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Effect of Salivary Reaction Time on Flow Properties of
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Hwa-Young Lee', Seung-Ro Yoon', Whachun Yoo’, Byoungseung Yoo™

'Department of Food Science and Biotechnology, Dongguk University-Seoul, Goyang, Kyunggi-do 10326, Korea
’Rheosfood Inc., Seoul 04620, Korea

The effect of human saliva on the flow properties of pudding-like thickened water prepared with commercial food thickeners
was investigated, and their viscosity differences were also compared as a function of salivary reaction time (0-60 min after the
addition of saliva). Food thickeners used in this study were starch-based (SB), gum-containing starch-based (GSB), and gum-
based (GB) commercial thickeners marketed in Korea. GB showed no significant reduction in viscosity upon contact with human
saliva during the salivary reaction. In contrast, SB almost completely lost its viscosity shortly after the addition of saliva, and
GSB significantly reduced its viscosity after 20 min of reaction time but retained its viscosity. The results of this study indicate
that GB can enhance the swallowing safety of dysphagic patients by retaining a stable viscosity level without the reduction
of viscosity during consumption of thickened fluids, whereas SB may increase the possibility of aspiration owing to a rapid de-

crease of viscosity upon contact with human saliva.
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Introduction

Recently, the number of people with dysphagia, which is de-
fined as difficulty swallowing or the inability to swallow solid
and/or liquid foods, is increasing in Korea owing to the rapid
increase of the aging population [1]. It is known that people
with inadequately managed dysphagia can be at risk of chok-
ing, aspiration, aspiration pneumonia, dehydration, weight loss,
and malnutrition [2]. Therefore, commercial food thickeners
are very useful in fluid foods for treatment of individuals with
dysphagia, with the aim of increasing or modifying the fluid's
viscosity to slow the flow rate of fluid transported through
the pharynx, thus reducing the risk of aspiration [3]. However,
the correct viscosity is very important for treating dysphagia
because fluids with low viscosity may be more likely to enter
the airway, resulting in aspiration, and those with high viscos-
ity can be difficult to swallow, resulting in residue within the
oropharynx, which is often aspirated [4].

Commercially available food thickeners for the manage-
ment of dysphagia have starches or gums as the main active
ingredient. However, it is well known that starch is hydrolyzed
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by the salivary amylase present in saliva, breaking it down
into simple carbohydrates [2]. Therefore, it can be assumed
that starch-based thickeners are highly sensitive to amylase
in saliva, leading to the decreased viscosity of thickened flu-
ids during consumption. In contrast, it can be expected that
fluids thickened with gum-based thickener are less sensitive
to thinning by saliva during consumption when compared to
those prepared with starch-based thickeners. Even though the
flow properties of thickened fluids with thickeners have been
extensively studied, no research has been reported to date on
the effect of human saliva on the flow properties of thickened
fluids prepared with commercial food thickeners, except for
Hanson et al. [5] who found that salivary amylase reduced the
viscosity of drinks thickened to a custard-like consistency with
starch-based thickeners marketed in the UK. In the present
study, three commercially available food thickeners, which are
based on starch, gum-containing starch, and gum, are select-
ed because they are widely used as favorable food thickeners
in Korea. In addition, viscosity measurements are performed
at a pudding-like consistency because this is a common target
viscosity in general practice in Korea. Thus, this study focuses
on the effect of human saliva on the viscosity of pudding-
like thickened waters prepared with different food thickeners
marketed in Korea as a function of salivary reaction time and
thickener type.

Three commercial food thickeners marketed in Korea were
selected: starch-based thickener (SB) (composite of modified
corn starch and dextrin), gum-containing starch-based thick-
ener (GSB) (composite of modified tapioca starch, xanthan
gum, locust bean gum, and dextrin) and gum-based thickener
(GB) (composite of xanthan gum, guar gum, and dextrin).
All food thickeners were obtained from their manufacturers
(Hormel Health Labs, Savannah, GA , USA; Nisshin QilliO Group
Ltd., Tokyo, Japan; Rheosfood Inc., Seoul, Korea, respectively).
The thickened waters were prepared by mixing the food thick-
eners with bottled water (JPDC, Jeju, Korea) at 25 + 0.1°C with
stirring for 1 min with mild agitation provided by a magnetic
stirrer and then stabilized for 1 hr before the viscosity mea-
surement. The amount of thickener used was consistent with
clinical practice, which is based on the manufacturers recom-
mendations for producing a pudding-like fluid.
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Saliva was collected from a healthy male (27 years) each
day between 10 a.m. and 11 a.m. prior to a experiment. The
volunteer was asked not to eat or drink for 1 hr prior to collec-
tion. The volunteer rinsed his mouth with water before saliva
collection, then the first 1 mL of saliva was discarded. The to-
tal amount of saliva collected was 8 mL over the course of 15-
20 min. This saliva was kept in a refrigerator at 5°C until use.
Before use, the collected saliva was first vortex mixed for 20
sec. To prevent further salivary reaction occurring during the
measurement of flow properties of thickened samples with
added saliva, an acidic solution (10% w/v, pH 1.65) prepared
with citric acid powder (Jungbunzlauer Austria AG, Wein, Aus-
tria) was used as an amylase activity inhibitor [2].

Flow properties of a thickened fluid were measured with a
Carri-Med CSL® 100 rheometer (TA Instruments, New Castle,
DE, USA), using a parallel plate system (4 cm diameter) at a
gap of 500 um. The temperature of a sample during measure-
ment was maintained at 25°C. Steady shear viscosity data
were obtained from a power law model (Eq. 1) over the shear
rate range of 0.1-100 5™

o = Ky )

In this equation, o (Pa) is the shear stress,y (s7) is the shear
rate, K (Pass") is the consistency index, and n is the flow be-
havior index. The apparent viscosity (n,s,) at 50 s, a refer-
ence shear rate for swallowing, was calculated from the K and
n values. Human saliva (1 mL) was added to the thickened
waters (10 mL) prepared with different food thickeners and
then stirred for 20 sec, and enzyme activity inhibitor (1 mL)
was added at different salivary reaction times (0-60 min) after
adding saliva. A thickened sample with no added saliva (control)
was also prepared to compare with samples with saliva added.
These thickened water samples were immediately transferred
to the rheometer plate at 25°C to measure their viscosity. All
samples were allowed to rest at 25°C for 5 min in order to re-
lax the samples before the viscosity measurements.

All results are expressed as mean + standard deviation.
Analysis of variance was performed using Statistical Analysis
System software (version 9.2, SAS Institute, Cary, NC, USA).
Differences in means were determined using Duncan's multi-
ple-range test.
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The shear stress (0) versus shear rate (y) data for thickened
water samples added with saliva at the control (no added
saliva) and 60 min after addition of saliva at 25°C are shown
in Figure 1. The experimental results of ¢ andy of all samples,
except for SB with saliva, were well fitted to the simple power
law model (Eq. 1) with high determination coefficients (R* =
0.96-0.99) (data not given). In this study, the flow curves of
SB with saliva could not be obtained because of the formation
of an unstable structure of SB owing to the addition of saliva.
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Figure 1. Shear stress-shear rate plots for thickened waters with
different food thickeners at O (control) and 60 min of reaction time
at 25°C: (©) SB: starch-based, (], M) GSB: gum-containing starch-
based, (~, ) GB: gum-based, Open circle: O min, Closed circle: 60
min.

.

Therefore, for SB samples with added saliva, we measured the
viscosity (n,s,) only at a shear rate of 50 s without the ap-
plication of the power law model. Thickened samples with dif-
ferent thickeners also exhibited a clear trend of shear-thinning
behavior. In particular, the GSB and GB samples exhibited
higher shear-thinning behavior when compared to SB. There
was a difference in flow curves of GSB between the control
and the GSB sample with added saliva at a reaction time of
60 min (Figure 1). In addition, GSB and GB food thickeners also
produced different flow properties at a 60 min of salivary re-
action time after the contact with saliva.

Table 1 shows the apparent viscosity (n, ) of thickened
waters with three different thickeners (SB, GSB, and GB) as a
function of salivary reaction time (0-60 min) after the addi-
tion of saliva. The reduction in viscosity for SB and GSB on
saliva addition was significant at O min and 20 min of reaction
time, respectively. Figure 2 also shows the % changes in initial
viscosity (control) values based on the control samples. For SB,
the viscosity values greatly reduced after the contact with sa-
liva irrespective of the reaction time, showing the greatest re-
duction of 99.9% of initial viscosity and no difference in n,
values between salivary reaction times of 0 and 60 min, while
for GSB, the viscosity values significantly reduced after 20 min
of reaction time and then retained stable (12.2-12.7% of initial
viscosity). In contrast, there was no significant difference in
the viscosity values of GB between the control and the sample
mixed with saliva. These results were confirmed from the pho-
tographs of the viscosity differences between the control and
the thickened water with added saliva, as shown in Figure 3.

Effect of salivary reaction time on apparent viscosity (n,s,) values of thickened waters prepared with different food

thickeners

Salivary reaction time

(min) SB

Control 3.29 + 0.03°
0 0.01 + 0.01°
10 0.01 +0.01°
20 0.01 + 0.00°
30 0.01 + 0.00°
40 0.01 + 0.00°
50 0.01 + 0.00°
60 0.01 + 0.00°

Apparent viscosity (1, s Pa)

GSB GB
1.01 + 0.02° 1.33 + 0.07°
0.95 + 0.00° 1.33 + 0.07°
0.92 + 0.00° 1.33 + 0.07°
0.88 + 0.01° 1.33 + 0.00°
0.88 + 0.02° 1.32 + 0.02°
0.88 + 0.02° 1.33 + 0.07°
0.88 + 0.02° 1.33 + 0.03°
0.88 + 0.01° 1.32 + 0.01°

Mean values in the same column with different letters are significantly different (p < 0.05).

SB: starch-based, GSB: gum-containing starch-based, GB: gum-based.
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Figure 2. Effect of saliva addition on the viscosity reduction of
thickened waters at different salivary reaction times (0, 10, 20,
30, 40, 50, and 60 min) at 25°C: (®) SB: starch-based, (M) GSB:
gum-containing starch-based, (A) GB: gum-based. 100% of initial

viscosity means the viscosity values of the control samples (no
added saliva) with different food thickeners (SB, SGB, and GB).

Thickened fluids prepared with commercial food thickeners
are commonly used for consumption by used for dysphagic
patients patients, who take a long time to eat or drink owing
to swallowing difficulties. Therefore, from a clinical perspec-
tive, it is very important to observe how food thickeners
perform with thickened fluids when mixed with human saliva
over an appropriate salivary reaction time because the thin-
ning of thickened fluids after contact with saliva has been re-
ported [5]. Figure 1 shows that the GB and GSB with no added
saliva showed higher shear-thinning flow behaviors and lower
viscosity values compared to those for SB, possibly owing to
the presence of xanthan in the food thickener [6]. Urlacher and
Noble [7] also reported that such high shear-thinning behavior
may be owing to the unique rigid, rod-like conformation and
high molecular weight of xanthan gum. These observed results
followed similar trends to those previously found in thickened
fluids prepared with various xanthan gum-based thickeners
[8]. A noticeable difference was observed in viscosity values
between food thickeners as a function of salivary reaction
time (0-60 min), as shown in Table 1 and Figure 2. Figure 3
also shows the photographs of the viscosity differences be-
tween the control and thickened water with added saliva. In
comparison of N, values of the SG and GSB samples, the
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Control

Sample with saliva

Figure 3. Pudding-like thickened water samples prepared with
different food thickeners (SB, GSB, and GB). Control: thickened
water with no added saliva, Sample with saliva: thickened water
with added saliva at 60 min of salivary reaction time, SB: starch-
based, GSB: gum-containing starch-based, GB: gum-based.

lower viscosity values of the samples mixed with saliva can
be explained by the hydrolysis of the starch component con-
tained in SB and GSB due to the salivary amylase present in
saliva [9]. Among food thickeners, GB was not influenced by
salivary amylase owing to the inactivation of amylase with
gums, showing that GB is the most suitable food thickener for
dysphagic patients. These results suggest that the addition of
saliva had a more pronounced effect on the viscosity of thick-
ened fluids prepared with food thickeners (SB and GSB) con-
taining starch. Similar observations were reported by Hanson
et al. [5] for food thickeners composed of corn starch alone or
corn starch with the addition of gums. From these results, it
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was shown that dysphagic patients cannot receive thickened
fluids with the correct viscosity for the swallowing safety
because thickened fluids with food thickeners containing
starch are greatly influenced by the type of thickeners in the
presence of saliva, suggesting the need for the preparation
of thickened fluids with a stable viscosity after contact with
saliva in mouth. Therefore, it can be concluded that GB is a
better food thickener for the treatment of dysphagic patients
because the GB thickened fluids are not influenced by saliva
during the consumption of fluid foods.

Changes in the viscosity of thickened waters over salivary
reaction time are more pronounced in a food thickener con-
taining starch alone owing to the complete breakdown of
starch caused by the strong activation of salivary amylase.
Therefore, it is desirable to use food thickeners containing
gums for the treatment of patients with dysphagia because
gums in food thickeners are not susceptible to digestion by
amylase and provide a stable viscosity. These results will be
useful for developing new food thickeners or thickening prod-
ucts with a stable viscosity in the presence of human saliva.
However, more investigations need to be carried because the
viscosity of thickened fluids with saliva can be greatly influ-
enced by the amount of salivary amylase. In terms of clinical
practice in patients with dysphagia, an additional study is also
needed on various thickened fluids with saliva obtained from
dysphagic patients to extend the results of this study.
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