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Abstract 
The goals of this study were to examine, using the temporal dominance of 
sensations (TDS) method, the effects of 1) the sucrose concentration on the 
temporal sequence of sweetness perception in four fruit-flavored (lemon, 
peach, strawberry, and vanilla) teas with 0.05, 0.15, and 0.25 M sucrose; and 
2) participants’ sex on this temporal sequence. Twenty-four healthy young 
adults were assigned to female (n = 12) and male (n = 12) groups. Both 
groups evaluated five sensory attributes in 12 samples (four fruit-flavored 
teas, each with three sucrose concentrations). As in our preceding study [1], 
two sensations, sweetness and fruitiness, were dominant after ingesting the 12 
teas in both groups, but the temporal sequence of sweetness perception dif-
fered between the two groups. On average, the male group reported the first 
appearance of sweetness earlier in the samples with 0.05 M sucrose compared 
with the female group, with the samples containing 0.15 and 0.25 M sucrose. 
The average durations of the sweetness sensation were different between the 
male and female groups as well as among the sucrose concentrations and the 
four flavors tested. 
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1. Introduction 

The temporal dominance of sensations (TDS) method has been used mainly to 
discriminate the quality of drinks and foods that are similar to each other by 
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understanding the temporal sequence of the perception of their sensory 
attributes, such as sweetness and fruitiness [2]. Drinks and foods consumed in 
everyday life usually have flavors perceived as a result of interactions between 
taste, smell (aroma), and trigeminal sensations [3] [4]. Previous studies have 
shown that similar samples can elicit different TDS curves [5] [6]. One study [6] 
that contributed to establishing the TDS method examined 12 sensory attributes 
in samples made using five different recipes of the same kind of dairy product. 
The other study [5] used samples of blackcurrant squash composed of different 
sweeteners and ingredients, and examined nine sensory attributes. These studies 
illustrated specific TDS curves for each sample: for example, a couple of sensory 
attributes (pasty and diacetyl in [6] and natural sweetness and acidic in [5]) were 
dominant in the curves and differed in the times taken to be first perceived and 
in the durations of the sensations. However, these studies, and others, focused 
on the differences among samples rather than on the perception of sensory 
attributes themselves [5]. Besides, these studies paid little attention to the influ-
ence of participants’ sex on the results (e.g., 10 females and one male [5]). Our 
recent study documented sex-based differences in the temporal sequence of 
sweetness and fruitiness in sweetened and strawberry-flavored teas with the TDS 
method [1]. This study suggested that the sucrose concentration plays an im-
portant role in determining the temporal sequence of sensations. Here, we ex-
amine the influence of sucrose concentrations on the temporal sequence of 
sweetness perception in fruit-flavored tea with the TDS method, taking into ac-
count the participants’ sex. 

2. Materials and Methods 
2.1. Participants 

Twenty-four healthy young adults (12 males and 12 females; 20.5 ± 1.3 years 
(mean age ± standard deviation)) participated in this study after providing in-
formed consent. All the volunteers were recruited from students of Niigata Uni-
versity of Health and Welfare. The participants were assigned to female and 
male groups according to their sex. None of the participants had subjective 
problems in gustatory or olfactory functions and passed both gustatory and ol-
factory (Five Standard Odors for selection of panel members set of center con-
centrations, Daiichi Yakuhin Sangyo Co., Ltd., Tokyo, Japan) acuity tests. The 
solutions used for the gustatory test were prepared based on the recognition 
thresholds of the five fundamental tastes for young Japanese adults [7] [8]. The 
Ethics Committee of Niigata University of Health and Welfare approved the ex-
periments (#18021-180710). The experiment was conducted from July, 2018 to 
September. 

2.2. Samples 

Based on our preceding study [1], four fruit-flavored teas were used as samples 
in this study. A non-flavored and sugarless tea (Mutou koucha, Kirin Beverage 

 

DOI: 10.4236/fns.2019.101009 111 Food and Nutrition Sciences 
 

https://doi.org/10.4236/fns.2019.101009


S. Akemura et al. 
 

Company, Ltd., Tokyo, Japan) was used as a starting material for flavored teas. 
Sucrose was added to all samples at three concentrations: 0.05, 0.15, and 0.25 M. 
The three concentrations were determined by preliminary experiments. A 0.5-M 
sucrose sample that was used at the early stages of study was not used at the later 
stages as the participants reported that it was too sweet. A concentration, 3.0 
µl/ml, of four commercially available flavors (lemon, strawberry, peach, and va-
nilla) was added to the samples. 

2.3. Recording Tools 

A TDS system (J-SEMS TDS&TI, MediaEye, Tokyo, Japan) was used partici-
pants and analyze sensory evaluation data. The recording system consisted of a 
base unit and four cordless extension units of tablet devices, so a maximum of 
four participants could use the system at the same time. As in our previous study 
[1], four items that elicit four different and active sensations, that is, sweetness, 
sourness, astringency, and fruitiness, were utilized for sensory evaluation. The 
passive sensation of “flavorlessness” was also utilized to clarify the sensation 
when a participant selected none of the four items. 

2.4. Procedures 

After training on the TDS system, each participant was instructed to properly 
rinse their mouth with tap water. For practice purposes, they were presented a 
non-flavored sample (10 ml). This was followed by 12 (four flavors × three su-
crose concentrations) flavored samples (10 ml each). The 12 samples were pre-
sented in a random order, but each sample was presented in an increasing con-
centration of sucrose from 0.05 to 0.15 and 0.25 M. Each sample was served at 
31˚C. The participants were instructed to drink, taste, and swallow each sample 
and to press one of the five item evaluation buttons on a tablet device that rec-
orded their responses. The command of swallowing was issued to participants 3 
s after ingestion. An interval of 30 s was set from the start to the end of each 
evaluation, and the participants were instructed to rinse their mouths with tap 
water after the end of each trial. A 1-min interval was allowed between trials. 
Participants were asked not to discuss their evaluations with each other. 

2.5. Data and Statistical Analyses 

Comma separated values formatted data were obtained from the TDS system 
and processed using the R programming language to calculate basic statistics, 
such as averages and standard deviations. Only one sensation, sweetness, was 
subjected to the following analysis in this study. First, the TDS curves of the fe-
male and male groups were obtained, as in our previous paper [1]. Second, the 
average times from the start of ingestion of each sample to the reported sensa-
tion of sweetness exceeding the significant level were calculated in each group, 
and then differences in the times between the two groups were calculated by 
subtracting the average time in the female group from that in the male group. 
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The same calculations were repeated 12 times (four flavors × three sucrose con-
centrations). Finally, the average durations of the sensation exceeding a signifi-
cant level were calculated in each group, and then 12 differences in the durations 
between the two groups were calculated by subtracting the average duration in 
the female group from that in the male group. Since this study aimed to describe 
the temporal sequence of sweetness perception, we applied no particular statis-
tical tests to the obtained data. 

3. Results 

Only two of the five sensations evaluated in this study, sweetness and fruitiness, 
showed consistent and significant responses in the samples used (Figure 1). The 
sensation of sweetness appeared first and was followed by that of fruitiness, as 
shown in the curves obtained from the combined data of the female and male 
groups. The other sensations were not perceived at a significant level, except the 
sensation of flavorlessness, which was reported for about 3 s in the last stage of 
the 30-s interval. 

The times from the start of ingestion to reporting a significant level of sweet-
ness differed between the two groups and among the three sucrose concentra-
tions (Figure 2). The overall average times across the four flavors for each su-
crose concentration were −2.7 s (0.05 M sucrose), +2.7 s (0.15 M sucrose), and 
+0.3 s (0.25 M sucrose). At the concentration of 0.05 M sucrose, the male group 
reported the sensation of sweetness earlier than the female group in all four fla-
vors used (i.e., negative values in Figure 2). By contrast, at concentrations of 
0.15 M and 0.25 M sucrose, the female group reported the sensation of sweetness 
earlier than the male group in all flavors, except vanilla flavor at 0.15 M (i.e., 
positive values). Additionally, the absolute largest times reduced clearly at the 
highest sucrose concentration: that is, the values were 4.0 s (0.05 M) and 6.2 s 
(0.15 M) at lower sucrose concentrations, and that was 0.49 s at the concentra-
tion of 0.25 M sucrose. 

The average durations of the sweetness sensation varied among the three su-
crose concentrations and among the four flavors (Figure 3). The overall average 
durations for the three sucrose concentrations across the flavors were −1.6 s 
(0.05 M sucrose), −1.9 s (0.15 M sucrose), and +1.4 s (0.25 M sucrose). The situ-
ations of the durations related to sucrose concentrations were more complicated 
and less consistent than the times mentioned above: for example, the duration 
for the strawberry-flavored sample showed a positive value at a 0.05-M sucrose 
concentration, but the other three samples showed negative values, whereas a 
completely opposite situation occurred at a 0.25-M sucrose concentration 
(Figure 3). 

4. Discussion 

A previous study using the TDS method showed temporal changes in six sensa-
tions, including sweetness (by sucrose) and fruitiness (by strawberry flavor), 100 s 
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Figure 1. Sample TDS curves of sweetened flavored teas. Average TDS curves of the five 
sensory items reported from the beginning of sample ingestion (tea with 0.25 M sucrose 
and strawberry flavor) to the end of the 30-s evaluation, showing the combined data from 
the female and male groups. A horizontal dotted line indicates the significant level (0.33). 
Note that sweetness exceeded the significant level before fruitiness. 

 

 
Figure 2. Differences in times for exceeding the significant level between the female and 
male groups. Each horizontal bar indicates a value that is the result of subtracting an av-
erage time from the start of ingestion of a sample to exceeding the significant level for the 
female group from that for the male group. Closed and open bars indicate positive (the 
male group exceeded the significant level earlier than the female group) and negative (the 
male group exceeded the level later than the female group) values, respectively. See the 
text for the details. 
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Figure 3. Differences in durations for exceeding the significant level between the female 
and male groups. Each horizontal bar indicates a value that is the result of subtracting an 
average sweetness sensation duration for the female group from that for the male group. 
Closed and open bars indicate positive (the male group took a longer duration than the 
female group) and negative (the male group took a shorter duration than the female 
group) values, respectively. See the text for the details. 
 

after ingestion of the tea sample [9]. It demonstrated that of the six sensations, 
only sweetness and fruitiness reached a significant level, similar to the present 
study (Figure 1). The results of both studies are similar, but there is a slight dif-
ference between them: that is, both sweetness and fruitiness reached the signifi-
cant level at the beginning of the ingestion in the previous study (Figure 3 in 
[9]), whereas sweetness reached a significant level before fruitiness in this study 
(Figure 1). Differences in the concentrations of both sucrose and strawberry 
flavor may explain the differences between these studies. The previous study, 
like most others in the field [2], used a mixed group consisting of female and 
male participants. This could be one reason for the similarity between the results 
in the previous study [9] and this one; the TDS curves shown (Figure 1) were 
derived from both female and male participants. 

Since sweetened black teas commercially available in Japan contain 0.05-M 
sucrose on average [10], our preceding study [1] used that concentration of su-
crose to match the commercial teas. This study suggested that the sex of partici-
pants could affect the temporal sequence of the two major sensations, sweetness 
and fruitiness, elicited by flavored teas. In the female group, sweetness appeared 
earlier than in the male group in a strawberry-flavored sample [1]. However, the 
present study showed an opposite result (Figure 2). The discrepancy really sur-
prised us, and at least two possibilities could explain it. One could be the differ-
ence in the numbers of participants: there were fewer in the preceding [1] and in 
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this study (n = 12 and 24, respectively) than in [6] (n = 32). Also, a much lower 
concentration of sucrose (0.05 M) was used in comparison to previous studies 
[11] [12], which could make it difficult for participants to properly evaluate the 
sensations elicited by such a weak solution. 

The TDS method is qualitative rather than quantitative [2]. The present study 
did not carry out statistical analysis of the collected data, but aimed to demon-
strate sex-based differences in the temporal sequence of sweetness perception 
elicited by fruit-flavored teas containing three different sucrose concentrations. 
We found that sweetness appeared earlier in the male group than in the female 
group at the lowest sucrose concentration, whereas the reverse was true at the 
highest concentration (Figure 2). With regard to the durational data (Figure 3), 
the sex-based differences were less clear and seemed dependent not only on the 
sucrose concentrations but also on the flavors. It is necessary to conduct more 
experiments and precise statistical analyses to establish if there are sex-based 
differences in the duration of sweetness sensation elicited by fruit-flavored teas. 

5. Conclusion 

In conclusion, two sensations, sweetness and fruitiness, appeared dominantly 
after ingesting four sweetened fruit-flavored teas (lemon, peach, strawberry, and 
vanilla) as determined by the TDS method in both female and male groups. The 
times of appearance and the durations of the sensation of sweetness were differ-
ent between the female and male groups as well as among the concentrations 
(0.05, 0.15, and 0.25 M) of sucrose and among the four flavors tested. 
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