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ABSTRACT: Flow and dynamic rheological properties of hot thickened soups for consumption by the elderly people with 
swallowing difficulty (dysphagia) were investigated at a serving temperature of 60oC. In this study, sea mustard soup 
(SMS) and dried pollock soup (DPS), which have been widely known as favorable hot soups provided in a domestic hos-
pitals and nursing homes for dysphagic patients, were thickened with four commercial xanthan gum (XG)-based food 
thickeners (coded A∼D) marketed in Korea. Thickened soups prepared with different thickeners showed high 
shear-thinning flow behaviors (n=0.15∼0.21). Apparent viscosity (a,50), consistency index (K), storage modulus (G'), 
and loss modulus (G") demonstrated differences in rheological behaviors between the XG-based thickeners. The magni-
tudes of G' were much higher than those of G" over the entire range of frequency () with the high dependence on , 
showing the rheological behavior similar to a weak gel. In general, all rheological parameter values of thickened DPS 
samples were higher when compared to the thickened SMS samples. These results indicate that flow and dynamic rheolo-
gical properties of hot thickened soups containing commercial XG-based thickeners are strongly dependent on the type of 
thickener and soup. 
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INTRODUCTION

It is commonplace for elderly people to experience diffi-
culties in swallowing, a medical condition termed dys-
phagia, as a result of loss of tooth by aging, neuromus-
cular disorders, cerebrovascular diseases, and others. 
Being unable to safely swallow sufficient foods and flu-
ids has influence on health and quality of life (1). The 
prescription of thickened fluids are often recommended 
for the clinical treatment of patients with dysphagia 
which may lead to choking, aspiration, aspiration pneu-
monia, dehydration, weight loss, and malnutrition (2). 
Therefore, the thickened fluids prepared with commer-
cial food thickeners have been used to reduce the risk of 
aspiration because they flow more slowly than regular 
liquids and also form a slightly more cohesive bolus for 
swallowing safety (2-4). Recently, the number of elderly 
people with dysphagia is increasing in Korea because the 
Korean population is aging more rapidly than that of any 
other country in the world. In 2014, people over 65 

years make up 12.7% of the Korean population, and they 
are also expected to make up 24.3% of the population by 
2030 (5).

In general, commercial instant food thickeners consist 
of modified starches and gums as their base materials 
and they are becoming more popular because of low 
cost, convenience, and easy preparation (6). In the pres-
ent study, xanthan gum (XG)-based food thickeners 
were used for preparing hot thickened soups because 
they are commonly used in thickening fluids for dyspha-
gic patients in Korea due to their palatability and 
smooth texture when compared to starch-based thick-
eners (7). Recently, several researchers have studied the 
rheological properties of various thickened beverages 
containing commercial XG-based food thickeners at 
room or refrigeration temperature (8-11). However, no 
attempt has been made to study the rheological proper-
ties of hot thickened soups with commercial XG-based 
food thickeners at a serving temperature of 60oC. In the 
present study, sea mustard soup (SMS) and dried pol-
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Fig. 1. Plots of shear stress versus shear rate for hot thickened soups prepared with different thickeners (coded A∼D) at 60oC: 
(A) sea mustard soup (SMS), (B) dried pollock soup (DPS). ○, thickener A; □, thickener B; △, thickener C; ◇, thickener D. 

lack soup (DPS) were selected because they have been 
widely known as favorable hot soups provided in a do-
mestic hospitals and nursing homes and are also pre-
ferred by the elderly people in Korea. The main objective 
of this study was to investigate the effect of thickener 
type on steady and dynamic rheological properties of 
thickened hot soups prepared with various XG-based 
food thickeners marketed in Korea.

MATERIALS AND METHODS

Materials and sample preparation 
Four instant XG-based food thickeners were provided 
from the Korean market: thickener A [composite of xan-
than gum (XG), guar gum (GG), and dextrin], thickener 
B, (composite of XG and dextrin), thickener C (compo-
site of XG, carboxymethyl cellulose, GG, and dextrin), 
and thickener D (composite of XG and dextrin). In this 
study, Korean traditional sea mustard soup (SMS) and 
dried pollock soup (DPS) were used as dispersing 
media. Commercial instant SMS and DPS were pur-
chased from Ottogi Corp. (Anyang, Korea). Instant soup 
was prepared based on the manufacturer’s instructions 
and then passed through a 140 mesh standard sieve 
(Chunggye, Seoul, Korea) with 106 m openings to re-
move their solid ingredients. Subsequently, the clear 
soups were heated in a water bath to obtain the hot 
soups. The hot thickened soups were prepared by mix-
ing the food thickener at 3% (dry weight basis) concen-
tration with the clear soups with moderate stirring for 1 
min in a 60oC water bath with mild agitation provided 
by a magnetic stirrer. The amount of thickener used was 
consistent with clinical practice guidelines (i.e., based 
on the manufacturer’s recommendations for pudding- 
like fluids). The thickened soup sample was immediately 
transferred to the rheometer plate at a serving temper-

ature of 60oC to measure the rheological properties. 

Rheological measurements
Flow properties of the thickened juices were measured 
with a Carri-Med CSL2 100 rheometer (TA Instruments, 
New Castle, DE, USA), using a parallel plate system (4 
cm diameter) at a gap of 500 m. Steady flow data were 
obtained over a shear rate range of 0.1∼100 s−1. Tem-
perature was controlled by a water bath connected to the 
Peltier system of the bottom plate. Data (shear stress 
and shear rate) were fitted to the well-known power law 
model (Eq. 1) to describe the flow properties of the 
samples.

.
=n (Eq. 1)

.
where  is the shear stress (Pa),  is the shear rate (s−1), 
K is the consistency index (Pa·sn), and n is the flow be-
havior index. The apparent viscosity (a,50) at 50 s−1, the 
reference shear rate for swallowing, was calculated using 
the magnitudes of K and n. 

Dynamic rheological data were obtained from fre-
quency sweeps over the range of 0.63∼62.8 rad·s−1 at 
2% strain using a small-amplitude oscillatory rheological 
measurement. Frequency sweep tests were also per-
formed at 60oC. TA Rheometer Data Analysis software 
(version VI. 1.76) was used to obtain the experimental 
data and to calculate the storage (or elastic) modulus 
(G') and loss (or viscous) modulus (G"). All samples 
were allowed to rest at 60oC for 5 min to relax the sam-
ples before the rheological measurements were taken. 
The rheological measurements were performed in tripli-
cate. 

Statistical analysis
The results are reported as the mean value with a stand-
ard deviation of triplicate analyses for each sample. 
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Table 1. Flow properties of hot thickened soups prepared with different thickeners at 60oC

Soup type Thickener type Apparent viscosity 
a,50 (Pa·s)

Power law

n (−) K (Pa·sn) R2

SMS

DPS

A
B
C
D
A
B
C
D

 2.39±0.03a1)

1.99±0.04b

1.32±0.01c

1.30±0.01c

2.53±0.02a

2.15±0.04b

1.34±0.02c

1.37±0.01c

0.16±0.01c

0.21±0.00a

0.17±0.00c

0.18±0.00b

0.15±0.00d

0.20±0.00a

0.16±0.01c

0.17±0.00b

63.1±1.70a

42.6±0.59b

33.6±0.14c

31.4±1.23c

70.8±0.65a

48.5±0.81b

35.4±1.14c

34.8±0.15c

0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99

1)Values are means±SD. Within each column, values with different letters (a−d) are significantly different (P<0.05).
SMS, sea mustard soup; DPS, dried pollock soup.

Analysis of variance (ANOVA) and Duncan’s test were 
used to establish significant differences among the mean 
values at the 0.05 significance level. Statistical analyses 
were performed using the Statistical Analysis System 
program version 9.2 (SAS Institute, Cary, NC, USA).

RESULTS AND DISCUSSION 

The shear stress () vs. shear rate () data for hot thick-
ened soups prepared with different XG-based food thick-
eners at 60oC are shown in Fig. 1. The experimental re-
sults of  and  were well fitted to the simple power law 
model (Eq. 1) with high determination coefficients 
(R2=0.99) (Table 1). All thickened soups with different 
XG-based thickeners had high shear-thinning behaviors 
with low n values (0.15∼0.21). This is in agreement 
with the results of Seo and Yoo (7) and Cho et al. (11), 
who observed the flow properties of thickened beverages 
prepared with XG-based thickeners. These low n values 
could possibly be attributed to the shear-thinning char-
acter of XG due to its unique rigid rod-like conformation 
and high-molecular-weight aggregate (12). Such high 
degree of shear thinning (low n value) behavior in-
dicates that the thickened soups are less slimy in the 
mouth (13). Among the XG-based thickeners (thickener 
A∼D) examined, thickener A had lower n values (0.15∼ 
0.16) in comparison to other thickeners (n=0.16∼0.21), 
indicating that thickener A was less slimy than the other 
thickeners. However, there were not much differences in 
n values between the thickened SMS and the thickened 
DPS.

Significant differences were found for the flow rheo-
logical parameter (a,50 and K) values of the thickened 
soups with different food thickeners (P<0.05) (Table 1). 
The a,50 and K values of all thickened soups signifi-
cantly increased in the presence of thickeners in the fol-
lowing order: thickener A> B> C> D. This indicates 
that the a,50 and K values in the thickened soup systems 
are strongly influenced by the type of thickener. In par-
ticular, the a,50 and K values of thickeners A and B were 

significantly higher compared to those of the other 
thickeners (P<0.05). The a,50 and K values of thickened 
DPS samples were higher when compared to the thick-
ened SMS samples, indicating that the flow properties of 
thickened soups were also influenced by the type of 
soup. Such difference in flow properties of thickened 
soups can be due to the different gum compositions in 
the food thickeners and the different constituents of the 
soup that interact with the gums in the food thickener. 
It is also known that the composition of the dispersing 
medium can influence the flow behaviors of thickened 
fluids (10). In general, it is well known that thickened 
fluids are classified into several different “consistency” 
classes established by the National Dysphagia Diet Task 
Force (NDDTF). The classes are thin (1∼50 mPa.s), 
nectar or syrup (51∼350 mPa.s), honey or custard 
(351∼1,750 mPa.s), and pudding or spoon-thick 
(>1,750 mPa.s). The a,50 values of the thickened SMS 
and DPS were in the range of 1,300∼2,390 mPa.s and 
1,340∼2,530 mPa.s, respectively. Therefore, the a,50 
values of all thickened soups were within two of NDDTF 
“consistency” classes [i.e., honey-like (351∼1,750 
mPa.s) and pudding-like (>1,750 mPa.s)]. In particular, 
thickeners A and B, which had much higher a,50 values 
(1,990∼2,530 mPa.s) when compared to other thick-
eners, showed pudding-like consistencies of thickened 
soups at 3% thickener concentration. Therefore, it was 
found that the flow properties of thickened soups with 
XG-based thickeners were dependent on the type of 
thickener and soup.

Viscoelastic properties have been proposed as poten-
tial relevant for swallowing a food bolus because thick-
ened fluids cannot be adequately described only by a sin-
gle viscosity value (14). In addition to a,50 and K, which 
are flow rheological parameters for the flow velocity of a 
food bolus, the dynamic rheological parameters, such as 
storage modulus (G') and loss modulus (G"), can be cru-
cial in safe and easy swallowing of bolus (15). Plots of 
frequency () versus G' and G" for the hot soup samples 
including the different thickeners at a 3% concentration 
are presented in Fig. 2. The magnitudes of G' and G" in-

.

.
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Fig. 2. Plots of log  versus log (G' and G") for hot thickened soups prepared with different thickeners 60oC: (A) sea mustard 
soup (SMS), (B) dried pollock soup (DPS). ○, thickener A; □, thickener B; △, thickener C; ◇, thickener D.

Table 2. Storage modulus (G') and loss modulus (G") alues at 
6.28 rad·s−1of hot thickened soups prepared with different 
thickeners at 60oC      (unit: Pa)

Soup type Thickener type G' G"

SMS

DPS

A
B
C
D
A
B
C
D

 150.0±0.62a1)

125.7±1.45b

 84.6±2.44c

 82.3±0.59c

151.4±1.16b

164.8±0.42a

102.5±2.17d

118.9±1.67c

33.87±0.40a

24.13±0.51b

19.09±0.91c

16.23±0.27d

33.50±0.17a

29.52±0.74b

21.75±0.46c

20.71±1.11c

1)Values are means±SD. Within each column, values with dif-
ferent letters are significantly different (P<0.05).
SMS, sea mustard soup; DPS, dried pollock soup.

creased with an increase in  and G' was much higher 
than G" at all values of  with frequency dependency, 
showing a weak gel-like behavior. In general, the thick-
ened soup samples with thickeners A and B showed 
much higher G' values than the other samples, indicat-
ing that the addition of thickeners A and B among the 
XG-based thickeners enhanced the elastic properties of 
thickened soup samples. The G' and G" values of thick-
ened SMS and DPS samples significantly increased in 

the presence of thickeners in the following order: thick-
ener A> B> C> D for G' of SMS, B> A> D> C for G' of 
DPS, and A> B> C> D for G" of both SMS and DPS 
(Table 2). There was also a great difference in G' and G" 
values between thickeners B and D, even though they 
had the same composition (XG and dextrin). This in-
dicates that hot thickened soups have different viscoe-
lastic effects depending on the type of thickener and 
soup. From these observations, we found that the de-
pendence of rheological parameters on the type of thick-
ener and soup can provide valuable information for pre-
paring hot thickened soup products for the elderly peo-
ple with swallowing difficulty. In addition, these results 
can be useful in improving manufacturer’s guidelines 
specific to hot thickened soups for easy and safe 
swallowing.
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