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Abstract: In most cases, a meal cannot be finished with a single bite and sip. During eating
and drinking, consumers receive dynamic food perceptions from sensory attributes in foods.
Thus, we performed multi-sip time–intensity (TI) evaluation of sensory attribute. In each of ten trials,
the participant evaluated continuously the intensity of retronasal aroma for 60 s after swallowing
oolong tea. We compared the TI parameters (Imax: maximum intensity, Tmax: time point at which
intensity reached the maximum value, AUC: area under the TI curve, Dplateau: duration between the
first and last time points with values exceeding 90% of the maximum intensity, Rinc: rate of intensity
increase between the first time points with values exceeding 5% and 90% of the maximum intensity,
and Rdec: rate of intensity decrease between the last time points with values exceeding 5% and 90%
of the maximum intensity) and TI curves among the ten trials, and approximated each TI curve with
an exponential model. Some TI parameters (Imax, Tmax, AUC, and Rinc) differed significantly between
the first and subsequent trials. The TI curve was significantly lower in the first trial than in the
subsequent trials, and TI curve during the time from starting the evaluation to reaching maximum
intensity was significantly lower in the second trial than in the subsequent trials. The time constant of
the fitted exponential function revealed that the decay of retronasal aroma intensity was slightly faster
in the second through fourth trials than in the first and the fifth through tenth trials. These results
indicate that olfaction might be more perceptive while consumers sip a cup of the beverage.

Keywords: multi-sip; time–intensity; retronasal aroma; oolong tea beverage; consumption experience;
warm-up sample

1. Introduction

1.1. Measurement of Temporal Changes in Sensory Attributes

Temporal changes in sensory attributes perceived during eating and drinking provide dynamic
food perception to the consumer [1]. The most common method for measuring temporal changes
in sensory attributes of food is time−intensity (TI) evaluation [2]. Researchers can obtain more
perceptual information that changes with time by performing TI evaluations of sensory attributes
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rather than single-point evaluation [3]. Previous studies performed TI evaluations of retronasal aroma
of foods: skim milk aroma of ice cream [4], vanilla aroma of ice cream [5], fruit aroma of ice cream [6],
strawberry aroma of ice cream [7], mint aroma of chewing gum [8,9], cinnamon aroma of chewing
gum [10], and meat aroma of pork pâté [11].

In general, TI evaluation is the measurement of the intensity of a single sensory attribute that
changes over time in reaction to a single exposure to a stimulus [12]. Dual-attribute TI evaluation [9,13]
and multi-attribute TI evaluation [14] have also been proposed, but these methods are not widely
applied due to the large burden on the participants and the enormous amount of time required for
the experiments [15,16]. The temporal dominance of sensations (TDS) task, in which the participant
directs their attention simultaneously to multiple sensory attributes in a single trial, was developed
recently [17]. In the TDS task, the temporal change of each sensory attribute is obtained by recoding the
most dominant attribute (i.e., the most impressive attribute, but not necessarily the strongest attribute)
that changes over the course of time. Several studies employed the TDS task using beverages such as
coffee [18–20], blackcurrant squashes [21], red wine [22,23], white wine [24,25], and vodka [26].

TDS requires little training for participants [15]. Consequently, TDS is a very simple task that
even untrained consumers can perform [27]. For example, consumer panelists have performed
TDS using several foods such as chocolate [28], strawberry [29], fish sticks [30], and wine with and
without cheese [31]. On the other hand, conventionally, TI evaluation has been performed for trained
panelists [12,32,33]. In other words, many researchers reported that it was difficult to perform TI
evaluation for untrained panelists. Gotow and colleagues [34] developed a new evaluation system
for TI evaluation by untrained panelists. In the conventional TI evaluation system, a lever, a rotary
knob, a joystick, and a computer mouse were used as a reaction device, and the output from response
device was visually fed back onto a computer screen as movement of a cursor or indicator along the
scale [35]. On the other hand, in the TI evaluation system developed by Gotow and colleagues, a load
cell connected to a spring, a string, and a metal ring was used as response device. The output from the
response device was not only visually fed back onto a computer screen as movement of an indicator
along the scale, but also kinetically fed back to the participant’s index finger that was operating the
ring. Such dual feedback was expected to improve the performance of participants who had not
undergone special training for sensory evaluation. Additionally, previous studies [36,37] reported that
when a participant was presented with a taste solution containing an odorant, they paid attention to
their tongue, and it became more difficult to detect or identify the olfactory element rather than the
gustatory element. Based on these studies, Gotow and colleagues devised a screen that displayed
instructions, so that the participant’s attention was directed to different parts of their body in the taste
quality and retronasal evaluation sessions. More specifically, with reference to the task in which the
participant was asked to report the part of the anatomy that perceived sensory attributes such as vanilla
aroma [38,39], the relevant part of the anatomy was displayed on the screen, using an illustration
of the sagittal plane of the head with the name of the part (e.g., “on the tongue” in the taste quality
evaluation session, and “in the throat” in the retronasal aroma evaluation session). In accordance
with previous studies [40,41], each TI curve obtained from participants was approximated with an
exponential function, and then correlation coefficients between the actual and theoretical values were
calculated. The results indicated that a correlation coefficient of 0.8 or more was observed in about 90%
of all TI curves, and that TI curves differed significantly between taste quality and retronasal aroma.
Based on these results, Gotow and colleagues concluded that they succeeded in developing a system
by which an untrained panelist can easily and precisely perform TI evaluation of the sensory attributes
of food. Using this evaluation system, untrained panelists performed TI evaluation of bitterness and
retronasal aroma of black coffee beverage without sugar [34,42,43], as well as sweetness of sweetened
coffee beverage with milk and sweetened water solution [44].
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1.2. Multi-Sip Sensory Evaluation

The amounts of consumption of various foods enable us to infer the dietary habits of each
consumer, i.e., their consumption experience over the relatively long-term. On the other hand,
consumers repeat short-term consumption experiences during everyday meals, such as breakfast,
lunch, and dinner. In other words, it is possible to regard actions in which a consumer sips one
cup of beverage until the cup is empty as a short-term consumption experience. When a consumer
drinks a whole cup of a beverage, it is rare for them to gulp it with a single sip. Since perception
changes through repetition of the sipping action, multi-sip evaluation allows researchers to acquire
more reliable data, and obtain a deeper understanding of food perception, than can be acquired in a
single-sip evaluation [45,46].

Oolong tea is so familiar to Japanese consumers that the amount produced is reported in public
statistics [47]. The consumption of oolong tea in Japan in 2017 was 11,042 tons, about 10% of the total
consumption of all types of tea [48]. Additionally, according to data reported by the Japan Soft Drink
Association, the production of oolong tea beverages in Japan in 2017 was 632,800 kL, about 10% of
the total production of all types of tea beverage [49]. Thus, oolong tea is one of the most popular
teas, and it has a characteristic aroma [50]. The aroma of oolong tea consists mainly of nerolidol,
jasmine lactone, methyl jasmonate, and indole, and it can be characterized as elegant floral aroma
with a dried fruit note [51]. The sensory qualities of oolong tea depend on aroma, as well as other
sensory attributes such as sweetness, umami, and astringency [52]. Some studies reported that the
intensity of aroma of oolong tea was affected by the region where the tea leaves were produced [50],
the semi-fermentation time of the tea leaves [53,54], and the type of water used to brew the tea [55].

Multi-sip TDS tasks have the potential to deepen understanding of food perception as a consumer
drinks a whole cup of a beverage [45,56–58]. Zorn and colleagues [59] performed a study with the
TDS task, using four orange juices to which different sweeteners (sucrose, sucralose, thaumatin, and
stevia) were added. The TDS tasks, of 20 s per trial, were performed in three consecutive trials. For
each sample and each trial, Zorn and colleagues constructed TDS curves for six sensory attributes
(sweetness, sourness, bitterness, astringency, orange flavor, and off-flavor). When they compared
TDS curves between samples, the dominant ratio of sweetness in sample to which sucrose was added
indicated temporal change similar to that of dominant ratio of sweetness in sample to which sucralose
was added. In two samples containing thaumatin and stevia, dominant ratios of sourness and bitterness
increased with repetition of the trials. These results implied that multi-sip sensory evaluation might
enable specification of differences between samples.

Some previous studies performed multi-sip single-point evaluation of taste qualities, and these
studies reported that intensity decreased gradually with the repetition of trials [60,61]. For example,
Schiffman and colleagues [62] performed multi-sip single-point evaluation using water, 0.27 mM
tannic acid solution, and 1.36 mM tannic acid solution. Six sweeteners at four concentrations,
another six sweeteners at three concentrations, and the remaining sweeteners at two concentrations
were added to each solution, yielding a total 46 sweet solutions. Solutions containing sweeteners at four
concentrations had intensity equivalent to 3%, 6%, 9%, and 12% sucrose solutions (in the case of three
concentrations, 3%, 6%, and 9%; two concentrations, 3% and 6%). Participants transferred the presented
sample into the oral cavity for 5 s, and then spat out it. Immediately after spitting, they evaluated
the intensity of sweetness. For each solution, they repeated this procedure in four consecutive trials
at 30 s intervals. The results revealed that the intensity of sweetness decreased gradually with the
repetition of trials. Thus, for taste quality, some previous studies have employed multi-sip single-point
evaluation, but we are aware of no study employing multi-sip TI evaluation. For retronasal aroma,
we find neither multi-sip single-point evaluation report nor multi-sip TI evaluation.

In this study, we performed multi-sip TI evaluation of retronasal aroma using oolong tea beverage.
To investigate how the perceptual sensitivity of retronasal aroma of oolong tea beverage changed
while a participant sipped the beverage, we compared TI parameters and TI curves of retronasal
aroma among multiple trials. Based on the study of Gotow and colleagues [42], we hypothesized that
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perceptual sensitivity of retronasal aroma might improve because the opportunities for the participant
to perceive retronasal aroma increase while they sip the beverage. On the other hand, by analogy
to previous studies for multi-sip single-point intensity evaluation [60–62], we also hypothesized
that perceptual sensitivity of retronasal aroma might decrease because the participant adapts to the
retronasal aroma as they sip the beverage.

2. Material and Methods

2.1. Participants

This study was conducted in accordance with the revised version of the Declaration of Helsinki.
All procedures in this study were approved by the ethical committee for ergonomic experiments of
the National Institute of Advanced Industrial Science and Technology, Japan. When we recruited
participants, we made it clear to potential volunteers that oolong tea beverages and salt-free
crackers could be used as experimental materials, and that individuals with allergies against any
ingredients of these products could not volunteer for the experiment. Before starting the experiment,
we reconfirmed that no participant had allergies against the ingredients of the experimental materials.
Furthermore, we informed participants of their right to cease participation even after their initial
agreement to participate. Informed written consent was acquired from all participants. Twenty-five
volunteers (11 female and 14 male) between the ages of 20 and 54 years old (average age ± standard
deviation = 26.12 ± 9.57 years old) participated in the experiments. Participants received a reward for
participation in this experiment.

2.2. Materials

We used 350 mL of plastic-bottled oolong tea beverage (“Suntory kuro oolong tea kaoru jasmine”,
Suntory Beverage and Food Limited, Tokyo, Japan), which does not contain sugar or milk. Salt-free
cracker and mineral water were used to clean the participant’s oral cavity [26,63,64]. We opened
each package of salt-free cracker (“Premium non-salt topping”, Yamazaki Nabisco, Tokyo, Japan),
and mineral water (“Suntory minami Alps no ten-nen sui”, Suntory Beverage and Food Limited) one
hour before the start of experiment. The salt-free cracker was cut to a size of 2 cm × 2 cm, and one
piece of cracker was served in a paper candy cup. Mineral water (10 mL) was measured using a
macropipette and poured into a paper cup (capacity 90 mL, Part number SM-90-3, Tokan Kogyo,
Tokyo, Japan). On the table (width 89.5 × depth 44.5 × high 64 cm) on which the TI system described
below was placed, we arranged a plastic-bottled oolong tea beverage with an unbroken seal, two paper
candy cups with cracker, two paper cups with mineral water, and a transparent polypropylene cup
(“Dispo cup premium clear”, capacity 100 mL, division 10 mL, AS One Corporation, Osaka, Japan)
for measuring oolong tea. The plastic bottle containing the oolong tea beverage had a polyethylene
commercial label that provided brand information to consumers. We presented oolong tea beverage
and mineral water at room temperature (approximately 24 ◦C).

2.3. TI Evaluation System

As shown in Figure 1, in order to perform TI evaluation of retronasal aroma of oolong tea
beverage, we used an evaluation system in which a steel ring with a diameter of 2 cm was connected
by a string to a spring removed from a spring balance (maximum weighing capacity 0.2 kg; Part
number ST-02, AS ONE Corporation, Osaka, Japan). The range of movement of this ring was limited
to 10 cm by a stopper (left upper devices drawn in Figure 1). The value of intensity increased as
the participant pulled the ring more strongly with their finger. If the participant did not apply force
to the ring, it was pulled back by spring tension, and the value of intensity decreased. A six-point
magnitude scale (0: “not detectable”, 1: “barely detectable”, 2: “week”, 3: “easily detectable”, 4:
“strong”, 5: “very strong”) was used to evaluate intensity [65]. When the ring was located at the
original position, the value of intensity indicated “not detectable (0)”. When the ring was pulled
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until it was blocked by the stopper, the value of intensity indicated “very strong (5)”. The position
of the ring, synonymous with spring tension, was measured using a load cell (maximum load 5 N;
Part number DTU-5N, Imada, Toyohashi, Japan), with output expressed as voltage. After the output
voltage was amplified, it was recorded by a personal computer (PC) through an analog-to-digital
(A/D) conversion board (Part number PEX-234104, Interface, Hiroshima, Japan) at a frequency of
1 kHz. To provide visual feedback, the value of intensity was displayed to the participants as a black
bar drawn on a six-point magnitude scale on a liquid crystal display (LCD) monitor (screen size,
10.4 inch; part number QT-1003P-AV-TP, Quixun Products, Tokyo, Japan) placed 35 cm in front of the
participant. In order to prevent fatigue, the participant was instructed to put their arms on the elbow
rest of the chair throughout the TI evaluation. In addition, we previously verified the reliability and
validity of the TI evaluation using this system [34,42].
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liquid crystal display.

Participants evaluated intensity by operating a pull-ring, which was a component of the evaluation
system. The movable range of the ring was limited to 10 cm by a stopper. Positional information of the
ring, synonymous with spring tension, was measured by a load cell, with output expressed as voltage.
After the output voltage was amplified, it was recorded by a PC through an A/D conversion board at
a frequency of 1 kHz. To provide visual feedback in real time, the value of intensity was displayed on
an LCD monitor as a black bar on a six-point magnitude scale (0: “not detectable” to 5: “very strong”).
Furthermore, to inform the participant of the time remaining in the evaluation, an indicator of the
extent of progress was shown on the screen.

2.4. Procedure

Participants were expected to perform TI evaluation on the basis of concepts related to aroma
and intensity formed through consumption experiences in daily life. Therefore, participants did not
receive special training in sensory evaluation. Each participant was asked to perform TI evaluation
of retronasal aroma after swallowing oolong tea beverage, in total of ten trials. All instructions were
displayed on the LCD monitor placed in front of participant. Gotow and colleagues [42] who developed
the TI evaluation system used in this study, reported that participants could easily and precisely
perform TI evaluation of sensory attributes of food following a single training trial, which provided an
explanation of the evaluation method. In this study, we suspected that the single training trial might
have some influence on the evaluation in the main trials, even if the sample presented to participants
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differed between the training and main trials. Therefore, we did not arrange training trials for our
participants. Instead, before starting the first trial, the participant confirmed the instructions with the
experimenter by watching a screen, and experienced the operation of the ring.

In the first screen of sequential trials, we instructed the participant to evaluate continuously
intensity of retronasal aroma in the throat after swallowing the oolong tea beverage over tens of
seconds. In the same screen, referring to previous studies [38,39] in which participants reported
which part of their anatomy they used to perceived specific sensory attributes (e.g., some participants
replied that they perceived vanilla aroma in their mouth), we instructed the participant regarding
the part of the anatomy to which they should direct their attention (i.e., “in the throat”), using an
illustration of the sagittal plane of the head with the name of the part labeled (a display drawn in
Figure 1). Next, the participant placed a cracker into their mouth to clean the oral cavity, and continued
masticating it for 15 s before the screen was switched. At that time, the participant swallowed the
cracker remaining in their oral cavity, and then held 10 mL of mineral water in their mouth. After they
transferred the water into the oral cavity, they swallowed it. The number of trails was displayed on
the screen. In order to prevent as much as possible the aromatic substances contained in oolong tea
beverage from volatilizing, the participant opened the cap of the plastic bottle immediately before
starting the TI evaluation for each trial, and then poured 10 mL of oolong tea beverage into a cup with
divisions. After measuring the oolong tea beverage, they closed the cap. Next, we counted down
5 s [61,62] before the screen instructed the participant to swallow. Before the countdown reached 0 s,
the participant took 10 mL of tea beverage in their mouth, which they held without swallowing, and
then placed the index finger of their right hand into the ring of the TI evaluation system. The participant
swallowed the oolong tea beverage in their mouth at the same time that the countdown reached 0 s,
and that the screen showed visual feedback about intensity. Incidentally, in everyday life, consumers do
not clean the oral cavity every time they take a sip of beverage. Therefore, in order to unify the
conditions in the oral cavity among participants while following the normal practice in daily life,
participants cleaned the oral cavity only before starting the first trial.

Participants evaluated intensity over 60 s for each trial. We instructed each participant to demonstrate
their intensity of retronasal aroma by freely operating the pull-ring component of the evaluation system.
We did not tell the participants the length of the evaluation time (i.e., how long they were to evaluate
intensity). Instead, in order to inform the participant of the time remaining in a trial of evaluation,
we displayed an indicator on the screen showing the extent of progress. Participants did not rest between
trials. The interval from the end of TI evaluation in a given trial to the start of TI evaluation in the
subsequent trial was about 30 s. After finishing the tenth trial (i.e., final trial), the participant cleaned the
oral cavity using clacker and mineral water, as they had before starting the first trial.

2.5. Analysis

2.5.1. Comparison of TI Parameters among Trials

For each TI curve obtained from participants, six TI parameters (maximum intensity (Imax),
time point at which intensity reached maximum value (Tmax), area under the TI curve (AUC),
duration of maximum intensity (Dplateau), rate of intensity increase between the time point at which
sensation to stimulus was first perceived and Tmax (Rinc), the rate of intensity decrease between Tmax

and the time point at which sensation to stimulus was extinct (Rdec)) were calculated. Based on the
trapezoidal model of Lallemand and colleagues [6], shown in Figure 2, four points (A, B, C, and D)
were determined on the TI curve. A (T5%start, I5%) and B (T90%start, I90%) were the first points with
values exceeding 5% and 90% of the maximum intensity, respectively. C (T90%end, I90%) and D (T5%end,
I5%) were the last points with values exceeding 90% and 5% of the maximum intensity, respectively.
Incidentally, when an evaluation value did not decrease to 5% of the maximum intensity until the end
of evaluation after reaching the maximum intensity, the end point of the TI curve was regarded as
D. AUC is the area under the TI curve between T5%start and T5%end. Dplateau is the duration between
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T90%start and T90%end. Rinc is the rate of intensity increase between T5%start and T90%start. Rdec is the rate
of intensity decrease between T90%end and T5%end.

To determine whether the values of TI parameters differed among ten trials, we performed
one-way repeated measures analysis of variance (ANOVA) for each parameter, with the trial number
as an the inter-subject factor. Simple effects tests were conducted based on the significance of results
obtained with ANOVA. Incidentally, for one participant, because the maximum intensity was displayed
simultaneously with the start of evaluation, A and B could not be mathematically identified in multiple
trials. Additionally, for four participants, because the evaluation values of TI curves did not decrease
to 90% of the maximum intensity until the end of evaluation after reaching the maximum intensity,
C and D could not be identified in one or more trials. Therefore, these five participants were excluded
from analysis of TI parameters.
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Figure 2. Calculation model for TI parameter. Imax: maximum intensity; Tmax: time point at which intensity
reached the maximum value; Dplateau: duration between T90%start and T90%end; Rinc: rate of intensity
increase between T5%start and T90%start; Rdec: rate of intensity decrease between T90%end and T5%end.

For each TI curve obtained from participants, TI parameters were calculated. Imax represents
maximum intensity, and Tmax represents the time point at which intensity reached the maximum value.
Based on the trapezoidal model of Lallemand and colleagues [6], four points (A, B, C, and D) were
determined on the TI curve. A (T5%start, I5%) and B (T90% start, I90%) are the first points with values
exceeding 5% and 90% of the maximum intensity, respectively. C (T90%end, I90%) and D (T5%end, I5%)
are the last points with values exceeding 90% and 5% of the maximum intensity, respectively. AUC is
the area under the TI curve between T5%start and T5%end. Dplateau is the duration between T90%start and
T90%end. Rinc is the rate of intensity increase between T5%start and T90%start. Rdec is the rate of intensity
decrease between T90%end and T5%end.

2.5.2. Comparison of TI Curves among Trials

In this analysis, we regarded the time when the screen was switched to visual feedback of
intensity as the starting point of the TI evaluation (i.e., 0 s). We divided the period from 0 s to 60 s after
swallowing into 30 windows of 2 s each, and calculated the average intensity in each time window.
We conducted statistical analysis using these average values.

To investigate whether TI curves differ among ten trials, we performed two-way repeated measures
ANOVA for the average intensity in each time window, with trial number and time as within-subject
factors. Simple effects tests were conducted based on the significance of results obtained with ANOVA.

2.5.3. Approximation of the TI Curve

To more closely examine the temporal change in retronasal aroma intensity after reaching the
maximum intensity, we calculated the fitted function for each TI curve obtained from participants.
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In a previous study [42], the inter-participant average of the TI curve was approximated with the
exponential function y = A × exp (−Bt), where y is intensity, A is a coefficient, B is the time
constant, and t is time (in seconds). Based on that study, with reference to the inter-participant
average of the TI curve shown in Figure 3, we used this function to approximate the retronasal
aroma intensity in time windows from the time of maximum intensity (i.e., time window with
median value of 11 s) to the end of the evaluation, for every TI curve. The time windows to be
approximated were determined with reference to the inter-participant average of the TI curve shown
in Figure 3. Moreover, for every TI curve, we set A and B to minimize the root-mean-square error
between this function and the TI curve, using the nonlinear method of a generalized reduced gradient.
Furthermore, to qualitatively demonstrate the goodness of fit of the exponential model, we calculated
Pearson’s product–moment correlation coefficients between the actual values (TI curve) and the
theoretical values (fitted exponential function). Larger values for this correlation coefficient indicated
that the shape of the TI curve was more similar to the fitted exponential function.

To determine whether the coefficients, time constants, and goodness of fit differed among the
ten trials, we performed one-way repeated measures ANOVA for each parameter, with trial number
as a within-subject factor. Multiple comparisons by the Ryan method were conducted based on the
significance of results obtained with ANOVA.

We used SPSS 10.0 J (SPSS Japan, Tokyo, Japan) for statistical analysis throughout this study, and p
values less than 0.05 were considered statistically significant. We used the solver function of Microsoft
Office Excel 2010 (Microsoft Japan, Tokyo, Japan) to calculate the fitted exponential functions.

3. Results

3.1. Comparison of TI Parameters among Trials

The values of TI parameters in each trial are shown in Table 1. One-way repeated
measures ANOVA for each TI parameter revealed a significant main effect of trial number for
Imax (F (9, 171) = 4.64, p < 0.001), Tmax (F (9, 171) = 5.14, p < 0.001), AUC (F (9, 171) = 5.16, p < 0.001),
and Rinc (F (9, 171) = 4.36, p < 0.001). Simple effects test revealed a significant difference between the
first and subsequent trials in these TI parameters (p < 0.05; see Table 1 for details). More specifically,
Imax, AUC, and Rinc were significantly lower for the first trial than for the subsequent trials, and Tmax

was significantly higher for the first trial than for the subsequent trials.

Table 1. Multiple comparisons of paired trials for significant simple main effects of trial number for
each TI parameter.

Parameter
Trial

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Imax
3.71 a 4.13 b 4.29 b 4.21 b 4.25 b 4.22 b 4.26 b 4.29 b 4.32 b 4.20 b

(1.00) (0.68) (0.64) (0.62) (0.66) (0.68) (0.67) (0.62) (0.52) (0.74)

Tmax
14.88 a 7.92 b 5.98 b 5.97 b 5.22 b 7.10 b 4.60 b 8.36 b 3.83 b 5.95 b

(12.83) (9.40) (6.74) (5.76) (3.65) (9.42) (1.82) (12.44) (1.97) (5.15)

AUC
110.16 a 133.08 b 143.25 b 142.57 b 145.59 b 147.26 b 149.78 b 147.80 b 151.45 b 147.02 b

(43.20) (42.82) (41.31) (46.43) (50.76) (42.87) (44.59) (50.85) (50.38) (52.72)

Dplateau
8.79 a 8.83 a 9.61 a 12.66 a 12.25 a 11.73 a 8.74 a 9.67 a 7.87 a 7.52 a

(8.03) (6.91) (6.94) (14.42) (12.93) (12.57) (8.68) (8.52) (7.44) (5.19)

Rinc
1.13 a 2.28 b 2.33 b 2.28 b 2.19 b 2.59 b 2.10 b 2.34 b 2.90 b 2.87 b

(1.13) (1.64) (1.39) (1.22) (1.31) (1.92) (1.50) (1.65) (1.91) (2.42)

Rdec
−0.09 a −0.07 a −0.07 a −0.11 a −0.15 a −0.12 a −0.06 a −0.06 a −0.06 a −0.06 a

(0.06) (0.04) (0.03) (0.22) (0.40) (0.30) (0.02) (0.03) (0.03) (0.04)

Average values of TI parameters with standard deviation in parentheses are shown for each trial. For each parameter,
trial numbers with different alphabets differed significantly (p < 0.05). The unit used for Tmax and Dplateau is second.
AUC: area under the TI curve; Imax: maximum intensity; Tmax: time point at which intensity reached the maximum
value; AUC: area under the TI curve; Dplateau: duration between T90%start and T90%end; Rinc: rate of intensity increase
between T5%start and T90%start; Rdec: rate of intensity decrease between T90%end and T5%end.
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3.2. Comparison of TI Curves among Trials

The inter-participant averages of TI curves of retronasal aroma are shown in Figure 3.
Two-way repeated measures ANOVA revealed significant main effects of the trial number (F (9, 216) = 5.92,
p < 0.001) and time (F (29, 696) = 63.19, p < 0.001), and a significant interaction between trial number and
time (9F (261, 6264) = 4.75, p < 0.001). Results of simple effects tests for interaction revealed significant
simple main effects of trial number in 12 time windows (medians of each time window = 1–15 s, 39–43 s,
and 59 s), and significant simple main effects of time in all trial numbers (p < 0.05). Multiple comparisons
of paired trials for the significant simple main effects of trial number in each time window, performed
using the Ryan method, revealed significant differences between the first and subsequent trials in nine time
windows (medians = 1–15 s and 39 s), between the second and subsequent trials in three time windows
(medians = 1–5 s), and between the third and ninth trials in one time window (medians = 3 s) (p < 0.05;
for further details, see in Table 2).

These results indicated that TI curve of retronasal aroma was significantly lower in the first trial
than in the subsequent trials, and that TI curve in several time windows immediately after starting the
evaluation was significantly lower in the second trial than in the subsequent trials.
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Figure 3. Inter-participant average of TI curves of retronasal aroma.

TI curves obtained for 60 s after swallowing oolong tea beverage. We divided the period from
0 s to 60 s after swallowing into 30 windows of 2 s each, and calculated the average intensity in each
time window. Two-way repeated measures analysis of variance (ANOVA) of intensity was performed
with trial number and time as within-subject factors. This analysis revealed a significant interaction
between trial number and time. Simple effects tests for interaction revealed significant simple main
effects of trial number in 12 time windows (1–15 s, 39–43 s, and 59 s). Multiple comparisons of paired
trials for the significant simple main effects of trial number in each time window revealed significant
differences between the first and other trials in nine time windows (1–15 s and 39 s), between the
second and other trials excluding the first trial in three time windows (1–5 s), and between the third
and ninth trials in one time window (3 s).
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Table 2. Multiple comparisons of paired trials for the significant simple main effects of trial number in
each time window.

Time Window Trial

(in seconds) 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

1
0.01 a 0.43 ab 0.75 bc 0.84 bc 0.90 bc 0.97 c 0.94 c 0.95 c 1.14 c 0.98 c

(0.22) (1.02) (1.18) (1.12) (0.19) (1.28) (1.30) (1.22) (1.35) (1.34)

3
0.65 a 2.16 b 2.76 c 2.82 cd 2.82 cd 2.87 cd 2.85 cd 3.16 cd 3.29 d 2.83 cd

(1.06) (1.69) (1.63) (1.65) (1.47) (1.38) (1.50) (1.24) (1.18) (1.48)

5
1.39 a 3.17 b 3.62 bc 3.43 bc 3.55 bc 3.60 bc 3.64 bc 3.65 bc 3.77 c 3.61 bc

(1.56) (1.50) (1.24) (1.34) (1.20) (1.03) (1.03) (1.17) (0.89) (1.12)

7
2.06 a 3.45 b 3.69 b 3.51 b 3.62 b 3.63 b 3.62 b 3.54 b 3.68 b 3.59 b

(1.58) (1.30) (1.02) (1.27) (1.11) (0.97) (1.06) (1.23) (0.97) (1.11)

9
2.49 a 3.41 b 3.71 b 3.53 b 3.64 b 3.67 b 3.62 b 3.58 b 3.69 b 3.61 b

(1.54) (1.15) (0.82) (1.06) (0.82) (0.76) (0.86) (0.91) (0.70) (0.80)

11
2.69 a 3.31 b 3.51 b 3.39 b 3.38 b 3.36 b 3.40 b 3.37 b 3.47 b 3.41 b

(1.55) (1.05) (1.05) (1.11) (1.08) (1.09) (1.08) (1.07) (1.07) (1.16)

13
2.58 a 3.19 b 3.49 b 3.39 b 3.36 b 3.43 b 3.43 b 3.36 b 3.49 b 3.46 b

(1.57) (1.04) (0.77) (0.84) (0.80) (0.75) (0.83) (0.86) (0.81) (0.84)

15
2.56 a 3.12 b 3.32 b 3.24 b 3.17 b 3.28 b 3.23 b 3.29 b 3.27 b 3.26 b

(1.37) (1.05) (0.85) (0.94) (0.85) (0.88) (0.91) (0.87) (0.92) (0.93)

39
1.74 a 1.97 ab 2.18 ab 2.03 ab 2.17 ab 2.20 ab 2.33 b 2.16 ab 2.26 ab 2.25 ab

(0.01) (1.00) (0.88) (0.96) (1.02) (0.84) (0.82) (1.07) (1.00) (1.05)

Inter-participant average of intensity with standard deviation in parentheses only in time windows in which differed
significantly between paired trials are shown. Values of each time window are medians (e.g., 1 second means the
time window from 0–2 s). For each time window, trials marked with different letters differed significantly (p < 0.05).

3.3. Approximation of the TI Curve

In Table 3, we show the coefficients and time constants of the exponential functions fitted to the
TI curve in each trial, as well as the goodness of fit, represented by the correlation coefficients between
the actual values (TI curve) and the theoretical values (fitted exponential function).

The coefficient of the obtained exponential function was smaller in the first trial than in the
subsequent trials, but did not significantly differ among the ten trials. The time constant of the fitted
exponential function was slightly larger in the second through fourth trials than in the first and the
fifth through tenth trials, but did not differ among the ten trials. The average goodness of fit in the first
trial was less than 0.7, reflecting a moderate relationship [66]. Average values of goodness of fit in the
second through tenth trials were greater than 0.8, reflecting strong or very strong relationships [66].
In regard to goodness of fit, one-way repeated measures ANOVA revealed a significant main effect of
the trial number (F (9, 216) = 5.23, p < 0.001). Multiple comparisons of paired trials for the significant
simple main effect of trial number, performed using the Ryan method, revealed significant differences
between the first and subsequent trials (p < 0.05). More specifically, goodness of fit of the fitted
exponential function was significantly lower for the first trial than for the subsequent trials.

Table 3. Coefficient, time constant, and correlation coefficient of fitted functions for inter-participant
average of TI curve.

Parameter
Trial

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Coefficient
4.250 a 5.145 a 5.048 a 4.816 a 4.602 a 4.561 a 4.405 a 4.712 a 4.587 a 4.708 a

(1.892) (1.948) (1.635) (1.623) (1.491) (1.278) (1.209) (1.579) (1.405) (1.661)

Time constant
0.022 a 0.028 a 0.024 a 0.024 a 0.022 a 0.021 a 0.019 a 0.023 a 0.020 a 0.022 a

(0.019) (0.023) (0.014) (0.016) (0.017) (0.012) (0.012) (0.021) (0.015) (0.020)

Goodness of fit
0.662 a 0.867 b 0.908 b 0.900 b 0.848 b 0.894 b 0.894 b 0.839 b 0.906 b 0.895 b

(0.395) (0.234) (0.122) (0.191) (0.255) (0.208) (0.171) (0.290) (0.178) (0.200)

In the exponential function y = A × exp (−Bt), A and B are coefficient and time constant, respectively. Goodness of
fit is represented by Pearson’s product–moment correlation coefficient calculated between actual values (TI curve)
and theoretical values (fitted exponential function). Average values of each parameter with standard deviation in
parentheses are shown. For each parameter, trials marked with different letters differed significantly (p < 0.05).
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4. Discussion

4.1. Temporal Change of Retronasal Aroma Intensity

In this study, participants continuously evaluated the intensity of retronasal aroma after
swallowing oolong tea beverages over ten trials. Based on the data acquired, six types of TI parameters
and TI curves were compared among these trials. As a result of the changes in olfactory sensitivity that
occur while a participant is sipping a beverage, olfactory sensitivity was significantly higher in the first
trial than in the subsequent trials. Additionally, based on the results of the TI curve, olfactory sensitivity
between beginning the evaluation and achieving maximum intensity was significantly higher in the
second trial than in the subsequent trials, and olfactory sensitivity during the period from the time
of maximum intensity to the end of the evaluation in the second to tenth trials did not decrease with
repetition. These results were inconsistent with results of previous studies that observed gustatory
adaptation in multi-sip single-point evaluation of taste quality [60–62]. Instead, we consider that these
results were consistent with those of Gotow and colleagues [42], who reported that the experience
of consuming certain foods might improve olfactory sensitivity for the retronasal aroma of the food.
The consumption experience on which Gotow and colleagues focused was related to dietary habits
formed over a relatively long period of time. On the other hand, in this study, we focused on
short-term consumption experience, such as what occurs while consumers sip a cup of oolong tea
beverage. Based on the above, we concluded that perception of retronasal aroma changes over the
course of such a short-term consumption experience.

Regarding for TI parameters, Imax, Tmax, Rinc, and AUC differed significantly between the
first and the subsequent trials. Imax, Tmax, and Rinc were calculated on the basis of the TI curve
obtained between the start of the evaluation to the time when retronasal aroma reached maximum
intensity. These results suggest that short-term consumption experiences are reflected in retronasal
aroma intensity, which is perceived especially immediately after foods are swallowed. Conversely,
temporal changes in retronasal aroma intensity after reaching maximum intensity (i.e., Dplateau,
and Rdec) may not be significantly affected by short-term consumption experiences. Distel and
colleagues [67] reported a significantly positive correlation between familiarity of an aroma and its
intensity. Mochizuki-Kawai and colleagues [68] measured reaction time for aroma detection using four
types of aromatic substances. They reported that participants detected the aroma with which they
were most familiar significantly faster than the aroma with which they were least familiar. The term
“detection” generally refers to perception of the presence of an aroma [69] or a change in the olfactory
environment [70]. However, when we refer to the results of Mochizuki-Kawai and colleagues in the
context of perceiving maximum intensity, we speculate that intake of oolong tea beverage in the first
trial may have increased the participant’s familiarity with its aroma, causing the maximum intensity in
subsequent trials to increase, and the time required to reach maximum intensity to shorten.

4.2. Role as a Warm-Up Sample

In this study, before starting the first trial, the participant confirmed the instructions with the
experimenter. In other words, the participant did not experience an exercise trial. The first trial
was the first time that they swallowed beverage and reported their intensity of retronasal aroma
using the evaluation system. Accordingly, the sample presented in the first trial could be regarded
as a warm-up sample, i.e., this means a food sample that is presented to a participant before they
evaluate the test samples [71]. There are the three purposes for presenting warm-up sample [71,72]:
First, to encourage self-calibration of the evaluation by comparing the individual response of each
participant with the consensual response of all participants [73–75]; second, for use as a reference
sample for the evaluation [76]; and third, to experience the evaluation under conditions similar to
those of test trials [77]. In this context, the first trial in this study was conducted to accomplish the
third purpose.
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Some sensory evaluations reported that the use of a warm-up sample improves the perceptual
sensitivity of the participant [78–80]. Gotow and colleagues [43] investigated the effect of a warm-up
sample in TI evaluation of retronasal aroma and bitterness after swallowing coffee beverages. Half of
the participants continuously evaluated retronasal aroma intensity over four trials in the first session,
and bitter intensity over four trials in the second session. The remaining half of participants
continuously evaluated bitterness intensity over four trials in the first session, and bitterness intensity
over four trials in the second session. Participants rested for approximately five minutes between
trials. As in this study, no exercise trial was arranged prior to the test trials. Their results demonstrated
that when the participant continuously evaluated retronasal aroma intensity in the first and second
sessions and bitterness intensity in the first session, TI curve was significantly lower in the first trial
than in the subsequent trials. Accordingly, the results of this study reproduced the effect of a warm-up
sample in TI evaluation of retronasal aroma, as observed in the previous study [43].

Lawless and Heymann [35] reported that the use of a warm-up sample exerted some stabilizing
effect on the sensory evaluation. Consistent with this, the results of this study demonstrated that TI
curves did not differ among the second to tenth trials, although the TI curve from the time when
participant started the evaluation to the time when they perceived maximum intensity was significantly
lower in the second trial than in the subsequent trials. We consider that TI curves among the second to
tenth trials might have been almost similar because the sample presented in the first trial served as a
warm-up sample.

As described above, TI curve during the time from starting the evaluation to reaching maximum
intensity was significantly lower in the second trial than in the subsequent trials. In other words,
we inferred that sample presented in the second trial might also function as a warm-up sample,
although it did alter the TI curve less drastically than the sample presented in the first trial. Gotow and
colleagues [43] reported that the effect of a warm-up sample was observed even when time-intensity
evaluation of retronasal aroma was arranged in not only the first session, but the second session
after performing TI evaluation of bitterness in the first session. Some previous studies, in which
psychological experiments were performed using taste solutions containing aromas, reported that it
was more difficult for participants to detect and identify olfactory than gustatory components because
they directed voluntarily their attention to tongue [36,37]. Based on those studies, because participants
needed some practice to direct their attention to retronasal aroma, TI evaluation only in the first trial
might not provide sufficient exercise. However, the results implied that similar TI curves might be
obtained, because lack of practice disappeared within approximately 10 s after starting the evaluation
in the second trial. Furthermore, time period during which intensity differed significantly between
the first and subsequent trials was less than 20 s after starting the evaluation. Once the participant
could direct their attention suitably to retronasal aroma in each trial, the intensity should always depict
similar traces independently of trial number.

4.3. Improvement of Olfactory Sensitivity by Short-Term Consumption Experience

In this study, we calculated the fitted exponential function of the TI curve. The goodness of fit
of the exponential model to the TI curve was significantly lower in the first trial than in subsequent
trials. This result revealed that performance in the first trial was not only poor in terms of perceptual
sensitivity, but inconsistent with the hypothesis that intensity decreases exponentially with time.
The coefficient of the fitted exponential function, corresponding to the maximum intensity, did not
differ significantly among ten trials. This was not consistent with the results of the TI parameter Tmax.
The inconsistency between the coefficient and Tmax may have been affected by the low goodness of fit
of the TI curve in the first trial. In addition, the time constant of the fitted exponential function did not
differ among ten trials. This was consistent with the result of the TI parameter Rdec. However, the time
constant was slightly larger in the second through fourth trials than in the first and the fifth through
tenth trials. The higher the value of the time constant, the faster the decay of intensity. These results
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implied that perceptual sensitivity to retronasal aroma was improved by a short-term consumption
experience, although TI curves did not drastically change from the second to the tenth trials.

We propose the following three hypotheses to explain how short-term consumption experience
affected the TI curve of retronasal aroma. First, aromatic substances contained in oolong tea beverage
may remain in the olfactory mucosa, oral cavity, and esophagus. Many previous studies reported that
intensity of aroma depends on concentration [81–84].

Second, the participants might have been able to easily predict what kind of aroma was perceived.
Distel and Hudson [85] divided participants into two groups, and then performed an intensity
evaluation of everyday odors. One group was presented odors with a name, and they then evaluated
the intensity of odor and the suitability of the name. Another group was presented odors without
a name, and they then evaluated the intensity of the odor and identified the name. The results
demonstrated that participants reported the highest intensity when the odor name provided by the
experimenter matched with the participant’s perception. Oolong tea is a familiar beverage to Japanese
consumers [47], but its aroma differs among products [86]. In this study, participants measured the
oolong tea beverage at the beginning of each trial. Therefore, we inferred that participants could realize
relatively easily that they were sipping the same beverage repetitively. Such repetitive intake might
reinforce the relationship between the cognitive representation of the aroma of oolong tea beverage
and the practical experience of olfactory perception.

Third, it is possible that exposure to the aroma of oolong tea beverage changed brain activity in
the olfactory-related area. Veldhuizen and Small [87], who identified brain areas related to attention
using functional magnetic resonance imaging, reported that brain activity increased in piriform
cortex, ventral insula, (para)hippocampal gyrus, mediodorsal thalamus, substantia nigra, cerebellum,
anterior insula, and frontal operculum when the participant was instructed to direct their attention to
aroma. Of these brain areas, the piriform cortex is specialized for processing of olfactory information.
When a participant was instructed to direct their attention to taste quality, brain activity in piriform
cortex did not increase. Furthermore, Li and colleagues [88], who investigated the relationship between
experience-induce olfactory perceptual learning and plasticity of the brain, reported that brain activity
increased in piriform cortex and orbitofrontal cortex upon exposure to aroma. Based on these previous
studies, we postulated that neural representation in olfactory-related brain areas might accelerate
rapidly over the relatively short period of time required for a participant to sip a cup of beverage.
We intend to examine the validity of these three hypotheses in the near future.

4.4. Current Limitation and Future Issues

In this study, participants evaluated only one sensory attribute of food (i.e., retronasal aroma
of oolong tea beverage). When a participant evaluates only a specific sensory attribute rather
than evaluating multiple sensory attributes, a “halo damping effect” [89] may occur [17,22].
More specifically, if only a specific sensory attribute is evaluated, the evaluation value of a given
sensory attribute may change due to other sensory attributes [90,91]. Therefore, we cannot exclude the
possibility that the halo damping effect occurred in this study. Gotow and colleagues [34,42,43],
who employed TI evaluation of bitterness and retronasal aroma of coffee beverages using a
within-subjects design, adopted the same procedure used in this study; i.e., participants were asked to
evaluate a single sensory attribute per trial. However, in order to reduce the occurrence of the halo
damping effect as much as possible, participants were informed about all sensory attributes to be
evaluated before beginning the TI evaluation, and they were instructed to emphasize a specific sensory
attribute to be evaluated in each trial. In the future, we should investigate whether we can obtain
results similar to those of this study even when employing TI evaluation of multiple sensory attributes
of oolong tea (e.g., bitterness, umami, and astringency) using an inter-subjects design and the same
devices used in previous studies.

Oolong tea contains multiple types of bioactive compounds, such as catechin and caffeine [92].
Xu and colleagues [55] measured catechin concentration and evaluated astringency in oolong tea
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extracted with four types of water (i.e., purified water, mineral water, mountain spring water, and tap
water from Hangzhou). Catechin concentration was significantly lower when oolong tea was brewed
with mineral or tap water than with purified or spring water, indicating that oolong tea brewed in water
with higher conductivity (i.e., water containing a lot of minerals) has a lower catechin concentration.
Additionally, astringency was almost equal between oolong tea brewed with mineral or tap water,
but was significantly higher for tea brewed with mineral water than with purified or spring water.
Based on the results of Xu and colleagues [55], it is possible that the ions in mineral water may interact
with the bioactive components in oolong tea, thereby affecting the astringency of the resultant beverage.
In this study, participants cleaned their mouth using mineral water. The evaluation of the astringency
of oolong tea may change depending not only on the type of water used for brewing the tea, but also
on the type of water used for oral cleaning. We will address this hypothesis in future work.

5. Implication

Sensory evaluation is essential in food industries to routinely monitor the quality of beverages
and to ensure that the beverage products are acceptable to customers [93]. TI evaluation for measuring
temporal change in a specific sensory attribute is a common method in time-based sensory evaluation
of beverage [2]. The results of this study, which performed multi-sip TI evaluation without training
trials, suggest that untrained panelists’ olfactory perception differed remarkably between the first
and subsequent sips of drinking. This finding demonstrates the significance for food industries to
perform sensory evaluation after understanding the specificity of olfactory perception in the first sip
of drinking.

6. Conclusions

In this study, we performed multi-sip TI evaluation of retronasal aroma. In each of ten consecutive
trials, after a participant swallowed oolong tea beverage, they continuously evaluated intensity of
retronasal aroma over 60 s. We compared six types of TI parameters (Imax, Tmax, AUC, Dplateau, Rinc,
and Rdec) and TI curves among ten trials, and approximated each TI curve with an exponential
model, using the least-squares method. Some TI parameters (i.e., Imax, Tmax, AUC, and Rinc) differed
significantly among the first and subsequent trials. TI curve was significantly lower in the first trial
than in the subsequent trials, and TI curve during the time from staring the evaluation to reaching
maximum intensity was significantly lower in the second trial than in the subsequent trials. The time
constant of the fitted exponential function revealed that the decay of retronasal aroma intensity was
slightly faster in the second through fourth trials than in the first and the fifth through tenth trials.
These results implied that olfaction might not adapt, but instead become more perceptive while a
consumer sips a cup of beverage.

Author Contributions: N.G. designed the study, collected the data, performed the statistical analysis, and drafted
the manuscript. T.O., M.U., N.M., S.T., and I.H. conceived of the study and participated in its design. T.K., who was
the corresponding author, obtained funding, conceived of the study, participated in its design and coordination,
collected the data, undertook most of the revision, and supervised to draft the manuscript.

Funding: This study was partially funded by JSPS KAKENHI grant number 26245073 and 16K04418.

Acknowledgments: This study was mainly funded by Suntory Global Innovation Center Limited, and this
sponsor had no control over the interpretation, writing, or publication of this work.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

References

1. Sudre, J.; Pineau, N.; Loret, C.; Martin, N. Comparison of methods to monitor liking of food during
consumption. Food Qual. Prefer. 2012, 24, 179–189. [CrossRef]

http://dx.doi.org/10.1016/j.foodqual.2011.10.013


Foods 2018, 7, 177 15 of 19

2. Wang, Q.J.; Mesz, B.; Spence, C. Assessing the impact of music on basic taste perception using time intensity
analysis. In MHFI’17 Proceedings of the 2nd ACM SIGCHI International Workshop on Multisensory Approaches to
Human-Food Interaction; Velasco, C., Nijholt, A., Obrist, M., Okajima, K., Schifferstein, R., Spence, C., Eds.;
Association for Computing Machinery: New York, NY, USA, 2017; pp. 18–22.

3. Lee III, W.E. Single-point versus time-intensity sensory measurements: An informational entropy analysis.
J. Sens. Stud. 1989, 4, 19–30. [CrossRef]

4. Cadena, R.S.; Bolini, H.M.A. Time–intensity analysis and acceptance test for traditional and light vanilla ice
cream. Food Res. Int. 2011, 44, 677–683. [CrossRef]

5. Li, Z.; Marshall, R.; Heymann, H.; Fernando, L. Effect of milk fat content on flavor perception of vanilla ice
cream. J. Dairy Sci. 1997, 80, 3133–3141. [CrossRef]

6. Lallemand, M.; Giboreau, A.; Rytz, A.; Colas, B. Extracting parameters from time-intensity curves using
a trapezoid mode: The example of some sensory attributes of ice cream. J. Sens. Stud. 1999, 14, 387–399.
[CrossRef]

7. Hyvönen, L.; Linna, M.; Tuorila, H.; Dijksterhuis, G. Perception of melting and flavor release of ice cream
containing different types and Contents of fat. J. Dairy Sci. 2003, 86, 1130–1138. [CrossRef]

8. Davidson, J.M.; Linforth, R.S.T.; Hollowood, T.A.; Taylor, A.J. Effect of sucrose on the perceived flavor
intensity of chewing gum. J. Agric. Food Chem. 1999, 47, 4336–4340. [CrossRef] [PubMed]

9. Duizer, L.M.; Bloom, K.; Findlay, C.J. Dual-attribute time-intensity sensory evaluation: A new method for
temporal measurement of sensory perceptions. Food Qual. Prefer. 1997, 8, 261–269. [CrossRef]

10. Potineni, R.V.; Peterson, D.G. Influence of flavor solvent on flavor release and perception in sugar-free
chewing gum. J. Agric. Food Chem. 2008, 56, 3254–3259. [CrossRef] [PubMed]

11. Reinbach, H.C.; Meinert, L.; Ballabio, D.; Aaslyng, M.D.; Bredie, W.L.P.; Olsena, K.; Møller, P.
Interactions between oral burn, meat flavor and texture in chili spiced pork patties evaluated by time-intensity.
Food Qual. Prefer. 2007, 18, 909–919. [CrossRef]

12. ASTM International. ASTM E1909-13(2017), Standard Guide for Time–Intensity Evaluation of Sensory Attributes;
ASTM International: West Conshohocken, PA, USA, 2017.

13. Duizer, L.M.; Bloom, K.; Findlay, C.J. Dual-attribute time–intensity measurement of sweetness and
peppermint perception of chewing gum. J. Food Sci. 1996, 61, 636–638. [CrossRef]

14. Kuesten, C.; Bi, J.; Feng, Y. Exploring taffy product consumption experiences using a multi-attribute
time–intensity (MATI) method. Food Qual. Prefer. 2013, 30, 260–273. [CrossRef]

15. De Lavergne, M.D.; van Delft, M.; van de Velde, F.; van Boekel, M.A.J.S.; Stieger, M. Dynamic texture perception
and oral processing of semi-solid food gels: Part 1: Comparison between QDA, progressive profiling and TDS.
Food Hydrocoll. 2015, 43, 207–217. [CrossRef]

16. Kawasaki, H. Temporal Dominance of Sensations (TDS): A new methodology of temporal dynamics
measurements of sensations. J. Cookery Sci. Jpn. 2016, 49, 243–247. (In Japanese)

17. Pineau, N.; Schlich, P.; Cordelle, S.; Mathonnière, C.; Issanchou, S.; Imbert, A.; Rogeaux, M.; Etiévant, P.;
Köster, E. Temporal Dominance of Sensations: Construction of the TDS curves and comparison with
time–intensity. Food Qual. Prefer. 2009, 20, 450–455. [CrossRef]

18. Barron, D.; Pineau, N.; Matthey-Doret, W.; Ali, S.; Sudre, J.; Germain, J.C.; Kolodziejczyk, E.; Pollien, P.;
Labbe, D.; Jarisch, C.; et al. Impact of crema on the aroma release and the in-mouth sensory perception of
espresso coffee. Food Funct. 2012, 3, 923–930. [CrossRef] [PubMed]

19. Charles, M.; Romano, A.; Yener, S.; Barnabà, M.; Navarini, L.; Märk, T.D.; Biasoli, F.; Gasperi, F.
Understanding flavour perception of espresso coffee by the combination of a dynamic sensory method and
in-vivo nosespace analysis. Food Res. Int. 2015, 69, 9–20. [CrossRef]

20. Dinnella, C.; Masi, C.; Naes, T.; Monteleone, E. A new approach in TDS data analysis: A case study on
sweetened coffee. Food Qual. Prefer. 2013, 30, 33–46. [CrossRef]

21. Ng, M.; Lawlor, J.B.; Chandra, S.; Chaya, C.; Hewson, L.; Hort, J. Using quantitative descriptive analysis and
temporal dominance of sensations analysis as complementary methods for profiling commercial blackcurrant
squashes. Food Qual. Prefer. 2012, 25, 121–134. [CrossRef]

22. Meillon, S.; Urbano, C.; Schlich, P. Contribution of the Temporal Dominance of Sensations (TDS) method to
the sensory description of subtle differences in partially dealcoholized red wines. Food Qual. Prefer. 2009, 20,
490–499. [CrossRef]

http://dx.doi.org/10.1111/j.1745-459X.1989.tb00455.x
http://dx.doi.org/10.1016/j.foodres.2010.12.012
http://dx.doi.org/10.3168/jds.S0022-0302(97)76284-2
http://dx.doi.org/10.1111/j.1745-459X.1999.tb00123.x
http://dx.doi.org/10.3168/jds.S0022-0302(03)73695-9
http://dx.doi.org/10.1021/jf9901082
http://www.ncbi.nlm.nih.gov/pubmed/10552812
http://dx.doi.org/10.1016/S0950-3293(96)00052-3
http://dx.doi.org/10.1021/jf072783e
http://www.ncbi.nlm.nih.gov/pubmed/18426213
http://dx.doi.org/10.1016/j.foodqual.2007.02.005
http://dx.doi.org/10.1111/j.1365-2621.1996.tb13175.x
http://dx.doi.org/10.1016/j.foodqual.2013.06.007
http://dx.doi.org/10.1016/j.foodhyd.2014.05.020
http://dx.doi.org/10.1016/j.foodqual.2009.04.005
http://dx.doi.org/10.1039/c2fo30046j
http://www.ncbi.nlm.nih.gov/pubmed/22706310
http://dx.doi.org/10.1016/j.foodres.2014.11.036
http://dx.doi.org/10.1016/j.foodqual.2013.04.006
http://dx.doi.org/10.1016/j.foodqual.2012.02.004
http://dx.doi.org/10.1016/j.foodqual.2009.04.006


Foods 2018, 7, 177 16 of 19

23. Meillon, S.; Viala, D.; Medel, M.; Urbano, C.; Guillot, G.; Schlich, P. Impact of partial alcohol reduction in
Syrah wine on perceived complexity and temporality of sensations and link with preference. Food Qual. Prefer.
2010, 21, 732–740. [CrossRef]

24. Sokolowsky, M.; Fischer, U. Evaluation of bitterness in white wine applying descriptive analysis,
time-intensity analysis, and temporal dominance of sensations analysis. Anal. Chim. Acta 2012, 732,
46–52. [CrossRef] [PubMed]

25. Sokolowsky, M.; Rosenberger, A.; Fischer, U. Sensory impact of skin contact on white wines characterized
by descriptive analysis, time–intensity analysis and temporal dominance of sensations analysis.
Food Qual. Prefer. 2015, 39, 285–297. [CrossRef]

26. Déléris, I.; Saint-Eve, A.; Guo, Y.; Lieben, P.; Cypriani, M.-L.; Jacquet, N.; Brunerie, P.; Souchon, I. Impact of
swallowing on the dynamics of aroma release and perception during the consumption of alcoholic beverages.
Chem. Senses 2011, 6, 701–713. [CrossRef] [PubMed]

27. Schlich, P. Temporal Dominance of Sensations (TDS): A new deal for temporal sensory analysis. Curr. Opin
Food Sci. 2017, 15, 38–42. [CrossRef]

28. Rodrigues, J.F.; de Souza, V.R.; Lima, R.R.; de Deus Souza Carneiro, J.; Nunes, C.A.; Pinheiro, A.C.M.
Temporal Dominance of Sensations (TDS) panel behavior: A preliminary study with chocolate.
Food Qual. Prefer. 2016, 54, 51–57. [CrossRef]

29. Oliver, P.; Cicerale, S.; Pang, E.; Keast, R. A comparison of Temporal Dominance of Sensation (TDS) and
Quantitative Descriptive Analysis (QDA™) to identify flavors in strawberries. J. Food Sci. 2018, 83, 1094–1102.
[CrossRef] [PubMed]

30. Albert, A.; Salvador, A.; Schlich, P.; Fiszman, S. Comparison between temporal dominance of sensations (TDS)
and key-attribute sensory profiling for evaluating solid food with contrasting textural layers: Fish sticks.
Food Qual. Prefer. 2012, 24, 111–118. [CrossRef]

31. Galmarini, M.V.; Loiseau, A.L.; Visalli, M.; Schlich, P. Use of multi-intake Temporal Dominance of Sensations
(TDS) to evaluate the influence of cheese on wine perception. J. Food Sci. 2016, 81, S2566–S2577. [CrossRef]
[PubMed]

32. Dehlholm, C. Descriptive sensory evaluations: Comparison and applicability of novel rapid methodologies.
Ph. D. Thesis, University of Copenhagen, Copenhagen, Denmark, 2012.

33. Kunieda, S. A study of temporal dominance of sensations (TDS) for flavor development. Aroma Res. 2013, 14,
29–35. (In Japanese)

34. Gotow, N.; Moritani, A.; Hayakawa, Y.; Akutagawa, A.; Hashimoto, H.; Kobayakawa, T. High consumption
increases sensitivity to after-flavor of canned coffee beverages. Food Qual. Prefer. 2015, 44, 162–171. [CrossRef]

35. Lawless, H.T.; Heymann, H. Sensory Evaluation of Food: Principles and Practices; Springer: New York, NY,
USA, 2010.

36. Ashkenazi, A.; Marks, L.E. Effect of endogenous attention on detection of weak gustatory and olfactory
flavors. Percept. Psychophys. 2004, 6, 596–608. [CrossRef]

37. Marshall, K.; Laing, D.G.; Jinks, A.L.; Hutchinson, I. The capacity of humans to identify components in
complex odor-taste mixtures. Chem. Senses 2006, 31, 539–555. [CrossRef] [PubMed]

38. Lim, J.; Johnson, M.B. Potential mechanisms of retronasal odor referral to the mouth. Chem. Senses 2011, 36,
283–289. [CrossRef] [PubMed]

39. Lim, J.; Johnson, M.B. The role of congruency in retronasal odor referral to the mouth. Chem. Senses 2012, 37,
515–522. [CrossRef] [PubMed]

40. Lawless, H.T.; Skinner, E.Z. The duration and perceived intensity of sucrose taste. Percept. Psychophys. 1979,
25, 180–184. [CrossRef] [PubMed]

41. Valentová, H.; Skrovánková, S.; Panovská, Z.; Pokorný, J. Time-intensity studies of astringent taste.
Food Chem. 2002, 78, 29–37. [CrossRef]

42. Gotow, N.; Moritani, A.; Hayakawa, Y.; Akutagawa, A.; Hashimoto, H.; Kobayakawa, T. Development of
a time–intensity evaluation system for consumers: Measuring bitterness and retronasal aroma of coffee
beverages in 106 untrained panelists. J. Food Sci. 2015, 80, S1343–S1351. [CrossRef] [PubMed]

43. Gotow, N.; Moritani, A.; Hayakawa, Y.; Akutagawa, A.; Hashimoto, H.; Kobayakawa, T. Effect of a warm-up
sample on stabilizing the performance of untrained panelists in time–intensity evaluation. J. Sens. Stud. 2018,
33, e12309. [CrossRef]

http://dx.doi.org/10.1016/j.foodqual.2010.06.005
http://dx.doi.org/10.1016/j.aca.2011.12.024
http://www.ncbi.nlm.nih.gov/pubmed/22688033
http://dx.doi.org/10.1016/j.foodqual.2014.07.002
http://dx.doi.org/10.1093/chemse/bjr038
http://www.ncbi.nlm.nih.gov/pubmed/21622600
http://dx.doi.org/10.1016/j.cofs.2017.05.003
http://dx.doi.org/10.1016/j.foodqual.2016.07.002
http://dx.doi.org/10.1111/1750-3841.14096
http://www.ncbi.nlm.nih.gov/pubmed/29660132
http://dx.doi.org/10.1016/j.foodqual.2011.10.003
http://dx.doi.org/10.1111/1750-3841.13500
http://www.ncbi.nlm.nih.gov/pubmed/27669492
http://dx.doi.org/10.1016/j.foodqual.2015.04.007
http://dx.doi.org/10.3758/BF03194904
http://dx.doi.org/10.1093/chemse/bjj058
http://www.ncbi.nlm.nih.gov/pubmed/16690871
http://dx.doi.org/10.1093/chemse/bjq125
http://www.ncbi.nlm.nih.gov/pubmed/21098583
http://dx.doi.org/10.1093/chemse/bjs003
http://www.ncbi.nlm.nih.gov/pubmed/22302155
http://dx.doi.org/10.3758/BF03202983
http://www.ncbi.nlm.nih.gov/pubmed/461073
http://dx.doi.org/10.1016/S0308-8146(01)00330-2
http://dx.doi.org/10.1111/1750-3841.12880
http://www.ncbi.nlm.nih.gov/pubmed/25943978
http://dx.doi.org/10.1111/joss.12309


Foods 2018, 7, 177 17 of 19

44. Gotow, N.; Esumi, S.; Kubota, H.; Kobayakawa, T. Comparison of temporal profiles among sucrose, sucralose,
and acesulfame potassium after swallowing sweetened coffee beverages and sweetened water solutions.
Beverages 2018, 4, 28. [CrossRef]

45. Corrêa, S.C.; Ribeiro, M.N.; Pinto, J.P.; Vichi, T.M.; Souza, V.R.; Pinheiro, A.C.M. Multiple-sip TDS correlated
with acceptance test: A study about special beers. In Proceedings of the 11th Pangborn Sensory Science
Symposium, Gothenburg, Sweden, 23–27 August 2015; p. 1251.

46. Rocha-Parra, D.; García-Burgos, D.; Munsch, S.; Chirife, J.; Zamora, M.C. Application of hedonic dynamics
using multiple-sip temporal-liking and facial expression for evaluation of a new beverage. Food Qual. Prefer.
2016, 52, 153–159. [CrossRef]

47. Japan Soft Drink Association. Changes in output of Soft Drinks by Item. Available online: http://www.j-
sda.or.jp/about-jsda/english/sd-statistics/sd-statistics03.php (accessed on 27 June 2018).

48. Japanese Association of Tea Production & Zenkoku Cha Shusan Fuken Nokyoren Renraku Kyogikai.
Changes in Consumption of Tea in Japan. Available online: https://www.zennoh.or.jp/bu/nousan/tea/
seisan01b.htm (accessed on 28 August 2018). (In Japanese)

49. Japanese Association of Tea Production & Zenkoku Cha Shusan Fuken Nokyoren Renraku Kyogikai.
Changes in Production of Tea Beverages in Japan. Available online: https://www.zennoh.or.jp/bu/nousan/
tea/seisan01c.htm (accessed on 28 August 2018). (In Japanese)

50. Wang, C.; Lv, S.; Wu, Y.; Gao, X.; Li, J.; Zhang, W.; Meng, Q. Oolong tea made from tea plants from different
locations in Yunnan and Fujian, China showed similar aroma but different taste characteristics. SpringerPlus
2016, 5, 576. [CrossRef] [PubMed]

51. Yamanishi, T.; Kobayashi, A. Progress of tea aroma chemistry: 30 years of progress. In Flavor Chemistry:
Thirty Years of Progress; Teranishi, R., Wick, E.L., Hornstein, I., Eds.; Springer: New York, NY, USA, 1999;
pp. 135–146.

52. Chen, G.-H.; Yang, C.-Y.; Lee, S.-J.; Wu, C.-C.; Tzen, J.T.C. Catechin content and the degree of its galloylation
in oolong tea are inversely correlated with cultivation altitude. J. Food Drug Anal. 2014, 22, 303–309.
[CrossRef] [PubMed]

53. Liu, P.P.; Yin, J.F.; Chen, G.S.; Wang, F.; Xu, Y.Q. Flavor characteristics and chemical compositions of oolong
tea processed using different semi-fermentation times. J. Food Sci. Technol. 2018, 55, 1185–1195. [CrossRef]
[PubMed]

54. Yau, N.J.N.; Huang, Y.J. The effect of membrane-processed water on sensory properties of oolong tea drinks.
Food Qual. Prefer. 2000, 11, 331–339. [CrossRef]

55. Xu, Y.-Q.; Zou, C.; Gao, Y.; Chen, J.-X.; Wang, F.; Chen, G.-S.; Yin, J.-F. Effect of the type of brewing water on
the chemical composition, sensory quality and antioxidant capacity of Chinese teas. Food Chem. 2017, 236,
142–151. [CrossRef] [PubMed]

56. Galmarini, M.V.; Loiseau, A.L.; Visalli, M.; Schlich, P. How about some cheese with that wine? Use of
multi-intake Temporal Dominance of Sensations to evaluate the influence of cheese on wine perception and
appreciation. In Proceedings of the 11th Pangborn Sensory Science Symposium, Gothenburg, Sweden, 23–27
August 2015; p. 1189.

57. Galmarini, M.V.; Visallia, M.; Schlich, P. Advances in representation and analysis of mono and multi-intake
Temporal Dominance of Sensations data. Food Qual. Prefer. 2017, 56, 247–255. [CrossRef]

58. Goupil de Bouille, A.; Peleteiro, S. Dynamic perception of cocktails using a multi-sip approach with naïve
consumers. In Proceedings of the 11th Pangborn Sensory Science Symposium, Gothenburg, Sweden,
23–27 August 2015; p. 1084.

59. Zorn, S.; Alcaire, F.; Vidal, L.; Giménez, A.; Ares, G. Application of multiple-sip temporal dominance of
sensations to the evaluation of sweeteners. Food Qual. Prefer. 2014, 36, 135–143. [CrossRef]

60. Halpern, B.P. Time as a factor in gustation: Temporal patterns of taste stimulation and response. In Taste
Olfaction and the Central Nervous System: A Festschrift in Honor Carl Pfaffmann; Pfaff, D.W., Ed.; The Rockefeller
University Press: New York, NY, USA, 1985; pp. 181–209. ISBN 0874700396.

61. Schiffman, S.S.; Sattely-Miller, E.A.; Graham, B.G.; Zervakis, J.; Butchko, H.H.; Stargel, W.W. Effect of
repeated presentation on sweetness intensity of binary and ternary mixtures of sweeteners. Chem. Senses
2003, 28, 219–229. [CrossRef] [PubMed]

62. Schiffman, S.S.; Pecore, S.D.; Booth, B.J.; Losee, M.L.; Carr, B.T.; Sattely-Miller, E.; Graham, B.G.; Warwick, Z.S.
Adaptation of sweeteners in water and in tannic acid solutions. Physiol. Behav. 1994, 55, 547–559. [CrossRef]

http://dx.doi.org/10.3390/beverages4020028
http://dx.doi.org/10.1016/j.foodqual.2016.04.013
http://www.j-sda.or.jp/about-jsda/english/sd-statistics/sd-statistics03.php
http://www.j-sda.or.jp/about-jsda/english/sd-statistics/sd-statistics03.php
https://www.zennoh.or.jp/bu/nousan/tea/seisan01b.htm
https://www.zennoh.or.jp/bu/nousan/tea/seisan01b.htm
https://www.zennoh.or.jp/bu/nousan/tea/seisan01c.htm
https://www.zennoh.or.jp/bu/nousan/tea/seisan01c.htm
http://dx.doi.org/10.1186/s40064-016-2229-y
http://www.ncbi.nlm.nih.gov/pubmed/27247873
http://dx.doi.org/10.1016/j.jfda.2013.12.001
http://www.ncbi.nlm.nih.gov/pubmed/28911419
http://dx.doi.org/10.1007/s13197-018-3034-0
http://www.ncbi.nlm.nih.gov/pubmed/29487461
http://dx.doi.org/10.1016/S0950-3293(00)00007-0
http://dx.doi.org/10.1016/j.foodchem.2016.11.110
http://www.ncbi.nlm.nih.gov/pubmed/28624083
http://dx.doi.org/10.1016/j.foodqual.2016.01.011
http://dx.doi.org/10.1016/j.foodqual.2014.04.003
http://dx.doi.org/10.1093/chemse/28.3.219
http://www.ncbi.nlm.nih.gov/pubmed/12714444
http://dx.doi.org/10.1016/0031-9384(94)90116-3


Foods 2018, 7, 177 18 of 19

63. Mesurolle, J.; Saint-Eve, A.; Déléris, I.; Souchon, I. Impact of fruit piece structure in yogurts on the dynamics
of aroma release and sensory perception. Molecules 2013, 18, 6035–6056. [CrossRef] [PubMed]

64. Ventanas, S.; Puolanne, E.; Tuorila, H. Temporal changes of flavour and texture in cooked bologna type
sausages as affected by fat and salt content. Meat Sci. 2010, 85, 410–419. [CrossRef] [PubMed]

65. Saito, S. Measurement method for olfaction. In Sensory and Perceptual Psychology Handbook; Oyama, T.,
Imai, S., Wake, T., Eds.; Seishin Shobo: Tokyo, Japan, 1994; pp. 1371–1382. (In Japanese)

66. Dransfield, R. Quantitative analysis for economists. In Business Economics; Routledge: Oxin, UK, 2014;
pp. 19–48. ISBN 0415837651.

67. Distel, H.; Ayabe-Kanamura, S.; Martínez-Gómez, M.; Schicker, I.; Kobayakawa, T.; Saito, S.; Hudson, R.
Perception of everyday odors—Correlations between intensity, familiarity and strength of hedonic judgement.
Chem. Senses 1999, 24, 191–199. [CrossRef] [PubMed]

68. Mochizuki-Kawai, H.; Toda, H.; Gotow, N.; Kobayakawa, T. Proper times for odor detections: What is the
critical element to determine the detection time of odorants? In Proceedings of the 21st Annual Meeting of
the Japanese Association for the Study of Tate and Smell, Tokyo, Japan, 26–28 July 2007. (In Japanese)

69. La Buissonnière-Ariza, V.; Lepore, F.; Kojok, K.M.; Frasnelli, J. Increased odor detection speed in highly
anxious healthy adults. Chem. Senses 2013, 38, 577–584. [CrossRef] [PubMed]

70. Croy, I.; Krone, F.; Walker, S.; Hummel, T. Olfactory processing: Detection of rapid changes. Chem. Senses
2015, 40, 351–355. [CrossRef] [PubMed]

71. Moskowitz, H.R.; Beckley, J.H.; Resurreccion, A.V.A. What types of tests do sensory researchers do? And . . .
why do they do them? In Sensory and Consumer Research in Food Product Design and Development; Blackwell:
Ames, IA, USA, 2006; pp. 219–294. ISBN 0813816327.

72. Plemmons, L.E.; Resurreccion, A.V.A. A warm-up sample improves reliability of responses in descriptive
analysis. J. Sens. Stud. 1998, 13, 359–376. [CrossRef]

73. Chen, A.W.; Resurreccion, A.V.A.; Paguio, L.P. Age appropriate hedonic scales to measure food preferences
of young children. J. Sens. Stud. 1996, 11, 141–163. [CrossRef]

74. Hashim, I.B.; Resurreccion, A.V.A.; McWaiters, K.H. Descriptive sensory analysis of irradiated frozen or
refrigerated chicken. J. Food Sci. 1995, 60, 664–666. [CrossRef]

75. Malundo, T.M.M.; Resurreccion, A.V.A. Peanut extract and emulsifier concentrations affect sensory and
physical properties of liquid whitener. J. Food Sci. 1994, 59, 344–349. [CrossRef]

76. Bett, K.L.; Vercellotti, J.R.; Lovegren, N.V.; Sanders, T.H.; Hinsch, R.T.; Rasmussen, G.K. A comparison of the
flavor and compositional quality of peanuts from several origins. Food Chem. 1994, 51, 21–27. [CrossRef]

77. Harper, S.J.; MacDaniel, M.R. Carbonated water lexicon: Temperature and CO2 level influence on descriptive
ratings. J. Food Sci. 1993, 58, 893–898. [CrossRef]

78. Kim, H.-J.; Jeon, S.Y.; Kim, K.-O.; O’Mahony, M. Thurstonian models and variance I: Experimental
confirmation of cognitive strategies for difference tests and effects of perceptual variance. J. Sens. Stud. 2006,
21, 465–484. [CrossRef]

79. O’Mahony, M.; Thieme, U.; Goldstein, L.R. The warm-up effect as a means of increasing the discriminability
of sensory difference tests. J. Food Sci. 1988, 53, 1848–1850. [CrossRef]

80. Rousseau, B.; O’Mahony, M. Sensory difference tests: Thurstonian and SSA predictions for vanilla flavored
yogurts. J. Sens. Stud. 1997, 12, 127–146. [CrossRef]

81. Cain, W.S. Odor intensity: Differences in the exponent of the psychophysical function. Percept. Psychophys.
1969, 6, 349–354. [CrossRef]

82. Doty, R.L. An examination of relationships between the pleasantness, intensity, and concentration of 10
odorous stimuli. Percept. Psychophys. 1975, 17, 492–496. [CrossRef]

83. Engen, T. Olfactory psychophysics. In Handbook of Sensory Physiology; Beidler, L.M., Ed.; Springer:
Berlin/Heidelberg, Germany, 1971; pp. 216–244. ISBN 3642651281.

84. Patte, F.; Etcheto, M.; Laffort, P. Selected and standardized values of suprathreshold odor intensities for 110
substances. Chem. Senses 1975, 1, 283–305. [CrossRef]

85. Distel, H.; Hudson, R. Judgement of odor intensity is influenced by subjects’ knowledge of the odor source.
Chem. Senses 2001, 26, 247–251. [CrossRef] [PubMed]

86. Baldermann, S.; Yang, Z.; Katsuno, T.; Tu, V.A.; Mase, N.; Nakamura, Y.; Watanabe, N. Discrimination of
green, oolong, and black teas by GC-MS analysis of characteristic volatile flavor compounds. Am. J.
Anal. Chem. 2014, 5, 620–632. [CrossRef]

http://dx.doi.org/10.3390/molecules18056035
http://www.ncbi.nlm.nih.gov/pubmed/23698054
http://dx.doi.org/10.1016/j.meatsci.2010.02.009
http://www.ncbi.nlm.nih.gov/pubmed/20416801
http://dx.doi.org/10.1093/chemse/24.2.191
http://www.ncbi.nlm.nih.gov/pubmed/10321820
http://dx.doi.org/10.1093/chemse/bjt028
http://www.ncbi.nlm.nih.gov/pubmed/23811013
http://dx.doi.org/10.1093/chemse/bjv020
http://www.ncbi.nlm.nih.gov/pubmed/25911421
http://dx.doi.org/10.1111/j.1745-459X.1998.tb00095.x
http://dx.doi.org/10.1111/j.1745-459X.1996.tb00038.x
http://dx.doi.org/10.1111/j.1365-2621.1995.tb06202.x
http://dx.doi.org/10.1111/j.1365-2621.1994.tb06963.x
http://dx.doi.org/10.1016/0308-8146(94)90042-6
http://dx.doi.org/10.1111/j.1365-2621.1993.tb09386.x
http://dx.doi.org/10.1111/j.1745-459X.2006.00074.x
http://dx.doi.org/10.1111/j.1365-2621.1988.tb07858.x
http://dx.doi.org/10.1111/j.1745-459X.1997.tb00057.x
http://dx.doi.org/10.3758/BF03212789
http://dx.doi.org/10.3758/BF03203300
http://dx.doi.org/10.1093/chemse/1.3.283
http://dx.doi.org/10.1093/chemse/26.3.247
http://www.ncbi.nlm.nih.gov/pubmed/11287384
http://dx.doi.org/10.4236/ajac.2014.59070


Foods 2018, 7, 177 19 of 19

87. Veldhuizen, M.G.; Small, D.M. Modality-specific neural effects of selective attention to taste and odor.
Chem. Senses 2011, 36, 747–760. [CrossRef] [PubMed]

88. Li, W.; Luxenberg, E.; Parrish, T.; Gottfried, J.A. Learning to smell the roses: Experience-dependent neural
plasticity in human piriform and orbitofrontal cortices. Neuron 2006, 52, 1097–1108. [CrossRef] [PubMed]

89. Clark, C.C.; Lawless, H.T. Limiting response alternatives in time-intensity scaling: An examination of the
halo-dumping effect. Chem. Senses 1994, 19, 583–594. [CrossRef] [PubMed]

90. Prescott, J. Flavour as a psychological construct: implications for perceiving and measuring the sensory
qualities of foods. Food Qual. Prefer. 1999, 10, 349–356. [CrossRef]

91. Prescott, J.; Johnstone, V.; Francis, J. Odor-taste interactions: Effects of attentional strategies during exposure.
Chem. Senses 2004, 29, 331–340. [CrossRef] [PubMed]

92. Kurihara, H.; Chen, L.; Zhu, B.; He, Z.; Shibata, H.; Kiso, Y.; Tanaka, T.; Yao, X. Anti-stress effect of oolong
tea in women loaded with vigil. J. Health Sci. 2003, 49, 436–443. [CrossRef]

93. Singham, P.; Birwal, P.; Yadav, B.K. Importance of objective and subjective measurement of food quality and
their inter-relationship. J. Food Process. Technol. 2015, 6, 488.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/chemse/bjr043
http://www.ncbi.nlm.nih.gov/pubmed/21685407
http://dx.doi.org/10.1016/j.neuron.2006.10.026
http://www.ncbi.nlm.nih.gov/pubmed/17178411
http://dx.doi.org/10.1093/chemse/19.6.583
http://www.ncbi.nlm.nih.gov/pubmed/7735838
http://dx.doi.org/10.1016/S0950-3293(98)00048-2
http://dx.doi.org/10.1093/chemse/bjh036
http://www.ncbi.nlm.nih.gov/pubmed/15150146
http://dx.doi.org/10.1248/jhs.49.436
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Measurement of Temporal Changes in Sensory Attributes 
	Multi-Sip Sensory Evaluation 

	Material and Methods 
	Participants 
	Materials 
	TI Evaluation System 
	Procedure 
	Analysis 
	Comparison of TI Parameters among Trials 
	Comparison of TI Curves among Trials 
	Approximation of the TI Curve 


	Results 
	Comparison of TI Parameters among Trials 
	Comparison of TI Curves among Trials 
	Approximation of the TI Curve 

	Discussion 
	Temporal Change of Retronasal Aroma Intensity 
	Role as a Warm-Up Sample 
	Improvement of Olfactory Sensitivity by Short-Term Consumption Experience 
	Current Limitation and Future Issues 

	Implication 
	Conclusions 
	References

