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Abstract
The present study aimed to examine the effects of rice particles in test foods
and their visual appearance on oral textural perceptions. One original and
three filtered Amazake (a traditional Japanese beverage made from malted
rice) preparations were used as test foods. Three physical measurements of the
test foods were conducted at room temperature: linear spread test, viscosity,
and concentration of rice particles. Results of these three measurements
formed two groups with lesser and more filtered test foods. Sensory evaluation experiments using a paired comparison test in 32 healthy young participants revealed the following: 1) the estimates of “grittiness in the mouth”
(mouth feel) and “grittiness at a glance” of the test foods also comprised two
groups, similar to the results of the physical measurements, 2) estimates of
textural “smoothness” resulted in two groups, with a half-range of two items
of “grittiness”, and 3) estimates of “sweetness” and “odor intensity” were similar to each other than to the other three items. Functional relationships between physical properties and characteristics of the test foods and sensory
evaluation of their grittiness (oral, textural, and visual) of Amazake are discussed.
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1. Introduction
A keystone study classified textural parameters of foods and proposed three
main categories [1]. Of these three categories, one class encompassing geome-
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trical characteristics was associated with grittiness, smoothness, and other textural properties of food. These geometrical characteristics appear to be less understood than mechanical characteristics, which is another class including characteristics such as hardness, cohesiveness, and adhesiveness. This maybe because geometrical characteristics are more complicated and involve additional
factors. A subsequent study modified and reconfigured textural parameters and
proposed a texture profile [2]. One important characteristic of the profile is that
texture profiles should include “visual appearance” of foods, because vision is a
potent sensory system that can lead to textural and flavor expectations regarding
food [3]. For example, a study showed that visual input affected the perceived
oral texture of vanilla custard dessert [4].
Amazake is a Japanese food produced from malted rice or sake lees. Because
both types of Amazake are nutritious and flavorsome, they are recommended to
people of all age groups. However, the presence of rice particles owing to malted
rice apparently renders people hesitant to consume it [5]. In general, suspended
particles, including malted rice in Amazake, can elicit distinct oral perceptions
including grittiness, smoothness, and roughness [6]. Artificial, uniform, and
small (<1 mm diameter) particles are generally used in experiments for the examination of oral perceptions; however, rice particles in Amazake are natural
products and are neither uniform nor small.
To the best of our knowledge, few studies have examined oral perceptions using natural particle products in suspension. In the present study, we examined
the effects of particles in Amazake test foods prepared using malted rice and
visual observation of the test foods on oral textural perceptions. The results
showed that the concentration of particles did not simply reflect grittiness or
smoothness, and that visual observation strongly affected these perceptions.

2. Materials and Methods
2.1. Test Foods and Physical Measurements
2.1.1. Test Foods
A commercially available bottled Amazake (Houraiya Ltd., Niigata, Japan) was
used as basic test food in the present study. The test food was filtered (under
gravity) using three different sieves of pore diameters 1.5, 3.0, and 5.0 mm
(Table 1). Four test foods, three filtered and the original non-filtered, were used
in experiments. For convenience, these test foods were numbered #1 to #4 according to the quantity of particles. Food #1 was filtered through the smallest
1.5-mm diameter filter, while test food #4 was not filtered (Figure 1(a)). Figure
1(b) depicts one of the rice particles in the test foods. Table 2 shows the average
size of the rice particles in the four test foods. Weight of suspended particles in
the three filtered test foods was approximately 80% (#3), 50% (#2), and 40% (#1)
of the test reference food #4 (Table 1). These percentages describe the weight of
suspended particles in the food. For example, in test food #3, 80% of the original
test food comprised suspended particles, and 20% comprised the filtrate.
DOI: 10.4236/fns.2017.810065
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Table 1. Amazake solutions as test foods.
Test food

#1

#2

#3

#4

Pore diameter (mm)

1.5

3.0

5.0

-a

Weight after filtration (g)

3.8
(0.3)

5.1
(0.7)

8.9
(0.5)

10.0
(0.0)

Values of weights are means (SD in parentheses). aThe original and non-filtered test food. See the text for
details.

Table 2. Average size of rice particles in the test foods.

Size (mm)

Length

Width

Height

3.3
(0.87)

2.3
(0.47)

1.6
(0.35)

Values of dimensions are means (SD in parentheses).

Figure 1. Photomicroscopy of the test foods. (a) External appearance of the four test
foods used (See the text for details of #1, #2, #3, and #4); (b) A rice particle in the test
foods.

The Brix value and pH of the test foods were 21.3% (n = 5) and 5.2 (n = 5),
respectively. The overall intensity of odor of the four test foods was measured
mechanically (XP-329III, New Cosmos Electric CO., LTD, Osaka, Japan).
One-way analysis of variance (ANOVA) of the measured values revealed that
average intensities were not statistically different among the four test foods.
2.1.2. Physical Measurements
Three physical measurements of the four test foods were conducted at room
temperature (i.e., 25˚C) as reference for the results of sensory evaluation. First,
linear spread test [7], Saraya Co., Ltd., Osaka, Japan) values were measured (n =
5) to assess fluidity of the test foods. A stainless steel ring with an inner diameter
of 30 mm was set at the center of concentric circles and was filled with 20 mL of
the test sample. The ring was vertically lifted and gently removed, and the distance from the center of the sample spread was measured at six points. Consistency of the sample was objectively measured as the dimensions of sample
spread in diameter. The term “fluidity”, which is the reciprocal of dynamic visDOI: 10.4236/fns.2017.810065
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cosity [8], was used as an index of “smoothness” in the present study because
both “viscosity” and “smoothness” were considered to be closely associated with
each other, because they create “creaminess” in the oral cavity [9].
Second, the viscosity of test foods was determined using a single cylinder rotational viscometer (TVB-10M, TOKI SANGYO CO., LTD, Tokyo, Japan). A 500
mL glass beaker (inner diameter 85 mm) was filled with one of the test foods and
placed under a measurement rotor with a diameter of 25 mm. The rotor was selected for lower viscosity samples, such as the present test foods, and was vertically immersed in the test food three times. Rotational speed and time were determined according to the manufacturer’s instructions: 1) rotational speed of 20
rpm was determined as the lowest speed that could avoid both over- and under-scale errors due to excessive over- and under-torquing, and 2) the time point
60 s after the start of measurements was determined as the minimum time at
which measurement values were stabilized. Rotational viscosity was measured as
stress applied to the rotor (measured in mPa·s).
Finally, the concentration of rice particles was determined: 1) 7 g of each filtered test food was leveled off using a spoon, 2) the sample was spread evenly on
a paper sheet, and 3) number of clear (i.e., countable) rice particles (see Figure
1(b)) was counted five times by visual observation to calculate the concentration.

2.2. Sensory Evaluation Experiment
2.2.1. Participants
Thirty-two healthy young adults [16 males and 16 females, 20.5 ± 2.9 (mean ±
SD) years old] participated in this study. The participants received remuneration
and were undergraduate students of Niigata University of Health and Welfare,
and were not trained for sensory evaluations in this study. None of the participants had any subjective problems with gustatory and olfactory functions. Informed consent was obtained from all participants.
2.2.2. Procedures
The experiment was conducted in an air-conditioned room maintained at 25˚C.
An experimental set consisted of eight participants simultaneously, with four
such sets in total. Participants were comfortably seated on chairs. After instructions were delivered by the experimenter, participants were invited to ask any
questions about the experiment. During the experiment, participants were required not to talk to the others concerning any matters related to the experiment. Subsequently, participants were asked to rinse their mouths with tap water
and were instructed to repeat rinsing whenever the test foods were changed. A
session consisted of 12 [4 × (4 − 1)] trials for each participant, with a 1-min
break between trials. A 5-min rest period was also introduced after the first half
of each session to prevent participant fatigue.
A modified method of Scheffe’s paired comparison was used. Each participant
was provided with two foods (10 mL each), which were randomly selected in
DOI: 10.4236/fns.2017.810065
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each trial, and they were asked to compare the perceived intensity of the latter
with that of the former. Five items were adopted for evaluation: 1) “grittiness at
a glance”, 2) “overall intensity of the odor”, 3) “grittiness in the mouth”, 4)
“smoothness”, and 5) “sweetness.” The former two items were evaluated before
ingestion and the latter three items after ingestion. The comparison of intensity
was quantified on a seven-step graded scale (from −3 to +3).

2.3. Statistical Analysis
After Bartlett’s test for examining homogeneity of variances, physical measurements were analyzed using one-way ANOVA for parametric variables (linear
spread test [LST] and viscosity) and using Kruskal-Wallis test for non-parametric
variables (the concentration of rice particles). Confidence intervals between pairs
of test foods were estimated to detect specific differences. Scores obtained from
sensory evaluation were statistically analyzed using three-way ANOVA using
“main effect (the five items)”, “participant”, and “main effect × participant”,
based on the design of the modified Scheffe’s method. Differences were regarded
as statistically significant where P < 0.05.

3. Results
3.1. Physical Measurement
As seen in Figure 2(a), the average LST values for the four test foods decreased
from test food #1 to #4. The average percentage decreases in LST values were
0.5% from test foods #1 to #2 and 5.6% from test foods #3 to #4, whereas the average percentage decrease was 12.4% from test foods #2 to #3, suggesting that
there are two LST groups separating test foods #2 and #3. Average viscosity values increased from test foods #1 to #4 (Figure 2(b)). The viscosity values of #1
and #2 were clearly far less than those of #3 and #4. The percentage increase in
viscosity values from test foods #2 to #3 exceeded 3800% (Figure 2(b)). Statistical analysis revealed significant differences in LST and viscosity values among

Figure 2. Average linear spread test (LST) and viscosity values of the test foods. (a) Average LST values using an LST set (see the text for details); (b) Average viscosity values
measured using a rotatory viscometer. Bars and error lines indicate the means and standard deviations of the measurements. Horizontal lines with asterisks indicate specific differences in these two values between pairs of test foods (**P < 0.01; *P < 0.05).
DOI: 10.4236/fns.2017.810065
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Figure 3. Concentration of rice particles in the test foods. Number of particles per 7 g of
test foods was determined by visual observation (see the text for details). Bars and error
lines indicate the means and standard deviations of measurements. Horizontal lines with
asterisks indicate specific differences in concentrations between pairs of the test foods
(**P < 0.01).

the four test foods, and specific differences were also identified between four of
the 12 possible pairs of test foods for LST values (Figure 2(a)) and between five
pairs of viscosity values (Figure 2(b); P < 0.05).
Figure 3 shows the average concentration of rice particles found in the four
test foods. The concentration increased from test foods #1 (with no visible rice
particles) to #4. Percentage changes in the concentrations were 13.5% (for #3)
and 24.9% (for #4) of #2 test foods, respectively. There were significant differences in concentrations among test foods except for test food #1 (P < 0.01), and
specific differences were also detected between all three pairs of the test foods
(Ps < 0.05).

3.2. Sensory Evaluation
Figure 4 depicts sensory evaluation estimates of the five items for the four test
foods used in the present study. The estimates of “grittiness at a glance” (Figure
4(a)), “grittiness in the mouth (Figure 4(b))”, and “smoothness” (Figure 4(c))
decreased as the amount of rice particles diminished as a result of increasing residue on the sieves (Table 1). These three sets of estimates clearly divided into
two groups, with two test foods each (#1 and #2; #3 and #4), although the range
between the two groups in the estimates of “smoothness (Figure 4(c))” was approximately half of the two “grittiness” measures (Figure 4(a) and Figure 4(b)).
Ranges between these estimates in “sweetness” (Figure 4(d)) and “odor intensity” (Figure 4(e)) are much smaller than those for the other three items (Figures
4(a)-(c)). Statistical analysis (by the modified Scheffe’s method) detected significant differences in all the main effects (Figures 4(a)-(e); Ps < 0.01). Numbers of
specific differences between the estimates were four (Figure 4(a)), five (Figure
4(b)), four (Figure 4(c)), two (Figure 4(d)), and three (Figure 4(e)) of the 12
possible pairs of the test foods (Ps < 0.05).
DOI: 10.4236/fns.2017.810065
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Figure 4. Estimates for perceived intensities of test foods. White, light gray, dark gray,
and black circles on the line indicate #1, #2, #3, and #4 test foods, respectively. Horizontal
lines with asterisks indicate specific differences in estimates between pairs of the test
foods (**P < 0.01; *P < 0.05).

4. Discussion
Particle concentration is one of the major determinants of grittiness of food in
the mouth [10] [11]. The concentrations of rice particles in the test foods were
clearly different from each other (Figure 2), whereas estimates of “grittiness in
the mouth” by the sensory evaluation experiment identified two separate groups:
test foods #1 and #2 and test foods #3 and #4 (Figure 4(b)). The grouping of
these estimates seems to be inconsistent with the findings of previous studies
[10] [11], in which grittiness was proportional to the concentration of particles.
Indeed, the concentration of particles of test foods #1 and #2 correspond to the
estimates of grittiness for these test foods, whereas the concentration of particles
of test foods #3 and #4 does not. It is necessary to consider two different aspects,
such as food and sensation, to explain this inconsistency. In terms of the food
aspect, rice particles used in the present study are largely different, not only in
concentration, but also in size and type from those used in previous studies [10]
[11]. The average size of rice particles in the present study (Table 2) was much
greater than those in previous studies, and showed an indeterminate (Figure
1(b)) rather than spherical shape [10] [11]. In the sensation aspect, the intensity
of “grittiness” evoked by test foods #1, #2, and #3 (Figure 4(b)) increased corDOI: 10.4236/fns.2017.810065
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respondingly with a progressive increase in particle concentration (Figure 3).
Conversely, “grittiness” evoked by the test foods #3 and #4 were not statistically
different, although their particle concentrations were clearly different (Figure 3).
According to a classical psychophysical law (see Figure 2 in [12]), the intensity
of grittiness in this study would not correspond to that of test food #4 if the stimulus exceeded the strongest one (i.e., terminal threshold), and the intensity of
grittiness might occur with a “saturated” type of sensation.
Estimates of “grittiness at a glance” (Figure 4(a)) were very similar to those of
“grittiness in the mouth” (Figure 4(b)). This similarity is interesting, and the reasons for this similarity are difficult to explain. One possibility is that “grittiness at a
glance” affected the perceived “grittiness in the mouth” owing to “vision-touch
interactions” [3], as visual estimation of grittiness preceded the oral estimation
in the present experiment. A previous study used a special food delivery cup,
which consisted of two compartments; the upper compartment contained the
“upper custard” and the lower compartment contained the “ingested custard”
[4]. In that study, participants consumed custard dessert with larger first bites as
the “upper custard” compartment was more favorable looking, despite participants ingesting the same custard from the “ingested custard” compartment. The
present study suggested the significance of visual cues of food in determining
bite size. The similarity between “grittiness at a glance” and “grittiness in the
mouth” in our study may be a result of visual cues regarding food in oral textural
perception: participants in the present study estimated “grittiness in the mouth”
by visual observation prior to ingestion.
The average LST (Figure 2(a)) and viscosity values (Figure 2(b)) were consistent with estimates of “smoothness” (Figure 4(c)) as lower LST and higher
viscosity values suggest greater consistency of fluid foods. A previous study
showed that LST values enabled the separation of fluid foods for dysphagic patients into two categories but were not predictive of viscosity [7]. In the present
study, both LST values and estimates of “smoothness” revealed two groups (test
foods #1 and #2 and test foods #3 and #4), similar to the two divisions of “grittiness.” Furthermore, there were no significant differences between the groups in
terms of LST values and estimates of “smoothness”, whereas the viscosity of test
food #3 differed significantly from that of test food #4 (Figure 2(b)). Thus,
“smoothness” is likely to be more closely associated with LST values than measures of viscosity.
Estimates of the two chemical sensory items, the overall intensity of odor and
sweetness, of the test foods were much more similar to each other (Figure 4(d)
and Figure 4(e)) than to the other three categories (Figures 4(a)-(c)). However,
estimates of the two chemical sensory items showed, in part, statistically significant differences, in spite of the fact that these chemical components should be
identical among the four test foods (see “2.1.1 Test foods” in “Materials and
Methods”). An excellent review documented important roles of vision in foodrelated behaviors [3] and identified that “vision is strongly involved in food disDOI: 10.4236/fns.2017.810065
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crimination and selection and can lead flavor and texture expectations about a
food.” Unfortunately, the authors cited studies related to color vision only. The
present results (Figure 4(d) and Figure 4(e)) may involve examples that demonstrate the influence of visual information of food on sensory evaluations of
smell and taste. However, it is unclear which factors pertaining to visual information may be effective: shape, size, texture, and so on. Another possible explanation for significant differences in estimates of “sweetness” is that “grittiness in
the mouth” influences sweetness of the test foods, as oral texture can modify the
sensitivity of sweetness [13] and viscosity can modify not only sensitivity [14]
[15] but also intensity [16] [17] of the four basic tastes. For example, it is well
known that viscosity affects sweetness perception in beverages, i.e., increasing
viscosity results in a reduced intensity of sweetness [18]. Although the results of
the present study also supported this finding, the reason for the small decrease in
perceived sweetness intensity was untrained participants.
The first major limitation of the present study is associated with the test foods
used. Three of the four test foods were filtered using three different sieves (Table
1), but their pore sizes may have been inappropriate considering the size of the
resulting rice particles (Table 2). The average particle diameter (3.3 mm) was
slightly greater than the pore size of the second largest sieve (3.0 mm) and considerably smaller than that of the largest sieve (5.0 mm). The large difference in
pore size between these two sieves is probably responsible for the large difference in concentrations between test foods #2 and #3 (Figure 3). However, the
difference in concentrations did not result in large differences in the number of
test foods that exhibited a stepwise increase from test foods #1 to #4 (Table 1).
This limitation suggests that a sieve of approximately 4.0 mm diameter may be
better suited to the filtration of rice particles to prevent a gradient in their concentration if similar experiments on Amazake are conducted in the future. The
second major limitation was that two properties of the rice particles, concentration and size, have been contaminated among the four test foods, and they cannot be disentangled in this study. It would be necessary to compare perceived
intensity of the test food at the same concentration with different particle sizes to
arrive at a clear conclusion. The final limitation is that there were numerous
small particles in the test foods and the present study did not consider these.
Some of the smaller particles were half the size of particles shown in Table 2,
and others were even smaller and undetectable by visual observation. Influences
of these smaller particles on visual and oral perception of Amazake are unknown, but previous studies have suggested potential roles of such particles on
sensory perception [6] [10] [11].

5. Conclusion
The concentration of Amazake’s particles does not simply reflect oral grittiness
or smoothness, and visual observation of the particles strongly affects these perceptions.
DOI: 10.4236/fns.2017.810065
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