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ABSTRACT

Xerostomia (perceived oral dryness) is a common problem in older adults, often due to hyposalivation, which can cause diffi-
culty in eating and swallowing, resulting in insufficient dietary fiber intake. Recent work shows salivary flow rate, particle size,
and concentration are major factors for particle perception in beverages. Given that disliking drives non-consumption, here we
explore how particle size, concentration, and salivary flow rate may affect liking in a fiber-fortified model beverage. Beverages
made with 2 particle sizes of wheat brans (Dy,=976 um and 209 um) in 3 concentrations (5%, 7.5%, 10% w/v) were compared to a
control beverage (no fiber added) and 2 commercial fiber-fortified beverages (Detoxifiber, ARG Cellulose) at 7.5% w/v concentra-
tion. Under controlled laboratory conditions, 90 adults (30% men, 58% women; age range = 18-79 years) rated beverage liking and
the intensity of particles remaining in the mouth/throat. Individuals were divided into low and high salivary flow groups; rins-
ing time and rinse water weight were also recorded following consumption. As expected, higher particle concentration reduced
liking, but particle size showed no main effect on liking. Surprisingly, no significant difference was found between salivary flow
groups on liking and remaining particles perception. However, we saw a significant negative correlation (r=-0.93) between
liking and particles remaining ratings. Collectively, higher concentration reduced liking, but finer particles have less impact on
liking at moderate concentrations. Product developers should avoid formulating highly concentrated fiber supplement beverages

and consider using finer particles to prevent beverage unacceptability.

1 | Introduction

Texture perception results during a dynamic process of food oral
processing, including ingestion, manipulation, swallowing, and
cleaning (Saint-Eve et al. 2015). During this process, salivary se-
cretions are stimulated for lubricating and binding food to facili-
tate ingestion (Liu et al. 2017). The quantity and quality of saliva
may alter the perception of food texture in the mouth (Laguna
et al. 2021). Thus, saliva plays an important role in food texture
perception. Xerostomia (i.e., perceived oral dryness) arising

from hyposalivation (i.e., objectively measured salivary dys-
function) is common in older adults and many cancer patients.
This can be a major influence on nutritional intake, as it cre-
ates a hurdle in food consumption (Galaniha and Nolden 2022).
Without sufficient saliva, there is less dilution/decomposition of
food to make the food suitable in size, extensibility, and viscos-
ity for swallowing (Chen and Lolivret 2011). Recently, we found
older individuals tend to use the texture term “dry” to describe
common foods more often than younger adults, and “dry” is also
related to lower liking (Ma et al. 2023).
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Most studies investigating the importance of saliva in texture
perception have focused on solid and semisolid foods, as the in-
corporation of saliva plays a vital role in forming a food bolus
safe for swallowing (Drago et al. 2011; Engelen et al. 2003a;
Engelen et al. 2007; Motoi et al. 2013). Fewer studies have ex-
plored the role of saliva on the texture perception of liquid foods,
including astringent beverages (tea and wine) and emulsions
(Laguna et al. 2021). Saliva can induce emulsion flocculation
due to electrostatic attraction and depletion flocculation, which
can result in sensations such as roughness, dryness, and as-
tringency (Silletti et al. 2007; Vingerhoeds et al. 2009). While
no chewing is required and less time is spent consuming lig-
uid foods, saliva still plays a role in mixing and diluting bev-
erages—the focus of the current work. Previously, we explored
how different starch particle size, concentration, and dispersion
viscosity can change the texture perception in a beverage model.
We found that salivary flow influenced the chalky perception of
granular starch-containing beverages—participants with lower
salivary flow rates reported greater chalkiness than those with
higher salivary flow rates. These differences were consistent for
both larger starch granule size and greater starch concentration
in the beverage. However, it is still not known how differences
in oral perception due to salivary flow rate may affect the liking
of liquid foods that contain small particles.

Many consumers chose to use fortified beverages to supple-
ment meals with additional micro- and macro-nutrients. Still,
most Americans do not consume enough fiber to meet recom-
mended intake, so fiber-fortified beverages such as fiber-infused
juices and functional waters have been introduced to the mar-
ket. Particularly for individuals with low salivary flow rates,
the added challenge of forming a food bolus high in insoluble
fiber may potentially hinder their ability to consume fibrous
foods (Mesas et al. 2010). However, most fiber added in com-
mercial beverages is mostly soluble fiber; insoluble fibers are not
used because of their negative impact on food texture, includ-
ing chalkiness, dryness, and particle perception (Chakraborty
et al. 2019). The particle distribution of insoluble fiber falls in the
range of 50-300 um (D) from corn and rice bran but may differ
depending on the source (Jiang et al. 2022; Zhao et al. 2018). It
may be important for consumers to increase their intake of in-
soluble fiber as it can provide regularity and laxative benefits,
which soluble fibers do not provide. While coarser wheat brans,
rich in insoluble fiber, had a higher laxative effect in increasing
stool weight more than the finer ones, a significant increase in
fecal bulk was still found with finer wheat brans in the diet in
previous studies with less than 20% difference (Brodribb and
Groves 1978; Heller et al. 1980; Jenkins et al. 1999). Moreover,
finer insoluble fibers from wheat and rice bran and qingke
(hull-less barley) have been found to show higher phenolic bio-
accessibility and antioxidant properties than coarser ones (Li
et al. 2022; Zhao et al. 2018; Zhu et al. 2015).

Here, we compared the effect of food particle size, concentration,
and salivary flow rate on the liking in a fiber-fortified model
juice beverage. Specifically, we hypothesized (a) liking would
increase with decreasing particle size and concentration and (b)
any effects of particle size and concentration on liking would be
greater in participants with low salivary flow, relative to those
with high salivary flow rate. By understanding how differences
in salivary flow may affect beverage liking, we hope to inform

the development of maximally acceptable fortified beverages in
older adults or others experiencing oral dryness to enhance nu-
trient intake in these individuals.

2 | Materials and Methods
2.1 | Participant Recruitment and Consent

Participants (n=90) were recruited from the campus and com-
munity surrounding the Pennsylvania State University in State
College, PA. Sensory tests were carried out in semi-isolated test-
ing booths in the Sensory Evaluation Center in the Erickson
Food Science Building on the main Penn State campus. All par-
ticipants provided informed consent and were paid a cash in-
centive for their time. Exclusion criteria included being below
18years of age; currently taking medications known to alter
taste or smell; having difficulty tasting and smelling; not being
in good general health; having a history of choking or difficulty
swallowing; having any tongue, cheek, or lip piercings; hav-
ing dental work in the last month; having smoked tobacco or
used nicotine-containing products in the last 30days; not being
fluent in English; having a history of any condition involving
chronic pain, in their mouth or elsewhere; currently using any
prescription pain medication; having celiac disease or other
conditions that prevent the consumption of wheat and not being
able to consume foods manufactured in a facility that processes
egg, milk, soy, wheat, and tree nuts; having irritable bowel syn-
drome; and preferring no pulp or lots of pulp in orange juice.
Informed consent was documented electronically on the first
screen of the online survey via a yes/no question. All proce-
dures, including screening, recruitment, consent, and compen-
sation, were approved by the Institutional Review Board (IRB)
at The Pennsylvania State University as an expedited protocol
(STUDY00022256).

2.2 | Sample Preparation

We prepared six wheat bran-fortified orange juice samples and
compared these to a no-fiber control and two commercial insol-
uble fiber-added orange juices to assess the effect of particle size,
concentration, and salivary flow rate on beverage liking and re-
maining particle perception in the mouth or throat; see Table 1.
Wheat bran (Shiloh Farms; New Holland, PA) was milled using
a hammer mill into coarse and fine sizes using 80 and 500 um
sieves, resulting in a coarse size mean D90 of 976 um and a fine
size mean D90 of 209 um. Three particle concentrations (5%,
7.5%, and 10%, w/v) were chosen for comparing the coarse and
fine wheat brans. Two commercial fiber supplements were also
used to make beverages at an 5% w/v concentration, including
cellulose powder (Allergy Research Group; Salt Lake City, UT)
and DetoxiFiber (Garden of Life; Palm Beach Gardens, FL). All
beverages were made with the addition of xanthan gum (Bob's
Red Mill; Milwaukie, OR) (0.1% w/v) to suspend the particles in
the beverage. The beverages were prepared in no pulp orange
juice (Tropicana; Bradenton, FL) by blending in xanthan gum in
a Vitamix blender Model Pro-750 (Cleveland, OH), then blend-
ing in fiber/wheat bran using a KitchenAid Model KHM512TB
hand mixer (Benton Harbor, MI). Orange juice was chosen as
the beverage medium as it naturally contains particles (pulp)
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TABLE 1 | Sample content including particle size, concentration,
xanthan gum, aspartame, and vanillin for the 8 starch beverage samples.

Particle Xanthan
concentration gum
Type of fiber W/v%) W/v%)
No fiber (control) 0 0.1
Coarse wheat bran 5 0.1
Coarse wheat bran 7.5 0.1
Coarse wheat bran 10 0.1
Fine wheat bran 5 0.1
Fine wheat bran 7.5 0.1
Fine wheat bran 10 0.1
ARG cellulose 7.5 0.1
Detoxifiber 7.5 0.1

and should therefore not alter the beverage liking due to sur-
prise from unexpected particles.

2.3 | Dietary Fiber Analysis

The total dietary fiber, soluble fiber, and insoluble fiber content
of coarse and fine wheat brans were analyzed using the AOAC
991.43 method.

2.4 | Design and Rationale

Ratings were collected in Compusense20 software (Guelph,
ONT) to understand the effect of particle size and concentration
on liking and particles remaining in the mouth.

Prior to tasting any samples, participants were asked to provide
a stimulated saliva sample by chewing on a 5X5cm square of
parafilm (Parafilm “M”, American National CAL, Chicago,
USA) for 5min while spitting in a pre-weighed tube every 30s
to measure their salivary flow rate (Bots et al. 2004). Prior to the
first test sample, a warm-up sample made of coarse wheat bran
at 2.5% w/v concentration and 0.1% w/v xanthan gum was given
to participants to minimize any first-sample effect. All samples
were conditioned at room temperature for about an hour before
serving. They were kept at room temperature for no more than
2h for safe consumption. The samples were presented monadi-
cally in a randomized and counterbalanced order. Participants
were asked to consume each sample beverage in small aliquots
(10mL), labeled with three-digit codes, after holding it in the
mouth for 5s before swallowing the entire sample. They then
rated their liking of the sample and the perception of parti-
cles that remained in the mouth/throat after swallowing on a
0-100 Visual Analog Scale (VAS) from “Dislike Extremely” to
“Like Extremely” and from “None” to “A lot,” respectively. To
reduce fatigue, only 5 samples were given in the first session
and 4 samples in the second session, which were separated by
at least 2days. Between each sample, they were asked to rinse
their mouth with water until no particles were left in the mouth/

throat, which was timed. The weight of rinse water consumed
was also recorded for each sample. Demographics (self-reported
age, gender, race, and ethnicity) were collected at the end of the
second session, as well as their preference for pulp in orange
juice and questions on xerostomia (Thomson et al. 2011).

2.5 | Data Analysis

Data were analyzed using RStudio (version 2024.04.1). To deter-
mine how the different fiber-fortified samples and salivary flow
rate impact beverage liking and remaining particles percep-
tion, Analysis of variance (ANOVA) was performed on a linear
mixed-effect model; fixed factors include sample and salivary
flow group. Participants were split into two groups (high or low
salivary flow) according to the median salivary flow rate using
the measurements of the weights of their saliva on both test
days and the first test day for those who only attended the first
session. Participants were a random factor in the model to take
individual differences in the use of scale rating into account.
Outliers more than 2.5 standard deviations from the mean resid-
uals were removed to increase the normality of residuals (2 data
points with large positive residuals were removed).

To determine how the particle size, concentration, and salivary
flow impact beverage liking and remaining particles percep-
tion among the wheat bran-fortified beverages, ANOVA was
performed on a linear mixed-effect model with fixed factors
including particle size, concentration, and salivary flow group.
Participants were again a random factor in the model to take
individual differences in the use of scale rating into account.
Outliers more than 2.5 standard deviations from the mean resid-
uals were removed to increase the normality of residuals (4 data
points with large positive residuals were removed; analyses were
run with and without outliers and no meaningful changes in the
results were observed). ANOVA assumptions including inde-
pendence, normality, and heteroscedasticity were checked prior
to analysis. Tukey's HSD was performed to identify significant
differences between the sample beverages using the “agricolae”
package (De Mendiburu 2021). A correlation matrix was made
comparing beverage liking and remaining particles perception
ratings to mouth rinsing time and weight by correlating the
mean of the perceptions grouped by sample beverage. Boxplots
of beverage liking and remaining particles perception of the
different sample beverages were generated using the “ggplot2”
package (Wickham 2016). A statistically significant difference
was defined as p <0.05.

3 | Results
3.1 | Participants Characteristics

Participant demographics are summarized in Table 2. Of the 90
participants, 80 participants completed both sessions of the test;
the 10 participants who only completed the first session were still
included in the data analysis as sample sets were counterbalanced,
but specific demographic data (i.e., gender and age) were missing
for these 10 participants, as our demographic questionnaire was
included at the end of the second session. As expected in a nom-
inally healthy sample, we saw large individual differences in the
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TABLE 2 | Participant characteristics include gender, age, and
salivary flow rate groups.

Characteristics Mean = SD
Gender (27 men, 52 women, 11 not known)
Age (18-79years old, n=380, 10 not 39.3+16.8
known)
Saliva group
High salivary flow (HSA, n=45, 1.97+0.6
1.28-3.86 g per min)
Gender (18 men, 21 women, 6 not
known)
Age (18-79years old, n=40, 5 not 38.14+16.25
known)
Low salivary flow (LSA, n=45, 0.85+£0.3
0.15-1.28 g per min)
Gender (9 men, 31 women, 5 not
known)
Age (18-79years old, n=40, 5 not 40.41+17.44

known)

salivary flow rate of our participants, varying from 0.15g/min to
3.86g/min. We tested the effect of salivary flow rate on beverage
liking and remaining particles perception by grouping participants
into a high-flow group (mean=1.97+0.59g/min) and a low-flow
group (mean=0.85+0.31g/min), which had significantly differ-
ent mean salivary flow rates [F(1, 88) =130.45; p <0.05]. The distri-
bution of flow rates for our participants showed that the low-flow
group had a distribution skewed to the left, while the high-flow
group was more variable, with the distribution skewed to the right.

3.2 | Effect of Particle Size, Concentration,
and Salivary Flow Rate on Liking

Adding different fibers to orange juice had a significant effect
on beverage liking [F(8, 662)=41.0; p=<0.001]. The control
sample had the highest liking score among all beverages, as
shown in Figure 1, indicating that the addition of fiber decreases
the liking of the orange juice. Among the experimental bran-
fortified beverages, particle concentration had a significant
main effect on beverage liking [F(2, 409)=35.13; p=<0.001];
however, contrary to expectations, particle size did not show
evidence of a main effect on beverage liking [F(1, 414)=1.07;
p=0.302]. Wheat bran-fortified beverages with a higher parti-
cle concentration level were liked significantly less than those at
a lower concentration level (p <0.05). A significant interaction
between particle size and concentration among the wheat bran
beverages was found [F(2, 409)=3.58; p=0.0287]. Differences
in liking with concentration were larger for the coarse wheat
bran samples compared to the fine wheat bran samples. Notably,
both commercial beverages resulted in lower liking compared to
both wheat bran beverages made with the same concentration.
Contrary to expectations, no evidence of an effect was observed
for the salivary flow group on liking [F(1, 99.7) =2.1; p=0.1501],
with no significant interaction between sample beverages and

salivary flow rate groups [F(8, 662)=1.34; p=0.2186]. While the
low-flow group had lower liking scores than the high-flow group
for all beverages except for the Detoxifiber-fortified beverage,
none of these differences were statistically different. Similarly,
the salivary flow group did not show evidence of main effects for
particle size [F(1, 414)=0.09; p=0.7641] or concentration [F(2,
409)=0.11; p=0.8922] for beverage liking. Nor were any of the
interactions significant.

3.3 | Effect of Particle Size, Concentration,
and Salivary Flow Rate on Remaining Particle
Perception

As expected, adding different fibers to orange juice had a signif-
icant effect on ratings of particles remaining [F(8, 638)=89.5;
p=<0.001]. As shown in Figure 2, the control had the low-
est ratings of particles remaining among all sample beverages.
Within the beverages with added wheat bran, significant effects
of particle size [F(1, 417)=63.2; p=<0.001] and concentration
[F(2, 413)=30.2; p=<0.001] were seen for particles remaining.
Specifically, the coarse wheat bran had higher ratings of remain-
ing particles relative to fine wheat bran at medium and high con-
centration levels. Opposite to the impact on beverage liking, the
increase in concentration levels enhanced the remaining particle
perception intensity. There was a significant interaction between
particle size and concentration [F(2,413)=12.5; p=<0.001], show-
ing the remaining particle perception of coarse wheat bran was
impacted by the concentration level more than that of fine wheat
bran. Unexpectedly, both commercial fiber supplements resulted
in higher ratings of particles remaining than that of fine wheat
bran, which was unexpected as they have similar particle sizes. No
significant salivary flow rate effect was found on the perception of
remaining particles [F(1, 102)=0.04; p=0.8339], with no signifi-
cant interaction between particle size, concentration, and salivary
flow rate groups [F(2, 413)=0.08; p=0.9234]. As seen in the bot-
tom of Figure 2, there was no significant difference between the
low and high salivary flow groups on the perception of remaining
particles (p>0.05). The large range of remaining particle percep-
tion intensity of the low salivary flow group may have also contrib-
uted to the lack of a difference between the salivary flow groups.

3.4 | Correlation of Liking, Perception
of Remaining Particles, and the Removal
of Particles

Next, we determined how beverage liking, the perception of re-
maining particles, and the removal of particles were associated.
By correlating group means of the rating of each of the bever-
ages, we find that greater perception of remaining particles
decreased beverage liking, as expected, r (7)=-0.93 (p<0.01).
This is shown in Figure 3. The same trend was found between
liking and rinsing time [r (7)=-0.95 (p<0.01)] and rinsing
weight [r (7)=-0.82 (p<0.01)]. As might be expected, ratings
of remaining particles had high correlations with both rins-
ing time [r (7)=0.99 (p<0.01)] and rinsing weight [r (7)=0.97
(p<0.01)]. This indicates strong internal consistency in our
data, as perception of remaining particles was strongly related
to behaviors required to remove particles via rinsing with water.
Collectively, these data suggested that beverage liking was
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FIGURE1 | (Top)Boxplotdistribution of beverage liking scores of the 8 sample beverages and the control with Tukey groupings and mean labeled.
(Bottom) Boxplot distribution of beverage liking scores of the 8 sample beverages and the control comparing the high and low salivary flow groups.
C refers to coarse wheat bran, and F refers to fine wheat bran. L, M, and H refer to the low, medium, and high concentration levels, respectively.

negatively correlated with the perception of remaining particles
and the rinsing parameters.

4 | Discussion
Here, we explored the effect of adding particles in different

sizes and concentrations using a fiber-fortified beverage model
on liking and perception of residual particles in the mouth, as

a function of high and low salivary flow. In agreement with
our hypothesis, the addition of particles to the beverage lowers
liking, which is comparable to past studies showing the forti-
fication of high-fiber ingredients in semisolid and liquid foods
affected liking (Hashim et al. 2009; Hoppert et al. 2013; Raju
and Pal 2014; Tomic et al. 2017). Recently, we identified parti-
cle size and concentration as major factors in the perception of
chalkiness, which is an unfavorable sensory characteristic, so
we expected that these two factors would affect beverage liking
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FIGURE2 | (Top)Boxplotdistribution of remaining particles intensity scores of the 8 sample beverages and the control with Tukey groupings and
mean labeled. (Bottom) Boxplot distribution of remaining particles intensity scores of the 8 sample beverages and the control comparing the high and
low salivary flow groups. C refers to coarse wheat bran and F refers to fine wheat bran. L, M, and H refer to the low, medium, and high concentration

levels, respectively.

here. However, only particle concentration was observed to have
a significant effect on beverage liking. This was surprising as
we expected particle size to have an effect due to large differ-
ences in particle size between the wheat brans used (Coarse
Dy, =976 um, Fine Dy =209 um). However, the coarse wheat
bran-fortified beverage at the medium concentration level had
lower beverage liking than at the low concentration level, while
the beverage liking of the fine wheat bran-fortified beverage at
the two concentration levels was not significantly different. This

may imply a higher concentration level of fine particles can be
added to beverages without adversely affecting liking to some
extent.

The effect of remaining particles perception on liking was also in-
vestigated. As expected, the perception of remaining particles in
the mouth/throat decreases beverage liking. We found that rins-
ing time and weight served as good behavioral measurements
that were highly consistent with the perception of remaining
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FIGURE 3 | Correlation matrix (r, df=7) of beverage liking, percep-
tion of remaining particles, and rinsing parameters using the means of
ratings of each sample.

particles. Although participants were initially screened to only
include those who prefer some pulp in orange juice, to avoid bias
from those who prefer no pulp, some changed their preference to
no pulp when asked again in the questionnaire at the end of the
taste test. While this might have potentially decreased the lik-
ing scores of the beverages, we do not think this meaningfully
impacts our findings because this is reflective of all the fiber-
fortified beverages. Originally, we expected that the low salivary
flow group would have a higher perception of remaining par-
ticles and thus lower liking ratings. However, no difference in
the perception of remaining particles was observed between the
salivary flow groups. This finding was unexpected given that
the perception of chalkiness was recently shown to be impacted
by salivary flow differences by our team. A possible reason for
this discrepancy might be that orange juice contains citric acid,
which is known to be a potent stimulus of saliva production. This
might have enhanced a greater volume of stimulated saliva and
thus reduced the differential effect of salivary flow rate on the
perception of remaining particles (Engelen et al. 2007). Another
reason might be that the effect of salivary flow rate is impacted
by the food particle size. The wheat bran particle size used in
this study is quite large, with D> 200 um, while our previous
study on chalky perception that found group differences used
a particle size with Dy, <70 um. We can speculate that salivary
flow may alter particle perception, but only when the mean par-
ticle diameter is below some unknown size. Although numerous
prior studies have found that saliva has a great impact on food
texture perception (Engelen et al. 2007; Laguna et al. 2021), few
have found associations between salivary flow rate and food
texture perception (Chaffee et al. 2023; Engelen et al. 2003a;
Engelen et al. 2003b; Olarte Mantilla et al. 2022). More work on
the impact of salivary flow rate and food texture perception is
still needed on smaller food particle sizes.

Particle size and concentration both significantly impacted the
perception of particles remaining, showing a slight difference in

their impact on beverage liking. This might imply that other fac-
tors besides remaining particles perception impacted beverage
liking. This result agreed with previous literature that studied
the effect of particle size and concentration on particle percep-
tion (Imai et al. 1995; Tyle 1993). At higher concentrations, the
coarse wheat bran-fortified beverages resulted in higher re-
maining particles perception intensity than the fine wheat bran.
This might be because the fine wheat bran is smaller, allowing
quicker removal by saliva. The commercial fiber beverages were
perceived to have high intensity of remaining particles, simi-
lar to coarse wheat bran-fortified beverages, even though they
have a much smaller particle size compared to coarse wheat
bran. This may have resulted from the difference in soluble fiber
content between the commercial fibers and the wheat brans.
Although both fibers contain a high amount of insoluble fiber
(>40%), the amount of soluble fiber in our wheat bran samples
(3.5%-4.6%) was higher than that of commercial products (0%-
1% reported on the package label). Previous literature studying
the texture perception of oat fiber-added beverages found that
oat soluble fiber in the beverage was associated with smooth-
ness and sliminess (Chakraborty et al. 2019). These attributes
might be attributed to beta-glucan, one of the main soluble fi-
bers in wheat bran, as it could function as a thickener (Kaur and
Riar 2020; Lyly et al. 2004). Therefore, the higher soluble fiber
content in wheat bran added beverages may have increased the
viscosity of the beverage and potentially masked the perception
of particles.

Although no salivary flow rate effect was found on the remain-
ing particle perception, the low salivary flow group gave lower
average liking scores for almost all beverages, but this differ-
ence was not significant. We cannot rule out that a study with
more participants (and thus power) might find a difference. Kim
and Vickers (2020) had shown that salivary flow rate can affect
food texture liking, especially increasing liking of juicy foods.
However, the salivary flow rate did not impact the frequency of
consumption of juicy foods (Chaffee et al. 2023). Past work has
also shown consumers overestimate the impact of liking on con-
sumption, as there are other factors determining consumption
behavior (Yoon and Meyvis 2024). Therefore, in the future, the
relationship between consumption behavior of these beverages
and liking should be explored. Here we were not able to find
an observable significant difference in liking and the perception
of remaining particles between salivary flow groups. However,
it has been reported that people with severe dry mouth usually
avoid whole grain products (Quandt et al. 2011). Accordingly,
the impact of salivary flow rate on behavioral consumption
changes should also be investigated.

Some limitations should be noted. The study results included all
90 participants who fully or partially completed the study (10
participants did not return for the second day). However, we
balanced the serving order of the beverage samples and used
a mixed model that allows for missing data, so these partial
data can still be used. Previous studies suggest age can affect
the salivary flow rate, with older adults experiencing a reduced
salivary flow rate. Here, 92% of the participants were 65years
old or younger. We did not intend to test for age effects here a
priori, but when age was added to the linear mixed model (at the
request of a reviewer), no significant main effect was observed
for beverage liking or particle perception intensity. This suggests
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any potential age effect on the data should be limited, so it was
not added into our final model for simplicity. Separately, we note
that mechanical stimulation was used to collect saliva from
participants (as is widely done in the field), but this might not
fully reflect evoked salivary flow or composition during sample
consumption, as sour taste is also a potent stimulus for saliva
production.

5 | Conclusion

This study explored the effect of particle size and concentration
on the liking of fiber-fortified beverages between high and low
salivary flow groups. Particle concentration significantly af-
fected the liking of beverages, while no observable significant
difference in liking was found for the wheat bran particle sizes.
However, the particle size impacted the effect of particle con-
centration on beverage liking. The increase in fine wheat bran
concentration from a low to medium level did not significantly
change the beverage liking, while coarse bran resulted in sig-
nificantly lower beverage liking. No significant difference be-
tween liking and the perception of remaining particles of the
fiber-fortified beverages was found between salivary flow
groups. In the future, other factors such as diet and preference
of food should be considered to understand the drivers of liking
of these beverages. Moreover, the willingness to consume these
beverages should also be explored to understand if beverage lik-
ing is translational to a change in consumption behavior.

Author Contributions

J.E.H., K.X.M., and N.M.E. conceived the initial idea. K.K.M. was re-
sponsible for data collection, analysis, and visualization. K.K.M. wrote
the first draft of the manuscript with assistance from J.E.H. this draft
was subsequently edited and revised by N.M.E. All authors have ap-
proved the final version of this article.

Acknowledgments

We thank the students and staff of the Penn State Sensory Evaluation
Center for pretesting the surveys prior to launch and for their help-
ful comments on this project. This work was supported by the
USDA National Institute of Food and Agriculture (NIFA) Federal
Appropriations under Projects PEN04980 [JEH] (accession number
7006751), an unrestricted gift from James and Helen Zallie, and faculty-
controlled discretionary funds.

Ethics Statement

Ethical Review: This study was approved by the IRB of The Pennsylvania
State University.

Consent

Informed consent was obtained from all study participants.

Conflicts of Interest

Dr. Hayes has received speaker honoraria, consulting fees, and/or travel
expenses from numerous organizations, including federal agencies,
universities, nonprofit organizations, trade groups, and for-profit corpo-
rations, to present data on taste biology and flavor perception, sensory
testing methods, and consumer behavior. Dr. Hayes also holds equity
in Redolynt LLC, which he co-founded in 2021; this financial interest

has been reviewed and actively managed by the appropriate Conflict
of Interest Committee at Penn State. The Sensory Evaluation Center at
Penn State routinely conducts product tests for industrial clients to fa-
cilitate experiential learning for undergraduate and graduate students.
Dr. Hayes is the Director of this facility. None of these entities have had
any role in the work presented here, including study design or inter-
pretation, or the decision to publish these data. The remaining authors
have indicated they have no financial relationships or other potential
conflicts of interest to disclose. All findings and conclusions in this
publication belong solely to the author(s) and should not be construed
to represent any official U.S. Government determination, position, or
policy.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

Bots, C. P.,, H. S. Brand, E. C. I. Veerman, B. M. van Amerongen, and A.
V. N. Amerongen. 2004. “Preferences and Saliva Stimulation of Eight
Different Chewing Gums.” International Dental Journal 54, no. 3: 143-
148. https://doi.org/10.1111/j.1875-595X.2004.tb00270.x.

Brodribb, A. J., and C. Groves. 1978. “Effect of Bran Particle Size on
Stool Weight.” Gut 19, no. 1: 60-63. https://doi.org/10.1136/gut.19.1.60.

Chaffee, O., M. Laura Montero, R. Keast, and C. F. Ross. 2023. “Oral
Acuity, Particle Size Sensitivity, and Food Texture Preferences in an
Older Adult Population.” Food Quality and Preference 112: 105031.
https://doi.org/10.1016/j.foodqual.2023.105031.

Chakraborty, P., T. Witt, D. Harris, J. Ashton, J. R. Stokes, and H. E.
Smyth. 2019. “Texture and Mouthfeel Perceptions of a Model Beverage
System Containing Soluble and Insoluble Oat Bran Fibres.” Food Research
International 120: 62-72. https://doi.org/10.1016/j.foodres.2019.01.070.

Chen, J.,, and L. Lolivret. 2011. “The Determining Role of Bolus
Rheology in Triggering a Swallowing.” Food Hydrocolloids 25, no. 3:
325-332. https://doi.org/10.1016/j.foodhyd.2010.06.010.

De Mendiburu, F. 2021. Agricolae: Statistical Procedures for Agricultural
Research [R Package Version 1.3-5]. https://CRAN.R-project.org/packa
ge=agricolae.

Drago, S. R., M. Panouillé¢, A. Saint-Eve, E. Neyraud, G. Feron, and
I. Souchon. 2011. “Relationships Between Saliva and Food Bolus
Properties From Model Dairy Products.” Food Hydrocolloids 25, no. 4:
659-667. https://doi.org/10.1016/j.foodhyd.2010.07.024.

Engelen, L., R. A. de Wijk, J. F. Prinz, et al. 2003a. “A Comparison of the
Effects of Added Saliva, a-Amylase and Water on Texture Perception in
Semisolids.” Physiology & Behavior 78, no. 4: 805-811. https://doi.org/
10.1016/S0031-9384(03)00083-0.

Engelen, L., R. A. de Wijk, J. F. Prinz, A. van der Bilt, and F. Bosman.
2003b. “The Relation Between Saliva Flow After Different Stimulations
and the Perception of Flavor and Texture Attributes in Custard
Desserts.” Physiology & Behavior 78, no. 1: 165-169. https://doi.org/10.
1016/S0031-9384(02)00957-5.

Engelen, L., P. A. M. van den Keybus, R. A. de Wijk, et al. 2007. “The
Effect of Saliva Composition on Texture Perception of Semi-Solids.”
Archives of Oral Biology 52, no. 6: 518-525. https://doi.org/10.1016/j.
archoralbio.2006.11.007.

Galaniha, L. T., and A. A. Nolden. 2022. “The Role of Saliva in Taste
Dysfunction Among Cancer Patients: Mechanisms and Potential
Treatment.” Oral Oncology 133: 106030. https://doi.org/10.1016/j.oralo
ncology.2022.106030.

Hashim, I. B., A. H.Khalil,and H. S. Afifi. 2009. “Quality Characteristics
and Consumer Acceptance of Yogurt Fortified With Date Fiber.”

8of 9

Journal of Texture Studies, 2025


https://doi.org/10.1111/j.1875-595X.2004.tb00270.x
https://doi.org/10.1136/gut.19.1.60
https://doi.org/10.1016/j.foodqual.2023.105031
https://doi.org/10.1016/j.foodres.2019.01.070
https://doi.org/10.1016/j.foodhyd.2010.06.010
https://cran.r-project.org/package=agricolae
https://cran.r-project.org/package=agricolae
https://doi.org/10.1016/j.foodhyd.2010.07.024
https://doi.org/10.1016/S0031-9384(03)00083-0
https://doi.org/10.1016/S0031-9384(03)00083-0
https://doi.org/10.1016/S0031-9384(02)00957-5
https://doi.org/10.1016/S0031-9384(02)00957-5
https://doi.org/10.1016/j.archoralbio.2006.11.007
https://doi.org/10.1016/j.archoralbio.2006.11.007
https://doi.org/10.1016/j.oraloncology.2022.106030
https://doi.org/10.1016/j.oraloncology.2022.106030

Journal of Dairy Science 92, no. 11: 5403-5407. https://doi.org/10.3168/
jds.2009-2234.

Heller, S. N., L. R. Hackler, J. M. Rivers, et al. 1980. “Dietary Fiber: The
Effect of Particle Size of Wheat Bran on Colonic Function in Young
Adult Men.” American Journal of Clinical Nutrition 33, no. 8: 1734-
1744. https://doi.org/10.1093/ajcn/33.8.1734.

Hoppert, K., S. Zahn, L. Jinecke, R. Mai, S. Hoffmann, and H. Rohm.
2013. “Consumer Acceptance of Regular and Reduced-Sugar Yogurt
Enriched With Different Types of Dietary Fiber.” International Dairy
Journal 28, no. 1: 1-7. https://doi.org/10.1016/j.idairyj.2012.08.005.

Imai, E., K. Hatae, and A. Shimada. 1995. “Oral Perception of Grittiness:
Effect of Particle Size and Concentration of the Dispersed Particles and
the Dispersion Medium.” Journal of Texture Studies 26, no. 5: 561-576.
https://doi.org/10.1111/j.1745-4603.1995.tb00804.x.

Jenkins, D. J. A., C. W. C. Kendall, V. Vuksan, et al. 1999. “The Effect
of Wheat Bran Particle Size on Laxation and Colonic Fermentation.”
Journal of the American College of Nutrition 18, no. 4: 339-345. https://
doi.org/10.1080/07315724.1999.10718873.

Jiang, C.,R. Wang, X. Liu, J. Wang, X. Zheng, and F. Zuo. 2022. “Effect of
Particle Size on Physicochemical Properties and In Vitro Hypoglycemic
Ability of Insoluble Dietary Fiber From Corn Bran.” Frontiers in
Nutrition 9: 951821. https://doi.org/10.3389/fnut.2022.951821.

Kaur, R., and C. S. Riar. 2020. “Sensory, Rheological and Chemical
Characteristics During Storage of Set Type Full Fat Yoghurt Fortified
With Barley §-Glucan.” Journal of Food Science and Technology 57, no.
1: 41-51. https://doi.org/10.1007/s13197-019-04027-7.

Kim, S., and Z. Vickers. 2020. “Liking of Food Textures and Its
Relationship With Oral Physiological Parameters and Mouth-Behavior
Groups.” Journal of Texture Studies 51, no. 3: 412-425. https://doi.org/
10.1111/jtxs.12504.

Laguna, L., S. Fiszman, and A. Tarrega. 2021. “Saliva Matters:
Reviewing the Role of Saliva in the Rheology and Tribology of Liquid and
Semisolid Foods. Relation to In-Mouth Perception.” Food Hydrocolloids
116: 106660. https://doi.org/10.1016/j.foodhyd.2021.106660.

Li, Y., M. Li, L. Wang, and Z. Li. 2022. “Effect of Particle Size on the
Release Behavior and Functional Properties of Wheat Bran Phenolic
Compounds During In Vitro Gastrointestinal Digestion.” Food
Chemistry 367:130751. https://doi.org/10.1016/j.foodchem.2021.130751.

Liu, D., Y. Deng, L. Sha, M. Abul Hashem, and S. Gai. 2017. “Impact of
Oral Processing on Texture Attributes and Taste Perception.” Journal
of Food Science and Technology 54, no. 8: 2585-2593. https://doi.org/10.
1007/s13197-017-2661-1.

Lyly, M., M. Salmenkallio-Marttila, T. Suortti, K. Autio, K. Poutanen,
and L. Ldhteenmdki. 2004. “The Sensory Characteristics and
Rheological Properties of Soups Containing Oat and Barley 3-Glucan
Before and After Freezing.” LWT - Food Science and Technology 37, no.
7: 749-761. https://doi.org/10.1016/j.lwt.2004.02.009.

Ma, K. K., A. Madhavan, N. M. Etter, H. Hopfer, and J. E. Hayes. 2023.
“Texture Term Usage and Hedonic Ratings in Two Age-Diverse Cohorts
of Americans.” Journal of Texture Studies 54: 860-871. https://doi.org/
10.1111/jtxs.12791.

Mesas, A. E., S. M. de Andrade, M. A. S. Cabrera, and V. L. R. de Bueno.
2010. “Oral Health Status and Nutritional Deficit in Noninstitutionalized
Older Adults in Londrina, Brazil.” Revista Brasileira de Epidemiologia
13:434-445. https://doi.org/10.1590/51415-790X2010000300007.

Motoi, L., M. P. Morgenstern, D. I. Hedderley, A. J. Wilson, and S. Balita.
2013. “Bolus Moisture Content of Solid Foods During Mastication.”
Journal of Texture Studies 44, no. 6: 468-479. https://doi.org/10.1111/
jtxs.12036.

Olarte Mantilla, S. M., H. M. Shewan, R. Shingleton, J. Hort, J. R.
Stokes, and H. E. Smyth. 2022. “Oral Physiology, Sensory Acuity,
Product Experience and Personality Traits Impact Consumers' Ability

to Detect Particles in Yoghurt.” Food Quality and Preference 96: 104391.
https://doi.org/10.1016/j.foodqual.2021.104391.

Quandt, S. A., M. R. Savoca, X. Leng, et al. 2011. “Dry Mouth and
Dietary Quality in Older Adults in North Carolina.” Journal of the
American Geriatrics Society 59, no. 3: 439-445. https://doi.org/10.1111/j.
1532-5415.2010.03309.x.

Raju, P. N, and D. Pal. 2014. “Effect of Dietary Fibers on Physico-
Chemical, Sensory and Textural Properties of Misti Dahi.” Journal of
Food Science and Technology 51, no. 11: 3124-3133. https://doi.org/10.
1007/s13197-012-0849-y.

Saint-Eve, A.,M. Panouillé, C. Capitaine, I. Déléris, and I. Souchon. 2015.
“Dynamic Aspects of Texture Perception During Cheese Consumption
and Relationship With Bolus Properties.” Food Hydrocolloids 46: 144—
152. https://doi.org/10.1016/j.foodhyd.2014.12.015.

Silletti, E., M. H. Vingerhoeds, W. Norde, and G. A. van Aken. 2007.
“The Role of Electrostatics in Saliva-Induced Emulsion Flocculation.”
Food Hydrocolloids 21, no. 4: 596-606. https://doi.org/10.1016/j.foodh
yd.2006.07.004.

Thomson, W. M., G.-J. van der Putten, C. de Baat, et al. 2011. “Shortening
the Xerostomia Inventory.” Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontics 112, no. 3: 322-327. https://doi.org/10.
1016/j.tripleo.2011.03.024.

Tomic, N., B. Dojnov, J. Miocinovic, et al. 2017. “Enrichment of Yoghurt
With Insoluble Dietary Fiber From Triticale - A Sensory Perspective.”
LWT 80: 59-66. https://doi.org/10.1016/j.1wt.2017.02.008.

Tyle, P. 1993. “Effect of Size, Shape and Hardness of Particles in
Suspension on Oral Texture and Palatability.” Acta Psychologica 84, no.
1: 111-118. https://doi.org/10.1016/0001-6918(93)90077-5.

Vingerhoeds, M. H., E. Silletti, J. de Groot, R. G. Schipper, and G. A.
van Aken. 2009. “Relating the Effect of Saliva-Induced Emulsion
Flocculation on Rheological Properties and Retention on the Tongue
Surface With Sensory Perception.” Food Hydrocolloids 23, no. 3: 773-
785. https://doi.org/10.1016/j.foodhyd.2008.04.014.

Wickham, H. 2016. ggplot2: Elegant Graphics for Data Analysis.
Springer-Verlag. https://ggplot2.tidyverse.org.

Yoon, H., and T. Meyvis. 2024. “Consuming Regardless of Preference:
Consumers Overestimate the Impact of Liking on Consumption.”
Journal of Consumer Research 51: 474-496. https://doi.org/10.1093/jcr/
ucae021.

Zhao,G.,R.Zhang, L. Dong, etal. 2018. “Particle Size of Insoluble Dietary
Fiber From Rice Bran Affects Its Phenolic Profile, Bioaccessibility and
Functional Properties.” LWT 87: 450-456. https://doi.org/10.1016/j.1wt.
2017.09.016.

Zhu, F., B. Du, and B. Xu. 2015. “Superfine Grinding Improves
Functional Properties and Antioxidant Capacities of Bran Dietary
Fibre From Qingke (Hull-Less Barley) Grown in Qinghai-Tibet Plateau,
China.” Journal of Cereal Science 65: 43-47. https://doi.org/10.1016/j.jcs.
2015.06.006.

90f9


https://doi.org/10.3168/jds.2009-2234
https://doi.org/10.3168/jds.2009-2234
https://doi.org/10.1093/ajcn/33.8.1734
https://doi.org/10.1016/j.idairyj.2012.08.005
https://doi.org/10.1111/j.1745-4603.1995.tb00804.x
https://doi.org/10.1080/07315724.1999.10718873
https://doi.org/10.1080/07315724.1999.10718873
https://doi.org/10.3389/fnut.2022.951821
https://doi.org/10.1007/s13197-019-04027-7
https://doi.org/10.1111/jtxs.12504
https://doi.org/10.1111/jtxs.12504
https://doi.org/10.1016/j.foodhyd.2021.106660
https://doi.org/10.1016/j.foodchem.2021.130751
https://doi.org/10.1007/s13197-017-2661-1
https://doi.org/10.1007/s13197-017-2661-1
https://doi.org/10.1016/j.lwt.2004.02.009
https://doi.org/10.1111/jtxs.12791
https://doi.org/10.1111/jtxs.12791
https://doi.org/10.1590/S1415-790X2010000300007
https://doi.org/10.1111/jtxs.12036
https://doi.org/10.1111/jtxs.12036
https://doi.org/10.1016/j.foodqual.2021.104391
https://doi.org/10.1111/j.1532-5415.2010.03309.x
https://doi.org/10.1111/j.1532-5415.2010.03309.x
https://doi.org/10.1007/s13197-012-0849-y
https://doi.org/10.1007/s13197-012-0849-y
https://doi.org/10.1016/j.foodhyd.2014.12.015
https://doi.org/10.1016/j.foodhyd.2006.07.004
https://doi.org/10.1016/j.foodhyd.2006.07.004
https://doi.org/10.1016/j.tripleo.2011.03.024
https://doi.org/10.1016/j.tripleo.2011.03.024
https://doi.org/10.1016/j.lwt.2017.02.008
https://doi.org/10.1016/0001-6918(93)90077-5
https://doi.org/10.1016/j.foodhyd.2008.04.014
https://ggplot2.tidyverse.org
https://doi.org/10.1093/jcr/ucae021
https://doi.org/10.1093/jcr/ucae021
https://doi.org/10.1016/j.lwt.2017.09.016
https://doi.org/10.1016/j.lwt.2017.09.016
https://doi.org/10.1016/j.jcs.2015.06.006
https://doi.org/10.1016/j.jcs.2015.06.006

	Effect of Salivary Flow Rate, Particle Size, and Concentration on Sensations and Liking for Fiber-Fortified Beverages
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Participant Recruitment and Consent
	2.2   |   Sample Preparation
	2.3   |   Dietary Fiber Analysis
	2.4   |   Design and Rationale
	2.5   |   Data Analysis

	3   |   Results
	3.1   |   Participants Characteristics
	3.2   |   Effect of Particle Size, Concentration, and Salivary Flow Rate on Liking
	3.3   |   Effect of Particle Size, Concentration, and Salivary Flow Rate on Remaining Particle Perception
	3.4   |   Correlation of Liking, Perception of Remaining Particles, and the Removal of Particles

	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


