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ABSTRACT: Flow and dynamic rheological properties of thickened waters prepared with commercial food thickeners 

were investigated at different pH levels (3, 4, 5, 6, and 7). The commercial xanthan gum (XG)-based thickener (thickener 

A) and starch-based thickener (thickener B), which have been commonly used in a domestic hospital and nursing home 

for patients with swallowing difficulty (dysphagia) in Korea, were selected in this study. Thickened samples with both 

thickeners at different pH levels showed high shear-thinning flow behaviors (n=0.08∼0.22). Thickened samples at pH 3 

showed higher n values and lower consistency index (K) values when compared to those at other pH levels. The K values 

of thickener A increased with an increase in pH level, while the n values decreased, showing that the flow properties 

greatly depended on pH. There were no noticeable changes in the K values of thickener B between pH 4 and 7. At pH 3, 

the thickened water with thickener A showed a higher storage modulus (G') value, while that with thickener B showed a 

lower G'. These rheological parameters exhibited differences in rheological behaviors between XG-based and starch-based 

thickeners, indicating that the rheological properties of thickened waters appear to be greatly influenced by the acidic 

condition and the type of food thickener. Appropriately selecting a commercial food thickener seems to be greatly impor-

tant for the preparation of thickened acidic fluids with desirable rheological properties for safe swallowing.
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INTRODUCTION

Texture modified foods and thickened fluids are com-

monly needed for clinical management of patients with 

dysphagia, which is defined as difficulty or inability to 

swallow solid and fluid foods, resulting in choking, aspi-

ration, aspiration pneumonia, dehydration, weight loss, 

and malnutrition (1). A majority of patients with dys-

phagia are elderly people whose swallowing difficulties 

arise as a result of the loss of teeth by aging, neuromus-

cular disorders, cerebrovascular diseases, and others. It is 

known that swallowing difficulty also influences health 

and quality of life (2).

There are many ways to manage dysphagia, including 

feeding tubes and thickened fluids. For long-term man-

agement, thickened fluids play an important role for cli-

nicians to address the effects of dysphagia (3). In particu-

lar, ensuring thickened fluids having suitable rheological 

properties is an essential part of dysphagia treatment to 

promote safe swallowing. It is known that suitable vis-

cosity is vital to treat dysphagia because the fluid food 

with too low viscosity travels faster into the pharynx and 

is more likely to enter the airway before swallowing can 

be initiated (4). Therefore, various commercial food 

thickeners, which commonly consist of gums and starch-

es as their base materials, have been widely used as ad-

ditives in drinks to produce thickened fluids with desir-

able rheological properties for patients with dysphagia 

to elicit the optimal swallow response due to their sim-

ple preparation, convenience, and reasonable cost (5,6). 

Many researchers have also studied the rheological prop-

erties of various thickened fluids containing commercial 

food thickeners. According to several studies, thickened 

fluids prepared with food thickeners exhibit rheological 

properties depending on the thickener brand, type of me-

dium for preparation, thickener concentration, temper-

ature, compliance with recipe instruction, and time be-

tween preparation and service of thickened fluids (7-14). 

In practice, food thickeners may be applied to various 

drinks having a wide range of pH; in particular, several 

common beverages, such as fruits juices, carbonated 

drinks, and coffee, are acidic (pH＜7). Therefore, it is 

necessary to determine the rheological properties of 

thickened waters as a function of pH because the thick-
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ened fluids prepared with food thickeners at acidic pH 

levels can produce different rheological properties. In the 

present study, commercial gum- and starch-based food 

thickeners were selected to prepare the thickened waters 

because they are widely known as favorable food thick-

eners used in a domestic hospital and nursing home in 

Korea. The main objective of this study was to investi-

gate the effect of pH on steady and dynamic rheological 

properties of thickened waters prepared with commer-

cial food thickeners marketed in Korea.

MATERIALS AND METHODS 

Materials and sample preparation 

Two commercially available food thickeners based on 

xanthan gum (XG) (thickener A) and starch (thickener B) 

marketed in Korea were selected; thickener A was a 

composite of xanthan gum, guar gum and dextrin, and 

thickener B was a composite of starch, xanthan gum, lo-

cust bean gum, and dextrin. To investigate the effect of 

pH on thickened waters under a controlled range of acid-

ic pH levels (pH 3∼6), bottled water (JPDC, Jeju, Korea) 

was used as a dispersing medium to which powdered 

citric acid (Jungbunzlauer Austria AG, Wein, Austria) 

was added to achieve the desired pH levels. The thick-

ened water samples were prepared by mixing the food 

thickeners at a 2% concentration with the waters having 

different pH levels. The amount of thickener used in this 

study was consistent with clinical practice guidelines 

based on the manufacturer’s recommendations for pro-

ducing honey-like fluids. Thickened waters were pre-

pared at room temperature (22oC) with stirring for 1 

min. Mild agitation was provided by a magnetic stirrer. 

The thickened water sample was immediately trans-

ferred to the rheometer plate at 22oC to measure the 

rheological properties.

Rheological measurements

Rheological properties were taken on 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 μm. Steady flow data of the thickened waters 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 on the bottom plate. Data (shear stress 

and shear rate) were fitted to the well-known power law 

(Eq. 1) and Casson (Eq. 2) models to describe the flow 

properties of the samples. 

σ=Kγn  (Eq. 1) 

σ
0.5=Koc+Kcγ

0.5 (Eq. 2) 

Where σ is the shear stress (Pa), γ  is the shear rate 

(s−1), K is the consistency index (Pa·sn), and n is the 

flow behavior index (dimensionless). Casson yield stress 

(σoc) was determined as the square of the intercept (Koc) 

obtained from the linear regression of the square roots 

of shear rate-shear stress data.

Dynamic rheological data were obtained from frequency 

sweeps over the range of 0.63∼62.8 rad·s−1 at 2% strain 

using a small-amplitude oscillatory rheological measure-

ment. Frequency sweep tests were also performed at 

22oC. TA Rheometer Data Analysis software (version VI. 

1.76, TA Instruments) was used to obtain the experi-

mental data and to calculate the storage (or elastic) 

modulus (G') and loss (or viscous) modulus (G"). All 

samples were allowed to rest at 22oC for 5 min to relax 

the samples before the rheological measurements were 

taken. The rheological measurements were performed in 

triplicate. 

Statistical analysis

The results are reported as the mean value with a stand-

ard deviation of triplicate analyses for each sample. 

Analysis of variance (ANOVA) and Duncan’s test were 

used to establish the significance of 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 

Fig. 1 shows the flow behavior of thickened waters pre-

pared with different food thickeners (thickener A and B) 

at different pH levels. It was found that there was a clear 

trend of pseudoplasticity (shear thinning behavior) and 

all of the samples had a non-Newtonian nature with 

yield stress. The experimental results of shear stress (σ) 

and shear rate (γ) were well fitted to the simple power 

law model (Eq. 1) with high determination coefficients 

(R2=0.96∼0.99) (Table 1). All thickened waters had 

high shear-thinning behaviors with low n values (0.08∼ 

0.22). In particular, the n value of thickener A (0.08∼ 

0.11) was much lower than that of thickener B (0.16) at 

higher pH levels (pH 5∼7). Such lower n values of 

thickener A could possibly be attributed to the shear- 

thinning character of XG due to its unique rigid rod-like 

conformation and high-molecular-weight aggregate (15). 

The n values of thickener A also increased with a de-

crease in pH, whereas no significant effect of pH was ob-

served on n values of thickener B between pH 4 and 7. 

The thickened water samples with both thickeners at pH 

3 showed much higher n values (0.21∼0.22) compared 

to those at other pH levels. The lower degree of shear 
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Fig. 1. Shear stress-shear rate plots for thickened water samples prepared with different thickeners at different pH levels: ○, 
pH 3; □, pH 4; △, pH 5; ◇, pH 6; X, pH 7. Thickener A, xanthan gum-based thickener; Thickener B, starch-based thickener.

Table 1. Rheological properties of thickened waters prepared with different thickeners at different pH levels

Thickener
1) 

pH
Power law Casson yield stress

(δoc, Pa)K (Pa·s
n
) n (−) R

2

A 3 11.2±0.08
c2)

0.22±0.01
a

0.97 14.1±0.25
e

4 12.3±0.45
c

0.17±0.00
b

0.97 15.1±0.14
d

5 15.3±0.08
b

0.11±0.01
c

0.97 16.5±0.35
c

6 16.0±0.01
ab

0.09±0.00
cd

0.96 18.1±0.50
b

7 16.6±0.22
a

0.08±0.00
d

0.96 19.8±0.66
a

B 3 8.24±0.04
b

0.21±0.01
a

0.96 9.94±0.74
b

4 13.1±0.21
a

0.16±0.00
b

0.99 14.3±0.47
a

5 12.7±0.62
a

0.16±0.00
b

0.99 14.5±0.81
a

6 12.5±0.38
a

0.16±0.00
b

0.99 14.3±0.11
a

7 12.6±0.35
a

0.16±0.01
b

0.99 14.4±0.79
a

Values are means±standard deviation.
1)
Thickener A, xanthan gum-based thickener; Thickener B, starch-based thickener.

2)
Values with different letters (a-e) in same thickener are significantly different (P＜0.05).

thinning (high n value) behavior indicates that the thick-

ened waters at higher acidic conditions can increase the 

organoleptic sliminess, as noted by Cho et al. (16). In 

general, it is known that the high degree of shear thin-

ning (low n value) behavior means less sliminess in the 

mouth (17). In comparison to thickener B, thickener A 

exhibits a less slimy mouthfeel except for higher acidic 

conditions (pH 3 and 4).

In general, it is known that K and δoc values obtained 

from the power law and Casson models are flow rheo-

logical parameters for the flow velocity of a food bolus 

and the perceived ease of swallowing (16,18). In partic-

ular, the yield stress of thickened fluids means the stress 

required to break down the structure of fluid and initiate 

flow. It is also known that the yield stress is closely re-

lated to elastic behavior (19). Thus, thickened fluids hav-

ing high yield stress require more pressure from the 

tongue to swallow (20). Significant differences were ob-

served in the flow rheological parameters (K and σco) val-

ues of the thickened waters with thickener A at different 

pH levels (P＜0.05) (Table 1). However, no significant 

change in K and δoc values with thickener B, except for 

samples at pH 3, was observed when the pH level was de-

creased from pH 7 to pH 4. In particular, there were 

greater reductions in K and δoc values at pH 3 compared 

to other pH levels, indicating that the reduced rheolog-

ical parameters can be due to the greater conformation 

changes in XG (21) and a more damaged granule struc-

ture in starch in the higher acidic conditions (22,23). 

Such drastic decrease in K and δoc values in starch-based 

thickener (thickener B) at pH 3 can also be due to starch 

hydrolysis promoted by the severe acidic treatment, as 

noted by Mali et al. (23) and Rogols (24) who showed 

that severe acidic conditions decreased the viscosity of 

starches. In general, it is known that pH has little effect 

on the viscosity of XG solutions over the range encoun-

tered in food systems and also that their high viscosity 

values are maintained over a wide pH range, with some 

reductions at extreme pH levels (25). However, in case of 

thickened water samples with XG-based thickener (thick-

ener A), a progressive decrease in K values was observed 

as the pH decreased from 6 to 3, and in particular, the 
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Table 2. Storage modulus (G') and loss modulus (G") at 6.28 
rad·s

−1
 of thickened waters prepared with different thickeners 

at different pH levels (unit: Pa)

Thickener
1)
 pH G' G"

A 3 73.9±0.05
a2)

15.8±0.12
a

4 58.7±0.87
b

14.3±0.40
b

5 56.1±0.23
c

13.1±0.26
c

6 55.7±0.36
c

12.9±0.08
c

7 52.7±0.40
d

12.6±0.30
c

B 3 31.6±0.08
c

7.11±0.14
a

4 37.1±0.47
a

7.23±0.25
a

5 34.3±0.83
b

7.05±0.19
a

6 34.0±0.29
b

7.02±0.23
a

7 34.8±0.80
b

6.98±0.16
a

Values are means±standard deviation.
1)
Thickener A, xanthan gum-based thickener; Thickener B, 
starch-based thickener.

2)
Values with different letters (a-d) in same thickener are sig-
nificantly different (P＜0.05).

drastic reduction in K value was found at higher acidic 

conditions (pH 3 and 4). Several researchers also report-

ed similar response at extreme pH levels, indicating that 

XG molecules were degraded to some extents at lower pH 

levels (21,22,25,26). Sworn and Kerdavid (25) reported 

that the pH sensitivity of the viscosity can be expected be-

cause changes in the pH will result in changes to the 

charge density of XG which will in turn influence the mo-

lecular associations between XG molecules. They also ex-

plained that reducing pH progressively converts the car-

boxylate groups from the ionized to the un-ionized form 

(COO−+H+=COOH), with consequent suppression of 

electrostatic repulsion between the XG side chains, re-

sulting in a more compact molecular shape, which could 

explain the observed reduction in K values at lower pH 

levels. From these observations, it was found that the pH 

level in the thickened water samples with thickener A has 

an effect on the K and σco values and also that the differ-

ence in flow properties of thickened waters can be due to 

the different compositions of the food thickeners in acidic 

conditions.

In general, it has been noted that the dynamic rheologi-

cal parameters, such as G' and G", are also relevant to the 

safe and easy swallowing of food bolus (1,14,19,27). 

Thickened water samples with thickener A at different 

pH levels showed much higher dynamic moduli (G' and 

G") values than those with thickener B (Table 2), indicat-

ing that the addition of XG-based thickener enhanced the 

viscoelastic properties of thickened waters having a wide 

pH range. In addition, dynamic moduli values of thicken-

er A increased with a decrease in pH level, showing pat-

terns opposite to those observed for K values (Table 1). 

In contrast, in the thickened water samples with thick-

ener B, there were not much differences in G' values be-

tween pH 5 and pH 7, and in G" values among all pH lev-

els, indicating that the pH had a very small effect on dy-

namic moduli values compared to those of thickener A. 

The thickened water with thickener B at pH 3 showed 

much lower G' than the other samples, indicating that 

starch granule structures were damaged to some extent 

in severe acidic conditions, as previously described. In 

general, changes in G' of thickener B followed patterns 

similar to those observed for K values. In contrast, the 

thickened water with thickener A at pH 3 showed much 

higher G' than the other samples. Such sharp increase in 

elastic properties may be attributed to an increase of in-

termolecular associations between XG molecules due to 

less negative charges (−COO−) at higher acidic condi-

tions, thereby promoting a network formation, as noted 

by Li and Hou (28). This network formation can cause an 

increase in the elastic properties of thickened water sam-

ples with thickener A, evidenced by the much higher G' 

compared to G". These results indicate that pH has dif-

ferent viscoelastic effects depending on the type of food 

thickeners. The findings of the present study demon-

strates that detailed manufacturer’s guidelines for pre-

paring thickened acidic fluids from food thickeners are 

needed for the management of dysphagia. Furthermore, 

these results suggest that the dependence of rheological 

parameters on pH and thickener type can provide both 

clinicians and patients with valuable information to pre-

pare the thickened acidic fluid products with desirable 

rheological properties for easy and safe swallowing. A 

limited number of commercial food thickeners and only 

bottled water without solids as a dispersing medium 

were used in this study. Therefore, additional studies are 

needed on various commercial food thickeners and acidic 

drinks with different compositions to extrapolate the re-

sults of this study.
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