
Time-Dependent Rheology of Starch Thickeners and the Clinical

Implications for Dysphagia Therapy

Richard J. Dewar, MSc, and Malcolm J. Joyce, PhD

Engineering Department, Lancaster University, Lancaster, United Kingdom

Abstract. The viscosity of nonsolid foods and the
stability of their viscosity over time is critical in
managing dysphagia. The time-dependent viscosity of
liquids thickened with starch-based thickeners was
measured at constant temperature and shear rate.
Viscosity was measured between 30-min intervals of
rest (zero shear) over a period of 17 h at 20.0�C. Two
common types of thickeners were evaluated: maize-
based and maltodextrin-based (the latter commonly
used in pediatrics). The maize-based thickeners
undergo a significant decrease in viscosity over the
initial 1–4 h following preparation. The maltodextrin-
based thickener�s viscosity increases significantly
30 min following preparation and is then more stable
over time than its maize-based equivalent. These
findings suggest that the success of current dysphagia
therapies that use thickeners could be influenced by
the time-dependent nature of thickened fluid viscos-
ity. Acknowledgment and appropriate selection of
the thickener type is shown to be of great importance.
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Dysphagia is a common but relatively short-lived
complication of a cerebrovascular accident and can
occur on a chronic basis in many neurodegenerative
diseases. Dysphagia that is present immediately fol-
lowing a stroke is found to resolve in half of all
patients, although a small number of patients in

whom dysphagia persists for more than three weeks
generally have a less favorable outcome [1]. The
condition occurs in as many as 60% of stroke patients
[2] and can lead to dehydration, malnutrition, and
most notably pulmonary aspiration [3, 4]. Aspiration
aids the transport of pathogenic bacteria into the
lungs and can lead to aspiration pneumonia [5, 6].
Numerous respiratory problems have been related to
aspiration [7]. Dysphagic patients have difficulty
swallowing fluids and often have their fluids thick-
ened with a starch-based thickener as part of pre-
scribed therapy. Exclusive oral consumption,
however, can lead to inadequate hydration along with
malnutrition when foods are rejected and it is one of
the most long-standing and pressing problems in
nursing homes. Kayser-Jones et al. [8] found that
only one nursing home resident out of 40 consumed
an adequate amount of liquids when on an oral diet.
Elderly people who do not receive adequate fluids are
more susceptible to urinary tract infections, pneu-
monia, renal failure, decubitus ulcers, and confusion,
disorientation, and delirium, which are often mis-
identified as dementia. In addition, life-threatening
electrolyte imbalances (i.e., hypernatremia and hy-
perkalemia) can occur. Finestone et al. [9] illustrated
that dysphagic stroke patients receiving thickened
fluid diets failed to meet their fluid requirements
compared with patients on enteral feeding and
intravenous fluid regimens. These reports highlight
the problems with not only the fluid being too thin
but also too thick.

It has been reported using electromyography,
manometry, and videofluoroscopy techniques [10–13]
that prolonged transit times and co-occurring pro-
longation of floor-of-mouth muscle contraction and
pharyngeal manometric events occur with higher vis-
cosity items. Fluids that travel more slowly through
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the oral cavity, because of their higher viscosities,
provide the patient with additional time in which to
prepare for pharyngeal swallow onset [14].

This work examines the time dependence of
viscosity for two general classes of starch-based
thickeners at room temperature (20.0�C). The two
classes are pure maize starch and maltodextrin in the
presence of a nonionic polysaccharide (carob bean
gum/guar gum). Maltodextrins are produced by the
enzymatic degradation of starch. It is widely known
within the food industry that nonstarch hydrocolloids
such as carob bean gum exhibit many functions to
control resistance to flow (viscosity) and textural
properties of foods and help to maintain overall
product quality during storage [15]. This article
investigates these two types of thickener by moni-
toring viscosity over several hours when the fluid is
allowed to stand undisturbed.

Background

On a clinical basis the viscosity of thickened fluids is
often judged subjectively and described using terms
such as syrup or honey. It is vital that drinks of the
correct viscosity are prepared consistently, because
too low a viscosity may travel faster into the pharynx
and may be more likely to enter the airway before
protective mechanisms of the swallow can be initi-
ated. Too high a viscosity is generally rejected by
patients and can lead to malnutrition and dehydra-
tion. It is thought that in some patients a high vis-
cosity and hence increased transit time can increase
the likelihood of aspiration. Miller and Watkin [17]
and Goulding and Bakheit [18] illustrated that a high-
viscosity fluid can also aggravate swallowing, possi-
bly because it increases the force required by the
tongue to move the bolus and may worsen dysphagia.
Therefore, it is clear that the viscosity must be precise
to a certain degree.

Starch is the key ingredient in providing the
desirable viscous characteristics of food products [19]
and is ideal as a thickening agent. Starch granules are
semicrystalline particles composed of a mixture of
two polysaccharides, amylose and amylopectin. In
solution these two polysaccharides associate via
hydrogen bonds either directly or through hydrate
bridges, forming semicrystalline molecular aggregates
of amylopectin and amorphous areas of amylose [20].

Because starch gels absorb water from the
solution into their starch granules (water imbibition)
[21] and rely upon the formation of hydrogen bonds
for structure, it is understandable that their viscosity is

often extremely time dependent. As mentioned, starch
pastes and gels are composite materials whose rheo-
logic properties are determined by interactions be-
tween the swollen starch granules (dispersed phase)
and the continuous viscous matrix [23–25]. The rheo-
logic time-dependent characterization of starch foods
establishes relationships between structure and flow
and allows correlation with sensory evaluation [26].

Methods

All experiments were performed on a Brookfield concentric cylin-

der R/S rheometer using a double-gap concentric cylinder attach-

ment (Carl Stuart Ltd., UK). The rheometer was programmed

using Brookfield RHEO 2000 software via a networked PC.

Temperature was controlled by a Lauda Eco Line RE204 com-

puter-controlled circulator at a constant 20.0�C for all experiments.

Four different brands of thickener of varying composition were

used. S1 (Hormel Thick and Easy) is 99.2% maize, 0.4% surcrose,

0.3% glucose, and 0.1% maltose. S2 (Nutricia Nutilis) and S3

(Sutherlands Health Ltd Thixo-D) are both 100% maize, yet S3 is a

finer powder (granules are of a smaller size). S4 (Cow and Gate

Instant Carobel) is 64% maltodextrin, 35% carob bean gum, and

1% calcium lactate.

Sample Preparation

Each solution was made by adding 0.5, 1, 1.5, 2, or 2.5 g (±0.0005

g) of the corresponding commercial starch thickener to 50 ml

(±0.08 ml) of ordinary tap water that had been filtered using a

commercially available water filter. This produced 1%, 2%, 3%, 4%,

and 5% (w/v), respectively. Deionized water was not used because it

is not consistent with real-life applications of the thickener.

Throughout this article, ‘‘concentration’’ refers to the number of

grams in 50 ml of water. All solutions were made by mixing the

powdered starch into the water for 30 s at an approximate shear

rate of 50 s)1 (analogous to gentle stirring) at room temperature

(21–22�C). The solutions were allowed to stand for 5 min before

being stirred at a similar shear rate for 30 s. The samples were

placed in the rheometer and experiments started once the temper-

ature had equilibrated to 20.0�C.

Experimentation

In dysphagia therapy thickened liquid solutions are often left at the

bedside for hours with sporadic consumption. Therefore, it is

important to determine how a thickened fluid�s viscosity changes

over time with zero shear. The rheometer was programmed to

measure the viscosity of the solution every 30 min at a constant

shear rate and temperature over several hours. Each sample was

subjected to a short period of shear followed by a long rest interval.

The shear period was 30 s at a shear rate of 30 s)1 (this is analogous

to gentle swirling or pouring [26], which is synonymous with the

patient disturbing the fluid while consuming it and, therefore, is

pertinent to the level of shear experienced by the fluid at bedside).

Viscosity measurements were taken after the sample had been

sheared for 10 s to avoid static yield stress or ‘‘startup flow.’’ The

static yield stress is the stress needed to overcome the gelled

structure to initiate flow. Startup flow is when a shear stress
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produced by sudden imposition of shear rate on a viscoelastic fluid

displays an initial overshoot before reaching a steady state value

[27]. Shearing the sample before measurements avoids these

complications. A mean average was taken for the remaining 20 s of

measurement. A rest period of 30 min was allowed before the next

measurement. This experiment was performed for 17 h.

Results

Figure 1a-c is a selection of plots of time versus
apparent viscosity (the viscosity of a fluid measured
at a given shear rate at a fixed temperature; for a
viscosity measurement to be meaningful, the shear
rate must be stated or defined) for three thickener
brands commonly used in dysphagia therapy. These
are maize-based thickeners (S1, S2, and S3) and all
behaved in a similar manner to each other. The
maize-based thickeners generally exhibit an initial
decrease in viscosity followed by a steady increase,
which can be approximated to an inverse exponential,
the shape of which resembles a smoothed tick. All the
graphs are important for dysphagia therapists and
patients. Figure 1a shows a viscosity decrease of 33%
(16 cP) and 18% (16 cP) for the 1.0- and 1.5-g sam-
ples, respectively, over the first 30 min, and a peak
decrease of 42% and 50%. Figure 1b shows a vis-
cosity decrease of 18% (2.5 cP) and 20% (10 cP) for
0.5- and 1.0-g samples, respectively, and a peak de-
crease of 21% and 36%.

The maltodextrin-based thickener (S4), com-
monly used in pediatrics, behaved significantly dif-
ferently compared with the maize-based thickeners.
The viscosity increased dramatically over the first 2 h
and in some cases doubled after 30 min. After 4 h the
viscosity plateaued and did not change with time.

Figure 2 is a selection of the data for the
maltodextrin-based thickener S4, along with a fitted
curve based on the model:

g ¼ A� Be�Ct ð1Þ

where t is time in hours, and A, B, and C are
parameters. A indicates the plateau viscosity in cP,
B is the range of viscosity change (initial to plateau),
and C is inversely proportional to the time taken for
the plateau to be reached. Table 1 presents the
parameter values for the model for five different
concentrations.

Discussion

Within dysphagia therapy the required precision for
these fluids is ambiguous. Smith et al. [28] attempted
to draw boundaries on the perception of viscosity

Fig. 1. Selection of graphs of discrete time versus viscosity for the

maize-based thickener (S1, S2, and S3) at 20.0�C. These plots were

chosen because they are of the middle-viscosity category, which is a

commonly prescribed viscosity.
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differences. The proposed boundaries of National
Dysphagia Diet (NDD) are more widely used and are
defined in Table 2. Although Steele and Van Lieshout
[29] have shown that for healthy individuals tongue
behaviors do not vary significantly in their movement
characteristics across swallows of liquids ranging
from 5 to 785 cP, the decrease in viscosity over the
first 2 h for the maize-based thickeners, shown in
Figure 1, is enough to shift the fluid to the lower
NDD-defined category. This may have implications

for cases where maintaining the upper category is
important, especially dysphagic patients for whom
viscosity tolerance is highly fragile. There is, however,
no empirical evidence regarding swallowing function
to support the NDD-defined boundaries.

It is common for tens of minutes up to hours
to elapse before fluids are consumed. Therefore, the
30-min period in which the viscosity substantially
decreases may leave the patient susceptible to the
effects of this lower viscosity, which is conventionally
assumed to be pulmonary aspiration. After an initial
decrease in viscosity all the samples increased in vis-
cosity. This gradual increase in viscosity is consistent
with ‘‘syneresis.’’ Syneresis is the venting of the liquid
component of a gel, i.e., in this case water being
squeezed out of the matrix due to the formation of
more and more hydrogen bonds.

The pure finer maize (S3) shown in Figure 1c
was less dynamic and showed no significant decrease
in viscosity. The maltodextrin-based thickener (S4)
may appear more satisfactory from a therapist�s
point of view in that there is no decrease in vis-
cosity, which may indicate why it is used more
commonly in pediatrics. However, as we have al-
ready mentioned, too thick a fluid can be just as
problematic as too thin a fluid. Figure 2, in contrast
to the maize data, shows that over the initial 30 min
the viscosity increases by more than 100%. For most
patients this increase in viscosity will not risk pul-
monary aspiration, although it may worsen the
condition or exacerbate malnutrition and dehydra-
tion as a result of the fluid being rejected [21, 22].
Clearly, for fluids at room temperature it is advis-
able to wait 0.5–1 h if the viscosity is required to
stabilize.

Table 1 shows the parameter values for the
exponential model in Eq. (1) when fitted to the S4
data. Parameter A increases consistent with an
exponential with increasing concentration, as would
be expected since this represents the plateau viscosity
(g¥). An empirical relationship linking parameter A
and, therefore, g¥ (in cP) to the thickener concen-
tration is shown in Eq. (2).

g1 ¼ 250g3 ð2Þ
where g is the concentration of the thickener fluid
(grams in 50 ml of water). This can be rewritten in
terms of weight by volume (w/v) to give a more
generic and practical equation:

g1 ¼ 31:7ðw=vÞ3 ð3Þ
where (w/v) is the percentage weight by volume.

Fig. 2. Selection of data for viscosity versus time for S4 at 20.0�C.

Table 1. Parameter values for model shown in Eq. (1) along with
goodness of fit (vv

2) for different concentrations of S4 thickener

Concentration

Parameter 0.5 g 1.0 g 1.5 g 2.0 g 2.5 g

A (cP) 32 249 932 2070 4110

B (cP) 8 144 491 233 889

C (s)1) 0.4 1.9 2.9 3.4 4.1

vv
2 2.7 0.7 6.2 1.6 0.7

Table 2. Viscosity boundaries defined for dysphagia by the
National Dysphagia Diet at a shear rate of 50 s)1

Consistency term Subcategory Viscosity (cP)

Thick High 1750+

Low 351+

Medium High 350+

Low 51+

Thin High 50+

Low 1+
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The parameter B increases consistent with a
linear model and indicates that with increasing con-
centration the degree of temporal change increases.
Relative comparisons indicate indicate that B_Rel (B/
A) remains constant. C increases linearly and in-
dicates that the time taken for the plateau to be
reached decreases linearly with increasing concentra-
tion. Figure 3 shows the increase in C with increasing
concentration.

The parameter C is important to therapists.
For thicker S4 fluids, waiting a short time (<1 h)
would radically improve the viscosity stability of the
fluid. For thinner fluids, the viscosity during this time
is likely to be highly dynamic.

Table 3 compares the viscosities of the maize
and maltodextrin-based thickeners. It is clear that the
maltodextrin-based thickener yields a substantially
higher viscosity for equal mass than a maize-based
thickener, particularly for the more concentrated
samples, which are approximately a factor of 10

higher. This is most notably a result of the addition of
carob bean gum, which has been shown to dramati-
cally increase the viscosity of a starch system [16].

Conclusion

The starch thickeners used in dysphagia therapy are
non-Newtonian (Newtonian describes a fluid where
its rate of deformation is directly proportional to the
stress applied to the fluid. However, many fluids ex-
hibit a nonlinear response to stress and are called
non-Newtonian fluids. Such fluids fall halfway be-
tween being a solid and a Newtonian fluid) and ex-
hibit extreme time-dependency. The time-dependent
behavior of the maize-based thickeners is of partic-
ular interest to therapists and patients because the
fluids get thinner over the initial 1–4 h after prepa-
ration. This decrease in viscosity may increase the
risk of aspiration in some patients even though they
are prepared to the correct viscosity initially. In
contrast, the maltodextrin-based thickener manifests
no decrease in viscosity and the fluid becomes sig-
nificantly thicker 30 min after preparation. This is
also undesirable as there are many patients for whom
thicker fluids pose problems. After the initial in-
crease, the maltodextrin-based thickener is more
consistent and stable over time than its maize-based
equivalent, which is a desirable characteristic.

For S4, waiting for a short period of time
dramatically improves the stability of the viscosity
over time. Therefore, it may be beneficial for thera-
pists to prepare the fluid to a lower viscosity and
allow the fluid to stand to improve stability and avoid
excessive thickening. To summarize, improved vis-
cosity stability can be achieved if the fluid is left for a
short while, especially for maltodextrin-based thick-
eners. Maize-based thickened fluids are best
consumed immediately following preparation.
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