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Pedro González Muniesa d,e,f,g, Yiannis Mavrommatis b 

a Oxford Brookes Centre for Nutrition and Health, Faculty of Health and Life Sciences, Department of Sport, Health and Social Work, Oxford Brookes University, 
Oxfordshire, United Kingdom 
b Faculty of Sport Health and Applied Science, Department of Health Science, St Mary’s University, London, Twickenham, United Kingdom 
c Faculty of Science and Technology, Department of Design Engineering and Maths, Middlesex University, Hendon, United Kingdom 
d School of Pharmacy and Nutrition, Department of Nutrition, Food Science and Physiology, University of Navarra, Pamplona, Spain 
e Centre for Nutrition Research, School of Pharmacy and Nutrition, University of Navarra, Pamplona, Spain 
f IdiSNA Navarra’s Health Research Institute, Pamplona, Spain 
g CIBERobn Physiopathology of Obesity and Nutrition, Centre of Biomedical Research Network, ISCIII, Madrid, Spain   

A R T I C L E  I N F O   

Keywords: 
Fat taste 
Dietary fat 
Predisposition 
rs1761667 
rs1514175 
rs6265 

A B S T R A C T   

Over the past decade, a potential sixth taste, fat taste (“oleogustus”), has been identified. Studies in adults and 
children of various ethnicities have demonstrated that both lifestyle and genetic factors may contribute to fat 
taste sensitivity (FTS). Data on females in the UK is limited. The aim of this study was to determine, using an 
ethnically similar, healthy, female cohort, whether known genotypes related to fat taste and dietary intake lead 
to differences in FTS. A cross-sectional study was carried out on a UK cohort of Caucasian females (32.7 ± 11.4 
years, 23.7 ± 3.6 kg/m2). We report that FTS differed in individuals with differing genotypes; genotypes that 
have previously been associated with differences in dietary intake. Specifically, FTS was lower in rs1514175 
Troponin I-Interacting Protein Kinase (TNNI3K) gene AA/AG genotype and was higher in rs6265 Brain Derived 
Neurotrophic Factor (BDNF) gene TT/CT genotype (both p < 0.05). We also report that participants in the 
rs1514175 TNNI3K AA/AG genotype group had a higher energy intake, total fat intake, and subsequently, higher 
monounsaturated fat and saturated fat intake when compared to the GG genotype (all p < 0.05). To our 
knowledge, this is the first study showing associations between genotypes that have been previously associated to 
dietary intake are also associated to FTS. Due to the heterogeneity of previous research and the infancy of fat 
taste research, further research is required on a larger, ethnically similar cohort.   

1. Introduction 

The sensory properties of food are highly influential in motivating 
consumption, through taste perception and, thus, palatability (Johnson 
& Wardle, 2014). Palatability is the hedonic reward produced by the 
consumption of acceptable foods for homeostatic fulfilment of energy 
needs (Pandurangan & Hwang, 2015). However, hedonic hunger has 
been shown to be induced by palatability independently of homeostatic 
dietary needs (Pandurangan & Hwang, 2015). Therefore, palatability 
can be said to hold a fundamental role in habitual dietary intake. Taste 
perception is a major contributor to hedonic hunger and may be an 

influential target for obesity prevention (Johnson & Wardle, 2014). 
The five defined human tastes are sweet, sour, bitter, salty and 

umami (Ikeda, 1909). Over the past decade a potential sixth taste, fat 
taste (“oleogustus”), has been identified (Mattes, 2010). There is debate 
regarding fat taste as an independent taste, specifically relating to taste 
receptor functionality, the type of fatty acid required to elicit a taste 
response and the additive nature of such a response (Besnard, Passilly- 
Degrace, & Khan, 2016; Running, Craig, & Mattes, 2015). The ability 
to taste fat has been demonstrated in rodents (Sclafani, Ackroff, & 
Abumrad, 2007) and humans, both alone (Mrizak et al., 2015) and in 
combination with all other defined tastes (Melis et al., 2020). 
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Consequently, a related taste receptor has been identified. The receptor- 
like glycoprotein cluster of difference 36 (CD36) is membrane protein 
belonging to the class B scavenger receptor family expressed in taste bud 
cells. It has been shown to bind to varying concentrations of saturated 
and unsaturated long-chain fatty acids (LCFA), and accordingly the 
LCFA trigger cell signalling (Besnard et al., 2016). 

Genetics play an important role in taste receptor functionality (Melis 
et al., 2020). Functional differences in taste receptors due to differing 
genotypes (alleles inherited for a particular gene) have been demon-
strated with various tastes (Melis et al., 2020). Relating to fat taste 
sensitivity (FTS), research has shown that the CD36 rs1761667 (A/G) 
single nucleotide polymorphism (SNP; a genetic sequence variation 
occurring when a single nucleotide (or allele) differs between members 
of a species) is associated with FTS (Daoudi et al., 2015; Karmous et al., 
2018; Melis, Sollai, Muroni, Crnjar, & Barbarossa, 2015; Mrizak et al., 
2015; Pepino, Love-Gregory, Klein, & Abumrad, 2012; Sayed et al., 
2015), fatty acid metabolism (Melis et al., 2017), and dietary fat intake 
(Fujii et al., 2019; Pepino et al., 2012; Pioltine et al., 2016; Ramos-Lopez 
et al., 2016). Compared to the G allele, the A allele is characterised by 
reduced protein expression (Ghosh et al., 2011; Love-Gregory et al., 
2011), therefore individuals who carry the A allele have a higher fat 
detection threshold (hyposensitive), and consequently cannot taste fat 
as efficiently (Melis et al., 2015; Sayed et al., 2015). These individuals 
may be at risk of higher consumption of foods containing fatty acids, 
subsequently leading to weight gain (Besnard et al., 2016), although 
research is inconclusive (Tucker et al., 2017). Research on the genetic 
differences of FTS, within a Caucasian cohort, is highly heterogeneous, 
relating to study design, sample size and method of taste sensitivity 
assessment (Burgess et al., 2018; Melis et al., 2017, 2020, 2015; Pepino 
et al., 2012). 

In conjunction with SNPs directly impacting FTS, various SNPs have 
been independently associated with dietary fat intake and overweight/ 
obesity (Khera et al., 2019; Qi et al., 2014), both of which may be 
contributing factors to differences in taste perception (Stewart & Keast, 
2012; Tucker et al., 2017). Stewart and Keast (2012) demonstrated that 
habitual dietary fat modification for a 4-week period can alter fat taste 
perception; specifically, the lower fat diet in that study reduced FTS. It 
can therefore be hypothesised that genetic factors influencing habitual 
diet, other than those relating directly to taste perception may lead to 
changes in taste perception, ultimately negatively impacting dietary 
intake further. 

The rs9939609 SNP within the Fat Mass and Obesity (FTO) associ-
ated gene was the first defined point associated with obesity (Frayling 
et al., 2007), and has been linked to dietary intake (Garver et al., 2013; 
Qi et al., 2014; Timpson et al., 2008) and lowered satiety (Speakman, 
2015). Specifically, Qi et al. (2014) demonstrated that the rs9939609 
risk allele was associated with a higher dietary protein intake, a lower 
total EI, and a lower carbohydrate intake. Wåhlén, Sjölin, and Hoffstedt 
(2008) reported individuals with the rs9939609 risk allele exhibited less 
lipolysis in adipocytes, suggesting a role of the FTO gene in body fat 
metabolism. Since discovery of the FTO gene, and its association with 
obesity, many other genes have been deemed contributory to weight 
gain, specifically via appetite control. For example, the Brain Derived 
Neurotrophic Factor (BDNF) gene has been deemed a regulator of 
appetite (Pandit, Behl, Sachdeva, & Arora, 2020) and a contributing 
factor to weight gain due to its role as an anorexigenic factor within the 
melanocortin system (Pandit et al., 2020). The rs6265 SNP has previ-
ously been associated with differing circulating BDNF concentrations, 
highlighting a potential genetic influence to appetite regulation. Others 
have demonstrated an interaction between rs6265, body mass, fat mass 
distribution, and dietary fat intake (Ma et al., 2012), and dietary 
behaviour (Rosas-Vargas, Martínez-Ezquerro, & Bienvenu, 2011). 
Similarly, the Melanocortin 4 Receptor (MC4R) gene transcribes the 
melanocortin 4 receptor, which plays a key role in the melanocortin 
system and therefore contributes to appetite regulation (Girardet & 
Butler, 2014). The MC4R rs17782313 SNP has been associated with 

obesity (Graham et al., 2020; Loos et al., 2008), and dietary intake 
(Butler & Cone, 2003; Farooqi & O’Rahilly, 2005). Further, the 
Troponin I-Interacting Protein Kinase (TNNI3K) gene, rs1514175 SNP, 
associated with obesity (Speliotes et al., 2010), has also been associated 
with a lower percentage of EI from protein, which was nominally 
associated with more frequent servings of fats, oils and sweets 
(McCaffery et al., 2012). The rs1514175 SNP has also been associated 
with eating behaviour, specifically uncontrollable eating (Cornelis et al., 
2014). Although the mechanism of action of this gene is less clear than 
the above mentioned, it has also been linked to satiety responses (Lle-
wellyn, Trzaskowski, Van Jaarsveld, Plomin, & Wardle, 2014). 

Despite mechanistic evidence linking the aforementioned genes to 
dietary intake, there is currently no research, to our knowledge, 
assessing whether SNPs related these factors are associated with FTS. 
Therefore, the aim of this study was to determine whether known ge-
notypes related to fat taste and dietary intake lead to differences in FTS. 

2. Methods 

2.1. Study design and participants 

A cross-sectional study was carried out on a UK cohort of Caucasian 
females, recruited via university-based advertisement. Sample size was 
based on a power of 80%, probability of 0.05, a meaningful difference of 
3.8 (Haryono, Sprajcer, & Keast, 2014), and an SD of 7.0. From this 59 
participants were endeavoured to be recruited (54 plus 10% attrition). 
Exclusion criteria were: smoking, pregnancy, lactose intolerance or al-
lergy of dairy, diagnosed with type I or II diabetes or any cancer and 
currently following a diet or weight loss programme. Participants were 
also excluded if they were not of Caucasian heritage or, had been 
pregnant or had been following a diet or weight loss programme for 
more than six months of the previous year (self-reported). 

Participants were assessed for FTS, habitual dietary intake, and ge-
notype. This study was conducted in accordance with the Declaration of 
Helsinki and all procedures involving human subjects were approved by 
the St Mary’s University Ethics Committee; SMEC_2017-18_138. Written 
informed consent was obtained from all participants. The study is 
registered: reference: NCT03666182 (https://clinicaltrials.gov/). 

2.1.1. Fat taste sensitivity assessment 
The Oral Fatty Acid Threshold Assessment and Ascending Forced 

Choice Triangle Procedure was used to determine each participant’s 
oleic acid (C18:1) detection threshold (FTS). The method is described in 
full elsewhere (Haryono et al., 2014). Briefly, each participant was 
presented with three cups containing 30 ml vehicles in a random 
arrangement, two were controls (oleic-) and the third contained oleic 
acid (oleic+; 0.02, 0.06, 1, 1.4, 2, 2.8, 3.8, 5, 6.4, 8, 9.8, 12, 20 mM). 
Participants had to identify the oleic + solution. A participant was 
required to choose the oleic + solution correctly three times at the same 
concentration to define their threshold. If they were incorrect at any 
point they would be presented with three further cups, one containing 
the higher oleic + concentration and two oleic- solutions. Previous 
research has detailed that hypersensitive tasters have a fat taste 
threshold below 3.8 mM, hyposensitive tasters have a fat taste threshold 
equal to or above 3.8 mM and a proportion of participants fail to identify 
the oleic + sample at the maximum concentration (20 mM) and are 
defined as non-tasters (Haryono et al., 2014; Stewart, Newman, & Keast, 
2011). 

Testing was conducted on one occasion for each participant. Taste 
vehicles were served at room temperature and presented to participants 
in individual booths within the St Mary’s University Nutrition labora-
tory. Red lighting was used to disguise visual differences between the 
samples, nose clips were worn to inhibit olfactory input, textural dif-
ferences were avoided with the addition of textural agents (gum Arabic 
and liquid paraffin) and post-ingestive regulation was followed by the 
sip-and-spit procedure (Haryono et al., 2014). Participants were asked 

C.A.M. Graham et al.                                                                                                                                                                                                                          

https://clinicaltrials.gov/


Food Quality and Preference 92 (2021) 104202

3

to refrain from consumption of any food or drink for one hour prior to 
testing. 

2.1.2. Dietary intake 
The validated EPIC Norfolk Food Frequency Questionnaire (FFQ) 

was used to measure dietary intake over the previous year. Dietary 
intake values were extracted and analysed, using FETA software (Mul-
ligan et al., 2014). The following components were quantified and 
analysed: total energy intake (EI) (kcal) total carbohydrate (g), total fat 
(g), monounsaturated fatty acid (MUFA) (g), polyunsaturated fatty acid 
(PUFA) (g), saturated fatty acid (SFA) (g) and total protein (g). 

2.1.3. Anthropometric measurements 
Height (m) [Free Standing Height Measure, SECA GmbH & Co., 

Hamburg, Germany] and weight (kg) [Portable Scale MS-4203, Marsden 
Weighing Group, Oxfordshire, UK] were recorded by the research team. 
BMI was calculated using the equation: weight (kg)/height (m2) (World 
Health Organization, 2018). 

2.1.4. Single nucleotide polymorphism genotyping 
Saliva samples (2 ml) were collected for DNA analyses (Genefix, 

Isohelix, Kent, UK). DNA extraction was carried out through use of a 
PSP® SalivaGene 17 DNA Kit 1011 (STRATEC Molecular, Berlin) 
following the standard manufacturer protocol. DNA quantification and 
quality control were assessed with spectroscopy (Nanodrop, Thermo-
Fisher, Waltham, MA, USA). Following this, genotyping of BDNF rs6265, 
CD36 rs1761667, FTO rs9939609, MC4R rs17782313 and TNNI3K 
rs1514175 was carried out using prepared TaqMan® SNP genotyping 
assays (ThermoFisher, Waltham, MA, USA) and a StepOnePlus ther-
mocycler (Applied Biosystems, CA, USA). All samples were analysed in 
duplicate in accordance with the manufacturer’s protocol. Individual 
samples were accepted with a quality of >98%. All genetic analyses 
were carried out at St Mary’s University, Twickenham. All SNPs were 
dichotomised by grouping the risk alleles, as per previous research: 
rs6265 (TT/CT, CC) (Shugart et al., 2009), rs1761667 (GG/AG and AA) 
(Chamoun et al., 2018), rs9939609 (AA/AT, TT) (Tanofsky-Kraff et al., 
2009), rs2867125 (AA/AG, GG) (Graham et al., 2020), rs1514175 (AA/ 
AG, GG) (Graham et al., 2020). 

2.1.5. Statistical analysis 
Allele frequency in the total study cohort was assessed using the 

Hardy-Weinberg equilibrium. Allele frequency of the total cohort rather 
than controls (healthy weight) only was assessed due to the condition 
(overweight) being common (Wang & Shete, 2011, 2012). Differences in 
genotype frequency between hyper- and hyposensitive tasters were 
assessed by Chi Squared or Fishers exact testing, were appropriate. 
Normality of data were assessed using the Shapiro Wilk’s test of 
normality. Where relevant, the Independent T test or Mann Whitney U 
test was used to determine if FTS and dietary intake differed based on 
dichotomised genotype. SPSS was used throughout (IBM Corp. Released 
2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM 
Corp.). All tests were two-tailed, with p < 0.05 considered statistically 
significant. 

3. Results 

3.1. Demographics 

Participant characteristics are described in Table 1. A total of 55 
participants were recruited, 48 participants were categorised on the 
taste sensitivity scale used (Haryono et al., 2014) and thus used in 
further analysis. Taste sensitivity was handled as continuous data 
throughout therefore individuals who failed to identify the oleic + so-
lution at 20 mM were defined as non-tasters (n = 7). Such individuals 
provided no measurable threshold and were excluded from further 
analysis, in line with others (Burgess et al., 2018). 

Participant genotype frequencies are described in Table 2a. There 
were no differences in genotype frequency between hyper- and hypo-
sensitive tasters for all SNPs (p > 0.05). Genotypes of the excluded 
participants can be found in Table 2b. All genotypes, excluding the 
rs17782313 MC4R, were within the Hardy Weinberg equilibrium, ac-
cording to Chi-squared goodness of fit analysis (p > 0.05). MC4R 
rs17782313 was therefore excluded from further analysis. 

3.2. Difference in fat taste sensitivity based on genotype 

The following results explore whether FTS differs based on genotype. 
Participants in the rs6265 BDNF CT/TT genotype group had a lower fat 
taste threshold (2.0, (4.7) mM; hypersensitive) when compared to the 
CC genotype (4.4, (6.6) mM; hyposensitive; p = 0.040). Participants in 
the rs1514175 TNNI3K AA/AG genotype group had a moderately higher 
fat taste threshold (4.4, (6.1) mM; hyposensitive) when compared to the 
GG group (1.5, (6.3) mM; hypersensitive; p = 0.049). No differences in 
FTS were found in relation to rs1761667 CD36 and rs9939609 FTO 
genotype. All results can be found in Table 3. 

3.3. Genotype and dietary intake 

The following results explore whether dietary intake differs based on 
genotype. Participants in the rs1514175 TNNI3K AA/AG genotype 
group had a higher energy intake (1899 ± 572 kcal), total fat intake (82 
± 35 g) and subsequently a higher MUFA (32 ± 15 g) and SFA intake (28 
± 12 g) when compared to the GG genotype (1497 ± 409 kcal; 60 ± 18 

Table 1 
Participant characteristics (mean ± SD), n = 48.  

BMI ± SD (kg/m2) 23.7 ± 3.6 
Age ± SD (years) 32.7 ± 11.4 
Hyper n (%), Hypo n (%) 22 (46), 26 (54) 

SD, Standard Deviation; BMI, Body Mass Index; n, Number; Hypo, 
Hyposensitive Tasters; Hyper, Hypersensitive Tasters. 

Table 2a 
Dichotomous genotype frequencies (and percentage distribution) within the 
total cohort and two subpopulations: those who are hypersensitive and hypo-
sensitive to fat taste.  

Gene SNP Total Cohort (n 
= 48) 

Hyper (n = 22) Hyposensitive 
(n = 26) 

BDNF rs6265 
n (%) 

TT/ 
CT 

CC TT/ 
CT 

CC TT/ 
CT 

CC 

16 
(33) 

32 
(67) 

5 (23) 17 
(77) 

11 
(42) 

15 
(58) 

CD36 rs1761667 
n (%) 

GG/ 
AG 

AA GG/ 
AG 

AA GG/ 
AG 

AA 

34 
(71) 

14 
(29) 

16 
(73) 

6 (27) 18 
(69) 

8 (31) 

FTO rs9939609 
n (%) 

AA/ 
AT 

TT AA/ 
AT 

TT AA/ 
AT 

TT 

27 
(56) 

21 
(44) 

12 
(55) 

10 
(45) 

15 
(58) 

11 
(42) 

TNNI3K rs1514175 
n (%) 

AA/ 
AG 

GG AA/ 
AG 

GG AA/ 
AG 

GG 

32 
(67) 

16 
(33) 

17 
(77) 

5 (23) 15 
(58) 

11 
(42) 

There were no differences in genotype frequency between hyper- and hypo-
sensitive tasters for all single nucleotide polymorphisms (SNP) (p > 0.05; Chi 
Square/Fishers Exact Testing). BDNF, rs6265 Brain Derived Neurotrophic Factor 
Gene; CD36, rs1761667 Cluster of Difference 36 Gene; FTO, rs9939609 Fat Mass 
and Obesity Associated Gene; TNNI3K, rs1514175 Troponin I-Interacting Pro-
tein Kinase Gene. 

C.A.M. Graham et al.                                                                                                                                                                                                                          



Food Quality and Preference 92 (2021) 104202

4

g; 23 ± 8 g; 20 ± 7 g, respectively) (p = 0.008, 0.009, 0.027, 0.008, 
respectively). No differences in dietary intake were found between any 
other genotype analysed. All results can be found in Table 4. 

4. Discussion 

The first aim of this study was to determine whether known geno-
types related to fat taste and dietary intake, influence FTS in a healthy 
cohort of Caucasian UK females. The main findings of this study were 
that differences in FTS and fat intake exist based on genotypes that have 
been associated with dietary intake only previously. Specifically, the 
rs1514175 TNNI3K genotype (for FTS and fat intake), and the rs6265 
BDNF genotype (for FTS), both of which are novel findings. 

4.1. Genotype, fat taste sensitivity and dietary intake 

On exploration of a genetic contribution to FTS, researchers have 
largely focussed on rs1761667 CD36 (Chamoun et al., 2017). We found 
no association between rs1761667 CD36 and FTS or dietary intake, 
which is in contrast to other published research. For example, Mrizak 

et al. (2015) investigated how fatty acid detection thresholds differed 
between Tunisian women (n = 203) of differing CD36 genotypes 
(rs1761667, rs1800629 and rs1800795). Results showed that 
rs1761667 A allele was associated with a 3.3 times higher detection 
threshold. Similar results have been demonstrated by Karmous et al. 
(2018), Ong, Tan, and Say (2017) and Sayed et al. (2015) on Tunisian (n 
= 104), Malaysian (n = 313) and Algerian (n = 116) cohorts, respec-
tively. Our study differs to the aforementioned in relation to ethnicity, 
which has been shown to modify responses to taste sensitivity (El- 
Sohemy et al., 2007). Few studies have investigated Caucasian cohorts 
(Melis et al., 2015; Pepino et al., 2012) of which our findings also do not 
corroborate. Melis et al. (2015), despite utilising the same fatty acid 
vehicle and threshold testing method and similar sample size (n = 64), 
demonstrated participants homozygous for G allele showed a higher 
sensitivity (lower threshold) to oleic acid than AA subjects. It must be 
noted, however, that in Melis et al. (2015), both males and females were 
included and results were reported without controlling for sex, whereas 
we only tested females. Barragán et al. (2018) reported that sex differ-
ences exist in ability to taste; significant associations were noted be-
tween a higher perception and preference for sour in females only, but a 
higher perception of sweet was significantly associated with a higher 
preference for bitter in both males and females. No such research has 
been undertaken regarding FTS, however it has been stated that a het-
erogeneous cohort may reduce the validity of results (Grimaldi et al., 
2017), which may explain why the current study does not corroborate 
the findings of Melis et al. (2015). Furthermore Pepino et al. (2012) 
examined genetic differences in FTS, using two fatty acids (oleic acid 
and triolein), with an obese cohort (n = 21), consisting of males and 
females of Caucasian and African American decent. Results displayed 
that those homozygous for the rs1761667 G allele had lower detection 
thresholds for oleic acid and triolein than subjects homozygous for the A 
allele. To date, it is evident that research exploring genetic contributions 
to FTS is largely heterogeneous, therefore in order to determine the 
impact differing rs1761667 genotypes have on taste perception further 
research on a homogenous cohort is required. 

We have reported original findings in relation to associations be-
tween BDNF rs6265 and TNNI3K rs1514175, and FTS. Firstly, we pre-
sent that participants carrying the BDNF wildtype (T) allele, previously 
associated with a decreased BMI, had a lower fat taste threshold 
(increased sensitivity) when compared to those without. The rs6265 
SNP has been associated with differing circulating BDNF concentrations, 
with a 0.772 ng/mL increase per minor allele (C), highlighting potential 
genetic influence to appetite regulation (Pandit et al., 2020). Circulating 
BDNF was not analysed in the current study, however future research 
should endeavour to include this alongside genetic analysis. In addition, 
the rs6265 SNP has been linked to dietary behaviour on many occasions, 
specifically restricted eating patterns related to eating disorders (Rosas- 
Vargas et al., 2011). Baseline diet can influence taste sensitivity, and it 
has been demonstrated that diet modification can lead to changes in FTS 
(Costanzo et al., 2018; Newman, Bolhuis, Torres, & Keast, 2016). It can 
therefore be hypothesised that FTS may be indirectly affected by rs6265 

Table 2b 
Individual genotypes of the participants that were excluded due to their classi-
fication as a non-taster.  

Gene SNP        

Participant no. 1 2 3 4 5 6 7 

BDNF rs6265 n (%) CC CT CC CC CT CC CC 
CD36 rs1761667 n (%) AA AG AG AG AG GG AG 
FTO rs9939609 n (%) AT AT AT AT AT AT TT 
TNNI3K rs1514175 n (%) GG AA AG AG GG GG AG 

BDNF, rs6265 Brain Derived Neurotrophic Factor Gene; CD36, rs1761667 
Cluster of Difference 36 Gene; FTO, rs9939609 Fat Mass and Obesity Associated 
Gene; SNP, single nucleotide polymorphism; TNNI3K, rs1514175 Troponin I- 
Interacting Protein Kinase Gene. 

Table 3 
Median observed fat taste, as determined by forced choice triangle taste meth-
odology, by genotype group, n = 48.  

Gene SNP Genotype Median IQR p 

BDNF 
rs6265 

CT/TT  2.0*  4.7 0.040 
CC  4.4*  6.6 

CD36 
rs1761667 

GG/AG  1.0  1.0 0.523 
AA  1.0  1.0 

FTO 
rs9939609 

AA/AT  2.8  5.4 0.975 
TT  2.8  7.0 

TNNI3K 
rs1514175 

AA/AG  4.4*  6.1 0.049 
GG  1.5 *  6.3  

* , p < 0.05 (Mann-Whitney U test). IQR, interquartile range; n, number; p, p- 
value; SNP, single nucleotide polymorphism; BDNF, Brain Derived Neurotrophic 
Factor Gene; CD36, Cluster of Difference 36 Gene; FTO, Fat Mass and Obesity 
Associated Gene; TNNI3K, Troponin I-Interacting Protein Kinase Gene. 

Table 4 
Mean ± SD dietary intake, as determined by food frequency questionnaire, by genotype group, n = 48.  

Gene, SNP GT TE p CHO p Protein p Fat p MUFA p PUFA p SFA p 

BDNF CC 1609 ± 453 0.197 173 ± 49 0.202 79 ± 26 0.929 68 ± 21 0.518 26 ± 9 0.760 12 ± 5 0.254 23 ± 8 0.512 
rs6265 CT/TT 1833 ± 586 203 ± 60 84 ± 35 78 ± 36 30 ± 15 16 ± 8 26 ± 12 
CD36 GG/AG 1821 ± 609 0.597 200 ± 60 0.504 85 ± 37 0.239 78 ± 36 0.364 30 ± 15 0.596 15 ± 8 0.405 27 ± 12 0.364 
rs1761667 AA 1646 ± 383 187 ± 51 73 ± 16 67 ± 20 26 ± 8 12 ± 4 23 ± 8 
FTO AA/AT 1807 ± 547 0.932 194 ± 59 0.588 79 ± 21 0.918 78 ± 36 0.718 30 ± 16 0.884 14 ± 8 0.79 27 ± 12 0.705 
rs9939609 TT 1723 ± 575 192 ± 57 85 ± 43 71 ± 28 27 ± 11 14 ± 7 24 ± 9 
TNNI3K AA/AG 1899 ± 572 0.008 206 ± 56 0.893 87 ± 36 0.159 82 ± 35 0.009 32 ± 15 0.027 16 ± 8 0.051 28 ± 12 0.008 
rs1514175 GG 1497 ± 410 170 ± 56 73 ± 21 60 ± 18 23 ± 8 12 ± 5 20 ± 7 

*, p < 0.05 (Mann-Whitney U Test/Independent T Test, as appropriate); SD, standard deviation; SNP, single nucleotide polymorphism; GT, genotype; TE, total energy 
intake; CHO, carbohydrate; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; BDNF, Brain Derived Neurotrophic Factor 
Gene; CD36, cluster of differentiation 36; FTO, fat mass and obesity associated gene; TNNI3K, Troponin I-Interacting Protein Kinase Gene. 
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genotype via differences in habitual dietary pattern, however this is 
speculative and warrants further research. It is noteworthy to mention 
that the mechanistic actions relating to weight gain (and subsequently 
metabolic disease) of both BDNF and CD36 have recently been linked in 
rodent studies (Liu, Tso, & Woods, 2018). Mice containing the human 
BDNF(Met/Met(M/M)) variant fed a normal diet presented with a signifi-
cantly increased body weight compared to BDNF(Val/Val(V/V)) mice, and 
that BDNF(M/M) mice had a higher level of CD36 mRNA, serum and 
protein (Yang, Park, & Cho, 2018). As our study is the first human study 
to investigate both genes in relation to FTS and dietary intake, future 
research is needed to confirm whether differences in FTS and/or dietary 
fat intake are related to both rs6265 and rs1761667 SNPs, and whether 
these are associated with markers of metabolic disease. 

Lastly, we presented that participants carrying the rs1514175 A- 
allele had a moderately higher fat taste threshold compared to those 
without, and that the AA/AG genotype group had a higher EI, total fat 
intake, and subsequently a higher MUFA and SFA intake when compared 
to the GG genotype. As no mechanism has been described, it is difficult 
to fully elucidate the link between FTS and dietary fat intake, however 
previous research has reported effects on dietary intake. McCaffery et al. 
(2012) demonstrated an association between TNNI3K and lower per-
centage EI from protein, which was nominally associated with more 
frequent servings of fats, oils and sweets. Later, Cornelis et al. (2014) 
investigated rs1514175 and eating behaviour, showing that rs1514175 
and uncontrollable eating were positively associated. 

4.1.1. Strengths and limitations 
A strength of this study was the homogeneity of the cohort. Grimaldi 

et al. (2017) states that genotypic assessment should explicitly specify 
the subgroup investigated (e.g. sex, ancestral background etc.), in order 
for results to be considered probable. Nevertheless, due to the hetero-
geneity of published research involving FTS, further studies are required 
to assess the accuracy of the results within the specified population. 
Another strength of this study is the method of FTS assessment used 
(force-choice triangle test) (Haryono et al., 2014). Forced-choice para-
digms are stated to produce a criterion-free, unbiased threshold esti-
mates (Green & Swets, 1966). Also, many others utilise the same method 
(Karmous et al., 2018; Mrizak et al., 2015; Sayed et al., 2015) and thus 
allows direct comparison. Furthermore, many, including our study, 
measure taste sensitivity on one occasion only. Validity of results could 
be improved by measuring on multiple occasions. In addition, when 
assessing FTS confounding factors can be present, such as non-taste 
sensory cues. Based on the reliable methodology used these non-taste 
sensory cues were minimised (Haryono et al., 2014). Moreover, diet 
records may be prone to bias and under-reporting. The average total 
energy intake was below UK recommendations, despite evidence sug-
gesting that this is common in dietary intake research (Qi et al., 2014) it 
should be considered when interpreting and applying results. Lastly, the 
study sample size allowed only for exploratory analysis, despite being 
similar to other relevant published research (Burgess et al., 2018; Melis 
et al., 2015), study groups were not balanced, and in order to confirm 
these results, future studies are required that consider both minor allele 
frequency and attrition for non-tasters when recruiting participants. 

5. Conclusions 

The results of this study present that differences in FTS and dietary 
intake were apparent based on SNPs analysed. To the best of our 
knowledge, this is the first study to report that SNPs that have been 
previously associated with dietary intake (rs6265 BDNF and rs1514175 
TNNI3K) are also associated with FTS. Due to the evident heterogeneity 
of previous research and the infancy of fat taste research in general, 
further research is required on a larger but equally ethically similar 
cohort. 
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