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Abstract

Sensory characteristics are important for the acceptance of thickened liquids, but those of liquids
thickened to the new standards put forth by the International Dysphagia Diet Standardization
Initiative (IDDSI) are unknown. This research sought to identify and rate the perception of
important sensory properties of liquids thickened to levels specified in the IDDSI framework.
Samples were made with water, with and without added barium sulfate, and were thickened with a
cornstarch or xanthan gum based thickener. Samples were characterized using projective mapping/
ultra-flash profiling to identify important sample attributes, and then with trained descriptive
analysis panels to characterize those attributes in non-barium and barium thickened liquids. Three
main groups of attributes were observed. Taste and flavor attributes decreased in intensity with
increasing thickener. Thickener specific attributes included graininess and chalkiness for the
cornstarch thickened samples, and slipperiness for the xanthan gum samples. Within the same type
of thickener, ratings of thickness-related attributes (perceived viscosity, adhesiveness,
manipulation, and swallowing) at different IDDSI levels were significantly different from each
other. However, in non-barium samples, cornstarch samples were perceived as thicker than
xanthan gum samples even though they had similar apparent viscosities at 50 s™1. On the other
hand, the two thickeners had similar perceived thickness in the barium samples even though the
apparent viscosities of cornstarch samples were higher than those of the xanthan gum samples. In
conclusion, IDDSI levels can be distinguished based on sensory properties, but these properties
may be affected by the type of thickener and medium being thickened.
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1. Introduction

Dysphagia, or swallowing impairment, is estimated to affect approximately 8% of the
world’s population (Cichero et al., 2013). It commonly occurs after stroke, in individuals
with neurodegenerative diseases, or following treatment for head and neck cancer (Cichero
etal., 2013; Martino et al., 2005). Dysphagia may also occur in premature infants or
children with congenital or developmental disorders (Cichero et al., 2013). Many individuals
with dysphagia have difficulty swallowing thin liquids with turbulent and fast flow
(Parkinson & Sherman, 1971). Without proper control, liquids can enter the airway; this is
known as aspiration, and can result in an increased risk of pneumonia and even death
(Martino et al., 2005). Dysphagia is also associated with dehydration and malnutrition, and
has negative consequences for quality of life and participation in social activities involving
eating and drinking (Olle Ekberg, Hamdy, Woisard, Wuttge-Hannig, & Ortega, 2002).

Dysphagia management can include compensatory measures such as changes in posture and
different swallowing techniques, but the most common intervention is diet modification
(Sura, Madhavan, Carnaby, & Crary, 2012). For individuals who experience aspiration with
thin liquids, drinks are thickened with modified cornstarch, xanthan gum,
carboxymethylcellulose, or guar gum, thus slowing bolus flow and providing additional time
to achieve airway closure before the bolus arrives near the airway entrance (Hong, Sun, Yoo,
& Yoo, 2012; Macqueen, Taubert, Cotter, Stevens, & Frost, 2003; Tashiro, Hasegawa,
Kohyama, Kumagai, & Kumagai, 2010). Although thicker liquids are generally considered
to be easier to control and safer to swallow, there are a few challenges with thickened
liquids. Overly thick liquids are more likely to leave behind post swallow residue, which in
turn becomes a risk for aspiration when breathing resumes (Cichero et al., 2013). In
addition, thicker liquids are more satiating than thin liquids, and this can lead to reduced
intake of fluids and dehydration (McCrickerd, Chambers, Brunstrom, & Yeomans, 2012;
Sura et al., 2012). Thickened drinks are also often perceived as unpalatable, and patients
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prescribed overly thick liquids may have poor compliance (Garcia, Chambers IV, Matta, &
Clark, 2005; Macqueen et al., 2003).

When treating an individual with dysphagia, it is important to first identify the cause of the
swallowing issues, and then choose an appropriate management method. A
videofluoroscopic swallowing study (or a modified barium swallow) is a dynamic
swallowing x-ray that is widely considered the gold standard method of swallowing
assessment, and this enables the clinician to observe swallowing safety and efficiency with
boluses of different consistencies (Martin-Harris et al., 2008). In this test, barium sulfate is
added to liquids to make them radiopaque (Jones & Donner, 1989). However, the addition of
barium sulfate may impart textural properties that can affect the perception of liquids, such
as slimy and gritty texture or increased apparent viscosity and density (O Ekberg et al.,
2009; Stokely, Molfenter, & Steele, 2014). This may cause problems if the properties of the
thickened liquids used in the modified barium swallow behave differently from those used in
dysphagia management.

It is imperative that the level of thickness of a thickened liquid be adequately characterized
so that the optimal thickness level can be provided to individuals. The National Dysphagia
Diet (NDD) defines liquids by viscosity as thin (1-50 cP), nectar-thick (51-350 cP), honey-
thick (351-1750 cP), and pudding-thick (>1750 cP), when measured at the shear rate of 50 s
=1 (McCullough, Pelletier, & Steele, 2003). In this system, viscosity, or the resistance to
flow, is measured by a viscometer or rheometer at the desired shear rate, and 1 cP is
equivalent to 1073 Pa-s (Macosko, 1994). Since it is acknowledged that the viscosity of non-
Newtonian liquids changes with shear rate, by convention, a shear rate of 50 s™1 has been
adopted as the standard at which the viscosity of liquids used in dysphagia management is
reported (Force & Association, 2002). However, instrumental measurements of viscosity are
impractical outside a research environment, and manufacturer guidelines using NDD terms
are insufficient to predict the apparent viscosity of liquids (Garin et al., 2014, Steele, Van
Lieshout, & Goff, 2003). Furthermore, there is often a lack of consistency between xanthan
gum and cornstarch based thickeners, as apparent viscosities of the two thickeners are not
equivalent (Garcia et al., 2005; Garin et al., 2014).

The International Dysphagia Diet Standardization Initiative (IDDSI) has recently published
new standards for characterizing the thickness of liquids based on gravity flow through a 10
mL Becton Dickinson slip-tip syringe (manufacturer code 301604) over a fixed 10 second
interval: thin (no liquid left after 10 s), slightly thick (1-4 mL of liquid left after 10 s),
mildly thick (4-8 mL of liquid left after 10 s), moderately thick (flows, but >8 mL of liquid
left after 10 s), and extremely thick (no flow or drip after 10 s) (IDDSI, 2016a). Notably, the
IDDSI framework has chosen to use gravity flow rather than apparent viscosity as the
primary parameter for classifying liquid thickness. A major motivation for this decision was
the fact that gravity flow tests using a syringe are more accessible to end users including
patients, clinicians, caregivers and food service professionals.

It is currently unknown whether the IDDSI Framework levels of gravity flow can be
distinguished based on sensory attributes. An understanding of the sensory characteristics of
products helps to ensure that the product will be acceptable and safe for consumers (Lotong,
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Chun, Chambers IV, & Garcia, 2003; Macqueen et al., 2003). While the former parameter is
not explicitly tested during descriptive analyses, product characteristics can still give
information about the palatability of the product. For example, slimy products are often
unacceptable, and in the context of thickened liquids, consumers tend to prefer less thick
liquids (Szczesniak, 2002; Vickers et al., 2015). Likewise, product safety is dependent on the
perceived viscosity levels of the thickened liquid (Lotong et al., 2003). Thus, the objective of
this research was to characterize the sensory properties of liquids thickened with xanthan
gum and cornstarch in both non-barium and barium media, when thickened according to
levels specified by the IDDSI framework. This was done by first performing projective
mapping and ultra-flash profiling on the samples to identify important attributes, and then by
characterizing those attributes in trained descriptive analysis panels. It was hypothesized that
differences in perceived viscosity might be observed in the different gravity flow levels
across non-barium and barium thickened liquids, and that the different concentrations of
thickeners required to achieve the different IDDSI levels would result in changes in
graininess and slipperiness across different gravity flow levels.

2. Materials and Methods

2.1. Preparation of thickened liquids

The same samples were used for both the projective mapping and ultra-flash profiling
panels, and the trained descriptive analysis panels. Within these panels, two experiments
(non-barium and barium) were conducted with nine samples of thickened liquid, ranging
from thin to extremely thick, in each experiment. All samples were prepared at the
University of Guelph, Canada. In the first experiment, a commercial thickening agent from
Nestle Resource®: either Thicken Up® (TU; modified cornstarch) or Thicken Up Clear®
(TUC; xanthan gum), was added to a base of Lemon Splash Water (Nestle Pure Life)
according to the recipes shown in Table 1. In the second experiment, the same thickening
agents were added to water (Nestle Pure Life) with 20% w/w added barium sulfate (E-Z-
Paque®, 96%), in amounts shown in Table 1. The sample formulations were determined
through preliminary trials and were confirmed to fall within the levels of the IDDSI
framework and remain within those levels for a period of at least 3 hours post mixing.

Samples for both experiments were made using the same protocol. Samples were made by
whisking the weighed thickener and/or barium sulfate into 22°C moving water with a stand
mixer (Bosch Compact MUM4405) for 2 minutes, and then left to rest for 1 hour prior to
serving. Samples were always kept at room temperature (22°C).

2.2. Density Measurements

The density of each thickened liquid sample was determined from the mass measurements of
10 cm? volumes of each sample at room temperature (22°C). Mass was measured on an
Adventurer AX822/E digital scale (OHAUS, Parsippany), accurate to 0.01 g. Three
replicates were taken of separate batches of all samples.
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2.3. Viscosity Measurements

To further characterize the thickened liquids, viscosity measurements were taken with a
Physica MCR 301 Rheometer (Anton Paar, Benelux) using concentric cylinder geometry.
Viscosity was measured with a shear ramp test with controlled shear rate from 1 to 100 s71
at 25°C, and three replicates were taken of separate batches of all samples. Because TU
samples were found to increase in apparent viscosity over time, all viscosity measurements
for TU samples were taken 1 hour after preparation to mimic the conditions of the sensory
panels.

2.4. Panelists

All panels were approved by the University of Guelph Research Ethics Board
(REB#15MY022 and REB#16SEQ20). Potential participants were recruited from the
University of Guelph via email, and written consent was obtained from each panelist prior to
their participation in the study. All panelists were given monetary remuneration for their
time.

For the projective mapping and ultra-flash profiling panels, 30 healthy untrained panelists
were recruited for the non-barium and barium experiments. This sample size was chosen
based on sample sizes used in other research using the same technique (Kennedy &
Heymann, 2008; King, Cliff, & Hall, 1998; Nestrud & Lawless, 2009). In total, 53
participants were recruited as seven participants took part in both the non-barium and
barium experiments. Three sessions were held for each experiment with between 7 and 13
panelists per session.

For the trained descriptive analysis panel, 11 panelists were recruited for the first
experiment, which evaluated samples without barium sulfate. For the second experiment
(which evaluated thickened liquids with added barium sulfate), 12 panelists were recruited.
Three panelists took part in both the non-barium and barium trained panels. The number of
panelists were chosen as per a study done by Ross, Weller, & Alldredge, 2012.

2.5. Projective Mapping and Ultra-Flash Profiling

Two separate projective mapping and ultra-flash profiling experiments were conducted in the
Human Nutraceutical Research Unit of the University of Guelph to rapidly assess product
sensory attributes (Pages, 2005). Panelists in the first experiment evaluated samples without
barium sulfate while those in the second experiment evaluated samples containing barium
sulfate. Thus, for each experiment, each panelist evaluated nine samples. Before each
session, panelists were shown how to conduct projective mapping and ultra-flash profiling
using paper cut outs of different shapes, sizes, and colors (Hopfer & Heymann, 2013).
Projective mapping groups samples based on similarities and differences in order to gain an
understanding of products characteristics while ultra-flash profiling generates ranks samples
based on sample attributes chosen by panelists (Varela & Ares, 2012).

Samples were served in 30 mL portions in sample cups labelled with random three-digit
blinding codes. Participants were instructed to taste all samples using the provided
teaspoons. Unsalted soda crackers (Premium Plus®, Mondelez International, Toronto, ON,
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Canada) and filtered water were provided for oral cleansing between samples. A spit cup
was also provided to panelists during the evaluation of samples with barium sulfate. Each
panelist was provided with a 60 cm x 40 cm paper and was asked to place the samples on
the paper based on how similar or different the samples were perceived to be (Hopfer &
Heymann, 2013). Samples perceived to be similar would be placed close together while
samples perceived to be different would be placed far apart. After samples had been placed
on the paper, panelists were asked to write an “x” in the place of the sample cup and to
record the blinding code of that sample. Panelists were then instructed to describe the
characteristics of each sample by writing descriptors next to the position of each sample on
the paper. Panelists were informed that descriptors needed to be objective and could include
an intensity amount of the attribute, but no hedonic qualities were to be assessed. For the
evaluation of the barium samples, participants were instructed to expectorate samples after
tasting the product.

2.6. Trained Descriptive Analysis Panel

As with the projective mapping and ultra-flash profiling, two separate trained descriptive
analysis panels were conducted to train panelists to evaluate the sensory attributes of liquid
samples either with or without added barium sulfate (Meilgaard, Civille, & Carr, 1991).
Attributes to be analyzed were selected in advance from words generated during the ultra-
flash profiling, but they were discussed and modified during an hour-long training session at
the beginning of each panel. The attributes generated and their techniques and definitions are
shown in Table 2. As in the projective mapping experiment, samples were provided in 30
mL portions in cups labelled with random three-digit blinding codes. Panelists were
instructed to taste all samples with the provided teaspoons, and to expectorate the barium
samples after tasting and evaluating. Crackers and filtered water were provided for rinsing
between samples. For each panel, panelists completed 10 h of training according to a
procedure modified from Meilgaard et al. in 1991. Nevertheless, because all panelists
completed less than 60 h of training, they were considered minimally trained (Chambers,
Allison, lv, & Hall, 2004). During training, panelists were presented with references for each
attribute, and were taught to evaluate the intensity of each attribute. References included
sweeteners (Aspartame/Acesulfame K and Sucralose) for sweetness, almond extract and
citric acid for bitterness and sourness respectively, strawberry and lemon oil for their
respective flavors, lotus root extract for adhesiveness, calcium carbonate and powdered
mashed potatoes for chalkiness and graininess respectively, and TU and TUC for perceived
viscosity, adhesiveness, manipulation, and swallowing. Panelists were taught to evaluate
between two and three new attributes per session, and panelists practiced rating the sample
attributes with increasing numbers of samples and attributes as sessions progressed. At the
beginning of the training, panelists recorded their ratings on papers with 15 cm line scales,
but after they had learned all the attributes, panelists evaluated the samples in sensory booths
using computers. At the end of the training, panelists could evaluate all nine non-barium or
barium stimuli and their corresponding attributes in a single session.

During data collection, panelists evaluated the attribute intensities of each sample on a
continuous 15 cm line scale labelled with appropriate anchors. Panelists were given the
products in a randomized complete block design, and each panelist conducted four replicates
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of each product. All responses were recorded on a computer using Compusense 5.8 software
(Guelph, ON, Canada).

2.7. Statistical Analyses

3. Results

Density and instrumental viscosity measurements were analyzed using SAS 9.4 (Cary, NC,
USA). The MEANS procedure was used to calculate means, standard deviation, and the
95% confidence intervals for the samples.

To analyze the data from projective mapping, the x and y coordinates of sample placement
by each panelist were measured with a ruler with the bottom left corner of the page as the
origin. The descriptors used for each sample in the ultra-flash profiling were recorded in a
contingency table with synonyms grouped together. The data were analyzed with Multiple
Factor Analysis using XL Stat (Addinsoft SARL, New York, NY, USA), where descriptors
were supplementary variables.

Data from the trained descriptive analysis panels were analyzed using SAS 9.4, and a type |
error rate of a=0.05 was chosen for all tests. For each trained panel, the different attributes
were analyzed with mixed model ANOVA using the GLIMMIX procedure, with the level
and type of thickeners and panelists as fixed factors, and sessions as random factors to see if
the thickeners had a significant effect on the perceived sensory attributes. Least squared
means and standard errors were generated for each attribute and sample to compare samples.
A separate covariance structure was fitted with different errors for panelists and thickeners if
their variance was found to be heterogenous, and the best model was chosen based on AICC
fit statistics. The two thickeners, TU and TUC, were compared using estimate statements to
estimate their means and difference between means for each attribute. Kendall Tau’s test of
concordance was used to test the thickener and panelist interaction for any cross-over
effects. All means were compared with Tukey’s multiple means comparison to determine
significant differences in effect. In addition, principal component analysis was used to
analyze the data using the FACTOR procedure to have a better understanding of the
relationship between the samples and the attributes.

3.1. Density and Viscosity Measurements

Density measurements are shown in Table 1. In non-barium samples, densities of the
samples at the same IDDSI levels were similar. In the barium samples, densities of the
cornstarch samples were higher than those of the xanthan gum samples at IDDSI levels 2—4.
The densities of barium samples were all higher than the non-barium samples.

Instrumental viscosity measurements of the thickened liquid samples at 50 s~1 are shown in
Table 3. For non-barium samples, the apparent viscosity of cornstarch thickened liquids was
higher than that of xanthan gum thickened liquids at the same IDDSI level. Nevertheless, the
apparent viscosity of samples in the same IDDSI level never exceeded those of a higher
IDDSI level. In the barium samples, the apparent viscosity of cornstarch thickened liquids
was also higher than those of xanthan gum thickened liquids at the same IDDSI level.
Notably, TU3 had a higher apparent viscosity than TUC4 at 50 s71.
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Flow indices of thickened liquid samples were calculated from the viscosity measurements,
and are shown in Table 4. The flow index (n) can be calculated from the power-law of fluids,
n =Ky"1 and is a representation of the shear-thinning behavior of non-Newtonian fluids
where a smaller “n” represents a greater departure from non-Newtonian behavior (i.e. more
shear-thinning) (Brito-de la Fuente, Ekberg, & Gallegos, 2012). The flow indices showed
that the thickened liquids displayed greater shear-thinning behavior with increasing
concentrations of thickener. Although TU1 was more shear-thinning than TUC1, TUC
samples were mare shear-thinning than TU samples for IDDSI levels 2—4.

3.2. Projective Mapping and Ultra-Flash Profiling Panels

Projective mapping provided a preliminary analysis of the sensory characteristics of the
thickened liquids and gave information about which attributes were important in
distinguishing the liquids. The results for the non-barium and barium stimuli are displayed
in biplots in Figures 1a and 1b respectively. Samples are bolded, and the two axes represent
the two factors that were most influential to panelists when they were characterizing the
samples.

In both panels, factor 1 was influenced by IDDSI level. Samples TO, TU1, TUC1, and TUC2
were grouped in the same quadrants and described as thin and sweet. For those samples,
non-barium stimuli were also described as lemon, while barium stimuli were described as
fruity and strawberry. On the other hand, TU2, TU3, TU4, TUC3, and TUC4 were described
as thick, viscous, and bland. Factor 2 in both panels represented the type of thickener, with
TU samples grouped in the same quadrants and TUC and no thickener samples grouped in
the remaining quadrants. For non-barium stimuli, TU samples were characterized as sour,
smooth, grainy, and cloudy, while TUC and no thickener samples were characterized as
clear, slippery, and sticky. For samples containing barium sulfate, TU samples were
described as bitter, matte, chalky, and creamy while TUC and no thickener samples were
characterized as glossy, slippery, and gelatinous.

3.3. Trained Descriptive Analysis Panels

Mixed model ANOVA of the effect of thickeners on the perception of sensory attributes
found that the different thickeners produced a significant effect (P<0.0001) for all attributes
in both non-barium and barium panels. Although both panels also showed a significant
interaction (P<0.0001) effect between thickener and panelist for all attributes except
strawberry, the Kendall Tau’s concordance test run on the attributes found that all panelists
were concordant (P<0.0001), and there were no cross-over effects. Although both trained
panels rated taste and flavor attributes, taste and flavor were only included to prevent a halo-
dumping effect, where the absence of an attribute can result in increased rating of other
attributes (Clark & Lawless, 1994). As the focus of the research is on texture perception, the
taste and flavor attributes will not be discussed in detail except to note that they followed the
same trends observed in the projective mapping and ultra-flash profiling panels.

Estimates of the mean rating of attributes in the TU and TUC samples showed that as with
the projective mapping results, graininess and chalkiness were present predominantly in TU
samples for non-barium and barium stimuli respectively (P<0.0001). Graininess was only
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present in TU samples, and was significantly lower in TU4 (Table 5). On the other hand,
chalkiness did not change across different concentrations of thickener, but was significantly
higher (P<0.0001) in TU samples than in TUC samples (Table 6).

The trends for slipperiness were similar in both experiments, where slipperiness was
significantly higher (P<0.0001) in TUC samples than in TU samples. The ratings for
slipperiness of TUC samples at different IDDSI levels were significantly different (P<0.05)
from each other, and the ratings of the attribute increased with increasing concentrations of
thickener (Tables 4 and 5). For the TU samples, the slipperiness of TU3 and TU4 were not
significantly different from each other, but they were rated higher than TU1 and TU2. In
both panels, the ratings for all TU samples fell between the ratings of TUC1 and TUC2.

While the previous attributes had similar trends across non-barium and barium media, the
attributes of adhesiveness, perceived viscosity, ease of manipulation, and ease of swallowing
differed across the two experiments. Nevertheless, the ratings for these four attributes
followed similar trends, and the estimates of the mean rating of these attributes showed that
the mean rating of cornstarch samples was significantly higher (P<0.0001) than that of
xanthan gum samples in both experiments. Because of the similarity of these attributes, they
will be grouped together as the thickness-related attributes. In the non-barium samples,
ratings for the levels of the attributes were all significantly different from each other within
the same type of thickener (Table 5). However, at lower IDDSI levels, TUC samples had
lower perceived viscosity and adhesiveness ratings than TU samples, and at higher
viscosities, TU and TUC samples had more similar ratings. TUC1 and TUC2 were rated
lower than TU1, and TUC3 was rated lower than TU2 for all four attributes in the non-
barium samples. Nevertheless, TUC4 and TU4 were rated as the two highest samples for
those attributes, and they did not differ significantly in their ratings except for the attribute of
perceived viscosity, where TU4 was rated as significantly higher than TUCA4.

In samples containing barium sulfate, the scores for perceived adhesiveness, perceived
viscosity, and ease of manipulation corresponded to those in the IDDSI framework. Not only
were ratings for the IDDSI levels all significantly different from each other within the same
type of thickener, but the scores of samples in the same IDDSI level also did not exceed
those in a higher level (Table 6). For adhesiveness and perceived viscosity, TU1 was rated
higher than TUCL, and TU4 was rated higher than TUC4, but TU and TUC samples in
levels 2 and 3 did not differ significantly from each other within the same IDDSI level. For
ease of manipulation, TU samples were always rated higher than TUC samples within the
same IDDSI level.

The principal component analysis gave further information about which product
characteristics influenced sample attributes and attributes related to each other. As with the
projective mapping, factor 1 of both the non-barium and barium panels was influenced by
IDDSI level, and factor 2 was influenced by the type of thickener used. Attributes influenced
most by IDDSI level included flavor, perceived viscosity, adhesiveness, ease of
manipulation, and ease of swallowing, and the latter four attributes were closely related to
each other. TU samples were characterized as sour and grainy or bitter and chalky in non-
barium and barium samples respectively. On the other hand, TUC samples were
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characterized as sweet and slippery for both non-barium and barium panels. Overall, the
principal component analysis showed that both trained and untrained panelists observed the
same attributes in the samples.

4. Discussion

The purpose of this research was to identify important sensory characteristics in liquids
thickened with xanthan gum and cornstarch in non-barium and barium media to levels
specified in the IDDSI framework, and to examine how these sensory properties were
affected by the type of thickener, level of thickness, and medium being thickened. For non-
barium thickened liquids, the attributes examined were sweet, sour, lemon, adhesiveness,
graininess, slipperiness, perceived viscosity, ease of manipulation, and ease of swallowing.
For the barium thickened liquids, the important attributes identified were sweet, bitter,
strawberry, adhesiveness, chalkiness, slipperiness, perceived viscosity, and ease of
manipulation.

The taste and flavor attributes in the product were due to the medium being thickened. In the
non-barium samples, the sweet, sour, and lemon attributes came from the Lemon Splash
Water (Nestlé Pure Life) used as the base for the samples. In the barium samples, the sweet,
bitter, and strawberry attributes came from the barium sulfate mixture, which included its
own flavorings. In both the projective mapping and ultra-flash profiling and trained
descriptive analysis panels, ratings of taste and flavor attributes decreased with increasing
IDDSI level. This inverse relationship agrees with previous research which shows decreased
taste and flavor perception with increased viscosity (Ferry, Hort, et al., 2006; Ferry, Mitchell,
et al., 2006; Hollowood, Linforth, & Taylor, 2002).

It was also found that certain taste attributes were more present in certain thickeners. The
predominance of sourness and bitterness in the cornstarch samples was likely due to the
structure of the matrix formed by the cornstarch granules, allowing for more efficient mixing
with saliva (Ferry, Hort, et al., 2006). Tastants in the cornstarch would then be better
solubilized and ready for interaction with taste receptor cells (Dransfield, 2008). In addition,
xanthan gum has been found to decrease the perception of sourness and bitterness more than
sweetness, which would explain why the xanthan gum did not have a similar masking effect
on sweetness (Pangborn, Gibbs, & Tassan, 1979).

Other thickener specific attributes were also identified. Slipperiness was seen predominantly
in the xanthan gum samples. This was expected, as xanthan gum has been found to
contribute to slickness or slipperiness in samples (Matta, Chambers IV, Garcia, & Helverson,
2006; Vickers et al., 2015). Both graininess and chalkiness were rated higher in the
cornstarch samples than the xanthan gum samples, and these attributes were likely due to the
cornstarch and barium sulfate respectively. Thus, graininess was only present in the
cornstarch thickened samples, and the rating for graininess decreased in the TU4, which was
the cornstarch sample thickened to the highest IDDSI level. This could be a result of the
increased lubrication and apparent viscosity of the sample, which have been found to lower
the sensation of grittiness (Engelen & Van Der Bilt, 2008; Imai, Hatae, & Shimada, 1995).
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Although barium sulfate was present in the same concentration in both cornstarch and
xanthan gum samples, chalkiness was rated higher in cornstarch samples. This could be
attributed to the structure of xanthan gum, which could have masked the chalkiness. In fact,
other research has found that the chalky texture of barium sulfate can be hidden by gums,
and that grittiness sensation is less perceived in gums than in other viscous suspensions
(Imai et al., 1995; Katzbauer, 1998; Miller, 1966). However, the chalkiness ratings of the
TUC samples were not significantly different from that of TO, which did not contain any
thickener. Another explanation for the increased chalkiness ratings in the TU samples could
be the presence of cornstarch particles in the samples, which could have compounded the
sensation of grittiness. This is in line with other research that suggests that the sensation of
graininess or grittiness increases with increasing particle concentration (Imai et al., 1995;
Kilcast & Clegg, 2002).

In both non-barium and barium samples, thickness-related attributes of perceived viscosity,
adhesiveness, ease of manipulation, and ease of swallowing were rated higher in cornstarch
samples than the xanthan gum samples, and the ratings of these attributes increased with
increased IDDSI level. It was expected that cornstarch samples would be perceived as more
viscous than xanthan gum samples as the apparent viscosities obtained from instrumental
measurements showed similar trends, but there were certain differences between the
apparent viscosity measurements and the perceived viscosity ratings.

In the non-barium samples, while the cornstarch samples were more viscous than xanthan
gum samples at the same IDDSI level, the apparent viscosity of samples at a certain level
never exceeded that of a higher level (Table 3). However, the trained panel found that TU1
had higher perceived viscosity than TUC1 and TUC2, and that TU2 also had higher
perceived viscosity than TU3 (Table 5). One explanation for this phenomenon could be the
high slipperiness ratings of the xanthan gum samples, as slipperiness has been found to be
negatively related with thickness and adhesive-related attributes (Vickers et al., 2015).

The discrepancies between the ratings for the thickness-related attributes and the apparent
viscosity measurements of the samples may also suggest that the current shear rate standard
of 50 s~ as the oral shear rate is not appropriate. Because TU and TUC products differ in
shear-thinning behavior (Table 4), their viscosities would show a greater departure from each
other at other shear rates. This is especially an issue for TUC4, which displays highly shear-
thinning behavior, so its viscosity will decrease rapidly at higher shear rates. This behavior
may pose a problem during swallowing, as swallowing shear rates have been estimated to be
between 100 to 400 s~ (Brito-de la Fuente et al., 2012; Meng, Rao, & Datta, 2005;
Yamagata, lzumi, Egashira, Miyamoto, & Kayashita, 2012; Zhu, Mizunuma, & Michiwaki,
2014). If the oral or swallowing shear rate were higher than 50 s~1, that would explain why
the TUC products were perceived as less viscous than TU products, as their viscosity would
drop faster than TU products at higher shear rates.

For the barium samples, cornstarch samples also had higher apparent viscosity
measurements than xanthan gum samples, and the apparent viscosity of TU3 was higher
than that of TUCA4. This showed a departure from the ordering of the samples not only
according to IDDSI levels, but also the National Dysphagia Diet Task Force levels (Table 3).
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Thus, the addition of barium sulfate changed the samples in such a way that the apparent
viscosity did not match with the flow of the liquids. As stated previously, IDDSI has chosen
to exclude viscosity from their classification parameters as flow rate can be influenced by
other factors such as density, yield stress, and temperature (IDDSI, 2016b). As such, one
hypothesis for the discrepancy between the flow rate and apparent viscosity could be the
density difference between TU and TUC samples in the barium stimuli, as the densities of
the cornstarch samples were slightly higher than that of the xanthan gum samples (Table 1).

Another explanation for this phenomenon could be the presence of xanthan gum in the E-Z-
Paque barium sulfate powder. Xanthan gum has been shown to interact with cornstarch
during the gelatinization and pasting processes of starch hydration by decreasing maximum
and final viscosity during the heating process, but by increasing paste viscosity (Shi &
BeMuiller, 2002; Weber, Clerici, Collares-Queiroz, & Chang, 2009). In addition, xanthan
gum interacts with cornstarch via hydrogen bonds and can delay or decrease the
retrogradation process (Weber et al., 2009). This interaction could have caused a change in
apparent viscosity without impacting gravity flow. It should be noted that research on the
effect of xanthan gum on cornstarch gelatinization used unmodified cornstarch that had to be
heated for the hydration process to commence. Nevertheless, modified cornstarch also
undergoes similar gelatinization and pasting processes, and would likely interact similarly
with xanthan gum. Furthermore, the barium sulfate itself could have interacted with xanthan
gum and cornstarch to change the viscosities of the thickened liquids. Low levels of salt
have been shown to decrease xanthan gum solution viscosity by converting the random coil
form to the ordered form, which has lower viscosity (Garcia-Ochoa, Santos, Casas, &
Gomez, 2000). On the other hand, the addition of salt can increase the viscosity of starch
solutions by replacing the cations in solution for hydrogen bonds, thus increasing the volume
of the starch granules, and xanthan gum can aid this process by promoting the cation
exchange (Sudhakar, Singhal, & Kulkarni, 1995).

Further research could focus on the discrepancy between perceived viscosity ratings and
apparent viscosity measurements. In the non-barium samples, it is hypothesized that the
textural differences of the samples can affect the perceived viscosity, and that this caused the
departure of perceived viscosity ratings from both the gravity flow levels and apparent
viscosity measurements. In addition, it is hypothesized that the current shear rate standard of
50 s~1 may not be appropriate to model the oral shear rate. For the barium samples,
perceived viscosity ratings related well to the gravity flow levels, but they departed from the
apparent viscosity measurements. This has been proposed to be due to interactions between
barium sulfate and the xanthan gum and cornstarch thickeners.

5. Conclusions

This study characterized the sensory attributes of liquids thickened according to IDDSI
levels, and it was found that the attributes could be grouped into three major categories of
taste and flavor attributes, thickener specific attributes, and thickness-related attributes.

Graininess and chalkiness were seen predominantly in TU samples for non-barium and
barium stimuli respectively, while slipperiness was characteristic of TUC samples. The
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presence of these attributes appears to have been due to the cornstarch, barium sulfate, and
xanthan gum in the products respectively.

The thickness-related attributes were perceived viscosity, adhesiveness, ease of
manipulation, and ease of swallowing. Within the same type of thickener, the ratings of these
attributes at different IDDSI levels were significantly different from each other. However,
these attributes behaved differently in non-barium and barium media, and they also did not
relate well to their apparent viscosities at 50 s71. In the non-barium samples, the perceived
viscosity of xanthan gum samples was lower than that of cornstarch samples even though the
apparent viscosities of the thickeners at the same IDDSI level were similar. On the other
hand, while results from the trained panel with barium samples showed that thickness-
related attributes were within the boundaries established by the IDDSI levels, viscosity
measurements revealed that the apparent viscosities of the cornstarch samples were much
higher than those of the xanthan gum samples.

In conclusion, the IDDSI framework classifies liquids into gravity-flow defined thickness
levels that can be distinguished based on sensory characteristics by individuals. However,
within the same IDDSI level, further differences in sensory properties are distinguishable
based on the thickener used and the medium being thickened.
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Highlights
. Taste and flavor attributes decreased in intensity with increasing thickness
level
. Thickener specific attributes affected textural properties regardless of liquid
matrix
. Perceived viscosity attributes were not affected by the type of thickener but

. Perceived viscosity of the samples did not relate well to apparent viscosity at

behaved differently in non-barium and barium mediums
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Figure 1a. Multiple factor analysis of napping and ultra-flash profiling data for samples
without barium sulfate; T: no thickener added; TUC: Thicken Up Clear (xanthan gum; TU:
Thicken Up (cornstarch); 0-4 indicate viscosity level on IDDSI scale
Figure 1b. Multiple factor analysis of napping and ultra-flash profiling data for samples with

barium sulfate; T: no thickener added; TUC: Thicken Up Clear (xanthan gum; TU: Thicken

Up (cornstarch); 0-4 indicate viscosity level on IDDSI scale
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Table 2

Page 20

Sensory attributes, techniques, and definitions used to evaluate thickened liquids

Attribute? Technique Definition
Strawberry? With nose blocked, place product in mouth, swirl for 5 seconds, The flavor associated with strawberry
release nose, measure the intensity of strawberry flavor coming flavored cough syrup
through nose
Bitterness? Place product in mouth, swirl for 5 seconds, measure the intensity ~ The taste factor associated with bitter almond
of bitterness
Chalkiness? Spit out sample from mouth, evaluate residue for sensation of The degree to which the mouth surfaces feel
chalkiness, which may present as a mouth drying effect chalky following expectoration of sample
Sweetnessva Place product in mouth, swirl for 5 seconds, measure the intensity The taste factor associated with a sorbitol

Adhesivenesst ¢

Slipperinessf:¢

Perceived Viscosity0:¢

Ease of manipulation¢

Lemon®

Sourness®
Graininess®

Ease of swallowing®

of sweetness

Place product in mouth, compress between tongue and palate,
measure the amount of product that adheres to oral surfaces

Place product in mouth, rub the tongue against the palate, measure
the force required to move tongue across palate

Place 1 tsp of product close to lips, slurp gently to measure the
flow of liquid, measure the force required; once product is in
mouth, allow to flow across tongue, measure the rate of flow

Place product in mouth, move slowly to back of mouth, measure
the effort required

With nose blocked, place product in mouth, swirl for 5 seconds,
release nose, measure the intensity of lemon flavor coming through
nose

With nose blocked, place product in mouth, swirl for 5 seconds,
measure the intensity of sourness

Place product in mouth, move tongue parallel to palate, measure
the concentration of small granules in sample

When product is at back of mouth, swallow slowly, measure the
force required to pass the liquid completely from the mouth down
the throat

solution

The residual product that leaves a sticky
feeling in the mouth, which is difficult to
remove

The amount in which the product elicits a
slippery sensation when rubbing the tongue
against the palate

The force required to draw between lips and
spoon and the rate of flow across tongue

The effort required to move the liquid from
the front of the mouth to the back of the
throat

The flavor associated with fresh lemon

The taste factor associated with a citric acid
solution

The concentration of small granules detected
in the mouth and on the tongue

The effort required for the throat muscles to
swallow

a.. . . . . .
Attributes evaluated on a 15 cm line scale, 0 represents the absence of an attribute while 15 represents a strong presence of that attribute.

bAttributes evaluated during the trained panel with added barium sulfate

C... . . . . .
Attributes evaluated during the trained panel without added barium sulfate

Food Hydrocoll. Author manuscript; available in PMC 2019 June 01.



Page 21

Ong et al.

UoIRINGP pIepuElS :d1S

»

[eAJBIU 30UBPLILOD %656,

(0521<) Butppnd ‘(d9 052 T-15€) Asuoy ‘(4o 0S5E-TS) Je1o8u ‘(40 0G-T) Uy} :suoneanissed 11 elfeydsAQ feuotreN

q

9]eas |SAQ] UO [9A3] AUSOISIA a1edIpul 7—0 ‘(yareisulod) dn usxoryl Nl {(wnb ueyiuex) Jesjd dn uaxdIyl :DNL ‘pPappe Jausxdlyl ou ”._.w

€9 6°06L —¥'65L AsuoH ¢'SLL 0] §/0T — G20T AKouoH 0S0T 7oNnL
€¢e 6°'G9€ — 8'6V€ AsuoH 8'LGE 8¢ V¥96C—9LLC Je108N 0°/8¢ €oNn.L
9'g 8'69T —¢'¢vl JejoeN 0981 €L Vyy1—-280T Je108N €9¢T 20Nt
0EV  YT'T9—9L'6E uyL Sr'0S 890 U6V -¥Z9Y uyL gy elONL
0L 166¢ — 6179¢ Buippnd €¢8¢ 14 ¥SvT — 6CET AKsuoH Z6ET N1
TEe 9'9¢6 —1'29L AsuoH €8 86 909€-07¢TE Jej08N €9¢¢ €Nt
€0'TT T¥'86C —9€ve Je10aN 0'TLC 6'GT T08T—€T0T Je108N L'OvT ZnL
€9'G¢  LT'08T —€E'€ES Je109N GL9TT €6'T ¥Z'6L—€969 Je109N ev'yvL pINL
[440] Ywl'€—-99¢C uiyp 02'€ 6900 T9T'T-6980 ulyL ST0°T 20L
als 1D %56 Sse|lD daN  (d9) AusodsiA wusteddy  pdlS 91D %56  SSeID qdAN  (d2) AMs0dsIA Jusseddy  sjdwes
wnireg winiseq-uoN

Author Manuscript

0052 PUe ;_S 0G ¥e spInbi| pauaXoIy} wniieq pue wnieg-uou Jo siuawainsesw A)sodsiA Jusseddy

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Food Hydrocoll. Author manuscript; available in PMC 2019 June 01.



Page 22

Ong et al.

€800 GET'0 8T¢0 0OvV0 S8€0 6.V0 /LSS0 TS90 wnueg
8500 Ty¥T'0 ¢vc’0 <¢Ov'0 L9T0 TPCO 1820 8EE'0  wnlieg-uoN

¥onL €o5NniL ¢oniL 1ONnL vNnL €niL ¢niL  INL
sa|dwes

(u) xapuy mol4

1-uA=l 1sym ‘(winb ueyiuex) Jes|d dn usxdIYL pue (YoJelsulod paiyipow) dn UsHOIYL Yim pausoIyl spinbij 4o (u) Xapul Joineysq Mol

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Food Hydrocoll. Author manuscript; available in PMC 2019 June 01.



Page 23

Ong et al.

(50°0=d) 1581 8buel ajdnnw s, Asxn L e 01 Bulpi0dde JuaIayIp Ajpuedyiubis Jou are 1d1iasiadns swes syl Aq pamo||o) MoJ Wes ay} Ul w:mm_\,_w|m

9]eds |SAQ] UO [9A3] AUSOISIA 81ea1pul 7—0 f(yateisulod) dn usyoryl Nl {(wnb ueyiuex) tesjd dn usxdIyL :DNL ‘pappe Jausydlyl ou Fm

0€0 920 erA] LT0 0¢0 620 20 920 [AN1] 3as

ZT€T x¢L A€V nc¢c Zlcl A9'6 xSL  m6S 520 yeay  Buimojems Jo ase3
0c0 jzA0] 20 10 6T0 0€0 8¢°0 €20 0T'0 3as

z8¢l xmS9 Al nlT Z9€T (00T x€L 285  TO0  uesyy  uonendiueiy Jo sseq
9¢0 6¢°0 620 6T°0 LT°0 92’0 20 ¥20  ¥10 3s

ACET oVl né'v 1€¢ Zzevl x80T m0'8 A9 s00  ueapy AUSO2SIA PanIadlad
120 120 120 120 120 120 120 120 120 EN

Z€v1T 00T  xS9 Al x9S xmPS  m€v  m€Y  pl0 uespy sseuniaddils
Ge0 S€0 S€0 S€0 S€0 Se0 Ge0 G€0 S€0 ENS
x10 xT0 X0 x00 409 zL'8 z¢6 206  x00 uespy ssaulUIRID)
9T'0 €0 620 6T0 LT0 190 120 920 ZcTo 3as

79€T xS'L ml'S AV Z9€T AL'6 x08  mC9  ATO0  uespy SSUBAISAUPY
€0 €e0 €e0 €e0 €e0 €0 €0 €0 €e0 3as
2¢9  mT8 fx¥'8 zAL8  xm89  xmi69 A9 Ax€8 0T  yespy uowa |
€0 €0 €0 €0 €0 €0 €0 €0 €0 3as
nl€ 726G S99 xm9L xmll  Ax€8 zAx6'8 10T L6 uespy nos
6€0 6€0 6€0 6€0 6€0 6€0 6€0 6€0 6€0 3as
766 706 zV'6 798 x59 AxT'L x0'L x0L 296 uespy 199MS

¥oN.L €0NL 20Nl IONL yNL enL ¢NL  INL e0L aNqLUNY

sajdwes

(suolssas ¢ ‘sisijaued TT ‘y=/) spinbi| pauaxdiyl Jo saingre Alosuss Jo suosiedwod

Author Manuscript

G 9|qeL

Author Manuscript

Author Manuscript

ueaw pue ‘10443 pJepuels ‘suesin

Author Manuscript

Food Hydrocoll. Author manuscript; available in PMC 2019 June 01.



Page 24

Ong et al.

(50°0=d) 1591 abuel ajdinw s, Asyn 1 e 03 Buipiodoe alaylp Ajpuedisiubis jou ae 1duosiadns awes ay) A Pamo||o) Mo awes ay) ul mcmm_\,_wum

3eds 1SAQ| U0 |8A3] ANISOISIA 81edlpul —0 ‘(yareisulod) dn usxoryl ;N1 (wnb ueyiuex) Jesjd dn usxdIYL :DNL ‘pappe Jausxdly) ou Fm

0c0 €e0 120 ST0 600 6T°0 920 6T0 qT0 3as

A8TT xv'6 219G 19¢C vl A(8T1 69 n8€ 80 ey  uonendiuepy Jo aseq
120 120 120 120 120 120 120 120 120 3s

A9CT  xC0T mT9 nSc Z9€T X601 m69 ATV 120 uespy AUSO2SIA PanIadlad
LT°0 620 S2°0 00 ST0 T€0 [44] LT0 1710 EN

Z9€T 911 x¥'L nS€ ml9 xm€9 ASY n€€ ST uesy sseuniaddils
920 €€0 S¢0 ¥zo0  1€0 920 €0 8¢0 ¥€0 ENS
A09 AS9 A69 A89 86 0T 20T zL'6  A89  uespy ssaunj|eyD
qT'0 6T°0 20 LT0 €20 620 ra 00 8T0 3as

A8TT x€6 Mm99 nce ZCE€T x86 mL9 210G ITT  uespy SSUBAISAUPY
g0 €0 €0 €0 €0 €0 €0 [4 30} €0 3as

xm€l  zAxV'8  zAxV'8 296 m€9  Ax08 zxT8 zAx88 06  uespy Kilagmens
9€'0 9€'0 9€'0 9€'0 9€'0 9€'0 9€'0 9€'0 9€'0 3as
ALY A€8 8L €8 6L L8 88 298 (LL  uesy Janig
9€'0 9€'0 9€'0 9€'0 9€'0 9€'0 9€'0 9g'0 9€'0 3as
xV'8  Ax96 L6 4E0T p€9  xS8 xC6 AxT6 ZSTT ey 199MS

¥ONL €Nl 20Nl IONL vNL €Nt Nl INL e0L aNqLUNY

sa|dwes

(suolssas ¢ ‘sisijaued g7 ‘8y=/) spinbi| pauaxdiyl Jo sainqlie A1osuss Jo suosieduwod

Author Manuscript

9 9|qeL

Author Manuscript

Author Manuscript

ueaw pue ‘10443 pJepuels ‘suesin

Author Manuscript

Food Hydrocoll. Author manuscript; available in PMC 2019 June 01.



	Abstract
	Graphical Abstract
	1. Introduction
	2. Materials and Methods
	2.1. Preparation of thickened liquids
	2.2. Density Measurements
	2.3. Viscosity Measurements
	2.4. Panelists
	2.5. Projective Mapping and Ultra-Flash Profiling
	2.6. Trained Descriptive Analysis Panel
	2.7. Statistical Analyses

	3. Results
	3.1. Density and Viscosity Measurements
	3.2. Projective Mapping and Ultra-Flash Profiling Panels
	3.3. Trained Descriptive Analysis Panels

	4. Discussion
	5. Conclusions
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

