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Objective To determine whether a gum-containing thickener maintains its viscosity better during oral processing

than a completely starch-based thickener.

Methods Thirty-five healthy volunteers participated in a double-blind, cross-over study. Artificial tap water was
thickened to honey-like consistency (effective viscosity of 1,300+100 mPa-s at a shear rate of 50 per second at 20°C)
with a starch-based thickener (SB) or a gum-containing thickener (GC). Bolus viscosity was determined after

standardized oral processing of the thickened water by the subjects for 10 and 20 seconds. Significant effects were

determined by ANOVA analysis and pairwise comparisons.

Results Both thickeners were susceptible to breakdown during oral processing. However, GC-thickened water

retained its viscosity significantly better than SB-thickened water.
Conclusion The presence of gums has a protective effect on the starch hydrolysis by salivary amylase in thickened

drinks, which may facilitate safer swallowing.
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INTRODUCTION

Dysphagia is defined as difficulty or inability to swal-
low. Underlying conditions may be physical, cognitive,
or neurological and include stroke, head and neck or
esophageal cancer, dementia, and multiple sclerosis [1].
Inadequately managed dysphagia places patients at risk
for aspiration, pneumonia, malnutrition and dehydration

[2].
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In the management of dysphagia, modified-texture foods
and thickened fluids are often prescribed by a speech and
language therapist (SLT) to ensure safer transfer of nutri-
tion/hydration from the mouth to the stomach. Increasing
the viscosity of fluids is a commonly applied approach
since it results in longer transit times. This gives the pa-
tient more bolus control and time to prepare for the onset
of the pharyngeal swallow, and to engage airway-protec-
tive mechanisms, thereby decreasing the risk of aspira-
tion [3,4]. On the other hand, too high food viscosities
may result in bolus residue within the pharyngeal cavity
after swallowing, material that could be aspirated at a
later stage [5]. Furthermore, patients may reject products
with too high a viscosity, which can result in dehydration
and malnutrition [6]. Therefore, bolus viscosity should be
defined within a relatively narrow range.
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Many of the commercially available powder thicken-
ers for the management of dysphagia contain starch or
starch-based products (such as modified maize starch
and maltodextrin) as the main ingredient [7]. Human sa-
liva contains o.-amylase, an endo-enzyme that catalyzes
the hydrolysis of a-1,4-glycosidic bonds in starch to pro-
duce short oligosaccharides. The mechanical structure
achieved by starch-based thickeners could be broken
down on contact with amylase containing human saliva,
resulting in reduced viscosity of the thickened drink.
Consequently, the patient may not receive the consis-
tency prescribed by the SLT [8].

Some thickening products used in clinical practice com-
prise starch along with one or more gums [7]. Gums are
not susceptible to the action of salivary a-amylase. There-
fore, gum-containing thickeners are hypothesized to be
less sensitive to the action of amylase and are thought to
enhance the safety of swallowing by dysphagia patients
[8,9]. Hanson et al. [8] recently studied the effect of saliva
on the viscosity of different types of drinks thickened with
gum-containing thickeners in comparison to standard
starch-based thickeners in 2 in vitro experiments. They
reported that the thickener composed of gums and starch
showed a significant reduction in viscosity in contact with
human saliva but retained a certain level of thickness,
while the thickener based on starch alone almost com-
pletely lost its structure. The saliva used in their study
was collected from 2 male individuals and the a-amylase
activity of the saliva was not described. It is well known
that a-amylase activity in human saliva shows significant
inter- and intra-individual variation [10,11] and is influ-
enced by factors such as age, gender and stress. Another
in vitro study using standardized human saliva of known
amylase activity indicated that drinks thickened with a
gum-containing thickener had significantly better main-
tenance of consistency following contamination with
human saliva, as compared to a standard starch-based
thickener [9]. As far as we are aware, no human study on
the effect of saliva on the viscosity of drinks thickened
with a gum-containing thickener has been conducted.
Such a study would confirm and extend the findings of
the in vitro studies described above [8,9].

The aim of the present study was evaluate the effect of
saliva on the viscosity of a drink thickened with a gum-
containing powder during the oral preparatory phase
in humans. The gum based thickener was composed of

a mixture of starch and 3 gums (tara, xanthan, and guar
gum) and for comparison, a standard starch-based thick-
ener was used. Healthy individuals were given artificial
tap water thickened to honey-like consistency and the
bolus viscosity after oral processing was determined.

MATERIALS AND METHODS

Materials

The 2 thickeners used were an entirely starch-based
thickener (SB; Hormel Health Labs Inc., Austin, MN,
USA) and a thickener composed of starch and a mixture
of tara gum, xanthan gum, and guar gum (GC; Nutricia
NV, Zoetermeer, The Netherlands). The latter was kindly
provided by the manufacturer. Both thickeners were
powdered and contained modified corn starch. It might
be that the composition of both thickeners changes over
time due to alterations by the manufacturer. Moisture
content of the thickeners was determined in duplicate
according to the International Association for Cereal
Chemistry (ICC) standard 110/1, adapted to 2.5 hours
drying at 130°C.

Preparation of thickened drinks

Thickened drinks were prepared by adding thickener
to artificial tap water, defined as water with 10 German
hardness (DH, 0.2631 g/L CaCl,.H,0). Drinks were thick-
ened to honey-like consistency (National Dysphagia
Diet) [12] defined as an effective viscosity of 1,300+100
mPa:-s at a shear rate of 50 per second at 20°C. The amount
of thickener needed to obtain this viscosity was esti-
mated based on the product’s labeling, and the viscosity
was evaluated using a Rapid Visco Analyzer type-4 (RVA;
Perten Instruments GmbH, Hagersten, Sweden). The es-
timated amount of thickener (+0.001 g) was added to 20 +
0.02 g of artificial tap water in an aluminum RVA cup. The
temperature was set at 20°C. The measurement was start-
ed by stirring at 960 rpm for 10 seconds followed by 500
rpm for 50 seconds to obtain a homogeneous mixture of
thickener and water. Subsequently, the effective viscosity
at 160 rpm was determined (every 4 seconds) for 15 min-
utes. According to Lai et al. [13] the average shear rate at
this rotational speed in the RVA is about 53.5 per second.
The amount of thickener used was based on the viscosity
after 11 minutes, as indicated by the Thermocline soft-
ware (Perten Instruments). The amount of thickener was
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adjusted until the desired viscosity was obtained.

Study design

In order to determine the effect of oral processing on the
consistency of thickened drinks, a double-blind cross-over
study was performed in which 35 healthy adult volunteers
participated. The group of volunteers consisted of 12
young females, 15 old females, 2 young males and 6 old
male subjects (young <45 years of age; old =45 years of
age). All participants provided written consent to par-
ticipate in the study and reported no history of swallow-
ing problems. In this study, we used artificial tap water
thickened with 2 different thickeners (SB and GC) that
was held in the mouth for 10 or 20 seconds. Mandel et al.
[10] reported that for healthy subjects, manipulations of
a starchy food in the mouth takes 5 seconds for liquids
and 10 seconds for semi-solid foods. Kim and Han [14]
showed that stroke patients with dysphagia need about
twice as much time to prepare a bolus for swallowing.
Therefore, the most relevant data are to be expected
within the first 20 seconds, hence, bolus viscosity was de-
termined after 10 and 20 seconds.

The study design layout for 4 subjects, representing
the balancing realized by reversing treatment order, was
given in Table 1. Each subject participated in 2 measure-
ment sessions on separate days. The first test day includ-
ed a training session of movements of product between
tongue and palate and the actual test. During the training
session, a droplet of active carbon solution was added on
top of the product in order to check whether all panelists
moved their tongue effectively. During each measure-
ment session, both products i.e., SB and GC, were tested
at ‘in mouth’ time point 10 seconds and in reverse order
at time point 20 seconds within each subject. The test
was repeated on the second day, but the products were
offered in a different treatment time order than the first

day. This resulted in a total of 280 observations (35x8).
Subjects were not allowed to eat, drink or smoke for 1
hour before the evaluation.

In each test, the subject was served 10 g of freshly pre-
pared product after flushing the mouth with water. The
tongue was moved at approximately 1 rotation/s by roll-
ing it from the under-teeth to the palate and back. After
10 or 20 seconds, the bolus was spat into a cup contain-
ing 1 mL of 0.2 M HCI. The sample was thoroughly mixed
to inactivate the salivary amylase and the closed cup was
stored at -20°C. Five reference samples of each GC- and
SB-thickened types of drink were taken during the ses-
sions (at t=0). To each sample, 1 mL of 0.2 M HCI was
added, after which they were mixed and stored at -20°C.

Determination of the viscosity of samples after oral
processing

Viscosity measurements of thawed, masticated and
reference samples were performed in a Rheometrics
Rheomat RM-180 rotational rheometer. The rheometer
was equipped with a Couette-DIN geometry having a cup
diameter of 33.87 mm, a bob diameter of 31.98 mm, and
bob height of 33.08 mm. The measurements were per-
formed at 20°C, with constant shear rate of 50 per second,
and viscosities were obtained after 300 seconds of shear.
In total, 290 samples were analyzed (35x2x4=280+10 ref-
erences).

Relative viscosities were calculated as the ratio of the
viscosity of the spat samples over the average viscosity of
the reference sample, expressed as a percentage.

Statistical analysis

Differences in relative viscosities between treatment
times 10 seconds and 20 seconds or between products,
were analyzed by ANOVA using PROC GLM (SAS V9.1.3
Service pack 4), resulting in Type III partial effect tests

Table 1. Study design layout for 4 subjects, representing the balancing realized by reversing treatment order

Day 1 Day 2
Treatment time (s) 10 20 20 10 10 20 20 10
Subject ‘I’ A-B B-A B-A A-B
Subject j’ B-A A-B A-B B-A
Subject ‘k’ A-B B-A B-A A-B
Subject ‘I’ B-A A-B A-B B-A

A and B represent the 2 different thickeners used.
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(corrected for all other effects in the model). PROC
MIXED was used for the estimation of the effect means
and for the pairwise comparison (Method: REML, Sat-
terthwaite degreed of freedom estimates). Pairwise com-
parisons were performed to study individual contrasts.
A bonferroni correction was performed to counteract for
multiple comparisons.

RESULTS

Water was thickened to honey-like consistency by ad-
dition of 6.3 g/100 g and 6.0 g/100 g of SB and GC, re-
spectively, as determined by RVA. The viscosity of the
thickened drinks was expressed as relative viscosity (%),
which was defined as the ratio of the viscosity after oral
processing to the viscosity before oral processing. The
viscosities before oral processing were 1315+364 mPa-s
and 1,376+252 mPa-s. for SB- and GC-thickened drinks,
respectively.

Effect of time

Table 2 showed the mean estimates and errors for the
relative viscosity after 10 seconds and 20 seconds across
both products. The relative viscosity of the thickened wa-
ter decreased during oral processing, with a significantly
lower viscosity after 20 seconds, as compared to the vis-
cosity after 10 seconds (p<0.001).

Effect of product

Table 2 showed that the relative viscosity as a function
of product was significantly higher for GC-thickened wa-
ter (52.9%), as compared with SB-thickened water (20.3%)
(p<0.001).

Table 2. Comparison of relative viscosity as a function of
time and product

Relative viscosity (%) p-value
Time (s)
10 43.91+3.4 <0.001
20 29.3+3.4 (10svs.205)
Product
SB 20.3£3.4 <0.001
GC 52.9+3.4 (SB vs. GC)

Values are presented as least squares mean estimatest
errors.
SB, starch-based thickener; GC, gum-containing thickener.

The results of pairwise comparisons of the viscosities
after 10 seconds and 20 seconds were shown in Fig. 1.
After 10 seconds of oral processing, the viscosity of the
SB-thickened water was 383.6 mPa-s and the viscosity
of GC thickened water was 901.1 mPa-s (p<0.01). Dur-
ing prolonged oral processing, the viscosity decreased
to 187.0 mPa-s and 616.4 mPa-s after 20 seconds for SB
and GC thickened water, respectively (p<0.01). This re-
sult indicated that at 20 seconds, the viscosity decreased
from honey-like viscosity to nectar-like viscosity in the SB
thickened drink, but not the GC thickened water.

DISCUSSION

The current study results indicated that both SB and GC
thickener are susceptible to breakdown during oral pro-
cessing. However, GC-thickened water retained its vis-
cosity significantly better after oral processing than SB-
thickened water.

Clinical practice of dysphagia management is strongly
dependent on texture/viscosity modification and a sig-
nificantly lower viscosity during swallowing impairs the
safety of swallowing.

The observed difference in viscosity during oral pro-
cessing between both drinks suggested a difference in
sensitivity to structure breakdown during oral process-
ing. It has been shown that drinks thickened with starch
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Fig. 1. Viscosity (mPa-s) of starch-based (SB) and gum-
containing (GC) thickener after 10, and 20 seconds of oral
processing. The mean estimates and errors of the ANOVA
analysis are shown. Significant differences (p<0.01) ob-
tained from pairwise comparisons are indicated by let-
ters.
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undergo thinning when in contact with saliva due to
the action of salivary amylase, which breaks down the
starch [8,9]. Our results indicated a protective effect of
gums on the breakdown of consistency of the thickened
drink by salivary amylase. Several authors have previ-
ously observed a decrease in amylase activity in the pres-
ence of gums and reported various factors that might
play a role in this inhibitory effect. Firstly, Brennan et al.
[15] reported that guar gum may act as a physical bar-
rier during starch digestion by forming a layer around
starch granules, shielding them from enzyme attack.
Secondly, hydrophilic gums might limit the availability
of water needed for the hydrolysis of the glycosidic link-
ages in starch [16]. Finally, Slaughter et al. [16] concluded
that galactomannan acts as a non-competitive inhibitor
of a-amylase, by direct binding of o.-amylase to galac-
tomannan and the resulting galactomannan-amylase
complex is inactive. In addition to the inhibitory effects
of gums on amylase activity, the higher relative viscos-
ity found for the GC-thickened tap water compared to
starch-thickened water can also be explained by the
thickening effect of the gums. As amylase only breaks
down the starch component of the mixture, the water is
still be thickened by the gum. This is in agreement with
the results of a study by Hanson et al. [8], which showed
that saliva reduced the viscosity of water thickened with
starch almost 100%, whereas the thickener composed of
starch and gums retained a level of thickening. Further
research is needed to determine the relative importance
of the different gum-related mechanisms for the im-
proved stability in consistency of drinks thickened with
starch-gum mixtures.

A limitation of the current study was the study popu-
lation that consisted of healthy volunteers, rather than
patients with dysphagia. The disease state and medica-
tion used by patients with dysphagia may influence the
amount and composition of saliva produced and thereby
the effect of oral processing on viscosity of thickened
drinks. Furthermore, clinically relevant aspects such as
the degree to which a subject is able to mix a bolus with
saliva and the duration of the oral preparatory phase may
differ between healthy and dysphagia subjects. Further-
more, by using a standardized way of oral processing of 1
rotation/s, individual differences in mastication frequen-
cy were not taken into account in the current study.

As discussed above, a significant lower viscosity during
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swallowing could impair the safety of swallowing, since
the patient does not receive the prescribed consistency.
More research is needed to determine the effect of con-
sistency breakdown during oral processing on the safety
of swallowing in dysphagia patients, and to confirm the
increase in swallowing safety when gum-containing
thickeners are used. Furthermore, studies are required
to determine whether the extent of variation in amylase
sensitivity of thickeners has an impact on aspiration, on
the amount of oral residue formed, and on the stability in
consistency of the residue formed.

While not addressed in this study, characteristics other
than amylase sensitivity could influence the viscosity of
a thickened drink and consequently the safety of swal-
lowing. For instance, the type of thickener used, the time
allowed to thicken and the type of liquid influence the
viscosity of a thickened drink [17]. Also, a difference in
viscosity between thickened fluids categories (like nectar,
honey) used in videofluoroscopic evaluation of dyspha-
gia and the correspondingly named thickened drinks
used for therapy can affect the safety of swallowing in pa-
tients with dysphagia [18,19].

In conclusion, this study showed that oral processing
resulted in a decreased viscosity of thickened drinks.
However, water thickened with a gum-containing prod-
uct retained its viscosity significantly better, as compared
to a starch-based product. Clearly, the presence of gums
has a protective effect on the starch hydrolysis by salivary
amylase in thickened drinks, which facilitates safer swal-
lowing.
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