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ABSTRACT

Sensory characteristics and rheological properties of liquids thickened to International
Dysphagia Diet Standardisation Initiative standards
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University of Guelph, 2017

Professor Lisa Duizer

This research identified and rated important perceived sensory properties of liquids
thickened to levels in the International Dysphagia Diet Standardisation Initiative (IDDSI)
framework, and related the identified textural attributes to rheological properties. Liquids
thickened with modified cornstarch, xanthan gum, guar gum, and carboxymethyl cellulose were
analysed via rapid and descriptive sensory methods, and characterized with a rheometer at shear
rates ranging from 1 to 1000 s-1. Sensory attributes were categorized into taste and flavour,
thickener specific, and thickness related attributes. Thickness related attributes were significantly
different at different IDDSI levels within the same type of thickener, but they did not relate well
to viscosity measurements. Further characterization showed that slipperiness was affected by
type of gum and level of thickener, and that current recommendations for 50 s-1 as the oral shear
rate are neither appropriate for approximating oral nor swallowing shear rates, with the latter
likely occurring above 50 s-1.
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Chapter 1. General Introduction
Affecting approximately 8% of the world’s population, dysphagia is a group of disorders
that encompasses swallowing issues (Morgan 2010; Cichero et al. 2013). Because those with
dysphagia often have difficulty swallowing thin liquids with fast flow, one of the common
interventions is diet modification (Sura et al. 2012; Cichero et al. 2013). Thin liquids can be
thickened with starches and gums such as modified cornstarch, xanthan, guar, and carboxymethyl
cellulose to allow for a slower bolus transit and delayed swallowing (Macqueen et al. 2003; Tashiro
et al. 2010; Hong et al. 2012). However, the choice of thickeners changes the texture of the
thickened liquid. Cornstarch produces liquids of higher viscosity than xanthan gum, even when
the liquids are thickened to the same level as specified by manufacturer guidelines (Garcia et al.
2005; Garin et al. 2014). Additionally, sensory properties differ across thickener types, with liquids
thickened with cornstarch described as starchy and grainy, while liquids thickened with gums are
described as slippery or slick (Matta et al. 2006).
It is imperative that the level of thickness of a thickened liquid be adequately characterized
so that individuals preparing the liquids have a clear understanding of the optimal texture that
should be provided to the patient with dysphagia. However, there has historically not been one
universal classification system, and current classification systems are either defined by apparent
viscosity at 50 s-1 when measured by a rheometer, or are based on comparisons to reference foods
(National Dysphagia Diet Task Force and American Diabetic Association 2002; Atherton et al.
2007). For example, categories are commonly classed as nectar, honey, and pudding, or even
likened to chocolate milk, syrup, and jelly (Cichero et al. 2013). While classifying thickened
liquids by reference foods is a crude classification method, defining them by viscosity also presents
a problem as most caretakers do not have the ability to instrumentally measure thickness.
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In an effort to resolve these issues, the International Dysphagia Diet Standardization
Initiative (IDDSI) has published new standards for characterizing the thickness of liquids based
on gravity flow through a 10 mL Becton Dickinson slip-tip syringe (IDDSI 2016a). However,
these standards only give information about the gravity flow of the liquids. This has led to the need
to identify the sensory characteristics of liquids thickened to levels specified in the IDDSI
framework, and to establish a relation between these sensory characteristics and apparent viscosity
measurements.
The first part of this project sought to determine the sensory characteristics of liquids
thickened to the different IDDSI levels. Sensory properties can not only drive palatability of the
thickened liquids, but they may also affect perceived viscosity of the products (Horwarth et al.
2005; Matta et al. 2006; Vickers et al. 2015). Thus, sensory properties have implications for the
acceptability and compliance of the product. Because sensory characteristics can be affected by
both the thickener and medium thickened (Garcia et al. 2005; Garin et al. 2014), a variety of
interventions were tested in this experiment.
In the second part of this project, the sensory characteristics identified in the first
experiment were related to rheological measurements. Although the IDDSI framework provides
well defined levels through the gravity flow of liquids, the intention of this definition was to be
accessible to caregivers and patients with dysphagia. As such, the gravity flow measurement alone
is not robust enough for product formulation and laboratory measurements. One of the challenges
with relating apparent viscosity to perceived viscosity is the shear-thinning non-Newtonian
behavior of most fluids, because their apparent viscosity changes at different shear rates (Cutler et
al. 1984; Malone et al. 2003). Thus, to accurately measure the liquid viscosity, it is essential to
match the instrumental and oral shear rates. A shear rate of 50 s-1 is currently used as the standard
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to represent the oral shear rate for liquids (Wood 1968; National Dysphagia Diet Task Force and
American Diabetic Association 2002), so samples were matched for apparent viscosity at this shear
rate.

Based on this outline, the specific objectives for the project were to:
1) Identify important sensory characteristics of non-barium and barium liquids thickened
with xanthan gum and cornstarch
2) Examine if identified sensory characteristics can be distinguished at different IDDSI
thickness levels
3) Assess if 50 s-1 is an appropriate estimation of oral shear rate
4) Relate textural sensory attributes of liquids thickened with xanthan gum, guar gum, and
carboxymethyl cellulose to rheological measures
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Chapter 2. Literature Review
2.1. Dysphagia
Derived from the roots “dys” and “phagien”, dysphagia is a term used to describe abnormal
eating, specifically relating to swallowing problems (Wingate 1984; Morgan 2010; Cichero et al.
2013). Dysphagia is widespread among the elderly and those with neurological disorders,
metabolic deficits, and cancers of the head, neck, and esophagus (Sura et al. 2012; Takizawa et al.
2016). In fact, 15% of the elderly population are affected by dysphagia, and 70% of referrals for
dysphagia are for those over 60 years, with the rate of referrals for elderly increasing steadily (Sura
et al. 2012; Leder et al. 2016). An estimated 70% of stroke patients develop dysphagia, and this
number rises to over 80% in those with Parkinson’s disease (Dewar and Joyce 2006a; Suttrup and
Warnecke 2016). Dysphagia also affects 44% of those with multiple sclerosis, 60% of those with
amyotrophic sclerosis (ALS), 45% of those with dementia, 50% of those with a brain injury, and
84% of those with other neurodegenerative diseases (Clavé et al. 2006; Sura et al. 2012).
Interestingly, dysphagia also affects an increasing number of infants and children, at between 25%
and 45% of those developing normally, and between 33% and 80% of those developmentally
delayed (Gosa et al. 2011). These numbers represent over 16 million people in the United States,
and over 40 million people in Europe (Takizawa et al. 2016). In Canada, it is estimated that there
are more than 200 0000 people affected by dysphagia at any given time (CASLPO 2014).

2.1.1. Pathophysiology
In healthy individuals, a normal swallow occurs after bolus formation through mastication,
during which time the airway is usually open. Once the bolus is cohesive, the tongue pushes the
bolus to the back of the throat, and sensory recognition initiates the pharyngeal swallow, laryngeal
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swallow, and finally the esophageal swallow (Logemann and Larsen 2012). Therefore, a defect in
any of these processes can initiate swallowing difficulties, and dysphagia can be caused by
problems in the mouth, pharynx, larynx, and esophagus (Sura et al. 2012).
Dysphagia categorization is based on the point at which the disorder occurs, such as the
oral preparatory phase, oral stage, or the pharyngeal stage (Logemann and Larsen 2012). In the
elderly, onset of dysphagia is caused by a loss in muscle mass and connective tissue elasticity,
resulting in reduced strength and range of motion (Sura et al. 2012). In particular, tongue pressure
decreases with age, making it more difficult to push the bolus to the back of the throat (Mackley
et al. 2013). In addition, neural networks that govern the sensory responses are prone to aging,
making it difficult for elderly to initiate the swallow (Ebihara et al. 2012). For patients with
Parkinson’s disease, dysphagia typically develops due to malfunctions in the dopaminergic
network or the supramedullary network in the brain (Suttrup and Warnecke 2016). Both of these
systems are required to control swallowing muscles, and thus dysphagia arises due to reduced
muscle function in the pharyngeal stage (Ebihara et al. 2012; Suttrup and Warnecke 2016). Finally,
for those with neurodegenerative diseases, a delay in neural reflexes controlling swallow responses
can result in swallowing difficulties (Clavé et al. 2006).
Those with dysphagia have difficulty controlling their throat muscles, so swallowing thin
liquids with turbulent and fast flow can be a concern (Cichero 2013). Without proper control,
liquids can enter the airway instead of the esophagus, resulting in aspiration, which is defined by
the entry of food or liquid into the airway below the level of the vocal cords (Sura et al. 2012;
Cichero 2013). In less severe cases, this only results in dehydration and malnutrition, with 44% of
patients with dysphagia reporting weight loss (Ekberg et al. 2002; Dewar and Joyce 2006a).
However, aspiration can also lead to aspiration pneumonia, where pathogenic bacteria are
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introduced to the lungs, causing infection (Dewar and Joyce 2006a; Sura et al. 2012). Aspiration
pneumonia can result in death, and it is the leading cause of mortality in post-stroke patients and
those suffering from dementia (Clavé et al. 2006; Sura et al. 2012).

2.1.2. Diagnosis
Manifestations of dysphagia include weight loss or low BMI, as most people with
dysphagia suffer from malnutrition. Sialorrhea, or excessive drooling, can also be a sign of
swallowing problems (Suttrup and Warnecke 2016). In order to confirm a dysphagia diagnosis, a
speech language pathologist performs one of several clinical instrumental methods, and the
different methods focus on the different stages of swallowing. In fiberoptic endoscopic evaluation
of swallowing, a flexible endoscope is passed through the nose to the pharynx, providing a
thorough view of the oral and pharyngeal phases of swallowing (Suttrup and Warnecke 2016).
Similarly, in high resolution manometry, a tube is passed through the nose into the stomach,
allowing for the evaluation of the pressure and timing events in the pharynx and esophagus during
swallowing (Suttrup and Warnecke 2016).
A videofluoroscopic swallowing study is another a popular method for diagnosing
dysphagia, and this test allows for the examination of the oral and pharyngeal stage of swallowing,
as well as the esophageal sphincter (Suttrup and Warnecke 2016). Through this, the speech
language pathologist can observe delays in the pharyngeal swallow, nasopharyngeal regurgitation,
residue in the pharynx following swallowing, and aspiration (Clavé et al. 2006). Not only is a
videofluoroscopic swallowing study used to detect swallowing problems, but it is also used to
assess the severity of the swallowing problems so that the speech language pathologist can predict
the consistency of products that the patient can safely consume (Wendin et al. 2010; Stokely et al.
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2014). In videofluoroscopic swallowing studies, a radiopaque element is added to various
thickened liquids so that videofluoroscopy can be used to observe how the patient swallows
(Adnerhill et al. 1989). In North America, barium sulfate is usually chosen to create the radiopacity
(Stokely et al. 2014). However, the addition of barium sulfate may impart textural properties that
can affect the perception of thickened liquids, such as slimy and gritty texture or increased
viscosity and density (Ekberg et al. 2009; Stokely et al. 2014). This may cause problems if the
properties of the thickened liquids used in the modified barium swallow behave differently from
the thickened liquids used in dysphagia management.

2.1.3. Management
Dysphagia management ranges from compensatory measures such as changes in posture
and different swallowing techniques to diet modification (Sura et al. 2012). Postural adjustments
are meant to alter the speed and flow direction of the bolus, thus protecting the airway during
swallowing. Swallowing techniques include different swallow rehabilitative strategies that protect
the airway, extend the opening, or increase swallow forces against the bolus (Sura et al. 2012). For
example, the Mendelsohn Maneuver and the effortful swallow are maneuvers that help to increase
muscular effort to alter the timing of the swallow. In the former technique, the patient identifies
the moment during the swallow with maximal laryngeal elevation, and holds that elevation for a
few seconds until the bolus is swallowed. This is considered a rehabilitative technique, and it has
been shown to improve bolus clearance and reduce aspiration (Easterling 2017). For the effortful
swallow, the patient is asked to consciously increase swallowing effort, resulting in greater force
against the bolus during the swallow (Easterling 2017). Other muscle training exercises also exist,
such as the Expiratory Muscle Strength Training, which uses a device to increase the resistance
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during breathing, thus strengthening the respiratory muscles (Sura et al. 2012; Easterling 2017).
Nevertheless, the success of these rehabilitation techniques is controversial, and the preferred
method for dysphagia management is diet modification (Sura et al. 2012).

2.2. Thickened Liquids
For individuals who experience aspiration with thin liquids, drinks are thickened with
various hydrocolloids. These are polymers that bind water and thicken liquids by forming
molecular networks in water (Sharpe et al. 2007). This increased bolus viscosity is associated with
reduced bolus penetration and reduced risk of aspiration (Clavé et al. 2006; Steele et al. 2015).
Thickened liquids work by slowing bolus flow and increasing the residence time in the throat, thus
providing additional time for the airway to close before the bolus arrives near the airway entrance
(Macqueen et al. 2003; Mackley et al. 2013). Thickened liquids are widely used in the management
of dysphagia, and it is estimated that 8.3% of residents in nursing homes in the United States
receive thickened liquids, and that 91.6% of the facilities provide thickened liquids to their
residents (Castellanos et al. 2004).
Nevertheless, while 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 et al. 2012; Sura et al. 2012).
Thickened drinks are also often perceived as unpalatable, and patients prescribed overly thick
liquids may have poor compliance, as patients tend to prefer products that are perceived as less
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thick (Garcia et al. 2005; Vallons et al. 2015; Vickers et al. 2015). In addition, different brands
and types of thickeners differ significantly in terms of palatability (Macqueen et al. 2003).
Because of these factors, the choice of not only the level of thickness of the liquid but also
the type of thickener prescribed to the patient with dysphagia is extremely important. This level of
thickness is usually determined during a videofluoroscopic swallowing study, and the speech
language pathologist can then prescribe the appropriate level of thickness corresponding to the
classification system used. However, there are many thickeners available in the market, each with
their own benefits and disadvantages. These include modified cornstarch, xanthan gum, guar gum,
and carboxymethyl cellulose, and they can be used alone or in combination with one another
(Macqueen et al. 2003; Tashiro et al. 2010; Hong et al. 2012).
One of the reasons for the varying properties of the thickeners is their departure from nonNewtonian behavior, so that the viscosities of the thickeners change according to the shear rate at
which they are measured. Thus, while the thickeners could conform to a certain instrumental
viscosity as measured with a rheometer, they could still have different perceived viscosities if the
measured shear rate were different from that of the oral shear rate. Figure 1 displays the apparent
viscosities of xanthan gum, guar gum, and carboxymethyl cellulose at different shear rates.
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Figure 2.1. Comparison of the flow behavior of xanthan gum, guar gum, and carboxymethyl
cellulose solutions at 0.5% concentration (Phillips and Williams 2009).

2.2.1. Modified Cornstarch
Modified cornstarch is the oldest and most commonly used thickener on the market for
dysphagia management, and it is used extensively in North America (Ferry, Hort, et al. 2006;
Olausson and Kilander 2008). Aside from its use as a thickener, cornstarch has a variety of other
uses, including as a gelling agent, emulsifier, stabilizer, fat replacer, bulking agent, and water
absorber (Utrilla-Coello et al. 2014; Eliasson 2017). Cornstarch works by binding water to change
the properties of the food, and it is often the preferred choice because it is both natural and safe
(Mishra and Rai 2006).
Cornstarch exists as polyhedral shaped granules ranging from 10.3 to 11.5 µm in size
(Mishra and Rai 2006; Eliasson 2017). Starch granules are hydrophilic, with hydrogen bonds
10

formed between the hydroxy groups of the molecules, but they are not soluble in water due to their
semi crystalline structure (Mishra and Rai 2006; Eliasson 2017). Thus, they need sufficient water
and heat to undergo gelatinization, where they swell and absorb water, thereby losing their
crystalline structure (Eliasson 2017). Although starch molecules swell to absorb water, they are
never completely dissolved in the liquid, and they exist as a suspension (Eliasson 2017). This
retained granular structure allows the starch solutions to mix efficiently with flavors, and
cornstarch does not inhibit flavors as much as other random coil polysaccharides (Ferry, Hort, et
al. 2006).
The viscosity of the resultant starch solution is dependent on the amylose to amylopectin
ratio of the starch, and most starch contain approximately 25% amylose and 75% amylopectin
(Utrilla-Coello et al. 2014; Eliasson 2017). After swelling, the starch granules expand to between
14.9 and 33.3 µm , and the swelling occurs in all directions (Eliasson 2017). However, this is a
temporary state, and the starch solution can continue to change over time. The starch molecules
can regain their crystalline structure during storage in a process known as retrogradation. During
this time, syneresis occurs where water is lost, and there may be increased thickening of the
solution (Eliasson 2017).
To prevent syneresis and reduce the gelatinization temperature, starch is modified to
increase its efficiency during processing. Acid modification of starches produces thin boiling
starches with increased solubility and gel strength and decreased solution viscosity (Wang et al.
2003). This process also decreases the gelling temperature required, and creates a shear thinning
starch solution (Utrilla-Coello et al. 2014). Cornstarch is also typically pregelatinized before it can
be used as a thickener, so that it can dissolve better in room temperature water (Eliasson 2017). In
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this process, the starch is precooked and drum dried, and the starch is gelatinized and dried
consecutively. This also produces more stable starch suspensions (Anastasiades et al. 2002).
Although cornstarch is often the preferred choice of thickener, there are some downsides
to its use. Cornstarch molecules have a high degree of whiteness, and they impart a cloudy
appearance to their solutions which may not be desirable (Mishra and Rai 2006). Modified starch
also imparts a starchy taste and grainy texture to the thickened product (Vilardell et al. 2016). In
addition, cornstarch solutions do not maintain a stable viscosity over time. Not only do they
continuously absorb water, causing an increase in viscosity over time, but they are also susceptible
to breakdown by α-amylase in saliva, and this may result in decreased solution viscosity which
may be harmful for the patient with dysphagia (Hanson et al. 2012; Vallons et al. 2015; Vilardell
et al. 2016). Finally, use of modified cornstarch may be of concern for those with type 2 diabetes
mellitus due to their carbohydrate content (Golden et al. 2005). In fact, researchers found that
liquids thickened with modified cornstarch brought about an early and high initial blood glucose
rise, and that thinner solutions of cornstarch were not appropriate for maintaining adequate blood
glucose levels (Olausson and Kilander 2008). To combat these issues, other products have emerged
on the market for use in dysphagia management.

2.2.2. Xanthan Gum
Xanthan gum is another popular gum used to thicken liquids as it is a mild-flavored gum
stable in many different matrices. Xanthan gum is a heteropolysaccharide produced by the
bacterium Xanthomonas campestris during fermentation in a bioreactor (Garcia-Ochoa et al. 2000).
It is non-toxic, and was approved by the FDA in 1969 as a safe food additive for use in a variety
of foods (Katzbauer 1998). Besides its use as a thickener, xanthan gum is also used as an emulsifier
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or suspending agent in products such as salad dressings and beverages (Garcia-Ochoa et al. 2000).
In addition, xanthan gum can be used to lower the caloric content of foods as it is an indigestible
fiber (Fan et al. 2008).
Xanthan gum is known for its shear-thinning behavior, in which viscosity of the solution
decreases with increasing shear rate. For example, at low shear rates, less than 1% of xanthan gum
can increase the viscosity of water by 100 000 times, but only by 10 times at high shear rates
(Whitcomb and Macosko 1978). This is likely because domains of xanthan gum chains under low
shear, but these aggregates are broken under high shear (Katzbauer 1998). In addition, xanthan
gum displays a dose dependent relationship with concentration and viscosity, and this is due to the
intermolecular interactions between the molecules. Xanthan gum is also stable under a wide range
of pH, and between pH 1 and 13, viscosity of xanthan gum solutions are not affected by pH
(Garcia-Ochoa et al. 2000).
Solutions of xanthan gum are extremely viscous, and this viscosity is affected both by the
temperature and salt content of the medium and used to dissolve the gum. Xanthan gum is both
cold and hot water soluble, but it should be dissolved under intense agitation to prevent clumping
(Katzbauer 1998). The viscosity decreases with increasing temperature up to 40°C and above 60°C.
Between 40 and 60°C, the viscosity increases with increasing temperature. Depending on the
temperature, xanthan gum can exist as a helix or random coil (Garcia-Ochoa et al. 2000). At high
temperatures and low salt concentrations, xanthan gum exists as a random coil or disordered form,
but it changes to the ordered form at low temperatures or in the presence of salt (Sudhakar et al.
1995; Katzbauer 1998). Because of this, the relationship between temperature and viscosity is a
reversible effect between 10 and 80°C. In addition, the viscosity of xanthan gum increases with
high levels of salt, which help to promote intermolecular interactions (Garcia-Ochoa et al. 2000).
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As a thickener, xanthan gum is prized for its ability to maintain the clarity of the products
it thickens, its solubility in liquids over a wide range of temperatures, as well as its resistance to
amylase, which allows it to maintain a stable viscosity even after contact with saliva (Rofes et al.
2014). Furthermore, unlike starch thickeners which change the taste and texture of the liquids,
xanthan gum has a better palatability and maintains a smoother texture compared to cornstarch
thickened liquids (Cho and Yoo 2015). Aside from its organoleptic advantages, xanthan gum has
been shown to be safer than cornstarch thickener at reducing oropharyngeal residue after
swallowing, which may lead to aspiration (Rofes et al. 2014). This improved efficiency of swallow
was maintained even with thicker boluses which are more prone to leaving a post-swallow residue
(Cichero et al. 2013; Vilardell et al. 2016). Nevertheless, xanthan gum thickeners also have some
disadvantages, namely the slimy or slippery texture they impart to liquids, and this has been
proposed to be a result of their highly shear-thinning nature (Vickers et al. 2015). As a result, there
are still more gums that exist on the market that provide different options for customers.

2.2.3. Guar Gum
Guar gum is another emerging gum that is gaining traction for use in dysphagia
management (Seo and Yoo 2013). Like xanthan gum, guar gum has the advantage of reduced
oropharyngeal residue post swallowing, and is thought to be safer than modified starch thickeners
in that respect (Cichero 2013). Guar, or Cyamopsis tetragonoloba, is a drought resistant, annual
pod bearing plant that is part of the Leguminose family (Chudzikowski 1971; Mudgil et al. 2014).
Although widely used now, guar was only introduced to the United States in 1940 when there was
a shortage of locust bean gum, and it has now surpassed locust bean gum in its use due to its
superior properties (Chudzikowski 1971). Guar is used in a variety of applications, and it acts as a
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thickener or stabilizer in the food, textile, and paper industries by forming hydrogen bonds with
water (Casas et al. 2000; Mudgil et al. 2014).
Guar gum is a galactomannan composed of D-mannose and D-galactose units linked
together by β-1,4 and β-1,6 glycosidic bonds (Chudzikowski 1971). Guar typically has a ratio of
1.2 to 1.8 mannose to galactose, but this changes depending on the dissolution temperature, thus
affecting the viscosity of the final product (Casas et al. 2000). However, this effect is controversial
with some researchers claiming that higher dissolution temperatures produce higher viscosity
liquids with a peak viscosity obtained at 60°C (Casas et al. 2000), while others assert that a slow
hydration of guar gum by dispersing it in cold water produces the highest final viscosity (Mudgil
et al. 2014). This disagreement is likely because the guar molecule degrades under temperatures
above 60°C, resulting in weakened intermolecular bonds and a loss in viscosity (Casas et al. 2000;
Mudgil et al. 2014). In addition, guar gum is prone to clumping if not dispersed properly because
the rapid hydration of the particles can result in encapsulation of particles and prevention of water
penetration and hydration of the particles (Chudzikowski 1971). This effect can be minimized by
dispersing under vigorously agitated cold water, or by dispersing in non-miscible solvents such as
alcohol, glycerine, glycols, and acetone (Chudzikowski 1971; Garcia-Ochoa et al. 2000).
Guar gum readily hydrates in both cold and hot water, and its rate of hydration increases
with increasing dissolution temperature (Chudzikowski 1971). Typically, guar requires around 2
hours to attain maximum hydration, but this is affected by the particle size of the guar powder
(Mudgil et al. 2014). Following dissolution, guar solutions decrease in viscosity when exposed to
heat, but this process is reversible, and guar solutions kept at high temperatures can regain their
former viscosity when cooled to room temperature (Casas et al. 2000).
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Hydrated guar gum produces solutions of high viscosities, and this can be attributed to its
extremely high molecular weight of between 440 000 to 650 000 Da (Casas et al. 2000; Saha and
Bhattacharya 2010; Mudgil et al. 2014). As a thickened liquid, guar gum solutions exhibit shearthinning and thixotropic behavior, so that their viscosity not only changes depending on the shear
rate, but also when sheared over time (Chudzikowski 1971; Casas et al. 2000). They are stable
under conditions between pH 4 – 10.5, but they attain peak viscosity between a pH of 7 – 9. Their
rate of hydration is also affected by pH, with the fastest hydration obtained between pH 6 – 9
(Chudzikowski 1971).
After consumption, guar is completely broken down in the large intestine by the bacterial
microflora, and is safe for consumption under normal consumption patterns (Cichero 2013; Mudgil
et al. 2014). However, high concentrations of guar gum, such as above 10 – 15% w/w solutions,
could impair digestion by forming a barrier between the starch and the starch hydrolyzing enzymes,
resulting in decreased nutrition (Mudgil et al. 2014). In addition, its gel forming and bulk forming
properties slow gastric emptying and promote satiety (Cichero 2013; Mudgil et al. 2014). While
these effects may be desirable to those trying to lose weight, high concentrations of guar gum may
not be suitable for patients with dysphagia as many of them are malnourished. As a result, guar is
often used in conjunction with other gums, as its high number of hydrogen bonds gives it a good
affinity for other hydrocolloids, sometimes even providing a synergistic effect (Chudzikowski
1971; Phillips and Williams 2009; Hong et al. 2012).

2.2.4. Carboxymethyl Cellulose
The final thickener used in dysphagia management that will be discussed is the cellulose
derivative carboxymethyl cellulose, which is often abbreviated as CMC (Benchabane and Bekkour

16

2008). Cellulose is the most widely available renewable resource and it is also inexpensive and
biodegradable (Zhang 2001; Bono et al. 2009). In its modified form, CMC has many applications
in the food, personal care, pharmaceutical, oilfield, and paper industries, and it is often used as a
moisture binder, emulsion stabilizer, and thickener (Bayarri et al. 2009). Physiologically inert
when digested, CMC is noncaloric and may be a good option for patients with dysphagia
(Hollabaugh et al. 1945; Bayarri et al. 2009). When dissolved in liquid, CMC forms aggregates
and associations with the solution to produce a clear, slightly shear-thinning gum (Bayarri et al.
2009; Saha and Bhattacharya 2010; Tashiro et al. 2010).
Cellulose itself is insoluble in water, but alkali cellulose reacts with monochloroacetic acid
to form CMC, a white, tasteless and odorless granular powder that is highly soluble in both hot
and cold water (Hollabaugh et al. 1945; Edali et al. 2001; Zhang et al. 2001). When used for food
applications, cellulose is typically reacted with sodium monochloroacetate to form sodium
carboxymethyl cellulose, but other salts can be used to form the derivative, including potassium
and ammonium which form soluble salts, and lead, silver, mercury, and aluminum which form
insoluble ones (Hollabaugh et al. 1945). CMC is relatively stable, but its solution viscosity can be
reduced under low pH or high temperature conditions (Phillips and Williams 2009; Saha and
Bhattacharya 2010). In addition, the presence of electrolytes in the solution during the dissolution
process can reduce the viscosity of the resultant solution, but this can be mitigated by adding the
electrolytes after CMC has been fully hydrated (Francis 1961). Other factors that affect the
rheological properties of CMC include the degree of substitution, degree of polymerization, molar
mass, molecular structure, and polymer concentration of the gum (Bayarri et al. 2009).
When cellulose is reacted to form CMC, free hydroxyl groups on the cellulose chain are
substituted with chemical substitution groups that disturb the inter and intramolecular hydrogen
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bonds, and the degree of substitution represents the number of carboxymethyl groups substituted
per anhydroglucose unit, where the maximum number of groups that can be substituted is three
(Bono et al. 2009). Because the substitution of the groups affects the hydrophilic nature of the
molecule, the degree of substitution of CMC affects the solubility of the gum (Benchabane and
Bekkour 2008). For example, low substituted CMC is soluble in alkali and not water, while highly
substituted CMC is soluble in water but not alkali (Hollabaugh et al. 1945). Furthermore, the
degree of substitution also affects the shearing stability, rheological behavior, and temperature
stability of the subsequent CMC solution (Bono et al. 2009).
While the degree of substitution represents the number of substituted groups per
anhydroglucose unit, the degree of polymerization of CMC represents the number of
anhydroglucose units per molecule (Reese et al. 1950). The degree of polymerization affects the
viscosity grade of CMC, and the three viscosity grades possible are low, medium, and high
(Christensen 1980). High viscosity grade CMC requires approximately three times lower
concentration than low viscosity grade CMC to achieve the same viscosity, and high viscosity
grade CMC also produces solutions with smoother and less gummy mouthfeel (Christensen 1980;
Phillips and Williams 2009). The viscosity grade of CMC also affects the shear-thinning behavior
of the solutions, and high viscosity grade CMC displays a greater departure from Newtonian
behavior than do the low and medium viscosity grades (Christensen 1979). Finally, the viscosity
grade also affects the taste intensity of the solution. Even when thickened to the same viscosity
levels, solutions thickened with low grade viscosity CMC had higher taste intensity levels than the
medium and high grade viscosity CMC, with the high grade showing the most significant decrease
in taste intensity (Christensen 1980). Aside from tastes, CMC also has a physical effect on flavor
perception by blocking the release of volatile flavor compounds (Hollowood et al. 2002).
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2.3. Classifications for Thickened Liquids
Due to the wide variety of thickeners on the market, a classification system is essential to
categorize liquids of different viscosities. Currently, the most commonly used method for
classifying thickened liquids in North America is the system set forth by the National Dysphagia
Diet Task Force, which defines three categories of thickened liquids based on their apparent
viscosity at 50 s-1 when measured at 25°C: thin (1-50 cP), nectar-thick (51-350 cP), honey-thick
(351-1750 cP), and pudding-thick (>1750 cP) (Force and Association 2002; Garcia et al. 2005). 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 10-3 Pa∙s, or 1 mPa∙s (Macosko 1994). However, this
system is not universal, and there is a lack of consistency between countries. For example,
countries such as Australia, Denmark, and Brazil do not use rheological measurements, but rather
define the categories by comparisons to known foods such as nectar or milk, honey or syrup, and
pudding or jelly (Atherton et al. 2007; Cichero et al. 2013). On the other hand, while Japan also
defines categories by apparent viscosity at 50 s-1, they instead have five categories, defined as less
mildly thick (<50 mPa∙s), mildly thick (50-150 mPa∙s), moderately thick (150-300 mPa∙s),
extremely thick (300-500 mPa∙s), and over extremely thick (>500 mPa∙s) (Cichero et al. 2013).

2.3.1. Issues with Current Classifications
Categorizing liquids by comparisons to reference foods is unintuitive, but classifying
liquids in terms of apparent viscosity also prevents caretakers from confirming if liquids thickened
according to manufacturer guidelines meet the desired thickness because caretakers do not have
the ability to instrumentally measure thickness. This presents a safety problem for individuals with
dysphagia if the liquids prepared for them are too thin or thick. Furthermore, apparent viscosity
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does not always relate well to perceived viscosity, especially when working with non-Newtonian
fluids (Cutler et al. 1984). Because the viscosities of these liquids change with shear rate, it is
essential to match the instrumental and oral shear rates, which have been shown to range from 10
to 1000 s-1 (Malone et al. 2003). This wide range is dependent on the viscosity of the food
consumed, with higher shear rates reported for more fluid foods (Shama and Sherman 1973;
Malone et al. 2003). Despite the large range of proposed oral shear rates, 50 s-1 has been adopted
as the standard at which the viscosity of liquids used in dysphagia management is reported, and
this is based on a study by Wood in 1968 (National Dysphagia Diet Task Force and American
Diabetes Association 2002). Nevertheless, there is evidence to suggest that a lower shear rate for
thicker liquids and foods may be more appropriate (Shama and Sherman 1973; Richardson et al.
1989; Payne et al. 2011; Vickers et al. 2015). For thinner liquids, Shama and Sherman proposed
in 1973 that the oral shear rate varies along a constant shear strain, and that there is no constant
oral shear rate (Shama and Sherman 1973).
Regardless of the classification system used for thickened liquids, current classifications
do not provide sufficient guidelines for manufacturers, as evinced by the lack of consistency across
different brands and types of thickeners. In 2003, Steele et al. found that even clinicians have
difficulty determining viscosity from product packaging and label, and that they had to taste the
liquids to properly distinguish between the thickness levels (Steele et al. 2003). This is of concern
as caregivers often rely on product packaging to create thickened liquids, and they may not always
taste the products before serving them to their patients. Different thickeners have also been shown
to have significantly different apparent viscosities in different media, but this is not reflected in
manufacturer instructions either (Garcia et al. 2005; Garin et al. 2014).
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2.3.2. IDDSI Classification for Thickened Liquids
In an effort to resolve these issues, the International Dysphagia Diet Standardization
Initiative (IDDSI) was founded in 2013 to develop internationally standardized terminology and
definitions for texture modified foods and thickened liquids used in dysphagia management
(Cichero et al. 2013; IDDSI 2016a). IDDSI created new standards for characterizing the thickness
of liquids based on their performance in the syringe test, which measured their flow rate through
a 10 mL Becton Dickinson slip tip syringe in 10 seconds: level 0 or thin (liquid flows, and no
liquid or residue left after 10 s), level 1 or slightly thick (liquid flows, and 1-4 mL of liquid left
after 10 s), level 2 or mildly thick (liquid flows, and 4-8 mL of liquid left after 10 s), level 3 or
moderately thick (liquid flows, but >8 mL of liquid left after 10 s), and level 4 or extremely thick
(no flow or drip after 10 s) (IDDSI 2016a). A pictorial representation of this test is shown in Figure
2. Notably, the IDDSI framework only uses the syringe test to classify liquids, and they have
chosen to exclude viscosity and reference foods as parameters for classifying liquids as flow rate
is affected by factors other than just viscosity (IDDSI 2016a).
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Figure 2.2. Pictorial representation of IDDSI Syringe test (IDDSI 2016b).
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2.4. Properties of Thickened Liquids
The purpose of classifying thickened liquids is to ensure the safety of products prepared
for those with dysphagia, and to confirm that products given to patients are of the appropriate
consistency. However, these classification systems often provide insufficient information about
the properties of the thickened liquids, which are important when developing new thickeners, as
they can give information about liquid stability and consumer acceptance. Currently, the two main
methods for characterizing thickened liquids are through sensory evaluation and rheology.

2.4.1 Sensory Evaluation of Thickened Liquids
Sensory evaluation measures the stimuli perceived during eating, and it is the most robust
method of quantifying human perception (Varela and Ares 2012). There are various sensory
techniques, including discrimination testing, magnitude estimation scaling, affective testing,
descriptive analyses, and rapid profiling methods, and these techniques can be used to characterize
thickened liquids (Meilgaard et al. 1991; Varela and Ares 2012). Because each method has its
advantages and disadvantages, the choice of method depends on the desired objective of the test.
Discrimination tests seek to differentiate between a single sensory property of two products.
Although these tests are often used in product formulation to confirm differences between products,
they can be used to measure perceived viscosity in thickened liquids. For example, in 2014, Steele
et al. used the triangle test measure the perceived viscosity discrimination of xanthan gum
thickened liquids of different viscosities. More commonly, magnitude estimation scaling is used
to quantify perceived viscosity differences of thickened liquids (Kokini et al. 1977; Christensen
1979; Ferry, Hort, et al. 2006; Smith et al. 2006). In this test, panelists are presented with several
samples, and they assign a number to quantify the perceived viscosity of a reference sample of
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their choosing, and then they rate the subsequent samples in proportion to the reference sample
(Kokini et al. 1977; Meilgaard et al. 1991).
Affective sensory tests are those that measure the preference of liking of foods, and hedonic
scales are often used to measure palatability of the product (Meilgaard et al. 1991). These are
important tests for thickened liquids, as palatability affects compliance of the product (Leonard et
al. 2014). In 2003 Macqueen et al. used 5-point visual analog scales to compare the palatability of
different thickeners used in dysphagia management, and they found that the type of thickener, and
not the medium thickened, was the driving force behind palatability of the products.
Despite the existence of the other sensory methods, the most comprehensive, flexible, and
useful sensory technique is descriptive sensory analysis, and this measures the discrimination and
description of both qualitative and quantitative sensory attributes via a trained panel (Murray et al.
2001). Descriptive sensory analysis provides sufficient information that can be used to relate
sensory characteristics of products to instrumental and preference measures, and this is extremely
useful in product formulation (Murray et al. 2001). There are various types of descriptive sensory
analysis methods, including the flavor or texture profile method, quantitative descriptive analysis,
the spectrum method, quantitative flavor profiling, and free choice profiling (Murray et al. 2001).
However, generic descriptive analysis is most commonly utilized, and this combines principles
and techniques from the aforementioned methods based on what is required (Murray et al. 2001).
Generally, a trained panel consisting of between 8 and 20 judges undergoes 10 to 120 hours
of training where they learn to evaluate important attributes in the product on a line scale (Varela
and Ares 2012). During training, panelists develop a new language to describe product
characteristics, and frame of references are often used to define the product attributes and
intensities (Murray et al. 2001). Both internal and external references can be used to teach panelists
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the context of the scale, and the former has been found to be better for panelist performance
(Murray et al. 2001). However, internal references make it difficult to compare differences
between panels or laboratories (Murray et al. 2001).
Descriptive sensory analysis has been used to characterize the sensory characteristics of
thickened liquids, particularly those thickened according to the National Dysphagia Diet Taskforce
guidelines. In 2003, Lotong et al. characterized the sensory properties of starch based thickeners
prepared to honey consistencies, and found that different brands of thickeners produced different
perceived viscosities, and that the starch thickeners imparted starchy, metallic, astringent, and
bitter flavors, as well as a grainy texture. In a similar study conducted in 2006, Matta et al. looked
at the sensory properties of both starch and gum based thickeners in different mediums prepared
to honey and nectar consistencies. Their trained panel found that thickeners suppressed the
inherent flavors of the beverages, and that they imparted off-flavors such as bitter, metallic, sour,
and astringent flavors (Matta et al. 2006). They also found that starch based thickeners imparted a
starchy flavor and grainy texture, while the gum based thickeners gave slickness to the liquids
(Matta et al. 2006). Recently, Vickers et al. conducted a study in 2015 in which they looked at the
textural properties of liquids thickened with 15 different thickeners to honey and nectar
consistencies, and they examined the attributes of thickness, stickiness, adhesiveness,
mouthcoating, slipperiness, and the number of swallows. However, it should be noted that no
descriptive analysis has been conducted thus far on the sensory properties of liquids thickened to
IDDSI guidelines.
Quantitative descriptive analysis has also been used to determine the effect of the addition
of barium sulfate on the textural properties of mango puree (Ekberg et al. 2009). The addition of
the contrast medium increased the perception of particles, perceived thickness, and difficulty of
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swallowing of the product. However, although descriptive analysis has evaluated liquids thickened
using various thickened liquid classification systems, both with and without barium, it should be
noted that no descriptive analysis has been conducted thus far on the sensory properties of liquids
thickened to IDDSI guidelines.
Although descriptive sensory analysis provides comprehensive information about
characteristics of thickened liquids, a well-trained and well-calibrated panel is often prohibitively
expensive (Varela and Ares 2012). Therefore, novel rapid sensory techniques have emerged to
reduce the cost, and these include ultra-flash profiling, intensity scales, check-all-that-apply,
sorting, and projective mapping or napping (Varela and Ares 2012). The first three techniques
evaluate products based on individual attributes while the latter two evaluate products based on
their global differences (Varela and Ares 2012). As these techniques are relatively new, they have
not yet been used to evaluate thickened liquids. Nevertheless, some rapid profiling methods such
as projective mapping and ultra-flash profiling have found success evaluating similar products,
such as wine, milk, and pureed foods (Kennedy and Heymann 2008; Ross et al. 2012; Sharma et
al. 2017).
While the advent of rapid sensory profiling techniques has somewhat reduced the cost and
time associated with conducting sensory tests, the information provided is still not as complete as
what is gained in a trained panel (Varela and Ares 2012). Therefore, there has been an ongoing
struggle to relate sensory properties to instrumental measures to reduce cost when formulating
products.
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2.4.2. Rheology of Thickened Liquids
The most relevant instrumental method for characterizing gums and viscous solutions is
through their rheology, which is defined as the study of deformation and flow of matter (Rao 1977).
Rheological measurements can give information about the behavior of gums, such as whether they
exhibit fluid or viscoelastic properties, as well as how their viscosity changes at different shear
rates or over shear time.
Viscoelastic properties can be measured through small deformation oscillatory
experiments with a rheometer, where frequency sweeps are performed within the linear
viscoelastic range of the gums to determine dynamic moduli of the thickened liquids (Starkova
and Aniskevich 2007). The linear viscoelastic range is determined by performing deformation
sweeps at a constant frequency, and it is defined as the level of strain above which behavior departs
from that which can be predicted based on assumed linearity (Chaisawang and Suphantharika 2006;
Starkova and Aniskevich 2007). From there, the dynamic moduli obtained give information about
the properties of the liquids. The storage modulus, or G’, measures the solution’s relation to a solid
while the loss modulus, or G”, measures the solution’s relation to a liquid (Chaisawang and
Suphantharika 2006). Materials with higher G’ display viscoelastic behaviors while materials with
higher G’’ behave more like liquids (Rao 1977).
Viscoelastic properties of starches and gums can give information about how the
hydrocolloids will behave in solution, as well as the stability of the system (Zargaraan et al. 2013).
In 2015, Cho and Yoo found that the dynamic moduli of thickened beverages was higher than that
of thickened water, indicating that different media interacted differently with the gel networks of
the gums. This was corroborated by Moret-Tatay et al. (2015), who found that the matrices of the
thickened liquids affected their viscoelastic properties. Dynamic moduli of the thickened liquids
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may also provide information on the gel strength, and it has been shown that acid hydrolysis of
cornstarch reduced both the storage and loss modulus, resulting in a thinner and weaker gel (Wang
et al. 2003).
Fluids may also display thixotropic behaviour, in which the viscosity changes as a function
of time. Thixotropic solutions decrease in viscosity when a constant shear rate is applied at a
constant temperature (Rao 1977; Paredes et al. 1988). Thixotropy occurs due to the breakdown of
the microstructure of the fluid during the shearing process, but if material is left to rest, the
disruption of the structure can be reversed (Bulow 2012). Before thixotropy can be measured, the
sample must be allowed to rest to form any microstructures, and then the sample is sheared for a
specified amount of time, or until a change in viscosity is seen (Paredes et al. 1988). All of the
thickeners described in this review display varying degrees of thixotropic behaviour
(Chudzikowski 1971; Sikora et al. 2003; Dewar and Joyce 2006b; Benchabane and Bekkour 2008).
This may pose a concern if thickeners are stirred too vigorously during preparation, or if they are
not rested for an appropriate amount of time prior to serving.
Finally, rheology can also be used to determine the apparent viscosity of gums, and this
can be done through steady shear viscosity measurements. In this type of test, a chosen range of
shear rate is applied to the material and the shear stress is measured (Smith et al. 1997; MedinaTorres et al. 2000). Viscosity, which is defined as the resistance to flow, can then be calculated by
the ratio of shear stress to shear rate (Macosko 1994; Smith et al. 1997). For Newtonian fluids,
viscosity remains constant with changing shear rates. However, the viscosity of non-Newtonian
fluids is dependent on the shear rate at which the viscosity is measured. In shear-thinning or
pseudoplastic liquids, viscosity decreases with increasing shear rate (Macosko 1994). On the other
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hand, some liquids exhibit shear-thickening or dilatant behavior, in which viscosity increases with
increasing shear rate (Rao 1977).
Most liquids display varying degrees of non-Newtonian behavior, but thickened liquids
used in dysphagia management are primarily shear-thinning liquids (Zargaraan et al. 2013).
Rheological measurements of the viscosity of thickened liquids have often revealed that that
thickened liquids made according to manufacturer instructions did not meet the required viscosity
standards (Garcia et al. 2005; Germain et al. 2006; Garin et al. 2014). This suggests that rheology
is important for maintaining standards of thickened liquids. Rheological behavior has also been
related to sensory properties of the thickened liquids, and several researchers have suggested a
negative correlation between the shear-thinning behavior of the gums and the perception of
slipperiness (Szczesniak 2002; Vickers et al. 2015). Overall, rheology is a robust alternative for
measuring characteristics of thickened liquids.
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Chapter 3. Sensory characteristics of liquids thickened to IDDSI levels
3.1 Introduction
Oral processing of liquids involves the movement of the bolus from the front of the mouth
to the back of the throat, and characterization of any sensory properties occurs during this process
(Derks et al. 2016). An understanding of the sensory characteristics of products helps to ensure
that the product will be acceptable and safe for consumers (Lotong et al. 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).
While instrumental measures can give approximations for what is occurring in the mouth,
they cannot mimic physiological mechanisms perfectly (He et al. 2016). Sensory evaluation is thus
extremely important as it is the only way to evaluate products orally. Current work on the sensory
properties of thickened liquids has focused on cornstarch and xanthan gum thickened liquids
thickened to National Dysphagia Diet Taskforce guidelines. Thus far, researchers have reported
that cornstarch thickeners impart a starchy flavor and a grainy texture while xanthan gum
thickeners provide the sensation of slipperiness (Lotong et al. 2003; Matta et al. 2006).
Furthermore, cornstarch thickeners were also found to be produce liquids that were more thick
than the xanthan gum thickeners (Matta et al. 2006). Other important attributes identified for
thickened liquids include thickness, stickiness, adhesiveness, mouthcoating, and number of
swallows (Vickers et al. 2015).
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Sensory characteristics of thickened liquids have also been shown to change depending on
the medium being thickened (Garcia et al. 2005; Garin et al. 2014). This is a concern for liquids
with added barium sulfate, which is a commonly used radiographic agent in dysphagia diagnosis
(Stokely et al. 2014). Barium sulfate is used to observe swallowing function, but its addition may
impart textural properties that can affect the perception of liquids, such as slimy and gritty texture
or increased apparent viscosity and density (Ekberg et al. 2009; Stokely et al. 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, as the findings from the
videofluoroscopy would not be able to be translated into similar viscosity levels in non-barium
thickened liquids. Therefore, a comparison of sensory characteristics of non-barium and barium
thickened liquids is also important.
With the advent of the new IDDSI guidelines, sensory characteristics of liquids thickened
to National Dysphagia Diet Taskforce guidelines are no longer as applicable. It is currently
unknown whether the IDDSI Framework levels of gravity flow can be distinguished based on
sensory attributes. 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 mediums,
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.
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3.2. Materials and Methods
3.2.1. Preparation of Thickened Liquids
The samples used for both the projective mapping and ultra-flash profiling panels, and the
trained descriptive analysis panels were all prepared to the same IDDSI levels using a cornstarch
and a xanthan gum thickener. 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 formulations shown in Table 3.1. 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 3.1. The sample
formulations were determined through preliminary trials and were confirmed to fall and remain
within the levels of the IDDSI 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). Samples are shown in Figure 3.1.

Figure 3.1. Non-barium and barium liquids thickened with xanthan gum and cornstarch
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Table 3.1. Sample formulation for thickened liquids in non-barium and barium mediums
IDDSI
Thickness
Level
0
1
2
3
4
0
1
2
3
4
a

Thin
Slightly-Thick
Mildly-Thick
ModeratelyThick
ExtremelyThick
Thin
Slightly-Thick
Mildly-Thick
ModeratelyThick
ExtremelyThick

Water
(g)
200
200
200

Barium
Sulfate (g)

Thicken
Upa (g)

Density
(g/mL)

Liquids without added barium
N/A
N/A
1.00
N/A
8.30
1.01
N/A
9.54
1.02

Thicken
Up Cleara
(g)

Density
(g/mL)

N/A
1.30
2.50

1.00
1.00
1.02

200

N/A

11.70

1.03

4.20

1.02

200

N/A

15.60

1.04

15.00

1.03

N/A
2.10
6.00

1.16
1.17
1.15

570
570
570

Liquids with added barium
126
N/A
1.16
126
18.00
1.16
126
23.40
1.17

570

126

30.60

1.17

12.00

1.16

570

126

40.20

1.17

25.20

1.16

Thicken Up is a modified cornstarch and Thicken Up Clear is xanthan based

3.2.2. Density Measurements
The density of each thickened liquid sample was determined from the mass measurements
of 10 cm3 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.

3.2.3. 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 s-1 at 25°C,
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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.

3.2.4. Panelists
All panels were approved by the University of Guelph Research Ethics Board
(REB#15MY022 and REB#16SE020). 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 (King et al. 1998; Kennedy and
Heymann 2008; Nestrud and 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.

3.2.5. 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
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sensory attributes (Pagès 2005). Panelists in the first experiment evaluated samples without barium
sulfate while those in the second experiment evaluated samples containing barium sulfate. For
each panel, 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 and Heymann 2013).
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, 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 and 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.

3.2.6. 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
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samples either with or without added barium sulfate (Meilgaard et al. 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 3.2.
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 et al. 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. A detailed outline of the training sessions is shown in Appendix A.
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Table 3.2. Sensory attributes, techniques, and definitions used to evaluate thickened liquids
Attributea
Strawberryb

Bitternessb
Chalkinessb
Sweetnessb,c
Adhesivenessb,c
Slipperinessb,c

Perceived
Viscosityb,c

Ease of
manipulationb,c
Lemonc

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

Definition
The flavor associated with
strawberry flavored cough syrup

Spit out sample from mouth, evaluate
residue for sensation of chalkiness, which
may present as a mouth drying effect
Place product in mouth, swirl for 5 seconds,
measure the intensity 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

The degree to which the mouth
surfaces feel chalky following
expectoration of sample
The taste factor associated with a
sorbitol 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

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

The taste factor associated with
bitter almond

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

With nose blocked, place product in mouth,
swirl for 5 seconds, release nose, measure
the intensity of lemon flavor coming
through nose
c
Sourness
With nose blocked, place product in mouth, The taste factor associated with a
swirl for 5 seconds, measure the intensity
citric acid solution
of sourness
Graininessc
Place product in mouth, move tongue
The concentration of small
parallel to palate, measure the
granules detected in the mouth
concentration of small granules in sample
and on the tongue
Ease of
When product is at back of mouth, swallow The effort required for the throat
swallowingc
slowly, measure the force required to pass
muscles to swallow
the liquid completely from the mouth down
the throat
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.
b
c

Attributes evaluated during the trained panel with added barium sulfate

Attributes evaluated during the trained panel without added barium sulfate
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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 of each
product. All responses were recorded on a computer using Compusense 5.8 software (Guelph, ON,
Canada).

3.2.7. Statistical Analyses
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. The instrumental viscosity measurements at 50 s-1 were also
correlated with perceived viscosity measurements using the CORR procedure.
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 in
XL Stat (Addinsoft SARL, New York, NY, USA), with descriptors as supplementary variables.
Data from the trained descriptive analysis panels were analyzed using SAS 9.4, and a type
I error rate of α=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
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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.

3.3. Results
3.3.1. Density and Viscosity Measurements
Density measurements are shown in Table 3.1. 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 3.3. 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 s-1.
The Pearson correlation coefficients for the non-barium and barium panels were 0.80 and
0.67 respectively. Flow indices of thickened liquid samples were calculated from the viscosity
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measurements, and are shown in Table 3.4. The flow index (n) can be calculated from the Power
Law of fluids, η=Kγn-1, and is a representation of the shear-thinning behavior of non-Newtonian
fluids where a smaller “n” represents greater shear-thinning behavior (Brito-de la Fuente, Ekberg,
& Gallegos, 2012). The flow indices showed that shear-thinning behavior increased with
increasing concentrations of thickener. Although TU1 was more shear-thinning than TUC1, TUC
samples were more shear-thinning than TU samples for IDDSI levels 2-4.
Table 3.3. Apparent viscosity measurements of non-barium and barium thickened liquids taken
at 50 s-1 and 25°C
Non-barium
Apparent
Viscosity
(cP)

NDDb
Class

T0a

1.015

Thin

TU1a

74.43

Nectar

TU2

140.7

Nectar

TU3

336.3

Nectar

TU4

1392

Honey

TUC1a

47.68

Thin

TUC2

126.3

Nectar

TUC3

287.0

Nectar

TUC4

1050

Honey

Sample

Barium
Apparent
Viscosity
(cP)

NDD
Class

95% CIc

STDd

0.869 –
1.161
69.63 –
79.24
101.3 –
180.1
312.0 –
360.6
1329 –
1454
46.24 –
49.12
108.2 –
144.4
277.6 –
296.4
1025 –
1075

0.059

3.20

Thin

1.93

116.75

Nectar

15.9

271.0

Nectar

9.8

844.3

Honey

25

2823

Pudding

0.58

50.45

Thin

7.3

156.0

Nectar

3.8

357.8

Honey

10

775.2

Honey

95% CI

STD

2.65 –
3.744
53.33 –
180.17
243.6 –
298.41
762.1 –
926.6
2649 2997
39.76 –
61.14
142.2 –
169.8
349.8 –
365.9
759.4 –
790.9

0.22
25.53
11.03
33.1
70
4.30
5.6
3.3
6.3

a

T: no thickener added; TUC: Thicken Up Clear (xanthan gum); TU: Thicken Up (cornstarch); 0-4
indicate viscosity level on IDDSI scale

b

National Dysphagia Diet Classifications: thin (1-50 cP), nectar (51-350 cP), honey (351-1750
cP), pudding (>1750)

c

95% Confidence Interval

d

STD: standard deviation
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Table 3.4. Flow behavior index (n) of liquids thickened with Thicken Up (modified cornstarch)
and Thicken Up Clear (xanthan gum), where η=Kγn-1
Flow Index (n)
Sample
TU1
TU2
TU3
TU4 TUC1 TUC2 TUC3 TUC4
Non-Barium
0.338
0.281
0.241
0.167
0.402
0.242
0.141
0.058
Barium
0.651
0.557
0.479
0.385
0.400
0.218
0.135
0.083

3.3.2. 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
3.2 and 3.3 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 T0, 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.
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Figure 3.2. 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
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Figure 3.3. 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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3.3.3. 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, and this information is shown in Appendices B and C
respectively. Both panels also showed a significant interaction (P<0.0001) effect between
thickener and panelist for all attributes except strawberry, but the Kendall Tau’s concordance test
run on the attributes found that all panelists were concordant (P<0.0001), and there were no crossover effects. The Kendall Tau’s concordance test results are shown in Appendices D and E
respectively for non-barium and barium panels. Although both trained panels rated taste and flavor
attributes, these were only included to prevent a halo-dumping effect, where the absence of an
attribute can result in increased rating of other attributes (Clark and 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 ultraflash profiling panels.
Estimates of the mean rating of attributes in the TU and TUC samples are shown in Tables
3.5. and 3.6 for non-barium and barium samples respectively. 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 present in TU samples, and was
significantly lower in TU4 (Table 3.5). 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 3.6).
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Table 3.5. Means, standard error, and mean comparisons of sensory attributes of thickened
liquids without barium sulfate (n=44; 11 panelists, 4 sessions)
Samples
T0a

TU1a

TU2

TU3

TU4

TUC1a

TUC2

TUC3

TUC4

Mean

9.6z

7.0x

7.0x

7.1xy

6.5x

8.6yz

9.4z

9.0z

9.9z

SE

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

Mean

9.7yz

10.1z

8.9xyz

8.3xy

7.7wx

7.6wx

6.5vw

5.9v

3.7u

SE

0.34

0.34

0.34

0.34

0.34

0.34

0.34

0.34

0.34

Mean

10.2z

8.3xy

6.4v

6.9vwx

6.8wx

8.7yz

8.4xy

8.1wxy

6.2v

SE

0.33

0.33

0.33

0.33

0.33

0.33

0.33

0.33

0.33

Mean

0.1u

6.2w

8.0x

9.7y

13.6z

2.4v

5.1w

7.5x

13.6z

SE

0.12

0.26

0.27

0.51

0.17

0.19

0.29

0.34

0.16

Mean

0.0x

9.0z

9.2z

8.7z

6.0y

0.0x

0.2x

0.1x

0.1x

SE

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.35

Mean

0.2u

4.3w

4.3w

5.4wx

5.6x

2.7v

6.5x

10.0y

14.3z

SE

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

Mean

0.0s

6.4v

8.0w

10.8x

14.2z

2.3t

4.9u

7.4vw

13.3y

SE

0.14

0.24

0.24

0.26

0.17

0.19

0.29

0.29

0.26

Mean

0.1t

5.8v

7.3x

10.0y

13.5z

1.7u

3.7v

6.5wx

12.8z

SE

0.10

0.23

0.28

0.30

0.19

0.14

0.24

0.24

0.20

Mean

0.2s

5.9w

7.5x

9.6y

12.1z

2.2u

4.3v

7.2x

13.1z

SE

0.12

0.26

0.24

0.29

0.20

0.17

0.25

0.26

0.30

Attribute
Sweet

Sour

Lemon

Adhesiveness

Graininess

Slipperiness

Perceived
Viscosity
Ease of
Manipulation
Ease of
Swallowing
a

T: no thickener added; TUC: Thicken Up Clear (xanthan gum); TU: Thicken Up (cornstarch); 0-4
indicate viscosity level on IDDSI scale

s-z

Means in the same row followed by the same superscript are not significantly different according
to a Tukey’s multiple range test (P0.05)
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Table 3.6. Means, standard error, and mean comparisons of sensory attributes of thickened
liquids with barium sulfate (n=48; 12 panelists, 4 sessions)
Samples
Attribute
T0a
Sweet

Bitter

Strawberry

Adhesiveness

Chalkiness

Slipperiness

Perceived Viscosity

Ease of
Manipulation

TU1a TU2

TU3

TU4

TUC1a TUC2 TUC3 TUC4

Mean 11.5z 9.1xy

9.2xy

8.5x

6.3w

10.3yz

9.7yz

9.6xy

8.4x

SE

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

Mean 7.7yz

8.6z

8.5z

8.7z

7.9yz

8.3yz

7.8yz

8.3yz

6.7y

SE

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

Mean 9.0yz

8.8xyz

8.1xyz 8.0xy

6.3w

9.5z

8.4xyz

8.4xyz

7.3wx

SE

0.32

0.32

0.32

0.32

0.32

0.32

0.32

0.32

Mean 1.1t

5.0v

6.7w

9.8x

13.2z 3.2u

6.6w

9.3x

11.8y

SE

0.18

0.20

0.25

0.29

0.23

0.17

0.22

0.19

0.15

Mean 6.8y

9.7z

10.2z

10.4z

9.8z

6.8y

6.9y

6.5y

6.0y

SE

0.28

0.32

0.26

0.31

0.24

0.25

0.33

0.26

Mean 1.5t

3.3u

4.5v

6.3wx

6.1w

3.5u

7.4x

11.6y

13.6z
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Mean 0.8s

3.8u

6.9w

11.3y 14.2z 2.6t

5.6v

9.4x

11.8y

SE

0.19
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0.20

0.36

0.32
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0.11
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0.09
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a

T: no thickener added; TUC: Thicken Up Clear (xanthan gum); TU: Thicken Up (cornstarch); 0-4
indicate viscosity level on IDDSI scale

s-z

Means in the same row followed by the same superscript are not significantly different according
to a Tukey’s multiple range test (P0.05)

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,
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and the ratings of the attribute increased with increasing concentrations of thickener (Tables 3.5
and 3.6). 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 mediums,
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 3.5).
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 TUC4.
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 3.6). For adhesiveness and perceived viscosity, TU1 was rated higher than TUC1, and
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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 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.

3.4. 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 mediums 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.
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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 (Hollowood et al. 2002; Ferry, Hort, et al. 2006; Ferry, Mitchell, et al. 2006).
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 et al. 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 et al. 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
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could be a result of the increased lubrication and apparent viscosity of the sample, which have
been found to lower the sensation of grittiness (Imai et al. 1995; Engelen and Van Der Bilt 2008).
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 (Miller 1966; Imai et al. 1995;
Katzbauer 1998). However, the chalkiness ratings of the TUC samples were not significantly
different from that of T0, 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 and 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 3.3). However,
the trained panel found that TU1 had higher perceived viscosity than TUC1 and TUC2, and that
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TU2 also had higher perceived viscosity than TU3 (Table 3.5). 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-1 as the oral shear rate is not appropriate. Because TU and TUC products differ in shear-thinning
behavior (Table 3.4), 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-1 (Meng et
al. 2005; Brito-de la Fuente et al. 2012; Yamagata et al. 2012; Zhu et al. 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 TUC4. 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 3.3). 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
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flow rate and apparent viscosity could be the density difference between TU and TUC samples in
the barium stimuli. The densities of the cornstarch samples to be slightly higher than that of the
xanthan gum samples (Table 3.1).
Another explanation for this phenomenon could be the presence of xanthan gum in the EZ-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 and BeMiller 2002;
Weber et al. 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 et al. 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 et al. 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
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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.

3.5 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 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 mediums, and they also did not relate well
to their apparent viscosities at 50 s-1. 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
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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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Chapter 4. Relation of sensory characteristics to rheological properties
4.1. Introduction
Texture is a multifaceted sensory property derived from the structural properties of the
food and detected by the senses of sight, touch, and hearing (Szczesniak 2002). Consumers
typically only notice texture when their expectations are not met, such as off textures which may
point to quality issues inherent in the product, or unpleasant textures such as stringy, gummy, or
slimy textures; these undesirable textures may affect the acceptance of the product (Szczesniak
2002; Macqueen et al. 2003).
For thickened liquids used in dysphagia management, the intensity of textural attributes
such as perceived viscosity, ease of swallowing, and slipperiness can be important for the
acceptance of the products (Engelen et al. 2005; Vickers et al. 2015). These attributes not only
contribute to the palatability of the products, but also to the safety of the thickened liquids
(Macqueen et al. 2003; Horwarth et al. 2005; Sura et al. 2012; Vallons et al. 2015). Because
thickened liquids are non-Newtonian shear-thinning liquids, perceived viscosity and ease of
swallowing are highly affected by the oral shear rate (Macosko 1994). However, this itself is a
highly contested topic.
Current recommendations for oral shear rates are based on research done by Wood in 1968,
who found that the average oral shear rate was around 50 s-1. This has formed the basis of the
recommendation by the National Dysphagia Diet to measure viscosity at 50 s-1 and at 25°C, which
has now become the standard for viscosity measurements of liquids used in dysphagia management
(NDD and ADA 2002; Cichero et al. 2013). However, there is limited scientific evidence for this
standard (Quinchia et al. 2011; Brito et al. 2014), and oral shear rates have been found to range
from 10 to 1000 s-1 (Malone et al. 2003). Some researchers have proposed a single oral shear rate,
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such as Cutler et al. (1984), who found that 10 s-1 was a better indicator of oral shear rates than 50
s-1, with the caveat that this shear rate was not representative of highly shear thinning liquids. On
the other hand, Shama and Sherman (1973) suggested that liquid foods did not operate under a
single oral shear rate, but rather under constant shear stress. Other researchers have proposed that
oral perceived viscosity is determined by an averaged viscosity over a range of shear rates rather
than a single shear rate (Christensen 1979). Perceived viscosity recorded during sensory testing
also differs at different apparent viscosities measured instrumentally. In non-Newtonian fluids,
small differences in viscosity were more detectable at low viscosities than at higher viscosities
(Steele, James, et al. 2014). Similarly, studies conducted on Newtonian fluids found that the
perceived viscosity of thickened liquids at the extremes of the spectrum (i.e. very thin or very
thick) are more easily distinguished than the middle viscosities (Smith et al. 1997).
Furthermore, swallowing may provide important cues to differentiate viscosity. Smith et
al. (2006) found that panelists were better able to discriminate viscosity when they evaluated
viscosity by swallowing as compared to just oral evaluation, but the differences were not
significant. Nevertheless, this suggests that swallowing operates at a different shear rate from the
oral shear rate, and researchers have proposed that pharyngeal shear rate varies between 120 and
990 s-1 depending on the position in the pharynx (Nishinari et al. 2016). This swallowing shear
rate may also differ with liquids of different viscosities, as tongue-palate pressures change with
liquid viscosity (Steele, Molfenter, et al. 2014).
Unlike perceived viscosity and ease of swallowing, slipperiness is affected by the inherent
properties of the gums, and not shear rate. Slipperiness, or lubrication of the samples, is a result of
an immobile layer between the tongue and palate surfaces that does not flow with the rest of the
food (Malone et al. 2003; Prakash et al. 2013). Slipperiness affects the perception of texture of
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thickened liquids, mainly decreasing viscosity perception (Vickers et al. 2015). Slipperiness can
be measured with tribological techniques which quantify lubrication, but the cost associated with
procuring such instruments is prohibitive (Chen et al. 2014). As such, other studies have attempted
to find correlations to rheological measures, and some researchers have proposed a relation
between slipperiness and the shear-thinning behaviour of the gums (Szczesniak and Farkas 1962;
Richardson et al. 1989; Vickers et al. 2015).
Clearly, there is a lack of consensus surrounding the relation of sensory textural attributes
to rheological measurements. This research sought to provide further information on the estimated
oral and swallowing shear rates, as well as how they are affected by the shear-thinning behavior
of gums. Because perceived viscosity and ease of swallowing may differ at different viscosity
levels, several levels of liquid viscosity were chosen based on the International Dysphagia Diet
Standardisation Initiative, or IDDSI, framework, which is the most current system for classifying
liquids used in dysphagia management. The IDDSI framework defines categories of liquids based
how much liquid is left in a 10 mL Becton Dickinson slip tip syringe after 10 s: level 0 or thin (no
liquid), level 1 or slightly thick (1-4 mL), level 2 or mildly thick (4-8 mL), level 3 or moderately
thick (>8 mL), and level 4 or extremely thick (no flow or drip within 10 s) (IDDSI 2016a).
In this experiment, liquids thickened to different IDDSI levels made with gums of varying
shear thinning behavior were matched for apparent viscosity at 50 s-1. It was hypothesized that
these thickened liquids would have different perceived viscosities at this shear rate, and that this
relationship would change at different viscosity levels. In addition, perceived viscosity and ease
of swallowing measurements were predicted to be different from each other as the processes were
expected to occur at different shear rates. Finally, it was expected that slipperiness ratings would
be related to the shear-thinning behaviour of the gums.

56

4.2. Materials and Methods
4.2.1. Preparation of thickened liquids
Twelve samples of thickened liquids were prepared using three different gums at four
viscosity levels. All samples of thickened liquids were prepared at the University of Guelph,
Canada. The gums used were carboxymethyl cellulose, or CMC, (Pre-Hydrated Ticalose CMC
2500 Powder, TIC Gums), xanthan gum (Pre-Hydrated Ticaxan Rapid-3 Powder, TIC Gums), and
guar gum (Pre-Hydrated Guar Gum 8/24 Powder, TIC Gums). These gums were chosen for their
different shear-thinning behavior (Phillips and Williams 2009). They were added to a base of
Vegetable Glycerine (Now solutions) to aid in dispersion of the thickener and this mixture was
then added to Natural Spring Water (President’s Choice®) in levels shown in Table 4.1.
Table 4.1. Sample formulation for liquids thickened with xanthan gum, guar gum, or
carboxymethyl cellulose, when matched for IDDSI gravity flow or apparent viscosity at 50 s-1;
all formulations were made with 200 g of water
IDDSI
Level
1
2
3
4
1
2
3
4

Thickness

Xanthan gum
Guar gum (g)
(g)
Matched for IDDSI Gravity Flow
Slightly-Thick
0.40
0.70
Mildly-Thick
0.75
1.05
Moderately-Thick
1.40
1.55
Extremely-Thick
3.40
2.45
Matched for apparent viscosity at 50 s-1
Slightly-Thick
0.45
0.70
Mildly-Thick
0.90
1.05
Moderately-Thick
1.80
1.55
Extremely-Thick
3.60
2.95

Carboxymethyl
cellulose (g)
0.65
1.05
1.70
3.30
0.70
1.15
1.70
3.30

Samples of thickened liquid were prepared in two ways. First, samples were created to
correspond to IDDSI levels 1-4 with flows that corresponded to 1 mL, 4 mL, 8 mL, and 10 mL
(liquid dripping after between 10-12 s) after 10 s. Apparent viscosity of each of the samples was
measured, as shown in Table 4.2. The highest apparent viscosity at each level was then chosen as
the viscosity level to be used in the second set of samples. This apparent viscosity level was chosen
57

to ensure that, if a syringe test was conducted on the samples, the results would still fall within the
correct IDDSI level. For example, based on the viscosity readings for IDDSI level 1, guar gum
had the highest apparent viscosity reading, and in the second set of samples, it was this approximate
apparent viscosity that was used as a match for the other two samples. This led to concentrations
of gums that matched apparent viscosity levels of 50 cP, 135 cP, 325 cP, and 1500 cP. The sensory
properties of the latter set of samples were characterized using magnitude estimation and
descriptive analysis.
Table 4.2. Viscosity measurements and syringe test results of samples matched for IDDSI
gravity flow level and apparent viscosity at 50 s-1 and 25°C
IDDSI
Level

1

2

3

4

1

2

3

4

Gum

Xanthan
Guar
CMC
Xanthan
Guar
CMC
Xanthan
Guar
CMC
Xanthan
Guar
CMC
Xanthan
Guar
CMC
Xanthan
Guar
CMC
Xanthan
Guar
CMC
Xanthan
Guar
CMC

Viscosity Standard
95% Confidence Interval
(cP)
Deviation Lower Limit Upper Limit
Matched for IDDSI Gravity Flow
42.0
1.15
39.1
44.9
47.8
2.97
40.4
55.1
41.3
1.25
38.2
44.4
106
1.7
102
110
131
4.9
118
143
111
2.3
105
116
339
4.7
228
251
326
3.8
316
335
322
2.6
315
329
574
6.4
558
589
968
9.3
945
991
1510
17
1467
1553
Matched for Apparent Viscosity at 50 s-1
49.4
1.59
45.4
53.3
47.8
2.97
40.4
55.1
50.0
0.61
48.4
51.5
139
4.0
129
149
131
4.9
118
143
135
1.5
131
138
331
3.0
324
338
326
3.8
316
335
322
2.6
315
328
1500
23
1440
1550
1480
10
1460
1500
1510
17
1470
1550

Syringe
Test (mL)
1.0
1.0
1.0
4.0
4.0
4.0
8.0
8.0
8.0
Drip at 11 s
Drip at 11 s
Drip at 11 s
1.3
1.0
1.5
5.0
4.0
4.6
9.1
8.0
8.0
Drip at 14 s
Drip at 38 s
Drip at 11 s
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Samples were made by first whisking the weighed thickener into the glycerol by hand to
disperse the thickener and prevent clumping (Francis 1961; Smith et al. 2014). Then, 22°C water
was whisked into the slurry by hand. Glycerol was chosen as the solvent due to its negligible
impact on the viscosity of water at the concentrations used (Segur and Oberstar 1951). Once the
mixture was well incorporated, it was mixed with a stand mixer (Bosch Compact MUM4405) for
5 minutes, and then samples were left to rest for 2 hours prior to serving or taking viscosity
measurements. Samples were always kept at room temperature (22°C).

4.2.2. Viscosity measurements
Viscosity measurements were taken with a Physica MCR 301 Rheometer (Anton Paar,
Benelux) using concentric cylinder geometry. Viscosity was measured with a logarithmic shear
ramp test with controlled shear rate from 1 to 1000 s-1 at 25°C, and three replicates were taken of
separate batches of all samples. Viscosity measurements were taken for the samples matched for
gravity flow, as well as those matched for apparent viscosity.

4.2.3. Panelists
All panels were approved by the University of Guelph Research Ethics Board
(REB#16SE020). Potential participants were recruited from the University of Guelph by 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 magnitude estimation scaling
panel, 29 healthy untrained panelists were recruited for the experiments, and 16 panelists took part
in all four sessions. Each viscosity level was tested separately. For each level, three sessions of
eight panelists each were conducted, and there were 24, 22, 24, and 23 panelists for IDDSI levels
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1, 2, 3, and 4 respectively. This sample size was chosen in accordance with other studies using the
same method (Moskowitz and Sidel 1971; Kokini et al. 1977). For the trained descriptive analysis
panel, 10 panelists were recruited to evaluate the samples, and the number of panelists were chosen
as per a previous study by Ross et al. in 2012.

4.2.4. Magnitude Estimation Scaling
One sensory panel was held for each IDDSI level, leading to four separate panels conducted
in total. All panels were held in the Human Nutraceutical Research Unit of the University of
Guelph. For each IDDSI level, panelists evaluated three samples that had been matched for
viscosity at a shear rate at 50 s-1, as described previously. Before each session, panelists were
presented with two examples of magnitude estimation scaling, the first as a general description on
the whiteboard, and the second on a worksheet to ensure that each panelist understood the
instructions before evaluating the samples. During the training, panelists were given three samples.
They were asked to choose one as a reference sample and to quantify the intensity of the desired
attribute (e.g. volume, size) by assigning a number to it. They were then asked to rate the intensity
of the attribute for the subsequent samples in proportion to the reference sample (Kokini et al.
1977; Meilgaard et al. 1991). In the actual test, panelists were asked to rate the perceived viscosity
of the samples. No other definitions were given for perceived viscosity.
Samples were served in 30 mL portions in white Styrofoam sample cups labelled with
random three-digit blinding codes. Unsalted soda crackers (Premium Plus®) and filtered water
were provided for oral cleansing between samples. For IDDSI levels 1 to 3, panelists were
instructed to drink the samples from the cups. For IDDSI level 4, panelists were instructed to taste
all samples with the provided teaspoons. During the evaluation, panelists were required to wear
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nose plugs, and samples were served under red light to mask the odor and color differences
between the samples.

4.2.5. Trained Descriptive Analysis Panel
A trained descriptive analysis panel was held to evaluate the sensory attributes of the
thickened liquids. Based on the results from the magnitude estimation scaling and the rheological
testing, only samples in IDDSI levels 1 to 3 that were matched for shear rate at 50 s-1 were tested,
as the samples in IDDSI level 4 were deemed too different from the rest (i.e. much thicker).
Attributes to be analyzed were selected based on the study presented in Chapter 3, and the
attributes chosen were perceived viscosity, slipperiness, and ease of swallowing. The techniques
and definitions of these attributes are shown in Table 4.3.
Table 4.3. Sensory attributes, techniques, and definitions used by trained panelists to evaluate
liquids thickened with xanthan gum, guar gum, and carboxymethyl cellulose
Attributea
Ease of
Swallowing

Technique
Definition
Place ½ tsp of product at the back of
The effort required for the throat
mouth, swallow the entire bolus, measure muscles to swallow
the force required to pass the liquid
completely from the mouth to the throat
Slipperiness Place ½ tsp of product in the mouth, with The amount in which the product
product in the mouth, move tongue
slides across the tongue and elicits
horizontally just under the palate,
a slippery sensation when moving
measure how the tongue slides through
the tongue horizontally in the
product
mouth
Viscosity
Place a spoonful of product close to lips, The force to draw between lips and
slurp gently to measure the flow of
spoon and the rate of flow across
liquid, measure the force required; once
the tongue
the product is in mouth, allow to flow
across tongue, measure the rate of flow
a
Attributes evaluated on a 15 cm line scale, 0 represents low level of an attribute while 15
represents a high level of that attribute
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As with the magnitude estimation scaling, samples were provided in 30 mL portions in
white Styrofoam sample cups labelled with random three-digit blinding codes. Unsalted soda
crackers (Premium Plus®, Mondelez International, Toronto, ON, Canada) and filtered water were
provided for oral cleansing between samples. Panelists were instructed to taste all samples with
the provided teaspoons, and as the previous panel, panelists were required to wear nose plugs, and
samples were served under red light to mask the odor and color differences between the samples.
Figure 4.1. shows the samples under normal and red light.

Figure 4.1. Xanthan gum (X), guar gum (G), and carboxymethyl cellulose (C) samples shown
under normal and red light conditions. Note that the difference in color is due to the location under
the light and not due to color differences in the samples.
Each panelist completed 11 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 et al. 2004). During training, panelists were given
references for each attribute, and they were taught to evaluate the intensity of each attribute against
the reference. References included thickened liquid solutions made with sodium alginate, Thicken
Up Clear® (Nestle Resource®), and pectin (Table 4.4.). Panelists were taught to evaluate one new
attribute 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

62

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 training, panelists
could evaluate the three attributes and the nine samples without references in a single session.
Table 4.4. Product brands and quantities used as references to represent the minimum and
maximum intensities for each of the attributes evaluated by the trained panel
Attribute

Product

Brand

Swallow 0
Swallow 15
Slippery 0
Slippery 15
Viscosity 0
Viscosity 15

Thicken Up Clear
TICA Algin HG400TG02904
TICA Algin HG400TG02904
Thicken Up Clear
Pre-Hydrated Pectin 1694 Powder
Pre-Hydrated Pectin 1694 Powder

Nestlé Resource®
Caldic
Caldic
Nestlé Resource®
TIC Gums
TIC Gums

Quantity
(g)
0.70
3.00
0.70
4.50
1.50
6.00

Water
(mL)
200
200
200
200
200
200

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 of each
product. All responses were recorded on a computer using Compusense 5.8 software (Guelph, ON,
Canada)

4.2.6. Statistical Analyses
All analyses were performed with SAS 9.4 (Cary, NC, USA), and a type I error rate of
α=0.05 was chosen for all tests. Viscosity measurements were analyzed using the MEANS
procedure to calculate means and standard deviation for all the samples. The instrumental viscosity
measurements at 50 s-1 were also correlated with perceived viscosity measurements using the
CORR procedure.
Before analyzing the data from the magnitude estimation scaling, they were first
standardized so that the geometric mean of the ratings for each panelist was equal to one
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(Moskowitz and Sidel 1971), and then the data was converted to the log scale (Butler et al. 1987).
The data were then analyzed with a mixed model ANOVA using the GLIMMIX procedure, with
the type of gum as a fixed factor, and panelists as a random factor to see if the type of gum had a
significant effect on the perceived viscosity of the samples. Gums at each level were all analyzed
separately, with four separate analyses run. Least squared means and standard errors of the gums
were generated, and Tukey’s multiple means comparison test was used to compare the means to
determine significant differences in effect.
Data from the trained descriptive analysis panel were analyzed with mixed model ANOVA
using the GLIMMIX procedure, with the level, type of gum, and panelists as fixed factors, and
sessions as a random factor to see if the level and type of gum had a significant effect on the
perceived sensory attribute. 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 level of gum because their variance was found to be heterogenous, and this
was chosen based on AICC fit statistics. Kendall Tau’s test of concordance was used to test the
sample and panelist interaction for any cross-over effects. All means were compared using Tukey’s
multiple means comparison to determine significant differences in effect. Finally, principal
component analysis was used to analyze the data from the trained panel using the FACTOR
procedure to see the effect of different samples on sample attributes.

4.3. Results
4.3.1. Viscosity Measurements
Viscosity measurements for gums matched for gravity flow according to IDDSI levels are
shown in Figures 4.2-4.5. These gums displayed a similar pattern at all thickness levels, where the
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viscosity curves for xanthan gum and guar gum intersected first, followed by CMC and xanthan
gum, and finally CMC and guar gum. For IDDSI levels 1-3, these intersections occurred between
the shear rates of 10 and 100 s-1, but in IDDSI level 4, the intersections occurred between the shear
rates of 1 and 10 s-1. The Pearson correlation coefficient was 0.82.

Level 1

1000
X1

G1

C1

Viscosity (cP)

100

10

1
1

Shear Rate (s-1) 100

10

1000

Figure 4.2. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C), when matched for gravity flow at the IDDSI level 1

Level 2

10000
X2

G2

C2

Viscosity (cP)

1000

100

10

1
1

10

Shear Rate (s-1) 100

1000

Figure 4.3. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C), when matched for gravity flow at the IDDSI level 2
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Level 3

10000
X3

G3

C3

Viscosity (cP)

1000

100

10

1
1

Shear Rate (s-1) 100

10

1000

Figure 4.4. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C), when matched for gravity flow at the IDDSI level 3

Level 4

100
C4

X4

G4

Viscosity (cP)

10

1

0.1

0.01
1

10

Shear Rate (s-1) 100

1000

Figure 4.5. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C), when matched for gravity flow at the IDDSI level 4

Mean apparent viscosities of the gums at a shear rate of 50 s-1 matched both for gravity
flow according to IDDSI level, as well as those matched at a shear rate of 50 s-1 are shown in Table
4.2. For gums matched for gravity flow at IDDSI levels 1-3, guar gum had the highest apparent
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viscosity, but at IDDSI level 4, CMC had the highest apparent viscosity at IDDSI level 4. On the
other hand, CMC had the lowest apparent viscosity in IDDSI levels 1-3, but xanthan gum had the
lowest apparent viscosity at IDDSI level 4.
Although the gums were matched for apparent viscosity at 50 s-1, there were still some
differences in their viscosities. As shown in Figure 4.2, products in IDDSI level 1, when matched
for apparent viscosity, still ranged in viscosity from 47.8 to 50 cP. Similar discrepancies amongst
the samples were also reflected in the syringe test results, particularly at IDDSI levels 1-3.
However, for IDDSI level 4, guar gum, which had the lowest apparent viscosity, had the longest
drip time compared to the other gums. Apparent viscosities of the gums matched for apparent
viscosity at 50 s-1 and measured at shear rates of 1 to 1000 s-1 are shown in Figures 4.6—4.9. At
shear rates below 50 s-1, xanthan gum had the highest apparent viscosity, followed by guar gum
then CMC. At shear rates above 50 s-1, CMC had the highest apparent viscosity, followed by guar
gum then xanthan gum.

Level 1

Viscosity (cP)

1

0.1

0.01

C1

X1

G1

0.001
1

10

Shear Rate (s-1) 100

1000

Figure 4.6. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C) at IDDSI level 1, when matched for apparent viscosity at 50 s-1
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Level 2

Viscosity (cP)

10

1

0.1

C2

X2

G2

0.01
1

10

Shear Rate (s-1) 100

1000

Figure 4.7. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C) at IDDSI level 2, when matched for apparent viscosity at 50 s-1

Level 3

100

Viscosity (cP)

10

1

0.1
C3

X3

G3

0.01
1

10

Shear Rate (s-1) 100

1000

Figure 4.8. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C) at IDDSI level 3, when matched for apparent viscosity at 50 s-1
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Level 4

100

Viscosity (cP)

10

1

C4

X4

G4

0.1
1

10

Shear Rate (s-1) 100

1000

Figure 4.9. Viscosity measurements of xanthan gum (X), guar gum (G), and carboxymethyl
cellulose (C) at IDDSI level 4, when matched for apparent viscosity at 50 s-1

4.3.2. Magnitude Estimation Scaling Panels
Results of the magnitude estimation scaling of perceived viscosity of the samples matched
for viscosity at 50 s-1 are shown in Table 4.5. Based on the analysis of variance results, the type of
gum had a significant effect on perceived viscosity at all four IDDSI levels. At IDDSI levels 1 and
2, guar gum was perceived to be significantly lower in perceived viscosity than both xanthan gum
and CMC. At these levels, the perceived viscosities of xanthan gum and CMC were not
significantly different. At IDDSI level 3, the perceived viscosity of guar gum was significantly
lower than xanthan gum, and the perceived viscosity of CMC was not significantly different from
guar or xanthan gum. At IDDSI level 4, xanthan gum had the lowest perceived viscosity and was
rated as significantly lower than guar gum, which had the highest perceived viscosity, and CMC
was not perceived as significantly different from xanthan or guar gum.
For IDDSI levels 1 to 3, the rank order of perceived viscosity of xanthan gum, guar gum,
and CMC were comparable to the results of the syringe test. However, this was not the case for

69

IDDSI level 4, in which CMC had a higher perceived viscosity than xanthan gum even though it
had a shorter drip time than xanthan gum.
Table 4.5. Mixed model variance analysis of the effect of type of gum on perceived viscosity
measured by magnitude estimation scaling (n=24, 22, 24, 23 for IDDSI levels 1, 2, 3, and 4
respectively)
IDDSI Level
Mean
1
SE
Mean
2
SE
Mean
3
SE
Mean
4
SE
a-b

Xanthan Gum
2.03a
0.025
2.02a
0.030
2.11a
0.035
1.91b
0.031

Guar Gum
1.93b
0.025
1.89b
0.030
1.90b
0.035
2.08a
0.031

Carboxymethyl Cellulose
2.04a
0.025
2.10a
0.030
1.99ab
0.035
2.01ab
0.031

F Value

Pr > F

5.72

0.0061

11.76

<.0001

8.98

0.0005

7.64

0.0014

Means in the same row sharing a letter are not significantly different according to a Tukey’s
multiple range test (P0.05).

4.3.3. Trained Descriptive Analysis Panel
Mixed model ANOVA of the effect of level of thickener and type of gum on sensory
attributes are shown in Appendix F. Both the level of thickener and the type of gum had significant
effects on perceived textures, but the F values obtained for the latter variable were much lower
than those of the former. The F value represents the ratio between the effect and the error, so a low
F value signifies either a small effect or a high error (Paule and Powers 1989). Thus, panelists were
more adept at differentiating between the samples based on their level of thickness rather than the
type of gum. Significant interactions were also found between panelists and samples, but the
Kendall Tau’s test of concordance found that panelists were concordant (P<.0001), and there were
no crossover effects.
Mean ratings of sensory attributes assessed in the trained panel are reported in Table 4.6.
For the attribute of slipperiness, at IDDSI level 1, xanthan gum had the lowest slipperiness,
followed by guar gum, then CMC, which was rated as significantly more slippery than xanthan
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gum. At IDDSI level 2, the slipperiness ratings of the samples were not significantly different, but
guar gum had the lowest slipperiness, followed by xanthan gum and then CMC. At IDDSI level 3,
the rating for slipperiness for xanthan gum was significantly higher than that of guar gum and
CMC.
Table 4.6. Means, standard errors, and mean comparisons of sensory attributes in thickened
liquids, as evaluated by trained panelists (n=40; 10 panelists, 4 sessions)
IDDSI Level 1

IDDSI Level 2

IDDSI Level 3

Attribute
Xan Guar CMC Xan Guar CMC Xan
Ease of
Swallowing

Mean 1.3f

Guar CMC

2.0ef

3.0e

6.5d

6.8cd

8.6c

12.5ab 11.4b

13.5a

SE 0.24 0.24

0.24

0.44 0.44

0.44

0.29

0.29

0.29

3.0de

3.6d

7.3c

6.9c

8.2c

13.1a

10.5b

11.2b

SE 0.33 0.33

0.33

0.49 0.49

0.49

0.27

0.27

0.27

2.1e

3.3d

7.1c

6.6c

8.0c

13.0a

11.2b

12.9a

SE 0.25 0.25

0.25

0.40 0.40

0.40

0.27

0.27

0.27

Mean 2.0e
Slipperiness
Mean 1.6e
Viscosity
a-f

Means in the same row sharing a letter are not significantly different according to a Tukey’s
multiple range test (P0.05).

Like slipperiness, for perceived viscosity at IDDSI level 1, xanthan gum and guar gum had
significantly lower perceived viscosity than CMC. At IDDSI level 2, the three gums did not differ
significantly in perceived viscosity, but guar gum had the lowest perceived viscosity, followed by
xanthan gum and CMC. At IDDSI level 3, guar gum had significantly lower perceived viscosity
than both xanthan gum and CMC.
For ease of swallowing at level 1 and 2, the rating for xanthan gum was significantly lower
than CMC, with guar gum ranked in the middle and not differing significantly from the other two
gums. At level 3, CMC was again rated the most difficult to swallow, followed by xanthan gum,
and guar gum was rated significantly lower than CMC.
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The principal component analysis, shown in Figure 4.10, gave further information about
the relationship between the attributes, the types of gums, and their viscosity levels. Factor 1 of
the biplot accounted for 92.42% of the variance, and this was influenced primarily by sample
viscosity. On the other hand, factor 2 only accounted for 5.4% of the variance, and this was likely
influenced by type of gum. The biplot showed that slipperiness was mostly influenced by the type
of gum, while perceived viscosity and ease of swallowing were influenced by the viscosity of the
samples.

Biplot (axes F1 and F2: 97.87%)
1.5

xan3
1

slipperiness

guar3 cmc3

F2 (5.4%)

0.5

xan2
guar2

0

cmc2

viscosity
ease of swallowing

-0.5

cmc1
guar1
xan1

-1

-1.5
-1.5

-1

-0.5

0

0.5

1

1.5

F1 (92.42%)

Figure 4.10. Principal component analysis of trained panel data looking at the effect of samples
on attributes of slipperiness, viscosity, and ease of swallowing (n=40, 10 panelists, 4 sessions)

4.4. Discussion
The purpose of this research was to identify connections between slipperiness, perceived
viscosity, and ease of swallowing, and instrumental measurements for thickened liquid samples
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thickened to different IDDSI levels and matched for apparent viscosity at 50 s-1. For all three
attributes, the differences observed between the samples were driven by thickness level. Although
samples were matched to the same apparent viscosity, some of the ratings of the attributes differed
significantly within the same IDDSI level. It should be noted that the mean apparent viscosities at
each of the IDDSI levels differed slightly, but the samples at each level had overlapping confidence
intervals (Table 4.2.). However, based on previous studies on perceived viscosity discrimination
of thickened liquids (Smith et al. 1997; Smith et al. 2006; Steele, James, et al. 2014), it is unlikely
that the differences in the sample apparent viscosity were significant enough to drive the
differences observed in the rating of the attributes.
Slipperiness was originally hypothesized to be related to the shear-thinning behaviour of
the gums, as this has been reported in other similar research (Szczesniak and Farkas 1962;
Richardson et al. 1989; Vickers et al. 2015). However, this pattern was only the case for IDDSI
level 3, where xanthan gum, which has the most shear-thinning behaviour, also had the highest
slipperiness. At the other two levels, the slipperiness rating for xanthan gum was lower than the
other gums. From the principal component analysis, it was seen that slipperiness was not only
influenced by the type of gum, which reflects the shear-thinning behaviour of the gums, but also
the viscosity of the liquids. For IDDSI levels 1 and 2, CMC, which was perceived as most viscous,
was also perceived as the most slippery. However, at IDDSI level 3, xanthan gum was perceived
significantly more slippery than CMC and guar gum even though it was not significantly different
from CMC in perceived viscosity.
The relationship between slipperiness and viscosity level has been noted by other
researchers. Kokini et al. (1977) described slipperiness as a mixture of frictional and viscous
components. Therefore, because slipperiness is related to lubrication in the mouth, there is a
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reduction in friction with more viscous fluids. Further confirming this theory, Malone et al. (2003)
suggested that the immobile lubrication layer stops the surfaces from contacting, so more viscous
products would have a greater effect at reducing turbulent flow in the contact zone, thus reducing
drag. This phenomenon was also seen in this research, where the ratings for slipperiness in IDDSI
level 1 were lower than those in level 2, which were likewise lower than those in level 3. From the
data, it is suggested that below a certain viscosity level, perceived slipperiness is dependent on
viscosity of the liquids, but above that threshold, the slipperiness of the samples becomes
dependent on the shear-thinning behaviour of the liquids.
Unlike slipperiness which was influenced primarily by the type of gum, both perceived
viscosity and ease of swallowing were highly related to the viscosity levels of the gums. For these
attributes, ratings of the gums at each level were always significantly higher than those of a
previous level. However, within the same IDDSI level, panelists were still able to distinguish
between some of the gums.
For perceived viscosity, both the magnitude estimation scaling and trained descriptive
panels found differences between gums in the same IDDSI level. The purpose of magnitude
estimation scaling was to gain a preliminary understanding of the viscosities of the gums, based
on panelists’ own understanding of viscosity. In addition, during magnitude estimation scaling,
panelists evaluated the samples from sample cups, while the trained panelists evaluated the
products with spoons, so the data from the two tests were not expected to correspond exactly.
Nevertheless, panelists in both sensory tests rated CMC as significantly more viscous than guar
gum in levels 1 and 2, and they rated xanthan gum as significantly more viscous than guar gum in
level 3. However, the individual rankings for the gums at each IDDSI level were different, and
they did not correspond well to instrumental apparent viscosities at any shear rate.
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In fact, only perceived viscosity ratings for IDDSI level 1 could be related to instrumental
apparent viscosity. At IDDSI level 1, CMC was evaluated to be the most viscous, followed by guar
gum, and then xanthan gum. This pattern corresponded to the apparent viscosities of the gums at
shear rates higher than 50 s-1, which suggests that a more appropriate oral shear rate for liquids
thickened to IDDSI level 1 is higher than 50 s-1. On the other hand, the gums at IDDSI levels 2
and 3 did not follow any definable pattern. At level 2, the gums were not perceived to be
significantly different from each other. At level 3, both CMC and xanthan gum were rated
significantly higher than guar gum, and this did not follow patterns from the apparent viscosity
measurements.
As evidenced by the different patterns in the ranking of the gums at each of the IDDSI
levels, panelists were using different mechanisms to evaluate the samples at each IDDSI level.
During training, panelists were asked to evaluate sample viscosity both by slurping from a spoon
and by how it flowed in the mouth, and the discrepancy between the levels could be a result of the
evaluation methods that panelists used. Houska et al. (1998) found that the shear rates predicted
for viscosity perception by manipulating samples orally was higher than that of slurping the
products. Thus, panelists could have been relying more on oral manipulation for the lower
viscosity products, and then a mixture of the two tests with the higher viscosity levels. Another
explanation for the difference could be different thickness levels of the products, which has been
shown to affect oral shear rate (Parkinson and Sherman 1971; Shama and Sherman 1973).
Nevertheless, what can be concluded is that perceived viscosity could not be related to a single
oral shear rate, and this is likely because there are many factors that play a role in determining the
perceived viscosity of a product.
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Unlike perceived viscosity, ratings of ease of swallowing maintained a constant pattern
across all three IDDSI levels, where CMC was always rated as the most difficult to swallow, and
at levels 1 and 2, xanthan gum was rated as easier to swallow than guar gum. However, at IDDSI
level 3, xanthan gum was rated as more difficult to swallow than guar gum. Nevertheless, the
ratings of ease of swallowing for guar gum and xanthan gum were not significantly different for
level 3.
Based on the rheological data of the samples, CMC displayed less shear-thinning behaviour
as compared to xanthan gum and guar gum. Thus, at higher shear rates, the rate of decrease in the
viscosity of the gum was not as prominent as that of xanthan gum and guar gum. This translates to
CMC having a higher viscosity than xanthan gum and guar gum at higher shear rates, and since
CMC had a higher viscosity than the other gums at shear rates above 50 s-1, this suggests that the
swallowing shear rate is also higher than 50 s-1. Such a shear rate corresponds with other research
on swallowing shear rate. Yamagata et al. (2012) proposed that 100 s-1 was the optimal shear rate
for measuring swallowing in elderly patients, and this was corroborated by Zhu et al. (2014) who
found that 120 s-1 was the shear rate dominant in the upper pharynx. Other researchers have
suggested pharyngeal shear rates up to 400 s-1 for thin liquids like water, but this is likely to
decrease for liquids at higher viscosities (Meng et al. 2005; Brito-de la Fuente et al. 2012). It had
been reported that there was no single oropharyngeal shear rate, as both bolus viscosity and
lubrication of samples could affect the shear rate (Nicosia 2013). This could explain why xanthan
gum was more difficult to swallow than guar gum at level 3, as xanthan gum had the highest
perceived viscosity at this level, and higher viscosity products are more difficult to swallow (Seo
et al. 2007; Steele, Molfenter, et al. 2014).

76

4.5. Conclusions
This study evaluated the sensory properties of gums of different shear thinning behaviour
that were matched for apparent viscosity at 50 s-1 in an attempt to further the understanding on the
connections between sensory characteristics and instrumental measures. Slipperiness was found to
be affected at low viscosity levels, but at higher levels, the type of gum drove the sensation of
lubrication. It is proposed that product characteristics become more important at higher viscosity
levels, but the threshold at which they become dominant will need to be determined with further
research.
Although samples were matched for apparent viscosity at 50 s-1, panelists could still
perceive significant differences between the gums within a thickness level for the attributes of
perceived viscosity and ease of swallowing. This suggests that 50 s-1 may not be an appropriate
estimation of either of those shear rates. A single oral shear rate could not be determined to predict
perceived viscosity, and it is hypothesized that panelists may use different methods for evaluating
oral perceived viscosity at different viscosity levels. As such, a single rheological measurement
may not be sufficient to predict perceived viscosity. This study also showed that 50 s-1 is too low
of an estimation for the swallowing shear rate, and this was seen at all three IDDSI levels tested.
Although a shear rate above 50 s-1 is suggested to represent the swallowing shear rate, this will
likely be affected by sample viscosity, and it is unlikely that a single shear rate can be applicable
for products of all viscosities.
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Chapter 5. General Discussion and Conclusions
The purpose of this research was to gain a better understanding of the sensory
characteristics of liquids thickened to the International Dysphagia Diet Standardisation Initiative
(IDDSI) guidelines, and to see if these sensory characteristics could be related to rheological
measurements. While the knowledge of sensory characteristics is important to ensure the
acceptance and safety of products used in dysphagia management, rheological testing is often used
as a measure of viscosity in place of sensory evaluation. Therefore, rheological properties of
thickened liquids were also characterized to try to correlate perceived sensory textures to
instrumental measures.
The first objective of this research was to characterize the sensory properties of liquids
thickened with xanthan gum and cornstarch in both non-barium and barium mediums, when they
were thickened according to levels specified by the IDDSI framework. Xanthan gum and
cornstarch were chosen as they are commonly used thickeners for dysphagia management.
Products were characterized with and without barium sulfate to see the effect of the radiographic
agent, which is used in dysphagia diagnosis, on the sensory characteristics of the products. Sensory
characteristics were identified through projective mapping and ultra-flash profiling, and then
further characterized through trained descriptive analysis panels. Finally, the apparent viscosities
of the samples were also measured at a shear rate of 50 s-1.
Projective mapping and ultra-flash profiling identified the important attributes of the nonbarium samples as sweet, sour, lemon (due to the flavor/taste of the water), graininess, slipperiness,
adhesiveness, perceived viscosity, ease of manipulation, and ease of swallowing. For the barium
samples, the important attributes identified were sweet, bitter, strawberry (due to the flavor/taste
of the barium), chalkiness, slipperiness, adhesiveness, perceived viscosity, and ease of
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manipulation. Although attributes were slightly different in non-barium and barium samples, the
attributes from both sets of samples could be grouped similarly using results from the trained
descriptive panels, and three categories of attributes were identified, namely the taste and flavor
attributes, thickener specific attributes, and thickness related attributes.
Taste and flavor attributes were sweet, sour, bitter, lemon, and strawberry, and their
presence in the samples depended on the medium being thickened. These attributes decreased in
intensity with increasing thickness level. Thickener specific attributes were attributes associated
with the thickener type, and these were graininess and chalkiness for non-barium and barium
cornstarch samples respectively, and slipperiness for the xanthan gum samples. Finally, thickness
related attributes included adhesiveness, perceived viscosity, ease of manipulation, and ease of
swallowing. This group of attributes was affected by both the medium being thickened and the
type of thickener used, and they did not relate well to the apparent viscosity measurements. For
the non-barium samples, the perceived viscosities of xanthan gum were lower than those of the
cornstarch samples even though they had similar apparent viscosities at 50 s-1. On the other hand,
thickness related attributes of xanthan gum and cornstarch had similar ratings, but the apparent
viscosities of cornstarch samples were higher than those of the xanthan gum samples.
The second objective of this research was to characterize the sensory properties of liquids
thickened with xanthan gum, guar gum, and carboxymethyl cellulose to the levels specified IDDSI
framework and matched for apparent viscosity at 50 s-1. This would give more information on
whether 50 s-1 is an appropriate estimation for the oral shear rate, or if a better model exists.
Xanthan gum, guar gum, and carboxymethyl cellulose were chosen as thickeners due to their
different shear-thinning behavior, so that when they were matched for apparent viscosity at 50 s-1,
they had different apparent viscosities at other shear rates. Based on the results of the previous
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experiment, the attributes characterized were slipperiness, perceived viscosity, and ease of
swallowing. Slipperiness was chosen as a marker for the type of thickener. Although perceived
viscosity and ease of swallowing were both thickness related attributes, they were characterized to
see if a difference exists between the oral and swallowing shear rates. Sensory characteristics were
characterized through magnitude estimation scaling and trained descriptive analysis panels, and
rheological measurements were taken at shear rates of 1 to 1000 s-1.
Slipperiness was found to be affected both by the type of thickener and the level of
thickness. At lower levels of thickness, the level of thickness was most influential on the level of
perception, but at higher levels of thickness, slipperiness perception was influenced by the shearthinning behaviour of the gums. Although not the focus of the first experiment, this similar pattern
was also observed among the slippery ratings of the xanthan gum and cornstarch thickened liquids
outlined in chapter 3. For perceived viscosity, while the gums were matched for apparent viscosity
at 50 s-1, panelists were still able to perceive differences in the gum viscosities. Nevertheless,
perceived viscosity ratings could not be related to the apparent viscosities at any shear rate. Thus,
it is proposed that 50 s-1 may not be a good representation of the oral shear rate, and that there may
not be a single oral shear rate that operates in the oral cavity. Finally, panelists were also able to
perceive difference in the ease of swallowing of the samples, suggesting that 50 s-1 is also not a
good representation of the swallowing shear rate. The ratings for ease of swallowing followed the
pattern of apparent viscosities of the samples at shear rates above 50 s-1, so it suggested that a more
ideal swallowing shear rate would be higher than 50 s-1.
The findings of this research can be summarized into two main conclusions. Firstly, that
liquids thickened to IDDSI guidelines can be distinguished via their sensory characteristics, and
that these sensory characteristics can be divided into three major categories of taste and flavour
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attributes, thickener specific attributes, and thickness related attributes. Secondly, that the current
standard of 50 s-1 is not a good indicator of either swallowing or oral shear rates; ease of
swallowing may be able to be correlated to apparent viscosity at shear rates above 50 s-1, but
perceived viscosity is likely perceived at more than one shear rate.
While this research answered the questions put forth in the objectives, the results also raised
several new questions. In the first objective, the perception of thickness related attributes was
found to differ between non-barium and barium mediums, and this was proposed to be a result of
the density differences between the two samples. Further research could expand upon this
hypothesis and look at the effect of density on thickness related attributes. A comparison could be
made between samples matched for apparent viscosity with different densities, and those matched
with the IDDSI syringe test, which is said to account for the effects of density. Slipperiness was
found to be affected by both thickness level and shear thinning behaviour of the gums, but the
latter factor only had an effect at higher thickness levels. More research can be done to identify
the level of thickness where slipperiness is more affected by the shear-thinning qualities of the
gums than the lubrication provided by the viscosity. Finally, as this research was not able to
identify a specific shear rate that correlated the apparent viscosities of the gums with their
perceived viscosities or ease of swallowing, future research could try to identify this gap. The
swallowing shear rate is proposed to be higher than 50 s-1, and future experiments could run
measure the ease of swallowing for liquids matched at higher shear rates.
Overall, this research provided more information about the sensory characteristics of
liquids thickened to IDDSI guidelines and how they could be related to rheological properties.
Further research in this field can be useful for understanding oral processing, and it would help to
ensure that new thickeners are both palatable and safe for consumers.
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Appendix A. Detailed training procedure for trained panel
Day 1: Panelists tasted all nine samples and described major attributes that appeared. Definitions and
techniques for quantifying these attributes were then discussed, and appropriate references selected.
Day 2: Panelists learned to rate the three tastes (sweet, bitter/sour) and flavour (strawberry/lemon)
attributes. Five levels of references were given for the taste attributes, while only four were given for the
flavour attribute. These references represented a range from 0 to 15 on the line scale, where 0 represented
no presence of the attribute, and 15 represented a high intensity of the attribute. Panelists were also
provided with marked samples of the 0, 7.5, and 15 of each attribute. Panelists were first instructed to
rank the references from lowest to highest intensity of the attribute, and then they were asked to give a
rating for each reference based on the given references. Ratings were done on paper with a 15 cm line
scale, and rulers were provided. During the session, panelists could discuss their ratings, and each panelist
was required to come to an agreement with the group by the end of the session.
Day 3: Panelists practiced rating the thickened liquids for the three previously learned attributes. Panelists
were presented with six samples total, but they rated them three at a time. Panelists were provided with
the references to represent maximum (15) and half (7.5) intensity for each attribute. After all panelists had
finished rating the first three samples, all panelists gave their ratings for each attribute, and the ratings
were discussed as a group. At the end of the discussion, all panelists were required to come to an
agreement with the group. Following the discussion, panelists rated the next three samples, and were
permitted to use the previously agreed upon values from the first three samples as a guide. One sample
from the first set was repeated in the second set to track panelist performance.
Day 4: Panelists learned to rate two texture attributes (adhesiveness, chalky/grainy) and continued to
practice rating on the samples. Five levels of references were given for each texture attribute, and the
training procedure was identical to that of Day 2. After learning the attributes, panelists practiced rating
all five attributes on five samples of thickened liquids. One of the samples from day 3 was repeated to
track panelist performance.
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Day 5: Panelists practiced rating the thickened liquids for the five previously learned attributes. Panelists
were presented with nine samples total, but rated them in sets of four and five. The rating procedure was
identical to that of Day 3.
Day 6: Panelists learned to rate the remaining three or four texture attributes (slippery, viscosity, ease of
manipulation, ease of swallowing). For these attributes, the thickened liquid samples were used as the
references. For each attribute, panelists first ranked the samples from lowest to highest intensity of the
attribute, then they were asked to give a rating for each sample. The lowest ranked sample represented the
0 while the highest ranked sample represented 15 on the 15 cm line scale. During the session, panelists
discussed their ratings, and each panelist was required to come to an agreement with the group by the end
of the session.
Day 7: Panelists practiced rating all the thickened liquids for all the attributes in sensory booths. Panelists
were provided with references to represent maximum (15) and half (7.5) intensity for each attribute. The
sensory test was also programmed to provide feedback calibration to the panelists as they were rating the
attributes.
Day 8: Panelists practiced rating all the thickened liquids for all the attributes in sensory booths. Panelists
were provided with references to represent maximum (15) intensity for each attribute. The sensory test
was also programmed to provide feedback calibration to the panelists as they were rating the attributes.
Day 9: Panelists practiced rating all the thickened liquids for all the attributes in sensory booths. Panelists
were no longer provided with any references, but the sensory test was still programmed to provide
feedback calibration to the panelists as they were rating the attributes.
Day 10: Panelists practiced rating all the thickened liquids for all the attributes in sensory booths.
Panelists were provided neither with references nor feedback calibration.
Day 11-14: Data collection – panelists rated all the thickened liquids for all the attributes in sensory
booths. Panelists were provided neither with references nor feedback calibration.
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Appendix B. Mixed model analysis of variance on the effect of thickener and level of
thickness on the sensory attributes of thickened liquids without barium sulphate

Attribute

Source

Thickener
Sweet
Panelist
Thickener*Panelist
Thickener
Sour
Panelist
Thickener*Panelist
Thickener
Lemon
Panelist
Thickener*Panelist
Thickener
Adhesiveness Panelist
Thickener*Panelist
Thickener
Graininess
Panelist
Thickener*Panelist
Thickener
Slipperiness
Panelist
Thickener*Panelist
Thickener
Viscosity
Panelist
Thickener*Panelist
Thickener
Ease of
Panelist
Manipulation
Thickener*Panelist
Thickener
Ease of
Panelist
Swallowing
Thickener*Panelist

Numerator
DF
8
10
80
10
8
80
8
10
80
8
10
80
8
10
80
8
10
80
8
10
80
8
10
80
8
10
80

Denominator
DF
24
30
240
24
30
240
24
30
240
24
30
240
24
30
240
24
30
240
24
30
240
24
30
240
24
30
240

F Value

Pr > F

15.83
3.76
3.33
35.90
7.98
2.49
17.36
14.08
1.93
4350.34
1.04
2.99
192.71
3.01
4.10
266.95
4.79
4.34
1129.91
8.18
4.28
949.10
8.52
5.22
641.53
10.37
10.39

<.0001
0.0023
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
0.4380
<.0001
<.0001
0.0092
<.0001
<.0001
0.0004
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
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Appendix C. Mixed model analysis of variance on the effect of thickener and level of
thickness on the sensory attributes of thickened liquids with barium sulphate

Attribute
Sweet

Bitter

Strawberry

Adhesiveness

Chalkiness

Slipperiness

Viscosity
Ease of
Manipulation

Source
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist
Thickener
Panelist
Thickener*Panelist

Numerator
DF
8
11
88
8
11
88
8
11
88
8
11
88
8
11
88
8
11
88
8
11
88
8
11
88

Denominator
DF
24
33
264
24
33
264
24
33
264
24
33
264
24
33
264
24
33
264
24
33
264
24
33
264

F Value

Pr > F

19.33
9.14
2.94
3.07
32.68
2.56
11.44
7.10
1.27
728.99
14.56
23.45
47.54
10.67
4.75
588.53
6.63
18.60
519.60
5.07
8.20
1268.39
14.93
7.74

<.0001
<.0001
<.0001
0.0158
<.0001
<.0001
<.0001
<.0001
0.0801
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
0.0001
<.0001
<.0001
<.0001
<.0001
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Appendix D. Kendall’s coefficient of concordance for ordinal response for sensory
attributes thickened liquids without added barium sulfate, looking at the interaction
between thickener and panelist where H0=values are not concordant
Attribute
Sweet
Sour
Lemon
Adhesiveness
Graininess
Slipperiness
Viscosity
Manipulation
Swallowing

Coefficient of
Concordance
0.39447
0.71817
0.59612
0.94353
0.81126
0.80937
0.94518
0.95647
0.88926

F Value

Numerator DF

Denominator DF

Pr > F

6.514
25.48
14.76
167.1
42.98
42.46
172.4
219.7
80.3

7.81818
7.81818
7.81818
7.81818
7.81818
7.81818
7.81818
7.81818
7.81818

78.1818
78.1818
78.1818
78.1818
78.1818
78.1818
78.1818
78.1818
78.1818

<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

Appendix E. Kendall’s coefficient of concordance for ordinal response for sensory
attributes thickened liquids with added barium sulfate, looking at the interaction between
thickener and panelist where H0=values are not concordant
Attribute
Sweet
Bitter
Strawberry
Adhesiveness
Chalkiness
Slipperiness
Viscosity
Manipulation

Coefficient of
Concordance
0.60812
0.17595
0.33930
0.80231
0.45587
0.71850
0.88968
0.92083

F Value

Numerator DF

Denominator DF

Pr > F

17.07
2.349
5.649
44.64
9.216
28.08
88.71
127.9

7.83333
7.83333
7.83333
7.83333
7.83333
7.83333
7.83333
7.83333

86.1667
86.1667
86.1667
86.1667
86.1667
86.1667
86.1667
86.1667

<.0001
0.0255
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
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Appendix F. Mixed model variance analysis on the effect of level and type of gum on the
sensory attributes of thickened liquids as analyzed by a trained panel (n=40; 10 panelists, 4
sessions)
Attribute

Source
Numerator DF
Denominator DF F Value Pr > F
Level
2
267
1136.48 <.0001
Gum
2
267
23.2
<.0001
Ease of
Level*Gum
4
267
2.75
0.0285
Swallowing
Panelist
9
267
11.2
<.0001
a
Panelist*Sample 72
267
3.06
<.0001
Level
2
267
639.64 <.0001
Gum
2
267
4.27
0.0149
Slipperiness
Level*Gum
4
267
12.12
<.0001
Panelist
9
267
8.32
<.0001
Panelist*Samplea 72
267
5.35
<.0001
Level
2
267
1116.42 <.0001
Gum
2
267
15.4
<.0001
Viscosity
Level*Gum
4
267
5.2
0.0005
Panelist
9
267
25
<.0001
Panelist*Samplea 72
267
4.06
<.0001
a
Kendall Tau’s test of concordance was run for the ordinal response looking at the
interaction between samples and panelists, and all panelists were found to be concordant
(P<.0001; F = 128.8, 52.5, 70.2 for ease of swallowing, slipperiness, and viscosity
respectively)
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