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ABSTRACT

Background. Taste sensitivity is one of the most important biological determinants of food choice. Po-
lymorphisms within the bitter taste receptor genes TAS2R3 (rs765007), TAS2R5 (rs2234012), TAS2R19 
(rs10772420), and TAS2R50 (rs1376251) may affect bitter taste sensitivity and thus food choices and there-
by metabolic biomarkers in blood. The aim of this study was to investigate associations between selected  
TAS2Rs single nucleotide polymorphisms (SNPs) and the choice of the most popular bitter food items in 
a Polish population, BMI and blood biomarkers in elderly women. 
Material and methods. The study group included 116 Polish women over 60 years of age. Intake of Bras-
sica vegetables, grapefruit and coffee was assessed using a food frequency questionnaire. Biochemical pa-
rameters were measured using the spectrophotometric method. Genotyping was performed using the high 
resolution melting method. 
Results. We show an association between SNPs of the TAS2R3 gene and the frequency of Brassica vegetable 
intake, between SNPs of the TAS2R5 gene and the frequency of grapefruit intake, and between the simultane-
ous effects of polymorphisms within TAS2R3 and TAS2R5 and the frequency of eating Brassica vegetables 
in general. We found no association between the genetic polymorphisms of TAS2R19 or TAS2R50 that were 
examined and the frequency of bitter-tasting food intake. Moreover, the SNPs of the selected TAS2Rs genes 
may be associated with the lipid profile, serum level of glucose and CRP, depending on the frequency of 
consumption of particular bitter-tasting items.
Conclusions. The genetic polymorphisms analyzed in the study seem not to contribute significantly to vari-
ability in bitter-tasting food intake in elderly women, although they may influence metabolic biomarkers 
dependent on the intake of particular bitter-tasting food items. 

Keywords: bitter taste, blood lipid biomarkers, consumption frequency, genetic polymorphism, TAS2R3, 
TAS2R5, TAS2R19, TAS2R50

INTRODUCTION

Taste sensitivity is the most important biological de-
terminant of food choice (Kourouniotis et al., 2016). 
A substantial body of evidence indicates that there 
are differences in taste perception among individuals, 

which are due in part to the abundant genetic variations 
in chemoreceptor genes. Because of the large num-
ber of different ligands (Meyerhof et al., 2010), bitter 
taste perception seemed to be the most complex of the 
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well-defined tastes in humans. Bitter taste transduc-
tion occurs through 25 bitter taste receptors (TAS2Rs)  
that are specific to particular classes of ligands (Beh-
rens et al., 2007). Polymorphisms of TAS2R genes 
may affect the sensation, liking or intake of common 
food and beverages, i.e. vegetables, fruits or alcohol 
and coffee (Colares-Bento et al., 2010; Duffy et al., 
2010; Sacerdote et al., 2007). These bitter-tasting food 
products may contain phytochemicals (i.e. isothiocy-
anates, caffeine, chlorogenic acid, naringin and narin-
genin), whose intake has been associated with preven-
tion of noncommunicable diseases such as obesity and 
cardiovascular diseases (Alam et al., 2014; Choi et al., 
2012; Dinkova-Kostova, 2013).

One of the first and most widely studied bitter taste 
receptor genes is TAS2R38. Three single nucleotide 
polymorphisms (SNPs) within the coding sequence of 
TAS2R38 give rise to two common haplotypes, called 
PAV and AVI (Kim et al., 2005). Although TAS2R38 
haplotype is responsible for interindividual differ-
ences in perceiving N-C=S moiety (occurs in the iso-
thiocyanates present in Brassica vegetables (Bufe et 
al., 2002)) to the greatest extent of all TAS2R genes, it 
explains only 50–60% of individual ability to sensa-
tion the bitterness of N-C=S moiety (Knaapila et al., 
2012). However, other bitter compounds without N- 
-C=S moiety, which may act as ligands for other bit-
ter receptors, have also been described (Meyerhof et 
al., 2010). Furthermore, subjects who are highly sensi-
tive to one bitter compound can be quite insensitive 
to another (Nolden et al., 2016). Various bitter taste 
receptors are involved in bitter sensation and the re-
maining variance in the ability to perceive bitterness, 
which is unexplained by the N-C=S bitterness percep-
tion, could be explained through the genetic variation 
of genes encoding other bitter taste receptors.

It has been shown that four SNPs, in TAS2R3 
(rs765007), TAS2R4 (rs2234001), and in TAS2R5 
(rs2234012 and rs2227264), which are localized in 
genomic locus 7q34, are in linkage disequilibrium 
and form a haploblock, which is independent of the 
TAS2R38 haploblock (Hayes et al., 2011). Although 
TAS2R3, TAS2R4, and TAS2R5 remain orphan receptors, 
their engagement in the variability in bitterness percep-
tion of caffeine, capsaicin and ethanol has been demon-
strated. However, the results are inconsistent (Hayes et 
al., 2011; 2015; Nolden et al., 2016). The SNPs, which 

are analyzed in the present study – the rs765007 (C/T) 
in the TAS2R3 gene and the rs2234012 (A/G) in the 
TAS2R5 gene, are located in the 5’UTR, a region that 
typically contains sequences that regulate translation 
efficiency or messenger RNA stability. 

The other SNPs analyzed in the present study occur in 
the coding sequences of TAS2R19 (rs10772420) – (Hay-
es et al., 2015) and TAS2R50 (rs1376251) – (Schembre 
et al., 2013). The rs10772420 of TAS2R19 is an A/G 
substitution, which causes an Arg to Cys substitution at 
a position 299 of the polypeptide. Individuals who are 
AA homozygotes rate grapefruit juice as twice as bitter 
as GG homozygotes (Hayes et al., 2015). The rs1376251 
of TAS2R50 is a C/T substitution, which exchanges Cys 
for Tyr at a position 203 of the protein. The C allele is 
associated with decreased consumption of fruits or veg-
etables (Schembre et al., 2013) and is associated with 
a higher risk of cardiovascular disease development 
(Shiffman et al., 2005).

Our previous study showed an association between 
the frequency of intake of different types of bitter-
tasting food items and polymorphisms of the TAS2R38 
and CA6 genes in elderly women (Mikołajczyk- 
-Stecyna et al., 2017). However, these associations did 
not explain all interindividual variance in bitter food 
intake. For this reason, we selected additional genes 
(TAS2R3, TAS2R5, TAS2R19 and TAS2R50) that might 
contribute to variability in bitter-tasting food intake 
(Hayes et al., 2011; Nolden et al., 2016; Ong et al., 
2018 Schembre et al., 2013) and tested the association 
of selected polymorphisms (rs765007, rs2234012, 
rs10772420, rs1376251) and the frequency of intake 
of bitter-tasting food in elderly women. 

A connection between the consumption of bitter 
food such as Brassica vegetables, coffee and grapefruit 
with health outcomes has been already demonstrated 
(Alam et al., 2014; Choi et al., 2012; Dinkova-Kostova, 
2013) and low consumption of bitter food might con-
tribute to a higher prevalence of obesity and metabolic 
syndrome. Moreover, women are more sensitive to 
bitterness than men and may avoid bitter-tasting food 
more often than men (Barragán et al., 2018). Further-
more, the group selected for the present study are post-
menopausal women. Menopause increases adiposity in 
women and thus changes lipid and glucose metabolism 
(Toth et al., 2000). Increased body fat is associated 
with a higher level of serum C-reactive protein (CRP), 
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which is a marker of low level chronic inflammation 
(Yeh et al., 2003). For these reasons, elderly women are 
at an increased risk of cardiovascular diseases and both 
proper nutrition and weight management are particular 
challenges to elderly women’s health. 

To date, studies focusing on the effect of TAS2R 
genes polymorphisms on food choices in the elderly 
are limited. For these reasons, for the first time, we 
tested whether polymorphism of TAS2R3, TAS2R5, 
TAS2R19 and TAS2R50 genes may be associated with 
variation in the intake of bitter-tasting food items 
among elderly women and whether polymorphism of 
selected TAS2R genes and bitter foods intake may in-
fluence the lipid profile, glucose and CRP concentra-
tion in blood. 

METHODS

Subjects and study design
The research protocol was reviewed and approved by 
the Local Ethics Committee of Poznan University of 
Medical Sciences (approval no. 560/09). This study 
included 116 white female volunteers older than 60 
years (mean ±SD of age was 68.2 ±7.13), who were 
enrolled at the University of the Third Age in Poznań. 
60 years of age was chosen as the cut-off age, because 
it is the retirement age for women in Poland. Retire-
ment may affect eating behavior and food choices and 
lead to a lower physical activity level, and together 
these result in weight gain (Chung et al., 2009) and 
an increase in body fat, especially in postmenopausal 
women (Toth et al., 2000). The group was enrolled for 
a different study performed previously (Chmurzynska 
et al., 2013). For this reason, the main exclusion crite-
ria were treatments interfering with folate metabolism, 
megaloblastic anemia, regular intake of folic acid sup-
plements, memory impairment and diabetes. Informed 
written consents, a general one and for genetic testing, 
were obtained from all participants and the data were 
analyzed anonymously. 

Due to the sensitive nature of the questions asked 
in this study, survey respondents were assured that the 
raw data would remain confidential and would not be 
shared.

Body mass and height were measured using an 
electronic scale with a stadiometer (TP-150/1, Fawag, 
Poland). The subjects were fasting and dressed in light 

clothing during the measurements, which were record-
ed to the nearest 0.5 cm and 0.5 kg. The body weight, 
height, body mass index (calculated as body weight 
in kilograms divided by height in meters squared, in 
accordance with the Clinical Guidelines on the Iden-
tification, Evaluation, and Treatment of Overweight 
and Obesity in Adults, 1998), were assessed in all 
participants. 

Bitter food and beverage intake
The medians and interquartile ranges of BMI and 
blood biomarkers have been published elsewhere 
(Mikołajczyk-Stecyna et al., 2017). In brief, the me-
dian (±interquartile range) BMI (26.2 kg/m2 ±4.93) 
was defined as overweight (according to World Health 
Organization, WHO). The median (±interquartile 
range) of the serum concentration of total cholesterol 
and low density lipoprotein (LDL) cholesterol were 
borderline high (239.0 mg/dL ±56.00 and 143.0 mg/dL  
±49.00, respectively), but the values of high density 
lipoprotein (HDL) (69.0 mg/dL ±23.00), triglycerides 
(TG) (108.0 mg/dL ±61.00), and fasting glucose (82.0 
mg/dL ±14.00) fell in the optimal range, according to 
NCEP-III (Third Report of the National Cholesterol 
Education Program, 2002). The median (±interquartile 
range) of serum C-reactive protein (CRP) level (4.0 
mg/dL ±0.80) was above the optimal value (Yeh and 
Willerson, 2003).

The frequency of bitter food item intake was as-
sessed using a food frequency questionnaire (FFQ) 
designed originally to assess folate intake. However, 
the list of products contained of the most popular bit-
ter-tasting food products in Poland, like Brassica veg-
etables: white cabbage, Brussels sprouts, broccoli, and 
cauliflower, as well as grapefruit and coffee. A detailed 
description of the data collected from the FFQ has 
been presented elsewhere (Chmurzynska et al., 2013). 
The FFQ data were collected as a result of interviews 
with the participants conducted by trained dietitians. 
The median values and the interquartile ranges of the 
intake frequencies of these bitter foods have also been 
published previously (Mikołajczyk-Stecyna et al., 
2017). In brief, the values of median frequency of eat-
ing bitter-tasting items counting as times per 30 days 
±interquartile range were: 10.0 ±9.0 for Brassica veg-
etables in general, 30.0 ±0.0 for coffee and 0.5 ±4.0 
for grapefruit.
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Blood markers
Overnight fasting blood samples were collected for 
biochemical parameter assessment. Serum glucose, 
total cholesterol, HDL cholesterol, LDL cholesterol, 
TG, and CRP concentrations were measured using 
a Vitalab Flexor biochemical analyzer (Vital Scien-
tific, Spankeren, Netherlands). 

Genotyping
DNA was isolated from blood lymphocytes us-
ing a 0.3-mL Genomic Mini AX Blood Spin kit 
(A&A Biotechnology, Gdynia, Poland). Four SNPs 
within the TAS2R3 gene (rs765007), the TAS2R5 gene 
(rs2234012), the TAS2R19 gene (rs10772420), and the 
TAS2R50 gene (rs1376251) were genotyped using the 
high resolution melting (HRM) method (LightCycler 
480, Roche) with the sequencing of selected samples 
(Genomed, Poland) as positive controls. Primers were 
designed on the basis of the human gene sequenc-
es for the TAS2R3 (Gene ID: 50831) and TAS2R5 
(Gene ID: 54429) genes (GeneBank accession num-
ber NC_000007.14), as well as for the TAS2R19 (ID: 
259294) and TAS2R50 (Gene ID: 259296) genes 
(GeneBank accession number NC_000012.12), using 
Primer-Blast software. The primers for the genotyped 
SNPs are collected in Table 1. 

HRM reactions were performed on genomic DNA 
separately for each SNP. The reaction mixtures con-
tained 5 pmol of each primer, LightCycler 480 high 
resolution melting master (Roche; a ready-to-use 2 × 
concentrated hot-start reaction mix), and varying con-
centrations of Mg2+ depending on the SNP (2 mmol 
for rs765007 and rs1376251; 2.5 mmol for rs2234012 
and rs10772420) to optimize the reaction conditions. 
The reaction profile for all SNPs was preincubation at 
95°C for 1 min, followed by 45 cycles at 95°C for 10 s, 

64°C for 15 s, 72°C for 15 s, and high resolution melt-
ing in the melting range of 70–90°C with a ramp rate 
of 0.02°C/s and 25 acquisitions per °C. The amplified 
DNA fragments were 117 bp for rs765007 (TAS2R3), 
129 bp for rs2234012 (TAS2R5), 182 bp for rs10772420 
(TAS2R19), and 135 bp for rs1376251 (TAS2R50).

Statistical analysis
The distribution of intake frequencies, as well as the 
blood biomarkers and BMI, were checked for normal-
ity using the Shapiro-Wilk test with α = 0.05. Since the 
assumption of a normal distribution does not hold true 
for these data, and not all the groups that were studied 
contained more than 30 subjects, nonparametric tests 
were used (McClave and Sincich, 2003). The median 
and interquartile ranges are common summary meas-
ures for an outcome lacking normality, and so the data 
in this paper are presented as medians ±interquartile 
range values (McClave and Sincich, 2003).

Only the dominant model of inheritance was con-
sidered in association testing, because it requires the 
smallest sample size to achieve 80% power compared 
to other genetic models (Hong and Park, 2012). The 
only exception was association analysis for TAS2R3. 
According to the SNP NCBI database, the C and T allele 
frequencies of rs765007 genetic polymorphism within 
TAS2R3 are similar; the recessive model of inheritance 
was thus also analyzed. Because it has been shown 
that the SNPs studied within the TAS2R3 and TAS2R5 
form a haploblock (Hayes et al., 2011) and SNPs within 
TAS2R19 and TAS2R50 gene are localized in the same 
locus, the combined effect of these two pairs of SNPs 
on the frequency of bitter food intake was also tested 
using a nonparametric Mann-Whitney test.

These analyses were performed for the study group 
as a whole, followed by analyses of the subgroups 

Table 1. Primers for the single genetic polymorphism of selected TAS2R genotyping

SNP Primer forward Primer reverse

rs765007 (TAS2R3) 5’GTGAAGCAACAGGTAGAGGAGT3’ 5’GGCAGCCCTGATCTTTGTTC3’

rs2234012 (TAS2R5) 5’CTCTCTGTTCCTCATCACAGC3’ 5’TGAGGTCAGATCCCCTGGTA3’

rs10772420 (TAS2R19) 5’TCTGCTAGAAGACCCACGATG3 5’CTGCTTTGCCAAACTGTTG3’

rs1376251 (TAS2R50) 5’TGGTGCTGAGATCTTGCGAT3’ 5’TGACTGTAACTACCCTATGGAGC3’
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created by stratifying the group by means of the median 
intake of Brassica vegetables in general, grapefruit or 
coffee. These three food groups were chosen, because 
they contain different bitter chemical compounds pre-
sent: indole-3-carbinol in Brassica vegetables (Choi et 
al., 2012), naringin in grapefruit (Alam et al., 2014), 
and chlorogenic acid and caffeine in coffee (Kraehen-
buehl et al., 2017), which can act as different ligands 
for bitter taste receptors. Subjects whose frequency of 
intake was equal to or greater than the median were as-
signed to the “above the median” group; the rest were 
assigned to the “below the median” group.

Due to the lack of a universal appropriate adjustment 
for multiplicity testing larger than 5, and the great risk 
of reducing the power to detect existing effects caused 
by this adjustment (McClave and Sincich, 2003; Vasi-
lopoulos et al., 2016), P values < 0.05 were taken as 
significant. Moreover, associations between different 
TAS2R SNPs and food frequency intake or biomarkers 
were considered as separate hypotheses to eliminate 
the need for a severe multiple comparison correction to 
reduce Type I error. All analyses were performed using 
Statistica 13 software (Statsoft, Poland).

The present work was performed according to 
STROBE.

RESULTS

Allele and genotype distributions
The genotype distribution and allele frequencies of the 
SNPs of TAS2R3 (rs765007), TAS2R5 (rs2234012), 

TAS2R19 (rs10772420) and TAS2R50 (rs1376251) 
are presented in Table 2. The allele frequencies were 
consistent with the data published in the SNP database 
(https://www.ncbi.nlm.nih.gov/snp/) for each of the 
SNPs tested.

Associations between TAS2R3, TAS2R5, TAS2R19, 
and TAS2R50 genetic polymorphisms and intake 
of bitter-tasting foods 
The most frequently chosen bitter product among all 
genotype groups was coffee, and grapefruit was the 
least often chosen. Correspondences between monthly 
intake frequencies of bitter-tasting foods – Brassica 
vegetables in general, grapefruit, and coffee (shown as 
median ±interquartile range) – and the genetic poly-
morphisms, are collected in Table 3.

Associations were observed between TAS2R3 ge-
netic polymorphism and the frequency of Brassica 
vegetable intake and TAS2R5 genetic polymorphism 
and the frequency of grapefruit intake (Table 3). The C 
carriers of TAS2R3 choose Brassica vegetables more 
frequently than the TT homozygotes did, while the G 
carriers of TAS2R5 chose grapefruit more frequently 
than the AA homozygotes. Association analysis of the 
effect of the combined TAS2R3 and TAS2R5 genotypes 
on the intake of bitter products indicated that the C 
carriers of TAS2R3 and the G carriers of TAS2R5 ate 
Brassica vegetables more frequently than the respec-
tive TT and AA homozygotes. There were no associa-
tions between the genetic polymorphisms of TAS2R19 
or TAS2R50 and frequency of bitter product intake. 

Table 2. Genotype and allele distributions of TAS2R3, TAS2R5, TAS2R19, and TAS2R50 genes in the study group

Gene Genotype distribution n, % Allele frequency

TAS2R3 CC CT TT C T

rs765007 34 (29.3) 53 (45.7) 29 (25) 0.522 0.478

TAS2R5 AA AG GG A G

rs2234012 30 (25.9) 65 (56.0) 21 (18.1) 0.539 0.461

TAS2R19 AA AG GG A G

rs10772420 37 (31.9) 62 (53.5) 17 (14.6) 0.586 0.414

TAS2R50 CC CT TT C T

rs1376251 48 (41.4) 50 (43.1) 18 (15.5) 0.629 0.371
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Associations between TAS2R3, TAS2R5, TAS2R19, 
and TAS2R50 polymorphisms, intake of bitter- 
-tasting foods, and blood biochemical biomarkers
The relationships between genetic polymorphisms, 
bitter foods intake, and biochemical biomarkers in 
blood are shown in Table 4. The TT homozygotes of 
the TAS2R3 gene have higher CRP levels than the C 
carriers. This association was only observed in groups 
with a lower frequency intake of all the bitter-tasting 
products being examined. Of those subjects who chose 
coffee more frequently, the TT homozygotes had 

higher total cholesterol and LDL cholesterol concen-
trations in serum than the C carriers (Table 4). 

Those subjects who chose Brassica vegetables or 
grapefruit less frequently and were G carriers of the 
TAS2R5 genetic polymorphism had higher serum lev-
els of CRP than the AA homozygotes (Table 4). 

The association between TAS2R19 gene polymor-
phism and the glucose serum level was only noted for 
subjects who ate grapefruit with a frequency above the 
median value. The G carriers had lower glucose levels 
in serum than the AA homozygotes (Table 4). 

Table 3. Associations between TAS2R3, TAS2R5, TAS2R19, TAS2R50 genetic polymorphisms and the monthly frequency of 
Brassica sp., grapefruit and coffee intake

Genotype/Diplotype n
Brassica sp.  

in general frequency  
per month

P
Grapefruit
frequency  
per month

P
Coffee

frequency  
per month

P

TAS2R3 

CC+CT 87 10.0 ±10.0 0.038 1.0 ±4.0 0.732 30.0 ±14.0 0.859

TT 29 6.0 ±8.0 0 ±4.0 30.0 ±10.0

CC 34 10.5 ±10.0 0 ±4.0 30.0 ±14.0 s

CT+TT 82 9.5 ±7.0 0.259 1.0 ±4.0 0.969 30.0 ±14.0 0.997

TAS2R5

GG+AG 86 10.0 ±10.0 0.138 1.0 ±4.0 0.048 30.0 ±14.0 0.640

AA 30 9.0 ±8.0 0 ±1.0 30.0 ±0

TAS2R19

GG+AG 79 9.0 ±9.0 0.066 1.0 ±4.0 0.595 30.0 ±14.0 0.939

AA 37 11.0 ±8.0 0 ±2.0 30.0 ±0

TAS2R50

TT+CT 68 10.0 ±10.0 0.865 1.0 ±4.0 0.613 30.0 ±10.0 0.617

CC 48 9.5 ±8.0 0.5 ±2.0 30.0 ±20.0

TAS2R3&TAS2R5

(3) CC+CT & (5) GG+AG 66 10.0 ±7.0 0.008 1.0 ±4.0 0.674 30.0 ±14.0 0.866

(3) TT & (5) AA 9 6.0 ±3.0 1.0 ±4.0 30.0 ±14.0

TAS2R19 & TAS2R50

(19) GG+AG & (50) TT+CT 61 10.0 ±9.0 0.387 1.0 ±4.0 0.473 30.0 ±10.0 0.692

(19) AA & (50) CC 30 11.0 ±11.0 0 ±2.0 30.0 ±14.0

Statistically significant results are in bold.
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Table 4. Associations between TAS2R3 (C/T), TAS2R5 (A/G), TAS2R50 (C/T), and TAS2R 19 (A/G) polymorphisms and 
blood biomarkers by median monthly intake frequency of bitter products; statistically significant results are in bold

TAS2R3

Marker
Brassica sp. monthly intake frequency < median (10) Brassica sp. monthly intake frequency ≥ median (10)

n CC+CT n TT P n CC+CT n TT P

T Chol, mg/dL

37

254.0 ±40.0

18

231.0 ±44.0 0.175

50

230.0 ±64.0

11

253.0 ±76.0 0.606

HDL, mg/dL 65.0 ±18.0 67.0 ±27.0 0.279 71.5 ±22.0 69.0 ±19.0 0.619

LDL, mg/dL 136.0 ±36.0 157.0 ±33.0 0.043 137.0 ±52.00 168.0 ±79.0 0.093

TG, mg/dL 135.0 ±90.0 125.0 ±59.0 0.542 91.5 ±61.0 120.0 ±55.0 0.059

Glucose, mg/dL 84 ±18.0 83.5 ±10.0 0.699 81.5 ±14.0 84.0 ±17.0 0.272

CRP, mg/L 3.9 ±0.5 4.3 ±0.5 0.044 3.9 ±0.8 4.0 ±0.7 0.218

Marker
Coffee monthly intake frequency < median (30) Coffee monthly intake frequency ≥ median (30)

n CC+CT n TT P n CC+CT n TT P

T Chol, mg/dL

24

249.0 ±53.5

8

243.5 ±75.0 0.982

63

239.0 ±63.0

21

262.0 ±48.00 0.036

HDL, mg/dL 65.0 ±19.0 63.0 ±25.5 0.556 69.0 ±24.0 69.0 ±23.0 0.638

LDL, mg/dL 145.0 ±38.0 143.0 ±56.0 0.586 147.0 ±48.0 173.0 ±59.0 0.026

TG, mg/dL 118.0 ±115.0 110.0 ±39.0 0.983 106.0 ±55.0 125.0 ±65.0 0.679

Glucose, mg/dL 85.0 ±15.0 85.0 ±16.0 0.931 81.0 ±12.0 84.0 ±12.0 0.377

CRP, mg/L 4.0 ±0.5 4.4 ±0.5 0.022 3.9 ±0.9 4.1 ±0.5 0.135

Marker
Grapefruit monthly intake frequency < median (0.5) Grapefruit monthly intake frequency ≥ median (0.5)

n CC+CT n TT P n CC+CT n TT P

T Chol, mg/dL

42

240.0 ±60.0

15

253.0 ±62.0 0.404

45

240.0 ±54.0

14

230.0 ±44.0 0.137

HDL, mg/dL 65.0 ±29.0 61.0 ±26.0 0.703 69.0 ±13.0 69.0 ±27.0 0.649

LDL, mg/dL 144.5 ±51.0 163.0 ±58.0 0.142 153.0 ±40.0 130.5 ±36.0 0.071

TG, mg/dL 118.0 ±86.0 122.0 ±38.0 0.913 97.0 ±66.0 118.5 ±59.0 0.195

Glucose, mg/dL 84.0 ±14.0 84.0 ±13.0 0.697 82.0 ±12.0 82.5 ±15.0 0.656

CRP, mg/L 3.8 ±0.8 4.0 ±1.0 0.007 4.0 ±0.6 4.3 ±0.6 0.081

TAS2R5

Marker
Brassica sp. monthly intake frequency < median (10) Brassica sp. monthly intake frequency ≥ median (10)

n GG+AG n AA P n GG+AG n AA P

T Chol, mg/dL

39

246.0 ±53.0

16

244.0 ±44.5 0.781

47

229.0 ±65.0

14

245.0 ±49.0 0.476

HDL, mg/dL 65.0 ±27.0 66.0 ±19.0 0.393 71.0 ±22.0 69.0 ±19.0 0.844

LDL, mg/dL 143.0 ±43.0 157.0 ±36.5 0.623 136.0 ±57.0 149.5 ±48.0 0.316

TG, mg/dL 128.0 ±78.0 136.0 ±73.0 0.419 92.0 ±58.0 102.0 ±75.0 0.944

Glucose, mg/dL 82.0 ±13.0 87.0 ±15.0 0.200 82.0 ±13.0 79.5 ±21.0 0.795

CRP, mg/L 4.1 ±0.7 3.8 ±0.5 0.006 4.0 ±0.8 3.9 ±0.7 0.463
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Marker
Coffee monthly intake frequency < median (30) Coffee monthly intake frequency ≥ median (30)

n GG+AG n AA P n GG+AG n AA P

T Chol, mg/dL

25

246.0 ±59.0

7

252.0 ±41.0 0.689

61

238.0 ±62.0

23

241.0 ±46.0 0.824

HDL, mg/dL 65.0 ±30.0 65.0 ±11.0 0.989 70.0 ±22.0 69.0 ±26.0 0.757

LDL, mg/dL 143.0 ±40.0 140.0 ±39.0 0.846 139.0 ±54.0 159.0 ±47.0 0.624

TG, mg/dL 108.0 ±82.0 136.0 ±78.0 0.123 108.0 ±58.0 108.0 ±58.0 0.978

Glucose, mg/dL 82.0 ±14.0 89.0 ±10.0 0.542 82.0 ±11.0 84.0 ±22.0 0.963

CRP, mg/L 4.1 ±0.7 3.8 ±0.5 0.006 4.0 ±0.8 3.9 ±0.7 0.075

Marker
Grapefruit monthly intake frequency < median (0.5) Grapefruit monthly intake frequency ≥ median (0.5)

n GG+AG n AA P n GG+AG n AA P

T Chol, mg/dL

38

248.0 ±65.0

19

241.0 ±47.0 0.762

48

233.5 ±59.0

11

254.0 ±34.0 0.357

HDL, mg/dL 65.0 ±28.0 69.0 ±25.0 0.829 70.0 ±19.5 66.0 ±9.0 0.523

LDL, mg/dL 146.0 ±59.0 149.0 ±53.0 0.697 138.5 ±44.5 161.0 ±39.0 0.213

TG, mg/dL 115.0 ±53.0 132.0 ±74.0 0.542 105.0 ±68.5 100.0 ±55.0 0.673

Glucose, mg/dL 82.5 ±12.0 87.0 ±21.0 0.744 81.5 ±12.0 84.0 ±24.0 0.722

CRP, mg/L 4.0 ±1.00 3.8 ±0.6 0.049 4.1 ±0.6 4.0 ±0.8 0.704

TAS2R19

Marker
Brassica sp. monthly intake frequency < median (10) Brassica sp. monthly intake frequency ≥ median (10)

n GG+AG n AA P n GG+AG n AA P

T Chol, mg/dL

40

249.5 ±41.0

14

232.0 ±54.0 0.453

39

236.0 ±64.0

23

231.0 ±70.0 0.333

HDL, mg/dL 64.0 ±21.5 71.0 ±25.0 0.258 72.0 ±22.0 71.0 ±20.0 0.752

LDL, mg/dL 155.0 ±40.0 145.0 ±40.0 0.322 138.5 ±48.0 135.0 ±69.0 0.638

TG, mg/dL 131.5 ±89.0 124.0 ±101.0 0.655 91.5 ±57.0 112.0 ±64.0 0.227

Glucose, mg/dL 83.5 ±16.5 86.0 ±14.0 0.748 80.5 ±11.0 84.0 ±17.0 0.345

CRP, mg/L 4.0 ±0.9 4.1 ±0.7 0.824 3.9 ±0.7 4.0 ±0.7 0.652

Marker
Coffee monthly intake frequency < median (30) Coffee monthly intake frequency ≥ median (30)

n GG+AG n AA P n GG+AG n AA P

T Chol, mg/dL

23

252.0 ±54.0

9

229.0 ±103.0 0.245

56

240.5 ±57.0

28

233.5 ±60.5 0.448

HDL, mg/dL 63.0 ±21.0 74.0 ±16.0 0.217 69.0 ±23.5 70.0 ±22.0 0.751

LDL, mg/dL 143.0 ±36.0 140.0 ±62.0 0.525 146.5 ±46 141.0 ±59.0 0.645

TG, mg/dL 133.0 ±97.0 105.0 ±52.0 0.422 106.0 ±56.0 121.0 ±64.0 0.321

Glucose, mg/dL 82.0 ±13.0 93.0 ±37.0 0.624 81.0 ±11.0 84.0 ±13.0 0.543

CRP, mg/L 4.1 ±0.7 4.1 ±0.4 0.785 3.9 ±0.9 4.0 ±0.7 0.736
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Marker
Grapefruit monthly intake frequency < median (0.5) Grapefruit monthly intake frequency ≥ median (0.5)

n GG+AG n AA P n GG+AG n AA P

T Chol, mg/dL

39

249.0 ±52.0

19

228.0 ±62.0 0.553

40

238.5 ±55.0

18

237.0 ±62.0 0.733

HDL, mg/dL 64.5 ±28.0 75.0 ±26.0 0.323 69.5 ±20.0 69.0 ±12.0 0.821

LDL, mg/dL 153.5 ±53.0 135.0 ±58.0 0.158 138.5 ±41.0 148.5 ±67.0 0.634

TG, mg/dL 129.5 ±64.0 120.0 ±67.0 0.345 92.0 ±60.0 113.5 ±70.0 0.215

Glucose, mg/dL 84.0 ±12.0 84.0 ±17.0 0.361 79.5 ±10.0 86.5 ±16.0 0.023

CRP, mg/L 3.9 ±1.0 3.9 ±0.6 0.748 4.1 ±0.6 4.1 ±0.5 0.645

TAS2R50

Marker
Brassica sp. monthly intake frequency < median (10) Brassica sp. monthly intake frequency ≥ median (10)

n TT+CT n CC P n TT+CT n CC P

T Chol, mg/dL

29

254.0 ±49.0

25

240.0 ±41.0 0.635

39

245.5 ±63.0

23

231.0 ±53.0 0.344

HDL, mg/dL 63.0 ±23.0 68.0 ±24.0 0.452 70.5 ±14.0 76.0 ±27.0 0.269

LDL, mg/dL 157.0 ±45.0 140.0 ±39.0 0.603 141.0 ±53.0 137.0 ±60.0 0.320

TG, mg/dL 135.0 ±82.0 108.0 ±56.0 0.542 107.0 ±49.0 76.0 ±73.0 0.032

Glucose, mg/dL 84.0 ±18.0 84.0 ±13.0 0.536 82.0 ±12.0 81.0 ±15.0 0.759

CRP, mg/L 4.0 ±0.8 4.0 ±0.6 0.724 4.0 ±0.6 4.1 ±0.8 0.564

Marker
Coffee monthly intake frequency < median (30) Coffee monthly intake frequency ≥ median (30)

n TT+CT n CC P n TT+CT n CC P

T Chol, mg/dL

20

252.0 ±59.0

13

246.0 ±54.0 0.334

48

252.0 ±57.5

35

236.0 ±60.0 0.522

HDL, mg/dL 63.0 ±20.0 75.0 ±35.0 0.084 70.0 ±23.5 69.0 ±22.0 0.458

LDL, mg/dL 143.0 ±50.0 143.0 ±29.0 0.648 156.0 ±52.0 137.0 ±52.0 0.211

TG, mg/dL 134.0 ±82.00 86.0 ±41.0 0.012 109.0 ±57.0 100.0 ±70.0 0.315

Glucose, mg/dL 84.0 ±25.0 86.0 ±13.0 0.751 88.5 ±12.0 82.0 ±15.0 0.199

CRP, mg/L 4.1 ±0.7 4.2 ±0.7 0.556 4.0 ±0.8 4.0 ±1.0 0.586

Marker
Grapefruit monthly intake frequency < median (0.5) Grapefruit monthly intake frequency ≥ median (0.5)

n TT+CT n CC P n TT+CT n CC P

T Chol, mg/dL

33

257.0 ±48.0

23

224.0 ±53.0 0.002

35

229.5 ±59.0

25

240.0 ±37.0 0.513

HDL, mg/dL 65.0 ±22.0 76.0 ±31.0 0.423 70.0 ±15.0 69.0 ±17.0 0.265

LDL, mg/dL 161.0 ±41.0 124.0 ±51.0 0.014 135.0 ±48.0 150.0 ±30.0 0.158

TG, mg/dL 131.0 ±74.0 107.0 ±70.0 0.037 107.5 ±53.0 93.0 ±72.0 0.256

Glucose, mg/dL 84.0 ±14.0 84.0 ±16.0 0.722 81.0 ±12.0 82.0 ±15.0 0.687

CRP, mg/L 3.9 ±0.7 3.9 ±1 0.678 4.1 ±0.8 4.1 ±0.6 0.425
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T carriers of TAS2R50 had a less favorable serum 
lipid profile, in that they had higher total cholesterol, 
LDL cholesterol, and TG levels than the CC homozy-
gotes. These associations were observed in subjects 
with higher levels of intake of Brassica vegetables and 
with a lower intake of coffee and grapefruit.

DISCUSSION

Here we have investigated the associations between 
genetic polymorphisms located in the genes of bit-
ter taste receptors (TAS2R3, TAS2R5, TAS2R19, and 
TAS2R50), intake of Brassica vegetables, grapefruit 
and coffee, and selected metabolic biomarkers in el-
derly women. Our paper is the first to investigate such 
associations in elderly people. Moreover, the associa-
tions between genetic polymorphisms within TAS2R3, 
TAS2R5, TAS2R19 and TAS2R50 genes and Brassica 
vegetable intake have not been tested previously. All 
the selected food products are bitter, but contain dif-
ferent bitter chemical compounds: indole-3-carbinol 
in Brassica vegetables (Choi et al., 2012), naringin in 
grapefruit, (Alam et al., 2014), chlorogenic acid and 
caffeine (Kraehenbuehl et al., 2017) and may contrib-
ute to different metabolic pathways. Moreover, select-
ed food items have divergent flavors and dissimilar 
positive or negative social and cultural associations 
(Rabin et al., 2007). The food items selected for analy-
sis in our study are more popular bitter-tasting foods 
in the Polish daily diet than other bitter-tasting items, 
such as aged cheddar cheese, red wine, arugula (rock-
et), or cilantro (coriander). 

We observed that the C carriers of the TAS2R3 
gene ate Brassica vegetables more frequently than the 
TT homozygotes (Table 4). There was also an interac-
tion between the TAS2R3 and TAS2R5 genes and the 
simultaneous C carriers of TAS2R3 and the G carriers 
of TAS2R5 ate Brassica vegetables more frequently 
than the TT/AA homozygotes. The higher CRP lev-
els observed in the TT homozygotes of TAS2R3 could 
be partly explained by this lower frequency of Bras-
sica vegetable intake (Table 3). Moreover, associa-
tions between the CRP level and the TT genotype of 
TAS2R3 were also noted for subjects who selected all 
the bitter products studied less frequently (Table 4). 
Indole-3-carbinol from Brassica vegetables is a factor 
that prevents inflammation (Dinkova-Kostova, 2013), 

and it could thus be hypothesized that subjects who 
avoid Brassica vegetables in their diet may be more 
prone to inflammation. Serum total cholesterol and 
LDL cholesterol levels were also higher in the TT ho-
mozygotes than in the C carriers, who drank coffee or 
ate grapefruit less frequently. Together this suggests 
that the T allele of the TAS2R3 gene may be associ-
ated with a lower intake of bitter food items rich in 
health-promoting compounds (Brassica vegetables, 
coffee and grapefruit), which in turn might also be as-
sociated with less favorable lipid profiles and higher 
CRP levels in serum. 

The association analysis of rs2234012 (TAS2R5) 
genetic polymorphism and the frequency of the select-
ed bitter products indicated that the G carriers chose 
grapefruit more frequently than the AA homozy-
gotes (Table 3). When the study group was stratified 
by median intake frequency, those G carriers of the 
TAS2R5 genetic polymorphism who chose Brassica 
vegetables or grapefruit less frequently than the me-
dian value for the group proved to have significantly 
higher CRP serum levels than the AA homozygotes 
(Table 4). The associations between the frequency 
of intake of bitter products and the polymorphisms 
of TAS2R3 and TAS2R5 remain unclear. It has previ-
ously been shown that simultaneous CC homozygotes 
of TAS2R3 and GG homozygotes of TAS2R5 reported 
less bitterness from sampled espresso coffee than the 
TT/AA homozygotes. Notably, this haplotype did not 
predict coffee liking or intake among the study cohort 
(Hayes et al., 2011). No association between these two 
polymorphisms and frequency of coffee intake was 
observed in our study. Interestingly, other research-
ers have shown that CC/GG homozygotes of TAS2R3 
and TAS2R5 rate the greatest bitterness of ethanol 
compared to heterozygotes and TT/AA homozygotes 
(Nolden et al., 2016). Because the bitter ligands that 
activate TAS2R3 and TAS2R5 have been not identified 
yet, additional research is necessary to determine the 
reason for this discrepancy. 

Although no ligand has been described for the 
TAS2R19 receptor (Meyerhof et al., 2010), the 
rs10772420 polymorphism of the TAS2R19 gene has 
been studied in the context of variation in the bitter-
ness of quinine intake (Hayes et al., 2015), as well as 
grapefruit (Hayes et al., 2011), coffee, tea and alco-
hol intake (Ong et al., 2018). It was reported that the 
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A allele was associated with greater quinine bitterness, 
and AA homozygotes rated grapefruit juice as twice as 
bitter as GG homozygotes or heterozygotes. Moreo-
ver, the more sensitive A carriers liked grapefruit juice 
less than the less sensitive GG homozygotes (Hayes 
et al., 2011; 2015). Interestingly, A carriers drink less 
coffee compared with G carriers, but more tea and al-
cohol (Ong et al., 2018). In our study, there was no as-
sociation between the frequency of bitter-tasting food 
intake and the rs10772420 polymorphism. The results 
may be partly explained by linkage disequilibrium of 
the rs10772420 polymorphism within TAS2R19 gene 
with other genetic polymorphisms located on chro-
mosome 12 (i.e. TAS2R31), which were not measured 
in our study (Hayes et al., 2015) and small effect of 
the polymorphism studied (Ong et al., 2018). When 
the study group was stratified by median value of fre-
quency intake, the AA homozygotes of TAS2R19 with 
a higher frequency of grapefruit intake had higher se-
rum glucose levels than the G carriers (Table 4). The 
association between the TAS2R haplotype on human 
chromosome 12 with the regulation of glucose levels 
was already shown in a homogeneous Amish popula-
tion (Dotson et al., 2008).

It has been already reported that the C allele of the 
TAS2R50 gene is associated with the decreased con-
sumption of vegetables in general (Schembre et al., 
2013), as well as of cilantro (Knaapila et al., 2012), 
and a higher risk of myocardial infarction (Shiffman 
et al., 2005), but we found no association between 
rs1376251 polymorphism within the TAS2R50 gene 
and the frequency of bitter food intake. When our 
study group was stratified by median frequency value 
of Brassica vegetables, coffee, or grapefruit intake, 
higher levels of TG, total cholesterol and LDL choles-
terol were observed in the T carriers of rs1376251 pol-
ymorphism (TAS2R50) than in the CC homozygotes 
for the group who chose Brassica vegetables more of-
ten than the median value, as well as for the group who 
chose grapefruit and coffee less often than the median 
value (Table 4). This means that T carriers of TAS2R50 
are more prone to the development of cardiovascular 
diseases, depending on the frequency of their eating 
particular bitter-tasting foods. As mentioned earlier, 
these foods contain different compounds which may 
affect the risk of cardiovascular diseases through vari-
ous mechanisms, including upregulation of the mRNA 

levels of the enzymes involved in β-oxidation, such as 
peroxisome proliferator activated receptor (PPAR) α, 
acyl-CoA oxidase, FA synthase in liver (Hirai et al., 
2007), as well as inhibiting the production of TNF-α 
and MCP-1, which induce macrophage infiltration 
into adipose tissue cause inflammation (Chen et al., 
2012) and arterial tissue remodeling. The differences 
between our results and previously reported outcomes 
(Shiffman et al., 2005) may be due to the different 
groups that were studied, different test models or an 
underpowered study.

Our study had also several limitations. The first is 
that a relatively small study group was used. More-
over, specific eating habits independent of taste are 
more pronounced in the elderly. Eating behavior 
is a complex trait that is affected by many factors 
(Chmurzynska and Mlodzik, 2017). Aversions to bit-
ter food may occur from reasons other than bitter taste, 
including appearance, texture, social or cultural taboos 
associated with eating, but also from unpleasant gas-
trointestinal effects or food availability. Because eat-
ing habits are relatively stable attitudes towards food 
throughout life, they are difficult to change, especially 
in older age. On the other hand, the number of studies 
that focus on food choices in relation to gene polymor-
phism in the elderly is still very limited. The second 
limitation is the lack of additional sensory tests, so we 
could not directly observe bitterness perception and 
defined the subjects as taster or non-taster. The results 
of any one-tastant sensory tests should be carefully 
compared with real-life food intake, because food is 
a mixture of thousands of ligands that activate many 
taste receptors and other proteins involved in the taste 
sensation. Furthermore, the exclusion criteria did not 
involve drug treatments interfering with taste sensitiv-
ity. All the aforementioned factors could overshadow 
the influence of taste sensation on the frequency of bit-
ter product intake. 

We also realize that all nutrition assessments are 
fraught with different bias (Kipnis et al., 2003). The 
limitation of food frequency questionnaire (FFQ) 
method used in the study is that it only measures fre-
quency of intake, without estimating portion size and 
calories in the whole diet. Because of the intake as-
sessment method applied, several covariate factors, 
e.g. overall diet quality, were not included in the 
analyses. It should also be mentioned that the study 
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group was enrolled originally for a different study that 
was performed previously (Chmurzynska et al., 2013). 
For this reason, the FFQ used for nutritional data col-
lection was designed to assess folate intake and lacks 
some other bitter-tasting food items, i.e. cocoa and 
dark chocolate. Furthermore, the differences in bitter 
taste responses on sweet food selection, which can 
directly influence bitter food intake, were not studied 
here, but the aim of study was to investigate the con-
nection between the frequency of bitter-tasting food 
intake, genetic polymorphism in selected TAS2Rs and 
blood biomarkers.

Our study shows that genetic polymorphisms may 
be associated with the frequency of eating a particular 
bitter food rich in glucosinolates or chlorogenic acid, 
which are known to protect against chronic disease 
development. Subjects with the T allele of TAS2R3 
chose Brassica vegetables and those with the A allele 
of TAS2R5 chose grapefruit less frequently than the 
opposite homozygotes. Genetic polymorphisms with-
in TAS2R19 and TAS2R50 were not associated with 
the frequency of intake of the bitter-tasting food items 
studied. These polymorphisms were not associated 
with the frequency of coffee intake, as well as glucose 
level and lipid profile in serum. The TAS2R3 genotype 
was associated with CRP concentrations in blood, 
suggesting that frequent intake of bitter-tasting food 
may improve the CRP level in the serum. The SNPs of 
TAS2R5, TAS2R19 and TAS2R50 were associated with 
blood biomarkers, depending on the frequency of eat-
ing particular foods (Table 4). 

The results obtained in our study are difficult to 
interpret on the functional level, because TAS2R3, 
TAS2R19 and TAS2R50 remain orphan receptors and 
for TAS2R5, only an artificial sweet-tasting agonist 
was described (Lossow et al., 2016). Two explanations 
could be possible. Firstly, genetic polymorphisms of 
taste receptors may influence metabolism indirectly 
by altering the frequency of intake of particular bit-
ter-tasting food items, which contain metabolic active 
ingredients, i.e. isothiocyanates, caffeine, chlorogenic 
acid, naringin and naringenin (Alam et al., 2014; Choi 
et al., 2012; Dinkova-Kostova, 2013). Secondly, the 
bitter taste receptors, which are expressed also in ex-
tra-oral tissues, namely in the digestive tract (Avau et 
al., 2015) and autonomic nervous system (Tsuji et al., 
2018), participate directly in controlling the release of 

gastrointestinal hormones, which modulate digestive 
behavior, satiety and body mass, as well as influencing 
metabolic biomarkers in blood.

The biological mechanisms of the associations 
identified require further investigation. 
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