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ABSTRACT

Taste perception, via reception of tastants and@nte signalling within the tongue,

plays a key role in consumer acceptance and sersalyation of foods. Taste
perception triggers hormones that are crucial i@ tontrol energy balance and
appetite exerts a strong effect on food intakeetsaaind metabolic regulation. Due to
the complex interaction of genetic, biological gmsychological factors, the influence
of fasting on the relationship between taste pdimepand associated metabolic

parameters remains to be explored.

The present study investigated the effect of fgstm interaction between taste
perception and metabolic regulation through threemobjectives. The first objective
was to explore the relationship between the btdste sensitivity and the fatty acid
taste sensitivity. Forty healthy male adults welasgified into three taster groups
based on their sensitivity to bitter agent 6-N-ggyithiouracil (PROP): nontasters
(n=10), medium tasters (n=20) and supertasters On=Ihe groups were also
confirmed with fungiform papillae densities. Howeveo significant correlation was
observed between PROP status and fungiform papiéasities. Also, results showed
neither PROP status nor the fungiform papillae deressociated with fatty acid
thresholds.

The second objective was to investigate the eftdcbvernight fasting or meal

consumption on sweet and fatty acid taste peraepbetection thresholds for sucrose
and linoleic acid were measured by using ASTM mettaring fasted and satiated
state. The result showed increases in sucrose tetebresholds under the both
fasted state and satiated state. The linoleic #widsholds increased after meal

consumption and reduced after prolonged fasting.

This led to a further investigation on the lasteative the role of key plasma
metabolites on fatty acid taste perception in fastnd satiated stateShe results
indicated that neither the effect of metabolic istabn fatty acids thresholds nor
relationships between fatty acid thresholds anddlmetabolic parameters were
observed. Furthermore, there was no significarédihce in blood metabolites across



PROP taster group, which means that PROP cladsficaannot be considered as a

predictor to the blood metabolites.

In conclusion, the present study provides evidesugggesting that PROP sensitivity
cannot predict fatty acid taste sensitivity andabetic status has no effect on fat taste
perception. In addition, blood metabolites do rfuavg any difference among PROP

taster group and any relationship with taste peicegither.
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1 Introduction

It is widely accepted that the human tongue caadl& basic tastes (i.e. sweet, bitter,
sour, salty and umami). However, over the last 2ary, accumulating evidence
suggests that the list should include a new tastegption for fat or more specifically,

fatty acids.

Fatty acid taste perception remains controversial  the difficulty of isolating the
fatty acid taste perception from other senses, @simouth coating, texture and
aroma. Psychophysical studies support that huraensble to detect the fatty acid
taste in the oral cavity even when non-gustatorgscare minimized, suggesting a
true 'taste’ component to the fatty acid taste gption (Chale-Rustet al., 2007;
Mattes, 2008 and 2009; Stewettal., 2011). Labbamt al. (2005) and Mattes (2005)
report a relationship between fatty acid taste @theér oral sensations, such as salty,
sour and creamy taste. Some researchers believé tha bitterness
Phenylthiocarbamide (PTC) and 6-N-2- propylthiouréROP) sensitive phenotype
is strongly associated with fat taste perceptiod BROP supertasters have slightly
but not significantly lower body mass index (BMtliah medium tasters or nontasters
(Tepper and Nurse, 1998; Tepper, 1998; Stewaat., 2007). Individual differences
in taste intensity are, in part, genetically deteead and these affect food preferences
and consumption. The taste perception informs tay labout the quality of ingested
foods, and controls food and energy intake by &iggy hormones that are crucial in
the control of energy balance and appetite. Whetiherfatty acid taste perception
relates to fasting, body phenotype and/or bloodabwites, such as glucose, lipid
profile and free fatty acid, remains to be deteedinVioreover, positive relationships
have been observed between the ability to detattffatty acids with habitual dietary
intakes and body phenotype, including gender, ageBMI (Stewartet al., 2007).
However, these results are also challenged by otha&ties suggesting no link
between fatty acid taste and bitterness sensitfiitgwnowskiet al., 1998; kamphuis
et al.,, 2001). Yackinous and Guinard (2000) reported there waselationship
between PROP taster status and the perceptiontoftathermore, even though
PROP supertasters clearly have higher taste papiéssity, they did not perceive
other taste stimuli stronger than the PROP nontasie medium tasters. Whether

individuals are sensitive to the fatty acid tastxcpption on the basis of being



relatively insensitive to bitterness or whether tlagty acid taste perception is
influenced by physiological characteristic, such hedy phenotype, remain

unanswered.
The major objectives of the research were:

1) to investigate the relationship between theebifPROP) taste sensitivity and the
fatty acid taste sensitivity.

2) to explore the effect of overnight fasting amaal consumption on sweet and fatty
acid taste perception.

3) to investigate the relationship between bodynphge and fatty acid taste
perception — to determine the role of key plasmdabwites on fatty acid taste

perception in fasting and postprandial states.
The main hypotheses of the research were:

1. Fatty acid taste perception is influenced by bodgnotype, having a positive
association with PROP status.

2. Altered metabolic marker concentrations can becetdrs of fatty acid taste
sensitivity.

3. The influence of overnight fasting on concentragiai blood metabolites is
associated with changes in oral sensory sensitdv(iie. sweet, bitter and fatty

acid taste).

To test these hypotheses, a randomised, singld;ldinss-over study was conducted
with 40 healthy male subjects (18-50 year oldshsBey trials were performed using
sweet and fatty acid solutions at two differensg@ss in an overnight fasted state.
Two main trials included: a “breakfast trial” andre-breakfast (fasting) trial” to
study the effect of a meal on taste perceptiono8lkamples and anthropometric
measurements were obtained. Analysis of sensoayatat measurement of metabolic
markers of carbohydrate and lipid metabolism werdgomed to define their

relationship with taste perception.



2 Literature review

2.1 Fat perception

2.1.1 Dietary fat

To understand the orosensory properties and métabfilences of dietary fat, it is
helpful to know about fatty acids (FAs) and diettats.

Chemically, food lipids are generally referred t® fats (solid) and oils (liquid),
containing a variety of fatty acid compositionssa®wn in Table 1. Most vegetable
oils, especially those from oilseeds, are highlgatarated and most animal products
are rich in saturated fatty acids.

Dietary fat is the fat consumed in plant and anipducts mainly consisting of
triglycerides (TG). TG is an ester derived fromagsol and three fatty acids. The
three fatty acids are attached to a glycerol mddecand differ in different
triglycerides (Figure 1). When they are not attache other molecules, they are
known as "free" fatty acids.
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Figure 1 Chemical structure of glycerol and satdatiglycerides

Fatty acids contain a number of carbons in a dttaigain from 4 to 28. Some have
double bonds and are known as unsaturated andwithwait double bonds are
known as saturated (Figure 2). The length of fdrdcarbon chains and the type of
bond determine the physical properties of TG.



Linoleic acid (LA) is an unsaturated n-6 fatty agith an 18-carbon chain and two
cis double bonds; the first double bond being locaedhe sixth carbon from the
methyl end. It belongs to one of the two famili€essential fatty acids that cannot be
synthesized from other food components. It is abohdn many vegetable oils,
comprising over half (by weight) of safflower, slovfer, and corn oils (Table 1). LA
has been chosen in the present study not only beaafuits importance for human
health but also because it has been used sucdgssfuldetermine fatty taste

thresholds, showing its gustatory response in hgnaad animal studies (Grosch and
Laskawy, 1984).
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Figure 2 Chemical structures of fatty acids



Table 1 Fatty acid composition (w %) of some comredible fats and oils

Mono Poly
Saturated unsaturated unsaturated
Capric Lauric Myristic Palmitic Stearic Oleic Linoleic
Acid Acid Acid Acid Acid Acid Acid (6)

Oil or Fat C10:0 C12:0 C14:0 C16:0 C18:0 Ci18:1 C18:2
Almond Oil - - - 7 2 69 17
Butterfat (cow) 3 3 11 27 12 29 2
Canola Oll - - - 4 2 62 22
Cocoa Butter = = = 25 38 32 3
Coconut Oll 6 47 18 9 3 6 2
Corn Qil - - - 11 2 28 58
Flaxseed Oil - - - 3 7 21 16
Grape seed Oil - - - 8 4 15 73
Lard (Pork fat) - - 2 26 14 44 10
Olive Ol - - - 13 3 71 10
Palm Oil - - 1 45 4 40 10
Peanut Oll - - - 11 2 48 32
Safflower Oil* - - - 7 2 13 78
Sesame Oil - - - 9 4 41 45
Soybean Oil - - - 11 4 24 54
Sunflower Oil* - - - 7 5 19 68
Walnut Oil - - - 11 5 28 51

Unsaturated fatty acids (USFA) are easily oxidizedl the oxidised products are
believed to impart taste and flavours describedbitier, sour, astringent or soapy.

This may influence the discrimination of oral séingly (Forss, 1972).

2.1.2 How is fat detected?

Compared to bitter and sweet taste perceptiomeiateption is more difficult to study
due to its complicated stimulating process invajvgustatory, textural and olfactory

cues and various physical forms (e.qg. liquidsdsolsemi-solids).

2.1.2.1Texture

It is widely accepted that oral texture is the maitribute for dietary fat taste
perception. Perception of the creamy texture ofreivater emulsions such as milks
and creams as well as the texture of oil is rel&ébedscosity, lubricity, cohesiveness
and mouth coating properties. These characteriswe been always quantified by



laboratory measurements and correlated with pem@ensory ratings (Drewnowski
and Greenwood, 1983; Dufgg al., 1996; Weenest al., 2005).

It is known that fat content of a food is able ®orated by manually tactile stimulation
or oral stimulation. In early 1987, an oilinessgedhent study conducted by Meda
al. (1987) suggested that when the samples are peelsemally, and when the

samples are rubbed between two fingers, only téphagerties can be perceived.

In order to develop a sensory profile of milk withrying fat content, a free-choice
profiling study was conducted and found that thiéetBnces between samples are
mostly described with textural terms relating tecasity. This may be because terms
for the olfactory and taste components of fats weotd familiar to subjects
(Kirkmeyer and Tepper, 2003). In another relatagdygt ‘thickness’ was the only
significant adjective rating discriminated amongirglaproducts, although other
attributes, such as cohesiveness and lubricityeweportant for some subjects.
Using nose clips to prevent olfactory cues and @agae cup to prevent visual cues

did not change the ratings of thickness.

It has been reported that 0.5% to 36% of fat cdnterfluid dairy products are
perceived through viscosity while other propertay a smaller role in the taste
perception (Mela, 1988). However, some other daggest that lubricity could be
another relevant tactile attribute besides visgodRamirez, 1994; Verhagest al.,

2003). Ramirez (1994) found in an animal study tbhticity is more important than
viscosity in discriminating triglyceride oil, sibime oil and mineral oil. It remains

unclear how the fat globules in a fatty food cdnite to the fat perception.

Also, texture is not the only attribute accounted fat detection. For example,
increase in temperature affects the texture of fatshas no effect on perceived fat
content. Melat al. (1994a) found that oral food temperature changiogy 20 C ° to
36° C had no effect on fat ratings in oil-in-wagenulsions. This finding is interesting
because in the food industry, melting and the iredlgbhenomena, such as degree of
saturation, are considered to cause variationatipdrception.



2.1.2.20lIfaction

Studies in mice and rats have provided evidencelfactory contribution to fat taste
perception, indicating odour cues play a role scdmination amongst different types
of fats. Furthermore, the olfactory input is alde@duce the high fat food preference
in mice (Kinneyet al., 1996).

Previous studies have provided conflicting evidefme olfactory contribution to
human fat discrimination. In some studies, blocking olfactory inputs did not alter
performance on fat detection (Mela and Christen$687), whereas in other studies
the detection thresholds were found to be highethowit the olfactory cues
(Schiffmanet al., 1998).

Schiffmanet al. (1998) has revealed an important role of olfactoues in taste
perception by showing impaired taste detection abtyf acid solutions after
elimination of olfactory inputs. However, in anotistudy, elimination of odour cues
had no effect on detection thresholds for mediurcA G, soybean oil, and mineral
oil. Furthermore, no difference was found in the dantent, either with or without

olfactory inputs (Mela and Christensen, 1988).

Furthermore, the route of olfactory stimulation még important for odour

discrimination. In a laboratory olfactory test, od® are usually presented
orthonasally, whereas in taste test, the primamyrceo of odours is retronasal.
Therefore, odour perception may vary by these whffe routes (Halpern, 2000).
Additionally, chemistry reactions, for example fatidation, can also affect odour
perception. It is known that natural oils have ple@ odours when they are still fresh
but the rancid oils generate unpleasant odours.the decomposition productions of

TGs rather than the TGs themselves, which is tha swurce of the odour.

2.1.2.3Taste

Many animal studies have reported the fat tastegption with dietary fat intake
based on oral detection of free fatty acids (Gtlmar et al., 1997 and 1998).
Polyunsaturated fatty acids are able to inhibiaged rectifying potassium channels

(DRK+) at taste cells in rats. This inhibition isegter in rats preferring carbohydrates



than those preferring fats, showing an ingestidnbition effect of free fatty acids
(Gilbertson et al., 1998). However, there is no evidence showing simailar
ingestion-inhibition signal by free fatty acids ebgd in humans. Also based on
animal models, some reports have revealed a paltdatiy acid taste receptor called
Cluster of Differentiation 36 (CD36). The recepteais found in mice, and may exist
in humans and impact on food preference (Abumr@@52 Gaillardet al., 2008).
Fukuwatari (2003) hypothesized that the fatty dagte receptor CD36 is localized in
lingual taste buds and patrticipates in the orabgadion of fat. Laugerette (2005) and
Pepinoet al. (2011) have reported that CD36 is found in hurtiacumvallate taste
buds and it is also co-localized with gustducirtaste signalling protein related to
basic taste perception. These findings may proveedence revealing the
relationships between fat taste perception anclhhasie perception.

Individual differences in taste intensity are gasadly determined and have an effect
on food preferences and consumption (Drewnowiséi., 1997; Glanzt al., 1998).
Several studies have correlated the genetic albditgste the bitter compound 6-N-2-
propylthiouracil (PROP) with fatty food preferen(®@artoshuket al., 1994; Tepper
and Nurse, 1997 and 1998). According to Tepper §)98ealthy subjects were
classified as nontasters (NTs), medium tasters jMarssupertasters (STs) of PROP
and evaluated fat content and liking of salad dingsswith high fat content (40% fat)
and low fat content (10% fat). The result showeat the NTs chose the high-fat
salad dressing in preference to the low-fat dregssumile MTs and STs liked the low-
fat dressing. It was possible that MTs and STs wegbkly sensitive to fat content and
considered the high-fat dressing to be too oilguléng in their lack of preference.
However, this study did not explain what factorewdr the NTs’ liking for the salad

dressing high in fat.

Conflicting relationships between PROP taster 3bdind fat taste perception have
been found to date. Two studies by Drewnowski (J9& Guinard (1999) have
failed to find a correlation between PROP tastesisigity and fat perception.
Kissileff et al. (2001) found that PROP tasters, who were morsitbem to oral taste
stimuli than NTs (Bartoshulet al., 1994), could discriminate the free fatty acids

content in a high-fat food. In addition, some sésdsuggested that fat sensitivity is



more likely to be associated with increased fungifgapillae density (Linet al.,
2008; Yackinous and Guinard, 2000).

Yackinous and Guinard (2000) did not find any nelahip between PROP taster
status and the perception of fat. Even though SatsHigher taste papillae densities
than that of the NTs or MTs, no significant diffiece in taste perception was found.
However, the significant difference between PRGCHetgroups was found in tactile
sensitivity, and Yackinous and Guinard (2000) psgiba ‘general sensory ability’,

including tastes, irritants and tactile perception.

Mattes (2007) documented that fatty acids promaked perceptions to other taste
compounds such as sodium chloride (NaCl), citrid aad caffeine but not to sucrose.
Eight samples were assessed in duplicate by usingsaending, three-alternative
forced choice (3-AFC) procedure. The samples wepamsted into two groups. One
was made by adding linoleic acid to the solutionithwdifferent tastants (NacCl,
sucrose, citric acid and caffeine). The other greopsisted of the solutions with
added tastants alone. The data showed recognitimsholds were significantly
higher for the citric acid and caffeine solutionghwadded fatty acids in comparison
with no fatty acids samples. The recognition thoéd$ for sweet, sour, and salty
solutions with fatty acids were reduced or unchdngeccording to his previous
observation suggesting that fatty acids can bectitealone in humans (Mattes,
2005), it is possible that fatty acids could actpasnary stimuli rather than general

modulators of taste cells.

However, there were limitations to the study by tdat(2005). Firstly, only four

prototypical tastants were used and they were ulbyt fepresentative of all the taste
stimuli presented in our daily life. Secondly, tlesults were not consistent with the
findings on the enhancement effect with sacchaported by Gilbertson (2005). This
may be due to Gilbertson using saccharin in animadlel and Mattes (2005) using
sucrose in humans. There may be different trangdugathways for nutritive and

non-nutritive sweet agents and different fatty acgknsing mechanisms between

humans and animals.



Stewartet al. (2007) investigated the significance of oral &nsitivity and its
putative influence on fat intake, fat perceptiom &Ml in human subjects. A group
of subjects were classified as hypo- or hyperseestasters by their oral fatty acid
sensitivity to oleic acid, which is different frothe commonly used PROP status
classification. Subjects were screened, and ¢apdi triangle tests were used in which
they were presented with three samples per sesjstorg of two control samples and
one fatty acid sample. Individuals who successfidbntified the fatty acid sample
three times correct in a row were classified asehggnsitive subjects and those who

failed were classified as hyposensitive subjects.

Their results agreed with the work done by Mat@306) which showed that fatty
acids can be sensed over a range of concentrabprisuman subjects. However,
Stewartet al. (2007) has also failed to find the relationshgivieen oral fatty acids

sensitivity and prototypical tastants. The negat®lationship between fat sensitivity
and energy consumption and BMI suggested thatsaasitivity to fatty acids may

influence habitual fat consumption and be assatiatgh the perception of fat in

foods and could affect body weight (Stewatral., 2007).

LA has a taste threshold of 1-2 mg/ml (Grosch aaskbwy, 1984), which is similar

to the free fatty acid content (3—6 mg/g fat) ofg@roducts (Linet al., 1995). Hence,

it seems likely that humans are able to perceiitg &ids even in the mixed fat foods
and describe them as bitter-burning taste, soue tas somewhat warming taste
(Schiffman and Dackis, 1975; Grosch and Laskawy4)]9Therefore, when fatty

acids exist (low concentration) in foods, they cbobntribute to the reported “fatty

taste” (Schiffmaret al., 1998).

2.2 Methods for testing taste threshold

In 1927, Thurstone developed a theory named Thue&olLaw of Categorical
Judgement. In his study, he proposed a model lthatrated and explained variations
in individual’'s response even to the same stimulllss decision making model
shows that when an individual receives a specifaidus concentration, a so-called
‘discriminal process’ is elicited with a consequesdgponse behaviour. The response

of a subject varies at the same concentration euekgyit is presented. As a result of
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environmental or mental differences, the same stbjeuld go through various
discriminal processes, leading to the varying raspe for that same stimulus
concentration. The responses are shown in a certge, called discriminal
dispersion. If the range is normally distributetie tdistribution represents the
probability of responses to different stimulus camications. It means when two
stimuli with different concentrations are presentdlde intensity perceived are

different and represented by two normal distribngi¢Thurstone, 1927).

This decision making procedure is also applied sigmal detection theory (Green

and Swets, 1966). Brown (1974) proposes an R-ifiyexsing a series of rating and
ranking tasks based on the signal detection thdaryhe rating task, a subject is

presented with a sample and asked to identify éimepte as a signal or a noise. The
response is determined by selecting one from apgodicategories, including signal

sure, signal unsure, noise sure, and noise un¥tweranking test is similar to the

rating test, where the subject is asked to rankptesmaccording to signal strength
(Brown, 1974).

The signal detection rating method (R-index) hasnbesed to determine taste
thresholds for sucrose (McFaddenhal., 1971) and NaCl (O’Mahony, 1972). The
results of these two studies are reportedly conippari@ thresholds reported in past
studies but little research has directly compardecshold values obtained from
different methods. In addition to the R-index methdmerican Society of Testing
and Materials (ASTM) method of ascending limits leen widely used in many
other studies.

As the R-index method was applied in salt and swibegshold determination,
Robinsonet al. (2005) compared bitter taste thresholds by ugiegR-index method
and the ASTM method of ascending limits test. Thaynd that only 9 out of 32
subjects successfully found differences in the rdiog limits test while there were
11 out of 32 subjects in the R-index test. It metrd a smaller percentage of
subjects found differences at or below certainesaéf concentrations when using the
ascending limits test (28%) compared to the R-intest (34%). The thresholds
compared between the two methods were detectiogshiblds and the R-index

method generated lower mean threshold value than ntlean threshold value
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determined by the method of limits. However, th#edeénces between thresholds
from the two methods could be affected by the sengite. In the R-index rating

method, a subject is presented with five replicafethe noise and the signal for each
stimulus and a subject received five replicateshef seven caffeine samples with
different concentrations in the method of limitdiefefore, a subject received 105
samples in the method of limits, which was morenttiae samples (40 samples)
presented in the R-index test. Therefore, the asmd occurrence of stimulus may
produce a higher, less sensitive threshold valugclwis consistent with previous

findings (Pangborn, 1959).

2.3 Stopping rules of ASTM method

In the early days, the method of limits was widesed for measuring thresholds to
get around several problems, such as fatigue o$osgnadaption caused by the
descending series or the error of anticipation rd@teation for taste and smells
recently. The difficulty of the test is that thesuéting threshold is influenced in part
by the sample size, including the number of tamyed the blank stimulus, which

increases the difficulty in discrimination resugim a higher estimate threshold.

The ascending series of 3-alternative forced ch(8eAFC) test given in the ASTM
procedures E-769 is a typical example of such aguhare. The 3-AFC procedure is
derived from triangle test developed by Draviekal. (1970) with a wide application
in flavour science. In the method, the subjecteguired to choose the one target
stimulus containing the taste or smell of intefestn a trial containing two blank or
diluent samples. In some circumstances, a warmxgmple may be given at a
suprathreshold concentration to provide familiavityh the taste. However, this sort
of warm-up examples is cancelled to avoid adapdiot fatigue effects (Lawless and
Heymann, 1999).

The ASTM method E-679 sets up two elimination rulesthe method cited as the
following: “the judgements are completed when thegllist either (1) completes the
evaluation of all sets of the scale, or (2) reacheset wherein the test sample is
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correctly identified, then continues to choose ectty in higher concentration test

sample sets.”

The first elimination rule specifies a very specifirobability that it is possible for
some NTs to miss all the targets of the whole s@&dehey miss the last target at the
highest concentration, the threshold is obtainesbtdaon the geometric mean of the
highest concentration and the next theoretical drigitbncentration calculated by the
constant sample interval. Similarly, subjects wioorectly indentify all the targets,
the threshold is the geometric mean of the firshcemtration and the previous
concentration before that in hypothetical seriedthdugh these two rules are
reasonable, there might have effects on threstasdbey are not based on actual data

but on some hypothetical concentrations.

The second stopping rule requires a point abovelwsiibjects could correctly finish
the whole concentration scale. There are two wagpproach it. The first one is that
subjects complete every trial until the last one tbé scale. The last missed
concentration is the stopping point and is caleddty the geometric mean with the
next correct concentration. However, there are ra¢v&hortcomings. Firstly, the
possibility that subjects can get correct answegrglessing should be considered
(Lawless, 2010). There is a 33% chance that thé pewect answer occurs by
guessing. In this case, the best-estimate threshallee obtained could indicate a
higher sensitivity of a participant to the stimuNs is known, the 3-AFC procedure
combines the triangle test with a discriminatiost.tdét requires the subjects to give
proof of detection by discriminating the targetrsilus from the background level.
However, as the forced-choice element is introdutieere is a remaining issue of
how to deal with the chance of guessing the answeectly. Secondly, as the last
missed concentration value is used as the stopgming, it is possible that a subject
could miss the target at a higher concentratioellafter a correct answer at a lower
level but the correct answer is discounted bec#lussholds calculation requires a
completely correct series above that concentradwreover, a subject who is highly
sensitive to stimuli could detect at lower levaistihe series, or miss the target at
higher levels above his or her threshold due tmdat or adaptation. Steves al.
(1988) noted this phenomenon in 1988. They useehadtg forced choice method in
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their extensive repeated testing and found thet @ommon for subjects to ‘get the
signal’ on one trial and temporarily lose it on text. The second approach is to set
up a cut-off point at which subjects identify tlaget with certainty and then finish
the procedure. The geometric mean is obtained magske correct concentration and
the previous missed concentration (Steweaal., 2007; Mattes, 2009a and 2009b).

Mattes (2009a) used an ascending, 3-AFC procedurendasure oral detection
threshold for free fatty acids on 3 tongue sitésn@i were placed on one side of the
tongue and a blank without fatty acids, on the o#ide. Subjects were asked to
indicate which side received the stimulus. The edoce continued until subjects
gave 3 consecutive correct identifications. Matés used the same procedure in
another study for identifying oral detection foroshh medium- and long- chain free
fatty acids (Mattes, 2009b). The samples were ptedein ascending order and the
presentation of the same concentration was pradeafter a correct identification
while a higher concentration sample was given afterincorrect identification.
Detection thresholds were defined as the lowestcamnations where three
consecutive correct answers occurred. Chale-retslal. (2007) used the same
procedure in two of their studies and the proceslwtepped when the participant

correctly identified the stimulus on 3 successhiagd.

The method is also applicable to a recognition sthoéd. For recognition, the
participant is asked to identify the specific flavan a sample rather than just to
identify the odd sample. Robinsa al., (2005) measured the detention and the
recognition threshold by using the method of limitke lowest concentration where
the subject correctly discriminated the odd samyds determined as the detection
threshold while the lowest concentration wheredhigject must correctly identify the
stimulus was determined as the recognition threshdlherefore, the mean
recognition threshold was greater than the meamctieh threshold, which is

consistent with the previous findings (Lawless dleymann, 1999).

However, the thresholds obtained from the methodiroits are not absolutely
definitive and can be affected by many encountepesblems, including taste

adaptation, habituation or anticipation and fatigueen responding to the large
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number of samples (Lawless and Heymann, 1999). sTigect could adapt to the
stimulus and miss the odd sample even if it becantee obvious at higher
concentrations. Also, a subject might be biaseitow the same responding pattern
as the previous presentation, which is known agumion. Furthermore, anticipation
could occur when subjects realize the change itepabf stimulus intensity. It is
possible that subjects could be fatigued when teegived a large group of samples
during the method of limits. In addition, physioicg effect should be considered.
For example, it is possible that an incorrect idmattion could be obtained by either
taste blind or lack of confidence. As a result, tethod of limits is best conceived of

as a detection task.

2.4 PROP taste status and classification methods

2.4.1 Methods for PROP classification

The bitter compound PTC was used widely in manyierastudies, including
Hartmann’s ascending (Hartmann, 1939) series met#ratl classic Harris-Kalmus
method (Harris and Kalmus, 1949). Lawless (Lawld€30) developed a simple
screening method involving tasting a suprathresHaloove threshold) of PROP
solution, which was used for screening adults dnldien (Kelleret al., 1999; Mela,
1990), but only non-taster group and taster gro@pewgenerated which limits its
applications in many studies. Lawless also sugdette substitution of PROP for
PTC, considering the sulphurous taste and toxisgiyes of PTC. Based on Lawless’s
study, many modified threshold techniques have ke#mreloped. However, these
methods are time intensive and involve a lot of gam because suprathreshold
intensity can not be predicted by threshold deteation alone and the two thresholds
are always combined together for PROP intensitingat Furthermore, like the
Lawless screening method, thresholds methods calstoiguish MTs from STs.

The method which further divided PROP tasters Mics and STs was developed by
Bartoshuk et al (Bartoshuket al., 1994). Considering the lack of criterion of
suprathreshold method for dividing MTs and STst&duk defined a ‘PROP ratio’

to separate the two groups. In this method, subjexte the intensity of five PROP

and NaCl concentrations on a magnitude estimatiatesThe PROP ratio represents
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the relative PROP intensity compared to NaCl actesgwo highest concentrations.
Hence, the PROP ratio is calculated as:

PROP ratio = (PRQF NaCl, + PROR/ NaCk) / 2
where PROPand PROPrepresent the perceived intensities of the foanith the fifth
PROP concentrations, and NaGind Nad represent the fourth and the fifth
matching concentrations of NaCl. Then, Bartoshuédua PROP ratio of 1.2 as a
criterion to distinguish STs from MTs. Drewnowskial. (1998, 1997 and 2000) have
used the Bartoshuk method to calculate the PRO®, matt the cut-off scores varied
from 1.6 to 2.5. Although different cut-off scomsre used in different studies, it had
no effect on the relationship between PROP tastenps. Therefore, STs who are
highly sensitive to PROP solutions have given hightensity ratings to PROP than
to NaCl while NTs who are highly insensitive toteastimuli have shown an opposite
pattern in PROP and NacCl intensity ratings. Thenaity ratings given by MTs are
similar between PROP and NaCl samples (Bartosa84;1Drewnowsket al., 1998,
1997 and 2000; Tepper and Nurse, 1997).

Tepper et al. (2001) developed two brief screening methods hydifging the

Bartoshuk method (1994) which originally coveregefconcentrations of PROP and
NaCl. The procedure was simplified to three conediains or to one concentration of
each stimulus, named three-solution test and ohgo test, respectively. The two
modified tests are reportedly reproducible and aldvas the original Bartoshuk
procedure. In the three-solution test, three camatons of PROP solutions (0.032,
0.32, and 3.2 mmol/l) and three concentrations @CNsolutions (0.01, 0.1 and 1.0
mol/l) are evaluated, and subjects are categoirsedthree taster groups by visual
comparison of the taste function for PROP and N@aktoshuk,1994). In the one-
solution test, the medium concentration of PROBZ@mol/l) and NaCl (0.1 mmol/l)
are presented to subjects and the cut-off scord €me group classification are
determined and confirmed by calculating the 95%fidence interval around the

group means for PROP intensity.

Finally, a screening method using filter papempstimpregnated with PTC/PROP was
described many years ago (Blakeslee and Fox, 198&jough this method could
produce classification errors for the lack of aerefice standard (e.g. NaCl), the

simplicity of paper tests has fostered interest &umther investigation into this
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technique (DiCarlo and Powers, 1998; Intranuovo Rogvers, 1998; Reed al.,
1999; Prescott and Swain-Campbell, 2000). For tdéson, a modified filter paper
screening test developed by Zhatcal. (2003) has become popular in recent years.
Subject was presented with filter paper squaresegmated with PROP or NaCl and
rated the intensity on a Labelled Magnitude ScaMS) (Appendix 1). This paper
disk method has used the same one-solution methockgure described above.
Compared to the three solutions test, the highe#egf association has proven that
this paper disk method is reliable and valid. PR€&us is also associated with

responsiveness to other Sensory cues.

2.4.2 The influence of PROP status on food preferencecagaminess

Prototypical tastants (Bartoshud#t al., 1998; Prescotet al., 2001; Bajec and
Pickering, 2008a; Hayesa al., 2008; Teppeket al., 2009), irritation from ethanol
(Bartoshuket al., 1993 and 1994; Prescott and Swain-Campbell, ;2D0€fy et al.,
2004) and the tactile sensation of astringencyk@®iog et al., 2006; Bajec and
Pickering, 2008a), evidence also indicates that [grseive more intense retronasal

aroma as well as thermal stimuli than NTs and M3adc and Pickering, 2008a).

It seems likely that the responsiveness of STagtetstimuli in solutions is similar to
the responsiveness to the same taste qualitiesth 5o that STs perceive bitterness,
(Lanier et al., 2004; Sandell and Breslin, 2006; Dinehasteal., 2006; Zhao and
Tepper, 2007; Teppeet al., 2009), sourness (Prescatt al., 2004), astringency
(Pickeringet al., 2004 and 2006), saltiness (Sullivairal., 2007), sweetness (Duféy
al., 2003; Hayes and Duffy, 2007), and creaminesp@&eand Nurse, 1997; Hayes
and Duffy, 2007) in foods more intensely than Mg &I Ts.

It has been reported that complex mixtures havetgrepotential to increase or
decrease specific sensations. For example, in setfetd mixtures, increasing sucrose
concentration suppresses fat perception in soldevwnowski and Schwartz, 1990;
Guinard and Mazzucchelli, 1999). Whereas in liguidsreasing fat content could
suppress sweet taste perception (Drewnowskl., 1987and 1989). Also, the sweet
taste perception is suppressed when viscosity actdet inputs increase (Calvire
al., 1993; Hollowoodet al., 2002). A competing taste/tactile theory was used
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explain the suppression, as more sucrose is atliee@hcreased sweet input may first
off-set and eventually overtake the suppressivdiléacffect. However, this

explanation has been challenged by another styslyrtreg that at the same sucrose
concentration, no difference was found in sweegnsity ratings between the milk

samples and the water-based samples (Hayes ang, ROG7).

As creaminess is always considered as ‘thicknes$ralated to tactile perceptions, it
has been reported that fungiform papillae densstyralated to taste and tactile
perception (Limet al., 2008). In addition to taste buds, fungiform plapi also
contain a number of trigeminal nerves (Farbman Mibiene, 1991; Whitehead and
Kachele, 1994) which are considered to be resplnfibtactile perception. Essiek

al. (2003) found fungiform papillae number is higldgrrelated to tactile acuity on
the tip of the tongue in women. Findings on PRORefriess also support this
assumption. PROP has been suggested as a predictweaminess and the link
between them is attributed to the fungiform papiltEensity, not PROP genotype. For
example, Tepper and Nurse (1997) reported that Bt STs could discriminate
different fat content in salad dressings, whereds Mould not. However, recent
studies also indicate that the relationship betwROP bitterness and fat perception
is weak and the weak link is detected only in samplith over 35% fat content
(Tepper and Nurse, 1997; Hayes and Duffy, 2007).

In addition, Limet al. (2008) found that no perceived taste stimulinstty, including
PROP, was related to the perceived creaminess eofntitk. This finding is in
agreement with the results of other studies (Drevakoet al., 1998; Yackinous and
Guinard, 2001) and against the suggestion that P§&DBitivity could be used as an
indicator of general taste or tactile perceptionatidition, Mela (1988) reported that
the difference in viscosity resulting from fat cent is related to different creamy
sensations. Similarly, several studies supportdkte contribution of creamy (Tepper
and Kuang, 1996; Richardson-Harneiral., 2000; Richardson-Harmaat al., 2000;
Weenenet al., 2005; Hayes and Duffy, 2007). These studiescatdi that creamy
detection may not be a tactile perception and itifferent from fat perception.

Another study suggested subtle differences betwagrand ‘creamy’ by comparing

18



the difference in slopes and intercepts of two pofwactions generated from the

rating of these two concepts (Drewnowski and Greeruy1983).

2.5 Body phenotype and blood metabolites

2.5.1 The relations between taste perception and BMI

It is well known that taste perception may influereating behaviour and hence body
mass. There are a number of studies that haveedeBi¥ll to sweet taste perception
(Drewnowskiet al., 1985; Tepper and Seldner, 1999; Sadbal., 2004) and bitter
taste perception (Tepper and Ullrich, 2002; Goldst& al., 2005; Duffy, 2007,
Tepperet al., 2008), but little is known about the relationmhbetween the perception
of savoury tastes, such as salt and glutamate (iynand BMI (Donaldsoret al.,
2009).

A recent study reported that overweight people matyonly show less sensitivity to
sweet taste but also have greater sweet liking tleemal-weight people (Bartoshuk
et al., 2006).

However, some other studies have shown conflidimdjngs that subjects with high
BMI perceive sweet foods less pleasant than subjeith low BMI (Felstedet al.,
2007). Also, no difference in sweet taste percepioross BMI groups was observed
by Anderson (1995). The inconsistencies betweediefucould be attributed to
different psychophysical techniques used for swaste determination (Bartoshek
al., 2006). Further, the relationship between BMI androse taste perception have
been investigated with fat content in sweet foodhasincreased weight gain is more
likely to occur when diets are high in both fat autrose (Drewnowskit al., 1982;
Simchenet al., 2006). It has been suggested that compared éetsperception or
preference, fat preference has a greater effedbanly mass. For example, obese
women preferred foods less sweet but higher in(Eaewnowski et al., 1985).
Therefore, as there is a link between sweet angriferences in obese people, it is
possible that the greater fat pleasurable respfmsed in obese people could be
enhanced when food contains both fat and sugam(@reski, 1983).
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Bitter taste perception, especially PROP tasteithahg has also been widely studied
in relation to body mass. It is well known that S¥igh greater number of taste buds
on the tongue could render bitter foods such asdotp brussels sprouts, and
grapefruit unpalatable (Logue, 1985). Thereforas iexpected that STs avoid fruit
and vegetables in preference for energy-dense &attlysugary foods, and they may
gain weight as a result. However, STs had slightly not significantly lower body
weights than MTs or NTs among male subjects (TeppdrNurse, 1998). Sitton and
Sullivan (2007) reported the same effect for calaged subjects that STs with the
highest numbers of taste buds had the lowest BMhag consume less food. They
also explained this observation by the experiencgreater intensity of flavours
producing satiety more quickly. If high fat diet©guce more rapid feelings of satiety
than low-fat diets; this could explain their congaion of fewer calories. On the other
hand, according to the study by Tepper and Nurd88}l the NTs chose the high-fat
salad dressing in preference to the low-fat drgssihile MTs and STs preferred to
the low-fat salad dressing. Therefore, the incréaseight gain in NTs could be
explained by long time consumption of high-fat featlie to their greater liking of fat.
This relationship was also observed in women. €eppd Ullrich (2002) found that
middle-aged female STs actually had lower BMI thihat of the NTs or MTs.
Gretchenet al. (2005) reported similar results that BMI is higle NT women than
in ST women (BMI 29.7 vs 23.5). They suggested xglamation that in addition to
avoiding fruit and vegetables, STs also shunnedddugh in fat and sugar. However,
this explanation has been challenged by others.e literature on relationships
between PROP taster status and BMI is contradict®oyne studies have reported no
relation was found between BMI and taster statuwomen (Kaminsket al., 2000;
Timpsonet al., 2005; Yackinous and Guinard, 2002; Drewnowetlal., 2007). It is
assumed that the difference between studies isuwtref factors affecting eating
behaviour and BMI, such as dietary restraint (Teppel Ullrich, 2002).

2.5.2 Taste perception and hormones

There is growing evidence that sweet taste pearepan be modulated by hormones
or other factors affecting receptors presentedéngeripheral gustatory system. The
hormone leptin has been proposed to influence stasét sensitivity and the leptin
receptor has been proposed to suppress sweetresgienses in sweet-sensitive
receptor cells (Kawagt al., 2000; Shigemurat al., 2004; Nakamurat al., 2008).

20



Furthermore, diurnal changes in circulating legagmels in both rats and humans,
have been linked with diurnal patterns of sweetgholds suggesting that leptin may
act as a modulator for sweet taste sensitivitysThurnal variation in recognition
thresholds is sweet-taste selective, including aaesr glucose and saccharin
(Nakamuraet al., 2008). A series of animal studies have showh @lacagon-like
peptide-1 (GLP-1), which influences glucose tramspoetabolism and homeostasis
(Rehfeld, 1998), has an effect on maintaining dna@ming sweet taste sensitivity
(Shinet al., 2008). Thus, leptin regulates the consumptioth alatability of sweet
food in mice by altering peripheral sweet tastesgsity (Jyotakiet al., 2010).

In addition to sweetness, fatty acids have beeogrdzed as important cell signalling
molecules (Mattes, 2009b). They modulate serigshgkiological processes through
binding to G protein-coupled receptors (GPCR). &retfat is believed to influence
food intake through satiety hormones. When dietatrys in the mouth, its palpability
may promote the desire for eating and when it es@nted in the intestines, it may
reduce appetite by release of satiety hormones Qikelecystokinin (CCK), PYY
(Peptide YY) and GLP-1 alter through altering gtmta coding to terminate food
intake (Itohet al., 2003; Hirasawat al., 2005; Milliganet al., 2006).

2.5.3 The relationship between oral stimulation and blowdabolites

The blood metabolic parameters may be influencedraltaste stimulation. Multiple
studies have reported that oral exposure to fatigisaalters postprandial lipid
concentrations (Mattes, 2001, 2002 and 2010; Resber&t al., 2003; Chavez-
Jauregukt al., 2010; Heatlet al., 2004). Tactile and olfactory cues may contriltote
dietary fat taste, but they are not able to trigghanges of TG. An olfactory
stimulation study found that olfaction alone is neffective to change TG
concentrations in blood by comparing differencesenum TG concentration under
the condition of including or excluding olfactomyputs (Mattes, 2001). No effect of
carbohydrate as an effective oral stimulus on &touy TG concentrations has been
found while fat has been reported to associate witteased circulating TG (Mattes,
1996, 2001 and 2002; Crystetl al., 2006). Various fat substitutes giving the same
textural properties, like mouth-feel, did not dlitie serum TG concentration (Mattes,

2001). The plasma TG response is greater in fultdads rather than fat-free foods

21



(Chavez-Jauregut al., 2010; Mattes, 1996; Mattes, 2009b and 2010). tWérefatty
acids are adequate stimuli to increase TG or nbtremains unclear in humans.
Limited studies have investigated the relationsbgiween them, suggesting that
monounsaturated fatty acids (i.e. oleic acid) mag less effective than
polyunsaturated free fatty acids (i.e. linoleicdcas oral stimuli (Tittelbach and
Mattes, 2001; Crystadt al.,2006). The influence of subject characterists;h as
age, sex, PROP taster status and BMI, on TG respdnsral fat exposure have been
explored (Mattes, 2009). The results have showh RIROP status and gender have
no significant effects on TG response and BMI latesl to the TG peak concentration

after oral fat stimulation.

Robertsoret al. (2002) used a modified sham feeding study toshgate the effect
of oral stimulation 1h before lipid ingestion oretboncentration of postprandial TG.
After an oral fat stimulation, serum TG concentrati remained elevated over
baseline for 5-8 h (Mattes, 1996, 2001, 2009b a@tdD2Heathet al., 2004). Thus,
suggesting that the oral exposure to fat in oulydi# is a long lasting effect. In the
present study, linoleic acid was used as tasteultiamd mineral oil was used as a
mask agent. Although the concentrations of thenmevaw, it is uncertain if either or

both of them are effective to trigger the TG rise.

2.5.4 The effect of metabolic status on blood metabolites

As the blood metabolites (e.g. glucose, TG, and &@)centration flux could be
considered as a quality control check, the effdctmetabolic status should be
considered. It is known that some blood metabolhcameters, especially plasma

glucose, have remarkable fluctuation correspontiirfgsting or satiated state.

In healthy individuals, the postprandial blood gise concentration is normally
within the range of 4-5.5 mmol/l, but arterial centrations vary from about 3.5
mmol/l after exercise to 9 mmol/l after a meal (€8s2003). Postprandial plasma
glucose (PPG) levels peak around 1 hour after d amehreturn to basal levels within

2 to 3 hours (American Diabetes Association, 20@BG is affected by a series of
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hormones through the opposing actions. The relatreentration of each hormone
in the blood at a given time determines their nié¢ces. Some (e.g. insulin)

encourage the clearance of glucose from the plasrhde others, (e.g. glucagon,

growth hormone) stimulate the production and redeafsglucose into the blood. In

addition, some other factors also affect PPG canagon, including physical activity,

and meal composition; for instance, ingestion ofrbchydrates contributes

substantially more to PPG than proteins or fatsséB2003). Further, the magnitude
of PPG excursion might be predicted by fastingmpkaglucose (FPG) levels (i.e., the
higher the FPG level, the higher the PPG level)landFPG was associated with low
BMI and low cholesterol (TC) (Wet al., 2000).

It is known that fasting represents the oppositteaxe of overeating. Under the
satiated condition, the oxidation of endogenoussfates is able to meet the body
energy requirements (Owenal., 1998). However, considering the satiated sttiée a
a typical overnight fast, the energy supply processrapidly moved from
predominantly fat oxidation to carbohydrate oxidati (Flatt et al., 1985).
Furthermore, as prolonged fasting represents an gkeater perturbation in energy
status, the oxidation of endogenous fat storestis an even greater dependence due
to the almost complete utilization of glycogen atg during extended fasting (Owen
et al., 1998). It is interesting that ingestion of glaeafter prolonged fasting leads to
a decreased carbohydrate oxidation. Thereforeesponding to the different energy
supplying process, many circulating parameters sigeificantly elevated after a
prolonged fast, including NEFA, glycerol, and ketqiVolfeet al., 1987; Oweret al.,
1998).

2.5.5 The influence of diet composition on metabolic mses

Meal consumption has significant effect on certidimod metabolite concentrations
but the metabolic responses differ with diet conpms As a standard breakfast is
offered in the present study comprising of carboaigland dietary fat, their effects

on blood results should be considered.
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It is known that diet composition has an effecttba production and clearance of
lipoproteins as well as remnants derived lipopro{€iohenret al., 1988; Duboist al.,
1994 and 1998; Zampelas al., 1994). For example, a diet low in fat and high
carbohydrate was reportedly associated with fadtypertriglyceridemia and with a
decrease in high density lipoprotein cholesterdD(FC) concentrations in humans
(Cominaciniet al., 1988).

Pedersemt al. (1999) evaluated the response to two consecstirg test meals with
different dietary FAs. The study investigated thiéeat of dietary fatty acid
composition on postprandial lipid, glucose, insuand NEFA responses after intake
of two consecutive solid test meals containing graped oil, sunflower oil or palm
oil, with or without a glucose drink. The resultsosed that consumption of glucose
with a mixed meal lowered the immediate TG and NEfAcentrations compared
with the same meal without glucose, irrespectivéheftype of oil, consistent with an
early study in which addition of glucose to a mixaedal containing dairy fat resulted
in suppression of postprandial lipaemia (Albriakal., 1958; Cohen and Berger,
1990). The fatty acid composition of the meal hadsignificant effect on the lipid
and lipoprotein responses but it significantly efésl the insulin responses. Further,
the composition of the first meal did not affect tmetabolic response to the second

meal.

The FA composition of the diet also affects thecghe and insulin responses after
meals (Rasmussea al., 1996; Joanniet al., 1997). As insulin plays a central role in
lipid metabolism, carbohydrate metabolism and lipitetabolism are strongly
interrelated. In a study of eight subjects, thayni that glucose and insulin responses
after 30 min were significantly lower after mealsntaining polyunsaturated fatty
acids than after meals containing monounsaturatidy dcids. Rasmussehal. (1996)
showed that the release of insulin was stimulatgdiiter but not olive oil. The
authors explained this result in part by differende fatty acid chain length. In
addition, the amount of fat in a meal seems tolide 0 affect glucose and insulin

responses as well.
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Besides fats, carbohydrate composition has beenomnated to influence
postprandial lipaemia. Addition of glucose and btdufibre to a meal resulted in
lower postprandial lipoprotein concentrations (Qokeal., 1988; Cohen and Berger,
1990; Careet al., 1992; Sandstromat al., 1994; Duboist al., 1995). The effect of
glucose is thought to be mediated in part by timawation of lipoprotein lipase by
insulin, leading to increased catabolism of TG iB-fich lipoproteins and thereby
reduction of plasma TG concentrations. The lipadang effect of some fibres is
thought to be, in part, a consequence of decrdasamd cholesterol absorption in the
small intestine (Lairon, 1996). Furthermore, addgldcose might also reduce
postprandial lipaemia via delayed gastric empty{i@phen and Berger, 1990).
However, not all studies find that addition of gse to fat-containing meals results in
less postprandial lipaemia (Mamhal., 1971; Nicholls and Cohen, 1985; Cohen and
Schall, 1988).

It is well known that the concentration of NEFAptasma increase with fasting and
decrease after a meal, but there is no reportedtedf fatty acid composition in the
meal on the changes of plasma NEFA concentrati@ddiRenet al., 1999). The
addition of glucose to the meal led to significaritiwer NEFA values, which may be
explained by enhanced suppression of hormone-sendippase activity by insulin
(Fraynet al., 1994).

The range of plasma NEFA availability is possibéeduse of the exquisite sensitivity
of adipose tissue lipolysis to both insulin (Jenseal., 1989) and catecholamines
(Galsteret al., 1981). Small changes in plasma insulin concéatra have dramatic
effects on adipose tissue lipolysis, and thereldEsA availability. The insulin dose
response characteristics of NEFA changes were meghgu normal humans (Jensen
et al.,, 1989). Thus, overnight postabsorptive plasmailimsconcentrations are a
significant restraint to basal NEFA flux. Maximalppression of NEFA flux in
normal humans occurs after the ingestion of a smatlbohydrate-containing meal
(Marker et al., 1991). Catecholamines are other important satoos of NEFA
concentrations under pressure or during exerciself@/Mt al., 1987; Markeret al.,
1991). In addition, growth hormone and cortisobadtimulate lipolysis, but appear to
be much less potent than catecholamines (Beiydé, 1992).
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2.6 Conclusions

The literature suggests that dietary fat includhesfat consumed in plant and animal
products and high levels of dietary fat may encgeravereating, leading to weight
gain. Compared to prototypical taste, fat tastegmion is more complex involving
gustatory, textural and olfactory inputs. Currenbbgsed on many animal and human
studies, it has been reported that free fatty acauhsserve as taste signals and related
to fat perception. Now, a number of putative recefdr fatty acid has been proposed,
including DRK, CD36 and GPCR. A cell diffusion mecdism has also been
suggested as co-existing with receptor-medicatadstiuctions. Many studies have
been performed on the existence of fatty acid tastk the relationships among fat
perception and other taste qualities; BMI and fpoeferences in either mixed foods
or homogenized emulsions. However, the results iremantradictory and none of
them investigates the effect of fasting or satiagede on the threshold changes. 3-
AFC test from ASTM standard has been widely usechamy studies and proven to

be a reliable and valid method for measuring sgniswesholds.

It is known that PROP status may be related toroginetotypical taste qualities,
which also may affect body weight and food prefeeerHowever, whether PROP
sensitivity is associated with fat perception ot isostill a debate. Some researchers
believed that the bitterness sensitivity seemsetassociated with fungiform papillae
density but the taste papillae density is not dblgredict PROP taste status. The
classic PROP status classification method was dped| by Bartoshuk in 1994 and
recently other tests modified from Bartoshuk’ssdshve been used in many studies,

including the three-solution test.

It is known that taste perception triggers hormothed are crucial in the control of
energy balance and appetite to exert a strong teffecfood intake, satiety and
metabolic regulation. For example, oral exposurdigvary fat and FAs may trigger
plasma TG rise, so it is possible that oral dedactf dietary fats and FAs is able to
be assessed through a change of TG. In additienclianges of plasma metabolites

parameters are related to the metabolic statuseadietary composition.
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Therefore, this study tests the hypothesis thay fatid taste perception could be
influenced by body phenotype or predicted by PRQ@&us. In addition, the
relationship between taste perception and bloodalodites is also investigated.
Furthermore, the influence of metabolic states rffmght fasting and satiated) on
concentrations of blood metabolites is associatéith whanges in oral sensory

perception.
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3 Materials and Methods
3.1 Study outline

The overview of the trial is shown in Figure 3 ardure 4. The project included
three visits. In the first visit, a preliminary tesas carried out for screening and
classification of subjects based on their percepttd PROP using a standard
published protocol (Teppet al., 2001). Anthropometric measurements were taken at

the end of the preliminary test.

In the second and third visits, subjects were ramg@ssigned into 2 groups of equal
numbers following a crossover study design. Theseand third visit was run after
an overnight fast. For the second visit, followirg brief introduction of the
procedures, 15 ml of blood was collected in théefhstate. Sensory tdstising the 3-
AFC procedure (as described in Section 3.4) toraete the detection thresholds of
subjects to sweet taste and fatty acid taste wasahrried out. When the sensory test
was finished subjects either consumed a full biestkfapproximately 800kcal) over
30 min (B trial) had a 30 min break (NB trial)). Hooth trials, subjects waited 1 hr
before a further 15 ml blood sample was taken Vadid by sensory tedt (using the
same sensory test as in the sensory test I). Fungibapilla counting was completed
during the rest period in the NB trial.
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Figure 3 Overview of the study involving 3 visits
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Figure 4 Detailed diagrams showing trials
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3.2 Subjects

Forty men were recruited by advertisement withie @reater Auckland area.
Exclusion criteria included smokers, allergic te tiest materials, taking prescription
medication or recreational drugs, or have a clincause for a dry mouth. Body
weight, height and waist/hip ratio were measuredl BRI (kg/m?) was calculated as
body weight (kg) divided by height (m) squared.tRarmore, all subjects completed
a PROP status test to divide them into nontastesenal tasters and supertasters
(Tepperet al., 2001). All subjects gave their written informechsent. The study was
approved by the Massey University Human Ethics Cdtem (Southern A,
Application-10/81).

Power analysis was conducted to determine an apatepsample size to achieve
adequate power. Using data generated by a presiody (Chale-Ruskt al., 2007)
and ana 0-05 and a 209 (20% power), it was calculated that a sample sfz&9

would be required.

3.3 Linoleic acid (LA) sample

Linoleic acid was chosen for taste tests as it used successfully to determine
thresholds for fatty acid taste in humans. Foodigrinoleic acid (Sigma-Aldrich,
New Zealand) was added into gum acacia preparedi@u. All preparations were
mixed with 5% (w/v) gum acacia (Ingrediantstop. Néealand) and 5% (w/v) food
grade liquid paraffin (Sigma-Aldrich, New Zealarid)produce perceptually identical
texture attributes, including viscosity and lulisidoetween linoleic acid and control
samples. To prevent oxidation of LA during testing).01% (w/v)
ethylenediaminetetraacetic acid (EDTA) (Sigma-AdtriNew Zealand) was added.
Food grade linoleic acid (Sigma) was stored undeogen below -8 °C and was used
without further purification. It was added at varyiconcentrations (0.01 mM — 0.1

mM) to prepared gum acacia solutions.

To ensure test samples were stable and that LA ndid separate from other

components; samples were homogenized for 4 cyc¢l@9/200 bars using a high-

30



pressure homogenizer (model: APV-2000; APV manufang, Poland). Control

samples were prepared in the same way, but witlatiytacids added.

Dilutions of each sample were prepared one day pwigensory testing. Each sample
was provided in a 3-digit random number labellechB6lear portion cup containing

10 ml of sample at room temperature (22°C).

3.4 Chemical analysis

A series of chemical tests were conducted to inyat&t the properties and ensure
better emulsions before the main trial. In orderlioninate the textural variability
among samples, droplet size, viscosity, fatty amdation and physicochemical
stability were conducted to investigate the physh@mical characteristics of the

samples. Microbiological tests were conducted lierdafe consumption of samples.

3.4.1 Emulsion preparation and homogenization techniques

In previous studies, there were three different bgemization techniques used for
producing emulsions. In order to investigate thiéetBnces between the methods,
triplicate samples were prepared as described bieTa and processed by A) Ultra
sonic water bath for 30 minutes, B) Branson soniell disruptor for 2 minutes
(model: S-150D; Danbury, CT) with probe amplitudetting at 45%, C) High-
pressure homogenizer for 4 cycles at 20/200 bsirsgua APV-2000. All samples
were prepared in polypropylene containers.
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Table 2 Compositions and emulsifying Processeesaoh obtained sample

% Gum ) ) )
Sample ~ | % Mineral | % EDTA | % Linoleic o
acacia _ _ Emulsifying Processer
oil (whv) (wiv) acid (w/v)
(wiv)
A 5 5 0.01 - Ultrasonic water bath
B 5 5 0.01 1 Ultrasonic water bath
C 5 6 0.01 -- Sonifier cell disruptor
D 5 4 0.01 1 Sonifier cell disruptor
E 5 4 0.01 - High-pressure homogeniser
F 5 4 0.01 1 High-pressure homogeniser

3.4.2 Emulsion particle size and physicochemical stabilit
To investigate the effects of different homogena@attechniques on the emulsions,
the particle size distribution and micrograph obaton were performed. Samples

were prepared as described in Section 3.4.1.

Emulsion droplet size was determined using a Malwdastersizer MS2000 laser
light-scattering analyser with absorption parametdue of 0.01 and refractive index
ratio of 1.46. A light microscopy was examined gbtographed immediately after
homogenization in duplicate under bright field miunation with 40x or 100x

objective lens on a Zeiss Photo-Microscope.

To observe the variation of particle size during #hort-time storage and different
homogenisation treatments, photos were taken hgitaldcamera immediately after

homogenization and after an overnight stand. Theulgons were stored in

polypropylene tubes in the fridge (4°C).

3.4.3 Viscosity and fatty acid oxidation

To ensure that addition of FAs do not affect thggdochemical characteristics of the
emulsions, the viscosity of the samples were medsuUsamples were prepared as
described in Section 3.4.1 but only with the highgsure homogenizer. Apparent
viscosity of each sample was determined in dugieata shear rate of 1-106 gsing

a stress controlled rheometer (TA AR550 Rheometgujpped with a cone and plate
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(6°/20mm) geometry at a room temperature of 25%efsure no oxidized products
were produced during the sample preparation praeedas chromatography analysis

was also performed.

3.4.4 PROP taster status

PROP taster status of the subjects was identifiedhkir PROP/sodium chloride
(NaCl) ratio using the 3-solution test (Rankinal., 2004). Sample concentrations
used were PROP (3.2 x1d, 3.2 x 10°M and 3.2 x 18 M) and NaCl (0.01 M, 0.1
M and 1.0 M). The procedure was used to genergiemgueshold taste intensities.
Since PROP taster status does not influence ityejosigements for NaCl, solutions
of NaCl were served as a standard (Bartosdtw., 1994). The intensity of the taste
was recorded on a labelled magnitude scale (LM8¢ OMS is a quasilogarithmic
scale with label descriptors anchored at the loeed with the phrase “barely
detectable” and at the high end with the phrasgdhgest imaginable” (Greeat al .,
1993). The scale is presented in appendix 1.

During the test, NaCl solutions were presented raralom order, followed by three
randomized PROP solutions. Subjects rinsed theuthsowith distilled water before
they began tasting the test solutions and betwesh ¢est solution. They were
required to place the whole sample in the mouthn(il)) expectorate it and rate its
intensity by making a single mark on the LMS scale.

3.4.5 LA and sucrose detection thresholds

Before the main trial, samples were tested forag@bic plate count test to make sure
that they were safe for sensory testing. In thenntidal, threshold experiments were
performed in agqueous solutions (sucrose test) mmaniulsions (fatty acid test). Each
trial (depicted in Fig 4) consisted of two repliestof each test. Aqueous tests
included ten sets of sucrose samples. Emulsion tesluded eleven sets of linoleic
acid samples. Each set of three samples consisteebaontrols (distilled water for
the aqueous test or the appropriate “tastant-ee&ilsion for the emulsion test) and a

target.
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Emulsion composition and preparation was describedSection 3.4.1 and the
agueous sucrose solutions were made by addingssuento distilled water. The

sucrose and LA concentrations are shown in Table 3.

Table 3 Concentrations used for the determinadfadetection thresholds

1 2 3 4 5 6 7 8 9 10 11

sucrose (mM) 01 03 04 0B 16 32 6.1}2' 256 51.2

8
Linoleicacid | 05| 07| 1.1| 1.7 | 25| 38| 5.7 | 86 | 13.0| 195 29.2
(mM) o|s5|4|1|7]|5]|8]6] 1 2 8

The subjects evaluated samples in a sensory lmwuthwere each given as much
water as desired for rinsing between samples. Tuirete additional odour and
visual cues, nose clips were used and all tests w@nducted under red lights (Chale-
Rushet al., 2007). The detection thresholds were measureaasing the 3-AFC test.
Each subject was given a set of three randomlyreddsamples consisting of two
cups containing the control and a single cup cairtgi the target stimulus, in
ascending order from the lowest to the highest eotmation. Subjects were asked to
rinse their mouths with water before beginning tdek and between each sample set.
The trial was finished when a subject correctlynitfeed the fatty acid sample from
the other two in the set in three consecutive sasmafglhe chance of correctly guessing
the sample with added fatty acid three consecutimes in a triangle test is 3.7%.

Detection thresholds were calculated following glielelines of ASTM E679.

3.5 Breakfast consumption during the test

The same breakfast (the same meal and the samengm@s served to all subjects
and they were asked to eat as much as they caulthd breakfast trial.

The breakfast was weighed before and after the utopson to calculate the
macronutrient intake (as some subjects may nosHitine provided breakfast). The
breakfast menu was designed with the support ofeticthn, and details of the
breakfast nutritional information are presentedatle 4.

The breakfast included wholemeal bread (2 mediuces), ham (100g), tasty cheese
(40g), butter (9g), muesli (100g), salad (100ghara, mandarin, milk (1.5cup).
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Table 4 Nutrition information of the breakfast

Nutrient Per meal
Energy (kJ) 5307.28
Protein (g) 53.84
Total fat (g) 45.71
Carbohydrate (g) 162.16

3.6 Fungiform papillae counts

Initial trials were carried out with different cartrations (0.01g/ml, 0.05g/ml and
0.1g/ml) of food dye - Brilliant Blue solutions @sna-Aldrich, New Zealand). The
images were recorded and compared, in order téhgemost appropriate colouring

concentration at which the colouring is adsorbethé&fungiform papillae.

Subjects rinsed their mouths with distilled wat€hey were then asked to dry the
tongue with a piece of filter paper and then extdrar tongues as far as possible
holding it steady with the lips. Then a 5 mm dianeircular piece of filter paper that

contained blue food dye was placed at the tip efahterior part of the left side of the

tongue, close to the midline of the tongue. Twdhvee images of the tongue were

recorded with a Nikon Coolpix L22 digital camera0(7megapixels). Fungiform

papillae were counted by observation.
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3.7 Data analysis
Data were analysed with SPSS, version 17.00 (SR&S, Chicago, IL, USA).

Normal distribution of data was investigated byngskolmogorov-Smirnov test. The

level of significance was acceptedRxs0.05.

3.7.1 PRORP classification

When normal distribution was determined, the daés wxamined using a repeated-
measure analysis of variance (ANOVA) with conceiralevels and stimuli type
(PROP or NaCl) as within-group factors, taster geo(NT, MT and ST) as between
group factors. Mauchly’s test of sphericity was duide determine whether the
assumption of sphericity was being violated. Whas did occur, the Huynh-Feldt

correction was applied. Data are presented as M&HEM.

3.7.2 Fungiform Papillae counts

As data were normally distributed, one-way ANOVAdagost-hoc test revealed the
differences in papillae densities among PROP tagtaups. Pearson’s test was used
for association between papillae densities and Ipb@yotypes. Data are presented as
Mean + SEM.

3.7.3 Body phenotypes

As data were normally distributed, a one-way ANOWas used to determine
differences in body phenotypes across PROP stabupsg. Also, Tukey test was used
as post-hoc test. Pearson’s correlation coefficiem) (vas used to investigate the

relationship between variables. Data are preseadedean + SEM.

3.7.4 Main trials

Because of a lack of normality, Wilcoxon Signedkrarest was used to test

differences in threshold values among sessionstfi&lsession before breakfast; B2,
the session after breakfast; NB1, the session édfrak and NB2, the session after

break). Kruskal-Wallis test was used for the ddéfezes in threshold values among
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PROP taster groups. When significant differenceseveown, Mann-Whitney test
using Bonferroni adjustment was conducted to agicemhere the differences lay.
Spearmen’s correlation coefficient? was used to investigate the relationship
between sensory thresholds and other variablesa Bxa presented as the median

[25% percentile, 75% percentile].

Two out of five blood metabolite parameters wenenfib to be normally distributed.
One-way ANOVA and post-hoc were performed to investigate the statistical
significance of differences in plasma TC and HDlas@Gong PROP taster groups and
a paired sample T-test with Bonferroni adjustmeaswsed for differences within
taster groups. Data are presented as Mean + SEMddition, for non-normally
distributed data, Kruskal-Wallis test was carried  explore differences in plasma
glucose, TG and NEFA among PROP taster groups. Véigmficant differences
were shown, Wilcoxon Signed-rank test were condldte ascertain where the
differences lay. Spearmen’s test was used for ioakships between sensory
thresholds and blood metabolitBata are presented as Mean =+ SEM (TC and HDL-
TC).
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4 Results and Discussion

4.1 Chemical analysis

4.1.1 Emulsion stabilization and micrograph observation

There are three homogenization techniques avaifablmaking emulsions. In order

to reduce the textural variability of samples, wietimogenised and better stable
emulsions were required for the main trials. Enarisbbservation was carried out to

determine the physicochemical characteristics ofi @mulsion.

Figure 5 Top: Appearance of emulsions (from leftright; acacia solution with LA before any

homogenization techniques; A, sample without LAuttyasonic water bath ; B, stimulus sample with
LA by ultrasonic water bath; C sample without LA pyobe sonicator (sonifier cell disrupter); D,

stimulus sample with LA by probe sonicator (samifcell disrupter); E, sample without LA by

homogeniser; F, stimulus sample with LA by homogen). Bottom: Appearance of sample C, D, E
and F after 12 h
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Photos of the emulsions were taken immediately difte homogenization and after
12 hour storage at 4°C (Figure 5). Samples A andvBich were made by the
ultrasonic water bath, showed obvious differencesappearance and were more
transparent than the others. Also, there were ftegrars on the top of these two
emulsions, indicating a poor homogenised emulsitre other four samples looked
identical in appearance as they were all white opaplutions. For this reason, it was
clear that samples C-F had smaller particles taamptes A and B, suggesting that the
sonifier cell disruptor and the high-pressure hoemiger are able to produce better
emulsions than the ultrasonic water bath. After Xtbrage in the fridge, the
appearance of the samples had changed. There hiekertflocculation layers on
samples D and E compared to samples F and G. Iliticaagdsamples F and G
appeared more opaque, suggesting a better homedesiiate. Therefore, it seemed
that high pressure homogeniser generated a betteodenized and stable emulsion

than the other methods.
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Water bath (x 40 magnification)

Sample A without LA

Sample B with 1% LA

Sonicator(x 100 magnification)

Sample C without LA Sample D with 1% LA

High-pressure homogeniser (x 100 magnification)

Sample E without LA Sample F with 1% LA

Figure 6 Micrographs of emulsions produced by défife emulsifying processor before overnight stand

(Sample compositions are depicted in Table 2)
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A light microscopy was used to examine the sampliéis 100x objective lens and
photographs were taken immediately after homogénizaAlthough we could not
measure the particle diameters from the image, r€idu clearly shows that the
sonifier cell disrupter and high-pressure homogenmoduced smaller droplets and

well dispersed emulsions compared to that of thrasdnic water bath.

4.1.2 Particle size distribution

Technically, the samples were required to be aedlyammediately after
homogenization. However, due to the absence opewrnt, all samples were sent to
Palmerston North for analysis which extended theetbefore analysis to 24 hours.
As a result, the changed emulsion system may h#feeted the accuracy of the

results.

The average particle size was characterized bynden droplet diameter, which was
used to monitor changes in the droplet-size distioin of the emulsions. The average
droplet values of each sample are shown in Talbel&w.

Table 5 Average particle size of each sample

ID Sample Emulsifying Processer | \ean droplet diameter (um)
1 Without linoleic acid Ultrasonic water bath 101.1

2 | With 1% wi/v linoleic acid Ultrasonic water bath 34.8

3 Without linoleic acid Sonifier cell disruptor 13.8

4 | With 1% w/v linoleic acid Sonifier cell disruptor 56

5 Without linoleic acid High-pressure homogenisegr 6.3

6 | With 1% wiv linoleic acid | High-pressure homogeniser 0.6

Samples 1, 3, 5 were the non-LA samples and 2w&ré stimulus samples with 1%
w/v LA added. As seen in table 5, the high-prestmraogeniser generated the
emulsions containing the smallest particle sizeoAthe addition of LA depressed the

flocculation and resulted in much smaller droplets.

Previous results on the effects of droplet sizélavour detection have shown that the

tactile response was influenced with tastant cairigi emulsions with droplet sizes

41



varying between 1.0 and 5.5 um (Nakagtaal., 2006). Conversely, the tactile
response was not affected in unflavoured emulsiatts particle sizes ranging from
0.5 to 6.0 um (Akhtaet al., 2004; Vingerhoedst al., 2008). Akhtaret al. (2004)
reported that subjects were unable to discrimitmgeveen emulsions of different
droplet size in the range of 0.5-2.3 um. They asggested that the rheological
characteristics are insensitive to the droplet dig&ibution. this agrees with previous
work conducted by Tyle (1993), concluding that aoners are only able to detect
food particles at least as small as 5 um. Unfotklpadue to the inaccuracy of data
in the present study, it is unsure that the difieeesbetween the no fatty acid sample E

and stimulus sample F has any effect on the tasteeption or not.

According to the results above, the high-pressum@dyeniser was selected as the
emulsion processer as it made well-homogenized ssomd having identical
appearance and the smallest particle size whichhaie the least effect on non-

gustatory cues.

4.1.3 Apparent viscosity analysis

To ensure that fatty acid addition did not affée physicochemical characteristics of
the emulsions, the viscosity of samples at two ed#iit concentrations were
determined and compared to the emulsions withaty fcid (controls). The two
tastant samples contained 0.079 % w/v and 0.179/90.¥ respectively. Samples
were measured immediately after homogenization iaplidate. The two
concentrations were selected from preliminary testsntifying two different
threshold levels at which were correctly identifieg a non taster and a medium
taster. All the emulsions were tested at sheasrafel-100 & at 25°C. Viscosity

profiles for the emulsions are shown in Figure 7.
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Figure 7 Viscosity profile of emulsions with vargiLA concentrations

As shown in Figure 7, emulsions containing varyig concentrations are showing
similar patterns of viscosity change over the shatg range. The viscosity of
samples decreased with increasing LA concentratiuggesting the addition of
unsaturated fatty acid may influence the apparetosity. Recently, Chale-Rush
al. (2007) reported no measurable differences wergerobd between samples
containing LA at low (0.03%) or high (1%) conasibns and the control samples
(without linoleic acid) suggesting the FA did nantribute to any textural cues of the
stimuli. Different sensitivities of the equipmengaynaccount for these differences. It
is possible that the viscometer is less sensitiaa the rheometer and unable to report
the small variation between samples leading to nemencies between the two
studies. Whether subjects can pick up these mehsiseosity changes or not is yet

undetermined.

4.1.4 Fatty acid oxidation (GC analysis)

As LA is very unstable and easily oxidized wheis iexposed to air and light, there is
concern that the fatty acid may generate off-flavguoducts during the

homogenization process because of the increasegetature caused by high
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pressure. To ensure that no samples containeffawéfur products during tasting,

GC analysis was carried out.
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Figure 8 Results of GC analysis (A: Hexanal Stadid@r ‘blank’ sample without linoleic acid; C:
stimulus sample with 0.179%wl/v linoleic acid)

To determine if oxidation had occurred, a searcghofadation breakdown products
via GC-MS with particular emphasis for identifyifgexanal (major off flavour

product) was carried out. A typical sample is pnése in Figure 8 ( C ) and shows
that for the stimulus sample with fatty acid, ohl can be found around 5.7 minutes
and no other significant peaks were observed. €haltr suggests that linoleic acids

were not oxidized during the homogenization process
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The present results indicate that the current prtemas taken to minimise FFA

oxidation are effective.

4.2 Preliminary test

4.2.1 PROP status classification

Results were plotted and classification was obthinye visually comparing the taster
curve for PROP to that of NaCl for each subjectcc@ding to a previous study,
subjects who rated NaCl higher in intensity tharOPRwere nontasters. Those who
gave similar ratings to NaCl and PROP were mediastets and those who rated
PROP more intense than NaCl were supertastersodbarktet al., 1994). However,
the lack of an acceptable numeric cut-off score emake group classification more
difficult. For some very typical nontasters andestigsters, it is easy to assign them to
their own groups. For example, the PROP and Na@lesuin the two graphs shown

in Figure 9 are quite different from each othemmsgly indicating their taster groups.
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Figure 9 Intensity ratings of NaCl and PROP féymcal nontaster (left) and a typical supertaster
(right).Non tasters gave higher intensity rating®NaCl than PROP and supertasters showed an inverse

pattern
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Figure 10intensity ratings of NaCl and PROP for unclasdifs@bject A (left) and subject B (right)

Conversely however, as seen in Figure 10, it iscdif to classify some subjects by
visual observation when the two lines of NaCl aiRIOP are quite closely aligned.
For example, subject A could be considered as aragier or a medium taster due to
the overlapping of the first point. Similarly, & difficult to classify subject B because
the two lines cut across each other. Thereforeyigeal observation method does not
pose valid and detailed criteria for classifyingsalbjects. However, all the subjects
can be initially divided in to 3 practical groupypical NT, typical ST and an

uncertain taster groups, based on visual observatio

In order to subdivide uncertain tasters into STd kiTs, the ‘PROP ratio’ proposed
by Bartoshulet al. (1994) was used. The PROP ratio represents agvesintensity

of PROP compared to NaCl across the two highestezdrations of each. Bartoshuk
et al. (1994) used a ratio of 1.2 and other workers useskries of cutoff ratios

ranging from 1.6 to 2.5.

The two highest perceived intensities of PROP aafINvere used to calculate the
ratio:

PROP ratio = (PROP,/ NaCl, + PROP3/ NaCl3) / 2
where PROP and PROPrepresent the perceived intensities of the secondtlae
third levels of PROP solutions, and Na@hd NaC} represent the perceived second
and the third intensities of NaCl. The lower coricaions were not used because a

few subjects gave zero ratings for NaCl concemnat{Bartoshuk, 1993).
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According to the study of Tepper (2001), a cutsafbre of 0.7 mm was used to divide
medium tasters from nontasters and another lide7amm to divide medium tasters
from supertasters. When all the subjects were ssbtaéy classified, the grouping

was confirmed with ANOVA (Tepper, 2001).
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Figure 11 Scatter plot of PROP ratio vs level 2 PR@ensity ratings for 40 male subjects

Figure 11 shows that the 0.7mm cut-off line hasgluthe typical NTs into the NT
group, including an uncertain taster with relawiigh PROP intensity. The 1.7 mm
cut-off line divides some typical ST-pattern sulgemto the MT group, indicating
even though their PROP intensities are slightlyharghan NaCl intensities, they are
considered as MTs. Eventually, all the subjectsewstassified as nontasters (n=10),

medium tasters (n=20) and supertasters (n=10).

A significant three—way interaction of Taster grouftimuli type x Concentration on
the intensity ratings was found [F (4, 74) = 10.090.001]. As shown in Figure 12,
NTs gave lower intensity ratings to all the concatwns of PROP than that which
they gave to the corresponding concentrations dZINaSTs gave higher intensity
ratings to PROP than that which they gave to N&CIs gave PROP and NaCl
equivalent ratings to the two highest concentratiohNaCl and PROP. Additionally,
Post-hoc tests with Bonferroni adjustment also showed thesre significant
differences among PROP taster groyps: (0.01 for all tests). Figure 13 shows the
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relationship between PROP and NaCl intensities iwigach taster group. These
results are consistent with previous studies (Baik, 1993; Teppest al., 2001).
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Figure 12 Interaction graphs of taster group x uslirtype for 3 concentration levels (In terms of

interaction graphs, non-parallel lines indicatendigant interactions)
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Figure 13 NaCl and PROP taste intensity ratingséotasters, medium tasters, and supertasters

In PROP classification, some methodological de$ggtures might have contributed
to the differences between studies. For examplewbBowskiet al. (2001) used a
nine-point category scale to collect PROP intensitings and this scale can produce

ceiling effects at the highest concentrations ,(i.subjects’ judgements were
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constrained by the upper endpoint of the scalejticodarly for STs who are
extremely sensitive to the bitterness from PRO&]ileg to an unusually high number
of STs (40% of men and 55% of women).

Generally, of the 40 male subjects, 10 (25%) wd©P NTs, 20 (50%) were PROP
MTs and 10 (25%) were PROP STs. These portionsilgests were quite close to
reported values. For example, Tepgeml (2001) found proportions of 25% NTSs,
57% MTs and 18% STs.
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4.2.2 The relationship between PROP status and FungiRapillae

densities

C

Figure 14 Fungiform papillae on human tongues (ghipapillae density of tongue; B: medium
papillae density of tongue; C: low papillae densityongue. Arrows indicate typical fungiform
papillae)

30

3

i i

Mean Densities
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T T T
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PROPstatus

Error Bars: 95% ClI

Figure 15 The density of fungiform papillae of edaster group
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Figure 14 are typical photographs of the stained a&f the anterior upper surface of
the tongue showing high, medium and low papillaestees. Arrows indicate typical
fungiform papillae. Most fungiform papillae commgnlre mushroom shaped
elevated structures consisting of a large headlétMikkonen and Sorvari, 1985;
Miller, 1995; Segoviat al., 2002). Mean fungiform papillae densities ranffech 17
e’ (MT) to 22/ cnf (ST) (Figure 15), and were not statistically diffiet. Previously
reported mean values based on visual observatidada 47.2/ cfy 62.4/ crd, and
75.8/ cnf for NT, MT, and ST, respectively (Tepper and Nut@97). High numbers
of fungiform papillae are commonly found in STs qmared with MTs and NTs
(Miller and Reedy, 1990b; Bartoshekal., 1994; Tepper and Nurse, 1997; Shahbake
et al., 2005; Yackinous and Guinard, 2001 and 2002). él@w such finding could
not be confirmed with the present study. A reasmnstich difference may be that a
relatively crude procedure was used to count thebau of fungiform papillae from a
small area on the tip of the tongue, which mightehied to an underestimation of the
true number of papillae. Furthermore, procedurfiédinces are likely to be a reason
for the inconsistence in the results. For examplackinous and Guinard (2001)
investigated the front left and right sides of thegue. Tepper and Nurse (1997) used
a filter paper template on the tip of the tongugaeent to the middle. Shahbadteal.
(2005) analyzed the fungiform papillae density ¢we tleft side of the tongue.
Although both taste buds and taste pores are taifumal units of taste perception,
neither of them is visible to the naked eye. Hetloe present observations should be

confirmed using more sophisticated counting methods

In addition, aging also may have an affect on ftorga papillae density which is
supported by a study comparing the difference exdbansity of fungiform papillae
between children and adults (Segoetaal., 2002). The result shows that children
have significantly higher fungiform papillae degdihan adults, leading to a possible
conclusion that the number of fungiform papillaeyrdacrease with aging.
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Table 6 Spearman correlation coefficient values (rz-value) and their significances between fungiform papillae

densities and taste thresholds

Sucrose Fatty acid
Before After Before After Before After Before After
breakfast| breakfast| break break | breakfast| breakfast| break break
session | session | session| session| session | session | session| session
(B1) (B2) (NB1) (NB2) (B1) (B2) (NB1) (NB2)
Fungiform 0.201 -0.049 0.062 -0.08[7 -0.218 0.0R0 -0.221 0,056
papillae
density

*, SignificanceP value < 0.05

No correlation was found between the fungiform papidensity and the detection

threshold for sucrose or linoleic acid in this std@able 6). This is not consistent

with prior study conducted by Zhang al. (2009), which reports a negative

correlation found between the density of fungifopapillae and the sweet detection

threshold. Also, the present study failed to fimy aelationships between fatty acid

thresholds and fungiform papillae densities.

4.2.3 Body phenotype and PROP status

Subject characteristics are summarized in Tablsufmmarising the average age,

height, weight, BMI and Waist/Hip ratio. The avezagge and BMI across PROP

taster groups is shown in Figure 16.

Table 7 Subject characteristics

Age (Years)| Height (m)| Weight (kg)| BMI (kg/m?) | Waist/Hip ratio
26.2+1 1.76+0 73.95+1.9 23.84+0.48 0.84+0
Meant SEM
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Figure 16 Mean BMI of each taster group. Graphdatdis Mean = SEM. Error bars represent 95%
confidential intervals

Table 8 Pearson’s correlations coefficient valueg{ue) and their significances between body

phenotype parameters

Parameters BMI (kg/fh | Height (m)| Weight (kg)| Waist/Hip rati¢ Age (years)
BMI (kg/m?) 0.117 0.857* 0.263 0.372*
Height (m) 0.608* -0.139 -0.020
Weight (kg) 0.141 0.283

Waist/Hip ratio 0.350*
Age (years)

*, SignificanceP value < 0.05

A significant positive correlation between age d@idl, waist/hip ratio was found
(Table 8). BMI and waist/hip ratio were significenthigher in older subjects,
compared with younger subjects. This is consistétit previous studies (Boweet

al., 2006). In addition, positive correlations wernsoafound between BMI and

weight, height and weight.

No significant differences between BMI values o thfferent taster groups were
found (@>0.05). The relationship between PROP and BMI remaimrowersial.
Several studies reported that PROP NTs who arealdsdo discriminate fat content
in foods showed a higher acceptance of dietarfHayes and Duffy, 2007; Tepper
and Nurse, 1998; Kellett al., 2002; Duffy and Bartoshuk, 2000; Forrai and Bank
1984), and increased energy intake and greateositighan tasters did (Kellet al.,
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2002; Teppeet al., 2010). These findings suggested a hypothesas afiverse
correlation between PROP status and BMI, whicluppsrted by several studies
(Tepper, 1999; Tepper and Ullrich, 2002; Goldsgtial., 2005; Teppeet al., 2008).
However, other reports have shown no associatibmdsn PROP taster status and
these variables (Yackinous and Guinard, 2000; Tangsal., 2005; Yackinous and
Guinard, 2002; Drewnowskt al., 2007).

The significant relationship between BMI and agenisagreement with a previous
study which revealed that among females, age wpassdive predictor and PROP
status was a negative predictor of BMI, while ageswhe only predictor of BMI in
male subjects (Teppeat al., 2008). In addition, DNA analysis also revealédtt
polymorphisms at the TAS2R38 locus were not assettieith BMI in either males
or females (Tepper, 2008). Taking considerationgenhder aside, data adds to a
growing body of research suggesting that PROP staiay not correlate with BMI
(Dinehart et al., 2006; Drewnowskiet al., 2007; Duffy and Bartoshuk, 2000;
Yackinous and Guinard, 2001).
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4.3 Sensory tests and metabolic analysis

4.3.1 Comparison and correlation in sensory thresholds

Table 9 Average detection thresholds for sucrosk lmoleic acid of each PROP taster group and

comparison of threshold values between/withiretagtoups during fasted and satiated states

Sucrose (mM)
Before breakfast | After breakfast P \_/al_ue Before break After break P \_/al_ue
(within (within
session (B1) session (B2) groups} session (NB1) session (NB2) groupsy
(ISE&I)) 9.05[1.7,36.2] 13.58[3.4,18.1] 0.701 9.05[0.57,18. 18.1[1.13,18.1] 0.602
(n'\:‘IO) 18.1[9.05,36.2] 9.05[0.14,18.1] 0.021* 13.28[0.9288] 0.92[0.41,4.72] 0.889
(n'\gO) 4.53[1.13,36.2] 18.1[9.05,36.2] 0.586 2.1[1.4,15.94| 10.62[1.16,29.89] 0.408
(nﬂ-O) 13.58[0.57,18.1] 6.79[1.13,18.1] 0.959 3.14[0.61923 11.51[4.72,35.86] 0.235
P value
(between 0.501 0.049* 0.069 0.45
groupsy
Fatty acid (mM)
efore breakfast er breakfast L efore breal er breal o
Before breakfast| After breakt E’W‘l’ti'lune Before break After break E’W‘l’ti'lune
session (B1) session (B2) session (NB1) session (NB2)
groupsy groupsy
(:]—2%) 3.14[1.4,23.91] 4.72[0.92,29.89 0.778 7.07[0.9885 2.62[0.77,35.86] 0.581
(n’\=ﬂl—0) 13.58[0.14,18.1] 18.1[1.13,18.1] 0.24 4.59[0.6192p. 1.16[0.61,3.14] 0.203
(n'\gO) 1.7[0.36,18.1] 6.79[0.57,18.1] 0.45 13.28[1.4,35.86 8.85[1.16,35.86] 0.701
(nilo) 18.1[9.05,36.2] 18.1[9.05,18.1] 0.12 3.06[0.61,20.6| 3.84[0.41,35.86] 0.722
P value
etween 0.72 0.17 0.31 0.14
(b
groups)

Median [25% Percentile, 75% Percentile]

n. number of subjects

*, SignificanceP value < 0.05

! Kruskal-Wallis test was used to measure diffeesrtietween NT, MT and ST group.

2, Wilcoxon Signed-rank test was used to measuferdiices within each taste group between BlandNB2and NB2.

Average detection thresholds for sucrose and lio@eids are presented in Table 9.
Because of the non-normal distributions, data aesented as medians with inter-
quartile ranges as the index of variance. The tesshow that the threshold
distributions are extremely broad and some subphztsot reach a detection threshold

within the range of concentrations investigatethia study.

The effect of PROP status on sensory thresholdsalgasinvestigated. A significant
difference was shown in thresholds for sucrose anRIROP taster groups in the B2

session (Table 9) but the difference disappearddr a@Bonferroni correction,
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suggesting the difference was caused by a Iygreor, or alternatively, the variation
may be too high to reach a level of statisticahgigance. Therefore, a conclusion can
be drawn that PROP status has no effect on setts@sholds for sucrose and linoleic
acid in both B and NB trials of the present studygditionally, the differences in
thresholds within the whole subject group and witkéach taster group were explored.
For the comparison within the whole subject gronp, significant differences or
correlations were found in both B and NB trial. Wiespect to differences within
each taster group, there was only one significaifferdnce between sucrose
thresholds before breakfast and after breakfastgntein the NT group.

The effect of metabolic status on sensory threshalds investigated. Postprandial
thresholds for sucrose were significantly highemtlcorresponding fasting thresholds
(p<0.05), indicating breakfast has an effect on sseftbresholds in nontasters while
continuous fasting has no effect. Neither fastitajesnor satiated state influenced

fatty acid thresholds within each PROP taster group

In the light of the methodological approach (ilee use of nose clips, antioxidants,
gums and mineral oils) and the low fatty acid conicgions used, it is confident that
the thresholds reported in the present study wesed on differences in oral
chemosensory sensitivity, and not on additionakensory cues such as olfaction,
irritation and texture (Chale-Rughal., 2007). In addition, based on previous animal
studies, specificity of sensitivity to FAs varyimg saturation on different regions of
the tongue have been reported (i.e., sensitigitgdlyunsaturated fatty acids on the
anterior tongue and monounsaturated fatty acidpasterior tongue) (Gilbertsost
al., 1997; Hansest al., 2003) Furthermore, an uneven distribution of 6[&ceptor
in different papillae has been observed (i.e. cotaéons for circumvallate >
foliate > fungiform) (Laugerettet al., 2005). However, the present work involved
whole-mouth stimulation, so any regional differemaaay not have influence the
results. Although all the environmental and orosengues are minimised, another
factor should be considered. Removing the fatty atay require more than a single
water rinse because the hydrophobic nature of atiys likely gives them an affinity
for the taste cell membrane. Failure to adequatetyove the fatty acid from the

membrane could produce carry-over effects durirgy $ensory testing procedure
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(Reckmeyer, 2010). In this case, even though tHgests rinsed their mouths

between sample pairs, this may not have been miffito remove residual fatty acids.

The significant difference of the recognition threkls for sucrose observed by
Zverev (2004) in fasted and in satiated conditimas not found in the present study
but it is consistent with another study reportirg significant variation for sucrose
thresholds in satiated and fasted states (Pastjatt, 2006). Pasquedt al. (2006)
measured the sucrose recognition thresholds bysthgcase-method with pure
chemicals in water and showed the detection thidsho fasted and satiated states
were 40.1 mM (SD 7.2 mM) and 41.4 mM (SD 6.1 mMypectively. These values
are much higher than those observed in the presedy and there are some possible
explanations for the differences. Pasosetl. measured recognition thresholds while
the present study presented detection threshohis.r@cognition threshold requires
higher levels of stimulation than detection thrddb@as subjects need to identify the
nature of the tastant. Furthermore, experimentikerénces, such as preparation
technigues and sensory test procedures could explidffierences between these
studies. In some studies, sucrose has been rdprtee sweeter to PROP tasters
than to PROP non tasters (Bartoshuk, 1979; Loowsaohgarten, 1992). In contrast,
some other studies found no relations between PR&® status and the perceived
sweetness of sucrose solutions (Drewnowskl., 1997; Ly and Drewnowski, 2001).

It was expected fatty acid results would be simitethose of Chale-Rusgd al. (2007)
because we used the similar fatty acid concentratisimilar preparation techniques
(fatty acid added in gum vehicle then homogenizadyl similar sensory test
procedures (3-AFC method). Instrumental methodsldcowt confirm a textural
contribution of fatty acids from viscosity at thdéreshold level and visual
identification has been diminished by conductirigesdting under red light. However,
linoleic aicd thresholds were much higher than ¢haeviously reported. Chale-Rush
et al. (2007) reported the mean detection thresholdifmleic acid was 1.12 mM
(SEM 0.285 mM) with minimal input from the olfacygrcapsaicin, and viscosity-
assessing tactile systems. Results are also hitjaer other previously reported
thresholds 0.28 mM (Mattes, 2009) and 1-5 mM (Stewh al., 2010). Mattes

obtained thresholds after post-desensitization viemuld be an explanation for his
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markedly lower threshold values. Also, the diffexesm between previous reported

mean values and this study’s median values costullz a reason for differences.

It is hypothesised that there was a link betwee@®@PRtatus and oral taste perception
and it was speculated that PROP status could pefb@msed as an indicator of fat
sensation. However, in the present study no sigamti effects of PROP taster status
on the perceived sweetness and fatty acid tastep@on were found. The findings
from previous studies have reported conflictingcouates in terms of possible
relationships between PROP status and other taigtesities. For sucrose, Bartoshuk
(1979) and Looy and Weingarten (1992) have repddsters perceive more intense
sweet than nontasters while others found no relatlmetween PROP taste status and
the perceived sweetness of sucrose solutions (Bneski et al., 1997; Ly and
Drewnowski, 2001). For fatty acid taste perceptitie, results are in agreement with
those of Drewnowsket al. (1998) and Guinard and Yachinous (1999) who ntepo
association between fat perception and PROP tatdéus, in contrast to those of
Duffy et al. (1996) and Tepper and Nurse (1997 and 1998).ifgyadly, in studies of
Kamphuiset al. (2001 and 2003), PROP taster status was noecdetatlinoleic acid
taster status. Kamphue al. (2003) divided 24 women into linoleic acid tastand
linoleic acid nontasters based on their sensi@igito a 10uM linoleic acid solution.
They investigated the relationship between linolaiid taste perception and food
intake regulation in terms of food or energy inta&e satiety and reported linoleic
acid taster status was related to food intake atiguml but not PROP status. Therefore
this work indicates that other mechanisms not edlato PROP sensitivity are
affecting peoples overall sensitivity to fatty ataste. This could be explained by the
CD36 receptor and its role in fatty acid taste cide (Pepinct al., 2012).

Pepinoet al. (2012) studied the role of lingual lipase and 60$ fat detection

thresholds on 23 obese subjects because greatefahifpod preferences in obese
people as compared to lean people were reporteel.oDtheir hypotheses suggested
that reduced CD36 expression was associated vgtiehioral fat detection thresholds
(i.e. lower oral sensitivity to fat). The resultsopided strong support that the
existence of a taste component in the orosensagepeon of dietary fat in obese
subjects. In addition, Pepirabal. (2012) also reported that subjects with lower 6D3
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expression were less sensitive in detecting oleit, suggesting that CD36 genotype

affected orosensory detection of fats in humans.

Combining with previous studies, Pepimeb al. (2012) further proposed that FA
detection thresholds are not related to the sweebitber taste perception by
investigating the relationship between CD36 andalgustducin. It is known that
alpha-gustducin co-expressed with T2R family andR3lare involved in signal
transduction of bitter and sweet taste, respegtiy@tller et al., 2001; Wonget al.,
1996). Martinet al. (2011) reported that alpha-gustducin expresstorl$ in taste
buds are not related to conditions of lower CD3pregsion or no CD36 expression in
mice, indicating that alterations in CD36 expressio not associate with changes in
gustducin expression. In addition to the variatimngene expression, alpha-gustducin
is not involved in fat taste signalling. Alteratsom fat detection thresholds are related
to the reduced CD36 expression but not the chaimggastducin expression (Love-
Gregoryet al., 2011, Ghoskhet al., 2011) as alpha-gustducin knockout mice have
decreased sensitivity for bitterness and sweetfWssget al., 1996) but the same fat
preferences as those of wild type mice (Sclafanial., 2007). One possible
explanation suggests that the signaling mechanisiu@dved in CD36-mediated fat
perception involve pathways distinct from thoseoining alpha-gustducin (Khan and
Besnard, 2009). Therefore, as CD36 expression fisrelated to alpha-gustducin
expression and CD36 does not share the same signgdathway with alpha-
gustducin, suggesting that fat taste perceptiamotsrelated to the prototypical taste
perception which has been confirmed by the presteily.

According to the study of Nakamueh al. (2008), in the normal feeding condition
(three meals a day), leptin concentrations staitedse before noon and peaked at
night. Similar to plasma leptin levels, taste redbgn thresholds for sweetness
showed significant time-dependent increases. THeg eeported that increase in
blood glucose of individuals after meals was negdyicorrelated with recognition of

sucrose thresholds, suggesting that sweet setisgiiiefore meals may influence
postprandial increases in glucose levels. Altholeghtin levels were not measured in
the present study, a negative correlation betweemose thresholds and plasma
glucose changes were expected. However, the preseht found, as expected, that
plasma glucose levels (see Table 10) were signifigancreased after breakfast,

while detection sucrose thresholds did not show alifyerences after meal
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consumption. Also, no significant relations betwéasting sucrose thresholds and the
postprandial increases in plasma glucose as coedrasth the Nakamuret al. (2008)

study.

To our knowledge, this is the first study to invgate the relationship between
metabolic state and fatty acid threshold values.céfeconclude that metabolic state,
fasting state nor a satiated state, has no effacfatty acid threshold values.
Furthermore, as shown above (Table 9), there waapparent relationship between

sweet or fatty acid taste perception and circutptitood parameters of glucose or
NEFA.
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4.3.2 Comparison and correlation in sensory thresholds

The present study investigated the differences lood metabolites within taster
groups as well as between groups.

Table 10 Mean concentrations of plasma metabaditameters (glucose, TC, TG, HDL-TC and NEFA)
for each PROP taster group and comparison betwébimwaster groups during fasted and satiated

states
Glucose (mmol/L)
Before breakfast| After breakfast l(:w\i/;\liune Before break After break l(jw\i/t?]lil:]e
session (B1) session (B2) groups} session (NB1) | session (NB2) groups}
Total (h=40) 5.27+0.07 6.06+0.19 0.00* 5.26+0.06 240.07 0.091
NT(n=10) 5.19+0.11 6.05+0.35 .025* 5.25+0.12 5.2880 0.859
MT (n=20) 5.27+0.08 6.32+0.28 .002* 5.27+0.08 5.2£0 0.058
ST(n=10) 5.3610.21 5.55+0.38 0.475 5.24+0.14 5.1540 0.678
P value (between
group} 0.683 0.272 0.984 0.817
Cholesterol (TC) (mmol/L)
Before breakfast| After breakfast I(:’W\i/ta;lliune Before break After break l(jw\i/t?:il:]e
session (B1) session (B2) groups) session (NB1) | session (NB2) groups}
Total (h=40) 4.55+0.14 4.61+0.14 0.027* 4.51+0.14 .640.15 0.004*
NT(n=10) 4.33+0.24 4.42+0.24 0.139 4.23+0.24 4.38Z20 .022*
MT (n=20) 4.63+0.21 4.73+0.23 0.057 4.64+0.21 40723 .044*
ST(n=10) 4.59+0.3 4.57+0.27 0.508 4.52+0.31 4.5830. 0.799
P value (between
groups)2 0.69 0.68 0.49 0.56
Triglycerides (TG) (mmol/L)
Before breakfast| After breakfast lzw\i/f;:iune Before break After break I(:)W\i/t?]l%e
session (B1) session (B2) session (NB1) | session (NB2)
groups§ groups§
Total (h=40) 1.06+0.07 1.08+0.07 0.354 1.22+0.08 1510.09 0.001*
NT(n=10) 1.17+0.11 1.18+0.11 0.838 1.19+0.13 1.1860 0.386
MT (n=20) 1.11+0.08 1.14+0.1 0.794 1.12+0.1 1.0P90. 0.001*
ST(n=10) 1.29+0.19 1.2+0.16 0.059 1.44+0.24 1.3840. 0.415
P value (bet
Vo e 0.57 0.95 05 0.65
High density lipoprotein cholesterol (HDL-TC) (mnigl
Before breakfast| After breakfast I(:w\i/ta;:iune Before break After break I(Dw\i/t?:iL:\e
session (B1) session (B2) session (NB1) | session (NB2)
groups} groups}
Total (n=40) 0.99+0.03 1.01+0.03 0.261 0.98+0.04 0.04 0.006*
NT(n=10) 0.97+0.05 0.97+0.05 0.838 0.91+0.05 0.9650 0.047*
MT (n=20) 0.98+0.05 1.01+0.05 0.823 1.01+0.06 1MB6 0.121
ST(n=10) 1.05+0.08 1.04+0.07 0.878 0.98+0.06 1+0.06 0.123
P value (bet
o 0.64 0.79 0.31 0.14
Non esterified fatty acid (NEFA) (mmol/L)
Before breakfast| After breakfast I(:w\i/ta;:iune Before break After break I(Dw\i/t?:iL:\e
session (B1) session (B2) session (NB1) | session (NB2)
groups§ groupsj
Total (h=40) 0.2610.02 0.15+0.01 0.00* 0.26+0.02 3330.03 0.001*
NT(n=10) 0.25+0.03 0.14+0.02 .005* 0.25+0.04 0.3080 .047*
MT (n=20) 0.21+0.02 0.14+0.02 .009* 0.24+0.02 0.846 .004*
ST(n=10) 0.37+0.05 0.17+0.02 .013* 0.31+0.05 0.36%0 0.444
P value (bet .
Cooups) 0.00 0.49 0.35 0.85
Mean = SEM

n. number of subjects
* SignificanceP value <0.05

! Kruskal-Wallis test was used to measure differsrimdween NT, MT and ST group for plasma glucoseaimd NEFA
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2. One-way ANOVA was used to measure differencesdsst NT, MT and ST group for plasma TC and HDL-TC

%, Wilcoxon Signed-rank test was used to measuferdiices within each taste group between Bland\B2and NB2 for
plasma glucose, TG and NEFA

4. Paired sample T-test was used to measure diffesemithin each taste group between Bland B2, NBNB? for plasma TC
and HDL-TC

From Table 10, the following trends or patterns bardescribed: The effect of PROP
status on blood metabolites were analysed and @mdy significant difference was
found in NEFA concentrations during the overnigasting condition in the B trial
(p<0.05). However, the difference disappeared aftarf@&roni correction, suggesting
the difference was caused by typerror. Therefore, PROP taster status does not seem

to have any effect on blood metabolites.

The mean plasma glucose concentration for the gesup whole was significantly
different after meal consumption as shown Table TBe elevated postprandial
glucose concentration indicates the significane@fbf meal consumption on plasma
sucrose concentration. For each taster group, lafl postprandial glucose
concentrations were increased but only the diffeeenin NTs and MTs were
significant. Therefore, the effect of meal consuompivas found in NTs and MTs but

notin STs.

The mean plasma NEFA concentration for the group aole shows a significant
decrease in the breakfast trial and a significantease in the non-breakfast trial.
Within each taster group, the postprandial NEFAcemrations were significantly
different from their corresponding fasting concatibtns while in the NB trial,
significant differences were observed in the NT & groups. Hence, as expected,
both fasting state and satiated state have clésstefon plasma NEFA concentrations
in NTs and MTs whereas STs only show significaffitedences in the NEFA level

after breakfast.

The mean plasma TG concentrations were signifigar@tiucted after continuous
fasting within the MT group and within the wholebgect group in the NB trail. For
HDL-Cholesterol, the effects of the continuous ifagtstate were found in NTs and
the whole subject group. The mean plasma TC coratéott for the group as a whole
showed significant increases under the conditiobath fasting and satiated states.
NTs and MTs have also showed significant increa$ies break in NB trial.
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There were no significant relationships betweenodlanetabolites and sensory
thresholds; there was no apparent link between tsaretatty acid taste perception
and circulating blood parameters of glucose or NEF#fully test the hypothesis that
altered metabolic marker concentrations may sesvadicators of sweet or fatty acid
taste sensitivity, further work is required to m&ascirculating hormones that have
previously been linked with sweet or fatty tastecpption. However, the data of the
present study provide an indication that the mdiabstate of the subjects is
consistent with the treatments of fasting and coyion of food at breakfast, and
therefore provides an important quality control ahe.e. subjects did fast as

requested.

It is unlikely that the effect of the sensory stimmfluenced metabolic markers

through ingestion of tastants. All trial subjecteres instructed to expectorate the
tastants to a waste cup and even if small amodrttsedfatty acid or sucrose sample
was ingested, the increment would be too smalttoant for the noted effect. Hence,
ingestion of a small amount of fat or sucrose sthda@ neligible and oral exposure to

the tastants can be solely considered.

A number of basic research studies in animals lgeight to the rationale that oral
taste perception of sweet or fatty acids may imftge metabolic regulation. For
example, studies in rats show that the degree aff exposure to fat alters the
postprandial lipid profile (Ramirez, 1985 and 1992)n addition, another study
reported that oro-nasal exposure to dietary fat wdluence postprandial lipid
metabolism in humans (Mattes, 1996). Mattes (1@3®Jored the sensory attributes
of high-fat oral stimuli that may influence the m@eblic response and reported that
the postprandial rise of plasma TG was signifigahigher and of longer duration
when associated with mastication of the full-fansius compared with each of the
approprpriate controls. Furthermore, it is wellab$shed that after oral exposure to
fat, plasma TG levels rise after food consumpti¢iurthermore the fasting
concentrations of circulating TG levels are a maeterminant of the postprandial
TG response after a meal (Lambert and Parks, 201 2gdition, it is known that diet

composition can affect the plasma TG level. Zangpeaal. (1994) showed a
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decreased TG concentration in plasma after mealicing large amounts of long-
chain n-3 polyunsaturated fatty acids compared witheal containing mixed oil. The

fatty acid composition has a clear influence onahbelic parameters.

In the present study, only a small change in pasglial TG concentration was
observed with continued fasting in the NB trial.

The concentration of plasma cholesterol after &ding has been measured in
numerous other studies; however, changes have éilea negligible in magnitude or
had high variance between subjects (Btual., 1985; Tallet al., 1982). In addition,
the HDL-cholesterol levels were inversely relatedlC concentrations (Cotat al.,
1988). Higher fasting HDL levels tended to be asged with a postprandial decrease
in total plasma cholesterol and, conversely, subjadth a lower fasting HDL level
tended to show an increase in plasma cholestehnel pfesent results are in agreement
with this idea showing a small increase in cirdaljtconcentrations of HDL-
cholesterol with prolonged fasting in the NB trial.

NEFA, also known as free fatty acids (FFA), areftiven in which stored body fat is
transported from adipose tissue to its sites dization and regulation of the plasma
NEFA concentration is an important path metabodigutation during feeding and
fasting. Its concentrations in normal, healthy peopeach high levels after an
overnight fast or during aerobic exercise and adkced after a meal (Fraghal.,
1997). In the present study fasting was associatgth low plasma NEFA
concentrations, and NEFA levels significantly iraged after breakfast. However,
neither sucrose nor fatty acid taste perceptioreaggu to be influenced by changes in
circulating concentrations of NEFA during fastingafter a meal.
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5 Conclusion and Recommendation

The results show that compared with water bath asodicator, high pressure
homogenizer produces a better dispersed and malée stmulsions. According to
three-solution PROP test, subjects were classified three groups, including 25%
NTs, 50 MTs and 25% STs. No significant correlasiowere found between
fungiform papillae density and sensory thresholdsluding sucrose and LA. For
body phenotypes, BMI is significantly correlatedtwage, and in this research it did
not correlate with PROP status or sensory threshatdaddition, metabolic states did
not have any effect on fatty acids thresholds amdefationship between fatty acid
thresholds and blood metabolic parameters was wdefurthermore, since no
significant differences in blood metabolite concatibns were found across PROP
taster group, PROP cannot be considered as a fmedm any of the blood

metabolites.
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7 Appendix
1 A Labelled Magnitude Scale
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