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Taste perception, associated hormonal modulation, and

nutrient intake
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It is well known that taste perception influences food intake. After ingestion, gusta-
tory receptors relay sensory signals to the brain, which segregates, evaluates, and
distinguishes the stimuli, leading to the experience known as “flavor.” It is well
accepted that five taste qualities — sweet, salty, bitter, sour, and umami — can be
perceived by animals. In this review, the anatomy and physiology of human taste
buds, the hormonal modulation of taste function, the importance of genetic che-
mosensory variation, and the influence of gustatory functioning on macronutrient
selection and eating behavior are discussed. Individual genotypic variation results
in specific phenotypes of food preference and nutrient intake. Understanding the
role of taste in food selection and ingestive behavior is important for expanding
our understanding of the factors involved in body weight maintenance and the risk
of chronic diseases including obesity, atherosclerosis, cancer, diabetes, liver disease,

and hypertension.

INTRODUCTION

Ingestive behavior is influenced by taste perception.
Humans tend to favor pleasurable tastes and avoid
those that are perceived as unpleasant. In this review,
the anatomy and physiology of taste buds, the hormonal
modulation of taste function, the importance of genetic
chemosensory variation, and the influence of gustatory
functioning on macronutrient selection and eating
behavior are discussed.

The gustatory system acts as a sentinel, enabling
humans to recognize and “evaluate” external chemical
stimuli that enter the alimentary canal. Together with
receptors of the olfactory and somatosensory systems,
gustatory receptors recognize distinct characteristics
of many chemicals that comprise ingested foods.
Receptors relay sensory signals to the brain, which seg-
regates, evaluates, and distinguishes the stimuli, leading

to the experience known as “flavor.”' ™ The complexity
of gustatory processing is now appreciated and has
become an area of much interest and research. The pro-
cessing of taste information is essential for mediating
food preference and, as a result, weight maintenance.”*
It is well accepted that five taste qualities — sweet, salty,
bitter, sour, and umami - can be perceived by animals
and humans. These qualities likely have an evolutionary
role in nutrition and avoidance of hazardous com-
pounds: sweet for carbohydrate source of calories, salty
for minerals, bitter for harmful compounds, sour for
spoiled foods, and umami for protein and amino acid
content.”® Additionally, there is emerging evidence that
lipids can be detected by fatty acid receptors on taste
cells, leading to the development of a sixth taste quality
for fat.”™'' The hormonal modulation of the output
from taste cells can also change an animal’s relative sen-
sitivity to tastants and possibly modify food intake.
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More recently, evidence has suggested that macronutrient
choice and regulation of gastrointestinal function may
also be affected by the oral sensory system. Understanding
the role of taste in food selection and ingestive behavior
is important for expanding our understanding of the fac-
tors involved in body weight maintenance and the risk of
chronic diseases including obesity, atherosclerosis, cancer,
diabetes, liver disease, and hypertension.

TASTE BUD ANATOMY AND PHYSIOLOGY

Taste buds present in the oral cavity initiate gustatory
signaling. Although extreme variation can exist,'>'* hu-
mans normally have between 5,000 and 10,000 taste
buds, the majority of which are distributed on the tongue
surface, palate, and epiglottis.'*'> Each taste bud is, in
fact, a group of between 50 and 100 neuroepithelial cells
contained within the epithelium of the oral cavity
(Figure 1)."*7'° Individual cells are further categorized
into one of three established cell types based on morpho-
logical features, protein expression, and signaling.

Type I cells, which are the most abundant subtype,
possess cytoplasmic lamellae that envelop other taste
cells."” "' These cells express a plasma membrane-
bound nucleotidase, which degrades extracellular
adenosine triphosphate (ATP) and restricts neuro-
transmitter spread.’””' Regulation of the extracellular
ionic environment within the taste bud seems to be a
key function.”” Because of their role in terminating
pore

microvilli\ tight junction

afferent
taste fibers

Figure 1 lllustration of a taste bud. A taste bud is composed of
taste receptor cells, embedded into the lingual epithelia.
Gustatory transduction takes place in taste receptor cells that
lie in taste buds, which are located predominantly on the
tongue and soft palate. Taste receptor cells are small bipolar
cells with no axon. The taste receptors are located on micro-
villi at the apical surface of taste receptor cells. These micro-
villi gain access to the oral cavity through a taste pore.
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synaptic transmission, these cells are considered to play
a supporting, glial-like function within the taste bud.'*
Recently, it has been suggested that type I cells may be
responsible for the mediation of sodium transduction.
The cellular basis for the taste of salt in mice has been
linked to epithelial sodium channels, which may be ex-
pressed on type I taste cells.”>>> However, further re-
search is needed to characterize the efficacy of this
pathway in humans.

Type 1II cells express plasma membrane G protein-
coupled receptors that bind compounds, giving rise to
sweet, bitter, and umami taste perception.'®*® Although
some evidence exists to the contrary,” it has been gen-
erally accepted that individual type II receptor cells only
express receptors for a specific taste quality — sweet,
umami, or bitter (i.e., these three classes of taste stimuli
are detected by nonoverlapping populations of taste
cells within the taste bud). Sweet tastants, including
artificial sweeteners, bind to a heterodimer of the G
protein—coupled receptors, TIR2 and TIR3.**™
Similarly, umami tastants bind to a dimer of T1R1 and
TIR3.>»* Stimuli that give rise to bitter taste percep-
tion are known to bind with members from the T2R
family of receptor proteins.”®’ Activation of these G
protein—coupled receptors results in the digestion of
plasma membrane phospholipids into diacylglycerol
and inositol triphosphate, which in turn mobilizes in-
tracellular calcium.’®* Increased intracellular calcium
generated in response to tastant binding initiates
membrane depolarization and the release of ATP via
Calcium homeostasis modulator 1 (CALHMI) ion
channels.*"** Type II cells also express voltage-gated so-
dium and potassium channels that mediate the secre-
tion of ATP as a function of action potential firing
rate.*> Upon secretion, ATP acts as a neurotransmitter
on nearby sensory afferent fibers****; ATP also acts as a
paracrine/autocrine hormone, binding with receptors
expressed on neighboring taste receptor cells.**™°

Type III cells release serotonin, y-amino butyric
acid, and norepinephrine and are most notable for pos-
sessing synapses.”’ >* These cells, also termed presyn-
aptic cells, express voltage-gated calcium channels
associated with neurotransmitter release, enzymes for
serotonin, and y-amino butyric acid, as well as uptake
transporters for biogenic amines.'® In addition to their
neuronal actions, type III cells also respond to sour taste
and carbonation.”>*® Interestingly, data from func-
tional magnetic resonance imaging in humans suggest
carbonation attenuates brain activity in gustatory
brain regions, thus reducing sweetness perception.”
Attenuated sweetness perception may trigger sweet-
seeking behaviors in some individuals and may
potentially increase the risk of overconsumption of
high-energy foods and development of obesity.
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HORMONAL MODULATION OF TASTE FUNCTION

The complexity of the peripheral gustatory system is
further enhanced by endocrine and paracrine modula-
tion. Hormones that bind to receptors on taste cells
alter the palatability of food and, therefore, intake.
Current knowledge of the hormonal modulation of taste
function is summarized in Table 1°°7” and described in
greater detail below.

Leptin

Largely produced by adipose tissue, leptin is a hormone
that binds to a specific receptor (Ob-R) and is known to
reduce food intake by upregulating anorexigenic neuro-
peptides such as o-melanocyte-stimulating hormone”®
and downregulating orexigenic factors such as neuro-
peptide Y4.”” While leptin’s principal influence on
appetite suppression is through central hypothalamic
receptors, taste buds are now known to be a peripheral
target of the hormone, resulting in inhibition of sweet
taste. Studies have demonstrated that leptin increases
potassium release from taste bud cells, reducing cell
excitability. Injection of leptin into lean mice resulted
in suppressed response to sweet tastants in peripheral
taste nerves without effect on other taste qualities.*’
Shigemura et al.*' demonstrated that the functional

Table 1 Summary of hormonal modulation of taste function.

leptin receptor Ob-Rb messenger RNA is expressed in
the fungiform and circumvallate taste buds in mice and
that the presence or absence of Ob-Rb was associated
with differences in leptin’s effect on behavioral response
to sweet substances. Leptin receptor-deficient obese
mice showed increased gustatory neural response to
sweet compounds. In human studies, the recognition
thresholds for sweet compounds exhibited a diurnal
variation from 8:00 am to 10:00 pm that parallels varia-
tion for leptin levels, with the lowest thresholds in the
morning and the highest thresholds at night.*” Together,
these data confirm that leptin activation of taste cells
inhibits gustatory response to sweet compounds.

Endocannabinoids

Endocannabinoids, including anandamide and
2-arachidonoyl glycerol, induce appetite and food in-
take by binding to CB1 receptors in the hypothalamus
and limbic forebrain. Studies have elucidated that endo-
cannabinoid release is inhibited in the presence of
leptin and contributes to increased food intake and,
therefore, development of obesity. Di Marzo et al.’!
demonstrated that defective leptin signaling is associ-
ated with elevated levels of endocannabinoids in the
hypothalamus in obese mice and that acute leptin treat-
ment reduces anandamide and 2-arachidonoyl glycerol

Hormone Anatomic source Receptor Effect on taste Reference
Leptin Adipose tissue Ob-R | sensitivity to sweet tastants Nakamura et al. (2008)%°
Di Marzo et al. (2001)®'
Endocannabinoids Anandamide: CB1 1 sensitivity to sweet tastants Yoshida et al. (2013)%?
ubiquitous
2-arachidonoyl
glycerol: CNS
GLP-1 Intestinal L cell GLP-1R 1 sensitivity to sweet tastants Shin et al. (2008)%

Cholecystokinin Intestinal | cells Cholecystokinin -A

Vasoactive intestinal Duodenum VPAC1/2
polypeptide CNS/PNS
Peptide YY Intestinal L cells NPYR
Neuropeptide Y CNS/PNS NPYR
Oxytocin Posterior pituitary OXTR
gland
Insulin Pancreatic beta cells IR
Ghrelin Stomach G protein—coupled
growth hormone
secretagogue
receptor
Galanin CNS and GALR2
gastrointestinal
tract

| sensitivity to umami tastants

Largely unknown but possible
effect on bitter taste

Modulates sweet, bitter, sour
tastants

1 response to bitter tastants and
fat

Largely unknown but possible
effect on bitter taste

Largely unknown but possible
effect on sweet and salty taste

1 response to salty tastants

1 response to salty and sour
tastants

Unknown

Martin et al. (2012)%*
Herness et al. (2002)%°
Lu et al. (2003)%°
Martin et al. (2010)”

La Sala et al. (2013)%®

Hurtado et al. (2012)%°
Herness and Zhao. (2009)”°
Zhao et al. (2005)”"

Sinclair et al. (2010)"2

Sclafani et al. (2007)”3

Puryear et al. (2001)”
Baquero and Gilbertson (2011)”
Shin et al. (2010)7¢

Seta et al. (2006)”’

Abbreviations: |, decreases; 1, increases; CNS, central nervous system; GALR2, G protein-coupled galanin receptor 2; GLP-1, glucagon-
like peptide 1; IR, insulin receptor; NPYR, neuro peptide Y receptor; OXTR, oxytocin receptor; PNS, peripheral nervous system; VPAC,
Vasoactive intestinal peptide receptor; OB-R leptin receptor; CB1, Cannabinoid receptor type 1.
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levels. Endocannabinoids have been shown to oppose
the action of leptin on peripheral taste buds as well,
enhancing sweet taste. Yoshida et al.®” demonstrated
that sweet taste responses are selectively enhanced by
administration of endocannabinoids and that the sweet-
enhancing effect of endocannabinoids is mediated by
CB1 receptors, which are coexpressed in taste cells with
the sweet receptor component T1R3. Also, administra-
tion of anandamide or 2-arachidonoyl glycerol in-
creases gustatory nerve responses to sweeteners in a
concentration-dependent manner without affecting
responses to salty (sodium chloride), sour (hydrogen
chloride), bitter (quinine), and umami (monosodium
glutamate) compounds.

Glucagon-like peptide 1

Glucagon-like peptide 1 (GLP-1) is a hormone pro-
duced by the enteroendocrine L cell in response to food
intake. GLP-1 enhances satiety by stimulating insulin
secretion and inhibiting glucagon secretion, limiting
postprandial glucose excursions, and decreasing gastro-
intestinal motility.*> The discovery that secretion of
GLP-1 from intestinal cells is mediated, in part, by the
taste receptor subunit TIR3*’ led to investigation of the
role of GLP-1 as a paracrine hormone in gustatory
function. Shin et al.*® first showed GLP-1 expression
in two groups of taste cells in the mouse circumvallate
papillae: a-gustducin-expressing/T1R3-expressing cells
and serotonergic cells. Coexpression of GLP-1 and
T1R3 suggested a potential role of GLP-1 signaling in
sweet and umami taste function. GLP1-R knockout
mice exhibited reduced sensitivity to both nutritive
and nonnutritive sweeteners,”*** suggesting that type II
and/or type III cells may provide distinct sites for mod-
ulation of sweet taste.

Cholecystokinin

Located mainly in the I cells of the duodenal and jejunal
mucosa, cholecystokinin (CCK) is a hormone released
in response to food ingestion; it is mediated by a
“luminal CCK-releasing factor” that is secreted from
the duodenal mucosa and pancreatic cells. Physiological
effects of CCK include stimulation of gastric acid,
gallbladder and pancreatic secretion, decreased gastric
motility, and suppression of energy intake.** CCK is
also highly expressed in the brain.®> Research suggests
that centrally expressed CCK may also contribute to the
sensation of satiety.”’ " Herness et al.”” were the first
to localize the peptide CCK and its receptor, CCK-A, to
subsets of taste receptor cells. It was determined that
the CCK receptor is completely coexpressed in CCK-
positive taste cells, suggesting an autocrine mechanism

86

of CCK action in taste cells. Activation of the CCK-A
receptor by CCK leads to inhibition of outward potas-
sium current, inhibition of inwardly rectifying potas-
sium current, and increased intracellular calcium.
Although the exact impact of CCK signaling in the taste
bud remains unknown, Lu et al.”® showed that a large
fraction of CCK-responsive cells were also responsive
to bitter stimuli, suggesting a role of CCK in the trans-
duction and processing of ligands that give rise to bitter
taste perception.

Vasoactive intestinal peptide

Belonging to the secretin-glucagon superfamily of pep-
tides, vasoactive intestinal polypeptide (VIP) was first dis-
covered in the duodenum and is widely expressed in both
the peripheral and central nervous systems. VIP acts by
binding to one of two G protein-coupled receptors:
Vasoactive intestinal peptide receptor subtype 1 (VPACI)
or vasoactive intestinal peptide receptor subtype 2
(VPAC2); its effects include suppression of food intake
and stimulation of insulin secretion in pancreatic islet
cells.” In taste cells, VIP localizes with T1R2 as well as
a-gustducin® and VPACI1/2, which are primarily ex-
pressed in type II cells of the circumvallate papillae.®”
Other research suggests that VIP is almost exclusively
coexpressed with CCK.”® Martin et al.%” showed that VIP
knockout mice displayed altered concentration-dependent
licking of sucrose, denatonium benzoate, and citric acid,
validating a functional role of VIP in modulating percep-
tion of sweet, bitter, and sour tastants. VIP knockout mice
also showed decreased leptin receptor expression and
increased GLP-1 expression, which may explain sweet
preference.

Peptide YY

Peptide YY (PYY) is a gut hormone that belongs to the
pancreatic polypeptide family; it is released mainly by the
L cells of the gastrointestinal tract.”>”> PYY is released in
response to food ingestion. In humans, peripheral infu-
sion of PYY at dose-mimicking normal-postprandial con-
centrations significantly decreased appetite and reduced
food intake by 33% over a 24-h period, improving satia-
tion.”**> Immunohistochemistry studies have shown that
PYY and all four neuropeptide Y (NPY) receptors are ex-
pressed in taste receptor cells in the circumvallate and
fungiform papillae or in the oral mucosa.***® Disruption
of PYY signaling decreases behavioral response to bitter
compounds (denatonium benzoate and quinine hydro-
chloride) as well as corn oil fat emulsions.®® Decreased fat
responsiveness would likely result in consumption of
more fatty foods and suggests that PYY may be a thera-
peutic target for decreasing food intake.
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Neuropeptide Y

NPY, like PYY, is also a member of the pancreatic poly-
peptide family. NPY is a principal neurotransmitter
found in the central and peripheral nervous systems,
predominantly in sympathetic neurons. NPY expression
in the taste bud has been extensively characterized.
NPY is thought to be expressed in type II taste cells in
the specific subset that coexpresses T2R.”® Its expression
has been shown to coincide with VIP and CCK expres-
sion (i.e., approximately 95% of taste cells that express
NPY also express VIP and CCK).”*”" However, it has
an antagonistic effect relative to CCK, enhancing in-
wardly rectifying potassium channels.”" Patch-clamp
studies on isolated taste cells showed that one-third
of the cells became hyperpolarized in response to NPY
administration. Hyperpolarization occurred because of
enhanced activity for the inward-rectifying potassium™*
ion channel.”” Although direct modulation of taste per-
ception by NPY has not been confirmed, its expression
pattern suggests a possible role in bitter taste
transduction.

Oxytocin

As demonstrated by reverse-transcription polymerase
chain reaction, oxytocin is not expressed in taste cells
but is thought to enter into the taste bud via capillary
diffusion. The oxytocin receptor, on the other hand,
was found on type I taste cells.”” Oxytocin is presumed
to act as an endocrine hormone on taste buds by
influencing type I cells and consequently the structure
of the taste bud. However, mice deficient in the oxyto-
cin receptor did not show any morphological alter-
ations.”” Still, some studies suggest a role in the
consumption of sweet and salty foods.”>”* While these
studies postulate an impact on food consumption, oxy-
tocin has not been directly linked to modulation of a
specific taste quality.

Insulin

Insulin, which is a peptide hormone produced by beta
cells of the pancreas, is a putative modulator of salt taste
sensitivity. As previously stated, the sodium channel
ENaC is expressed in taste cells and channels the influx
of sodium™ into taste cells. One effect of insulin signal-
ing in the gut is the upregulation of ENaC receptors
and the increase of ENaC’s permeability.”® Reverse-
transcription polymerase chain reaction data have re-
vealed that taste cells express the insulin receptor.””
Furthermore, patch-clamp studies revealed that so-
dium® influx increased significantly upon insulin
administration in ENaC-responsive taste cells.””

Nutrition Reviews® Vol. 73(2):83-91

This response was inhibited in the presence of amilor-
ide. The ability of insulin to regulate ENaC function
was dependent on phosphoinositide 3-kinase function
since treatment with the inhibitor LY294002 abolished
insulin-induced changes in ENaC.

Ghrelin

Ghrelin is produced primarily by endocrine cells in the
stomach.”””® Tt is the only potent orexigenic peptide
found in circulation. Ghrelin cognate receptor is the G
protein-coupled growth hormone secretagogue recep-
tor. In taste buds, ghrelin expression is found in type I,
II, and III cells; G protein—coupled growth hormone se-
cretagogue receptor expression is largely coincident
with ghrelin. G protein-coupled growth hormone
secretagogue receptor-null mice are less responsive to
sodium chloride and citric acid (but not sweet or bitter
stimuli) relative to wild-type controls.”

Galanin

Galanin is expressed predominantly in the central ner-
vous system and gastrointestinal tract.”” The physiologi-
cal roles of galanin as a hormone remain poorly
characterized, but the peptide has been linked to such
diverse functions as the modulation of food intake, gut
secretion, and gut motility.'°>'°" There are three G pro-
tein-coupled galanin receptors: GALRI, GALR2, and
GALR3'*>'%; the expression of the GALR2 receptor
has been shown in the taste bud.”” Galanin is expressed
in both type II and III taste cells.”” No studies have
assessed the role of galanin in the functioning of the
peripheral gustatory system.

GENETIC CHEMOSENSORY VARIATION

In addition to hormonal regulation, individual variation
in chemosensation alters food choice, and this variation
likely has a genetic basis. A myriad of single nucleotide
polymorphisms (SNPs) have been identified in the
genes encoding taste receptors. SNPs in these genes
result in variable sensitivity to different tastants and,
therefore, personal food preference.

The ability to taste bitterness can be attributed to
1 of approximately 25 bitter taste genes; in humans, this
is known as the TAS2R gene family. For example, sensi-
tivity to 6-n-propylthiouracil (PROP) is encoded largely
by TAS2R38, which has been localized to chromo-
some 7. Variation in one’s threshold to detect the bitter
taste has been linked to several SNPs including P49A,
A262V, and V2691. Haplotype analysis in one study re-
vealed two predominant haplotypes at the three SNPs
in this gene, which were named in the order of the three
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SNPs (A49P, V262A, and 1296V) as nontaster haplotype
AVI and taster haplotype PAV.'** Additional gene poly-
morphisms that affect sensitivity to bitterness have also
been identified. W35S in the TAS2R43 gene confers
sensitivity to the bitterness of the natural plant com-
pounds aloin and aristolochic acid. W35R in the
TAS2R31 (formally TAS2R44) gene increases sensitivity
to the bitterness of the artificial sweetener saccharin.'®
Allowing for detection of harmful cyanogenic glyco-
sides, polymorphisms in the human TAS2RI6 gene
seem to serve an evolutionary purpose, as the less sensi-
tive K172 ancestral allele is more commonly seen in
those of African descent, and the more sensitive N172
variant is found in individuals of European or Asian or-
igin.'’ Individuals with the Arg299 allele for TAS2R19
find grapefruit juice to be less bitter and, therefore,
more palatable.'””

Understanding of genetic variations in TAS2R38
has allowed individuals to be divided by their percep-
tion of the taste of PROP. Those who perceived PROP
as tasting bitter were termed super tasters or medium
tasters, depending on intensity of taste sensation.'*®'%’
Similarly, approximately 30% of individuals are consid-
ered nontasters of PROP. While the exact mechanism
of phenotypic variation is unknown, characterization of
bitter tasting sensation has been linked to several ad-
verse health affects. Nontasters have shown an increased
risk of alcoholism,''’ higher body mass index in
women,""" and dental caries in children,''” while super
taster males may have an increased risk of colon can-
cer.'® Furthermore, the PROP-insensitive T allele
(T785C) of TAS2R38 has been associated with eating
behavior. Amish women with the T allele (T785C) re-
ported higher disinhibition when eating behavior was
assessed using the three-factor eating questionnaire.''*

TASIR2 and TASIR3 are genes that encode the
heterodimer of G protein-coupled receptors that are
responsible for detection of natural and artificial sweet-
eners. The five receptor sites within the heterodimer
may exist for various structural classes of sweeteners.'"”
Fushan et al.''® located two SNPs, C1266T and C1572T,
in the promoter region of the TASIR3 gene that were
associated with variable sweetness perception, though
influence on intake of sweet food was not confirmed.
SNPs in a gene encoding a subunit of gustducin, a pro-
tein involved in the signaling of sweet as well as bitter
and umami taste, have also been linked to perceived
sweetness of sucrose.''” Eny et al."'® linked genetic vari-
ation in TASIR with habitual consumption of sugar,
suggesting a possible link of this gene with individual
response to dietary counseling.

The umami receptor is also encoded by TASIRI
and TASIR3.** Lugaz et al.'"” showed that, like bitter
taste, there seems to be a spectrum of ability to taste
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monosodium L-glutamate, with thresholds differing ap-
proximately five-fold between tasters and hypotasters.
Shigemura et al."*® identified two SNPs that conferred
variation in taste recognition threshold: TASR1-372
and TAS1R3-757 haplotypes. The TASRI A372T SNP
confers increased sensitivity to umami, while the
TASIR3 R757C SNP results in a higher threshold for
detection. Two additional SNPs, C329T in TASIRI and
C2269T in TASIR3, have been identified in nontasters,
and G1114A in TASIRI has been identified in tast-
ers.””! Chen et al.'** demonstrated that variations in
perception of umami taste correlate with R757C, A5T,
and R247H in the human TASIR3 gene. While many
different genotypes have been elucidated, genetic varia-
tion alone cannot necessarily explain alterations in
umami food intake.

MACRONUTRIENT SELECTION

The human diet consists of three macronutrients: pro-
tein, carbohydrate, and fat. Regulation of macronutrient
selection is a complicated interplay of learned behav-
iors, hormonal signaling, and hedonics. As described
above, sensitivity to tastants is affected by an individ-
ual’s hormonal milieu, which in turn affects food intake.
Sensitivity to sweet tastants, influenced by leptin, endo-
cannabinoids, VIP, and GLP-1, directly affects carbohy-
drate intake, which serves as the greatest source of
energy for most people. More recently, much interest
has surrounded gustatory regulation of fat intake.

Oral stimulation with fatty meals stimulates a myr-
iad of physiologic responses such as gastric lipase and in-
sulin secretion, elevation of triglycerides, and ghrelin
suppression, all of which lead to appetite reduction.'** In
addition to the five accepted food qualities, the presence
of fatty acids in the oral cavity can be detected in both ro-
dents and humans. More recently, a variety of fatty acid
receptors, including CD36, Delayed rectifying potassium
(DRKs), and several G protein—coupled receptors, have
been identified on taste receptor cells. CD36, in particu-
lar, seems to play a key role in fatty acid detection. El-
Yassimi et al.'"** showed that linoleic acid binds to mouse
gustatory cells that express CD36, triggering the release
of noradrenaline and 5-hydroxytryptamine via calcium
signaling. The large interindividual variation in the abil-
ity to detect oral fatty acids likely affects food intake and
weight. Individuals with a higher body mass index who
also report higher habitual dietary energy and fat intakes
have demonstrated a decreased ability to detect fatty
acids, thereby affecting body weight regulation.'*”

Interestingly, sensitivity to bitter taste also affects
individual macronutrient selection. The majority of
white individuals are sensitive to a low concentration of
PROP, whereas approximately 30% are unable to taste
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the compound.'*® In addition to the ability to taste
other bitter compounds, sensitivity to PROP has also
been associated with food preference. Kamphuis
et al.'*® demonstrated a difference in macronutrient se-
lection among healthy adults depending on PROP tast-
ing status. When offered a mixed meal, PROP tasters
ate relatively more fat and less carbohydrate than non-
tasters, without a difference in energy intake, hedonics,
or appetite. When compared with super tasters, non-
tasters enjoyed a wider variety of foods, including bit-
ter- and strong-tasting items, and were shown to prefer
high-fat dairy products and salad dressings."”” When
exposed to three consecutive days of buffet consump-
tion, young, healthy-weight women who were nontast-
ers consumed more energy and a greater percentage
of energy from fat compared with super tasters.'*®
Additionally, nontasters consumed more energy from
between-meal snacks and sweets, while super tasters
consumed more fruits and vegetables. While this was a
population of lean, moderately active women, eating
patterns that include high fat content, minimal fruits
and vegetables, and frequent snacking are often
associated with weight gain. Therefore, in addition to
affecting food preference, PROP tasting status places
individuals at risk for excess fat and caloric intake, po-
tentially promoting obesity.

CONCLUSION

Taste is a key factor that impacts food intake. Although
much research has been devoted to the study of the
peripheral gustatory system and taste quality, current
understanding of the specific interplay of receptor
activation, signaling, and hormonal modulation re-
mains complex. Genotypic variation results in various
phenotypes of food preference and nutrient intake.
Additionally, the hormonal milieu impacts food he-
donics and macronutrient intake. Increased knowledge
of chemosensory variation will allow insight into indi-
vidual ingestive behavior and potentially identify
therapeutic targets for chronic health problems such as
obesity.
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