Murphy 1993), findings are variable (Hyde and Feller 1981; 
Mojet et  al. 2003). Direct comparisons of taste function between 
children and adults are few, but findings are mixed and are influ-
enced by the age and sex of the child, the psychophysical method 
used, as well as the taste quality (Stein et  al. 1994; James et  al. 
1997; Temple et  al. 2002; James et  al. 2004). Some have posited 
an evolutionary advantage to increased taste sensitivity in children; 

Figure 5. Boys versus girls intensity ratings of LA (N = 74 boys; 106 girls). There were significant differences (P = 0.02) in fat taste intensity ratings of the highest 
concentration of LA between boys and girls on a VAS scale (54.3 ± 3.0 mm vs. 43.9 ± 3.4 mm).

Figure 6. Scatterplot of intensity rating of highest concentration and BF% (N = 223; 83 male; 140 female). There was no significant association between the 2 
variables. These findings are representative of those observed with the low and medium concentrations.
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children would benefit from the ability to quickly learn which foods 
are beneficial (Mennella and Ventura 2010). To that end, 1 study 
observed that taste pore density in the fungiform papillae of children 
was higher than adults (Segovia et  al. 2002), which could lead to 
increased taste sensation; whether taste pore density influences fat 
taste sensitivity is currently unknown. We observed intensity ratings 
that were higher in girls compared with boys. Others have noted 
higher detection thresholds (decreased taste acuity) in 8–9 year old 
boys for sweet and salty tastes compared with girls (James et  al. 
1997). The authors suggested that girls’ gustatory systems mature 
faster than boys of the same age, as girls’ thresholds did not differ 
from those of young adults.

As with girls, women also rated the highest concentration of 
LA as more intense than men. Previous research has been unable to 
resolve whether there are differences in fat taste sensitivity between 
males and females as some observe none (Mattes 2009; Stewart 
et al. 2010; Tucker et al. 2013), whereas others report increased sen-
sitivity in women (Kamphuis et al. 2001; Tucker and Mattes 2013). 
Only one of these studies evaluated taste intensity (Mattes 2009), 
but LA was not evaluated. In general, our findings of increased sen-
sitivity in women are in agreement with many (Ahne et al. 2000; 
Gudziol and Hummel 2007; Landis et al. 2009; Pingel et al. 2010) 
studies of other taste qualities but not all (James et al. 1997; Chang 
et al. 2006).

We observed no difference in the intensity ratings between 
obese versus nonobese adults in all but 1 instance. This finding is 
largely consistent with previous studies failing to observe differences 
between lean and overweight/obese individuals discussed above. 
Unlike other fat taste studies that relied on BMI, BIA was used to 
assess adiposity status. BMI is a popular measurement because it 
requires no specialized equipment, can be easily calculated by divid-
ing weight (kg) by height (m)2, and is understood by a wide variety 
of audiences, including the general public. However, its predictive 
power for body fatness declines at low and high extremes (Ruiz et al. 
2008; Romero-Corral et al. 2010).

Dietary intake data were collected from a subset of adult par-
ticipants to examine whether previous intake influenced fat taste 
sensitivity. Rodent data suggests that dietary fat exposure decreases 
both CD36 mRNA and protein expression (Martin et  al. 2011), 
but only in lean animals (Chevrot et al. 2013). CD36 is a putative 
nonesterified fatty acid receptor that is activated by LA (Gaillard 
et al. 2008). It has been posited that fewer CD36 receptors would 
reduce fat taste sensitivity. Consistent with this animal work, we 
observed that higher total and monounsaturated fat intakes at the 
previous eating occasion were weakly but significantly associated 
with decreased intensity ratings and polyunsaturated fat intake 
showed a trend in the same direction. However, unlike the rodent 
study, when stratified by obesity status based on BF% measured 
by BIA, obese participants’ ratings of the medium and high con-
centrations of LA were weakly but inversely associated with recent 
mono- and poly-unsaturated fat intake. Thus, it appears that obese 
humans’ taste sensitivity to fat diminishes to a greater degree 
due to prior dietary fat exposure than the nonobese. Ostensibly, 
reducing sensitivity to fat taste might be a protective mechanism 
designed to reduce intake of a high-energy nutrient in those with 
abundant fat reserves; however, the taste of fatty acids are rou-
tinely characterized as aversive by humans (Tucker et  al. 2013), 
compared with rodents (Tsuruta et al. 1999), so this explanation 
relying simply on taste is unsatisfactory. Since the time between 
testing and eating occasion was not associated with intensity rat-
ings, a question remains about the critical window of dietary fat 

intake and altered fat taste responsiveness. Until resolved, it would 
be prudent to ensure meals consumed prior to fat taste testing are 
standardized across participants.

This study features a number of strengths and limitations. The 
study setting, the Denver Museum of Nature & Science, is both. The 
Museum allowed for a very large sample size and greater statisti-
cal power, but ensuring the visitor experience at the Museum was 
enjoyable meant that testing had to be done in a short (30–45 min) 
time frame. This restriction limited the amount and kind of testing 
that could be performed; thus, rather than determining detection 
thresholds as has been done in most of the other studies regard-
ing fat taste sensitivity, we measured intensity ratings, which can be 
accomplished much more quickly. Body fatness was measured by 
BIA, a more accurate measure than BMI (Roubenoff 1996), reduc-
ing the likelihood of misclassification of obesity status. Analysis of 
dietary data was conducted on self-reported information of foods 
and beverages consumed during the last eating occasion prior to 
testing. A total of 360 adults provided intake data, but the informa-
tion was not complete enough to be used in 138 (39%) of the cases. 
Thus, these data should be interpreted with some caution as there 
may be systematic differences in the intake or characteristics of those 
who did and did not provide usable data. However, there were no 
significant demographic differences (age, %BF) between those who 
provided diet information and those who did not.

In summary, this study further confirms that fatty acids are effec-
tive taste stimuli and are judged to be more intense by children and 
females. Edible taste strips were rated monotonically across increas-
ing concentrations. Fat intake at the eating occasion prior to testing 
was negatively associated with intensity ratings, suggesting that par-
ticipants in fat taste studies should receive standardized meals prior 
to testing. Adiposity status, as measured by BIA, was not reliably 
associated with taste intensity ratings in adults. Although adiposity 
fails to explain differences in fat taste intensity perception, other fac-
tors may play important roles. These factors include genetics (Keller 
et al. 2012), salivary composition (Mounayar et al. 2013; Voigt et al. 
2014), habitual (Stewart and Keast 2012) or acute dietary fat intake 
as observed in this study, and/or other, as yet unidentified, factors.
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