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ABSTRACT:

Pre-thickened beverages and barium sulfate suspensions are used in the treatment and diagnosis of dysphagia.
These liquids are labeled nectar consistency (NC), honey consistency (HC) etc. These labels are rather mislead-
ing and do not represent the actual rheological character of the liquids. We carefully investigated the rheology
of these liquids to assist both in their formulation and use for dysphagic patients. Steady state flow properties,
thixotropy, dynamic response, and creep recovery behavior were investigated for six beverages and two bari-
um sulfate suspensions. All samples exhibited a shear-thinning behavior. The flow curves of all samples fol-
lowed both Herschel-Bulkley and Casson models. HC barium sulfate suspension exhibited higher yield stress,
o, and higher storage modulus, G’, than their fluid food counterparts. In contrast, NC barium sulfate suspen-
sion had lower o, and G’ than some of the liquid food counterparts. Frequency spectra of NC samples were sim-
ilar to that of a macromolecular solution with both G’ and loss modulus, G”, increasing with frequency; where-
as those of HC samples were similar to that of a gel with a little dependency of G’and G” over frequency. Stress
sweep experiments showed that the linear viscoelastic region of fluid foods and barium sulfate suspensions
extended up to1and 10 Pa, respectively. Thus, significant differences exist in the rheological properties of both
pre-thickened and videofluoroscopy fluids currently used for diagnosis and treatment of dysphagia.

ZUSAMMENFASSUNG:

Vorverdickte Getranke und Bariumsulfat-Suspensionen werden zur Behandlung und Diagnose von Dysphagie
verwendet. Diese Fluissigkeiten werden als Nektarkonsistenz (NC), Honigkonsistenz (HC), etc. bezeichnet. Diese
Bezeichnungen sind irrefiihrend und geben nicht den wirklichen Charakter der Fliissigkeiten wieder. Wir unter-
suchten sorgfiltig die Rheologie dieser Fliissigkeiten, um sowohl bei ihrer Rezeptur als auch der Anwendung bei
dysphagischen Patienten mitzuwirken. Die stationaren FlieReigenschaften, Thixotropy, die dynamische Antwort
und das Kriecherholungsverhalten wurden von sechs Getranken und zwei Bariumsulfat-Suspensionen unter-
sucht. Samtliche Proben wiesen ein Scherverdiinnungsverhalten auf. Die FlieRkurven aller Proben fogten den
Herschel-Bulkley- und Casson-Modellen. HC-Bariumsulfat-Suspensionen besal3en eine hohere FlieBpannung
und einen hoheren Speichermodul G’ als ihre fliissigen Lebensmittelgegenstiicke. Im Gegensatz dazu waren die
FlieBpannung und der Speichermodul der NC-Bariumsulfat-Suspensionen niedriger als die der Lebensmit-
telfluide. Die Frequenzspektren der NC-Proben waren denen einer makromolekularen Lésung ahnlich, wobei G”
und der Verlustmodul G” mit der Frequenz zunahmen. Dagegen waren die Frequenzspektren der HC-Proben
denen eines Gels mit einer geringen Abhangigkeit von G’ und G” liber den gesamten Frequenzbereich dhnlich.
Die Spannungsdurchlauf-Experimente zeigten, dass der linear-viskoelastische Bereich der fliissigen Lebensmit-
telsubstanzen und Bariumsulfat-Suspensionen bis zu 1bzw. 10 Pa erweitert wurde. Daher existieren signifikante
Unterschiede inden rheologischen Eigenschaften sowohl dervorverdickten als auch der Videofluoroskopie-Fliis-
sigkeiten, die gegenwartig flr die Diagnose und Behandlung von Dysphagie benutzt werden.

RESUME:

Les boissons pré-épaississantes et les suspensions de sulfate de baryum sont utilisées dans le traitement et le
diagnostique des dysphagies. Ces liquides sont labellisés comme nectar texturant (NC), miel texturant (HC), etc.
Ces labels sont plutét trompeurs et ne représentent pas le caractére rhéologique réel des liquides. Nous avons
étudié avec attention la rhéologie de ces liquides afin d’aider a leur formulation ainsi qu’a leur utilisation pour
les patients dysphagiques. Les propriétés en écoulement établi, la thixotropie, la réponse dynamique et le com-
portement de relaxation de contrainte ont été étudiés pour six boissons et pour deux suspensions de sulfate
baryum. Tous les échantillons ont présenté un comportement rhéo-amincissant. Les courbes d’écoulement de
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Figure 3 (left):

a) Mechanical spectra of
nectar consistency (NC) and
honey consistency (HC)
samples.

b) Stress sweep data of nec-
tar consistency (NC) and
honey consistency (HC)
samples.

Figure 4:

a) Creep recovery response
of thickened milk with a
nectar consistency at three
levels of applied stress.

b) Creep recovery response
of thickened milk with a
nectar consistency at two
levels of applied stress.
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The rheological behavior of six pre-thickened
beverages and two barium sulfate suspensions,
which are used for the diagnosis and treatment
of dysphagia, were measured at room tempera-
ture using a controlled-stress dynamic rheome-
ter. All samples exhibited a shear-thinning
behavior. The shear stress vs. shear rate rela-
tionships of all fluids followed both the Herschel-
Bulkley and Casson models. HC barium sulfate
suspension exhibited higher yield stress and
higher elastic modulus than their fluid food
counterparts. In contrast, NC barium sulfate sus-
pension showed lower yield stress and lower
elastic modulus than some of its liquid food
counterparts. These results suggest that the
ready-to-serve fluids that currently exist in the
market exhibit rheological properties signifi-
cantly differentfromthose of barium sulfate sus-
pensions used for diagnosis of dysphagia. Final-
ly, this study describes appropriate methods for
an in-depth characterization of the rheological
properties of pre-thickened foods and videofluo-
roscopy diagnostic fluids for dysphagic patients,
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and also shows that rheology can play an impor-
tant role in diagnosis and treatment of dyspha-
gia by objectively characterizing the properties
ofthefoods mostacceptabletoa patientandaid-

inginthe selection of foods that best fit his or her
needs.

ACKNOWLEDGMENTS

The authors would like to thank Dr. Joanne Rob-

bins at the Geriatric Research, Educational and
Clinical Center of the William S. Middleton
Memorial VA Medical Center (Madison, WI) for
providing the samples and for her help.

REFERENCES

[1] Ballou LS, Garcia JM, Hakel M, Chambers E: Com-
parison ratings of pureed versus molded fruits:
preliminary results, Dysphagia 15 (2000) 2-5.

[2] PalmerJB: Evaluation and treatment of swallow-
ing impairments, Amer. Family Physic. 61 (2000)
2453-2457.

[3] Hiiemae KM, PalmerJB: Food transportand bolus
formation during complete feeding sequences
on foods of different initial consistency, Dyspha-

gia 14 (1999) 31-42.

pxtract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



(4]

(5]

(6]

(7]

(8]

[o]

[10]

(]

Kuhlemeier KV, Palmer JB, Rosenberg D: Effect of
liquid bolus consistency and delivery method on
aspiration and pharyngeal retention in dyspha-
gia patients, Dysphagia 16 (2001) 119-122.
Cichero JAY, Jackson O, Halley P, Murdoch BE:
How thick is thick? Multi-center study of the rhe-
ological and property characteristics of mealtime
fluids and videofluoroscopy fluids, Dysphagia 15
(2000) 188-200.

Cichero JAY, Jackson O, Halley P, Murdoch BE:
Which One of These Is Not Like the Others? An
Inter-Hospital Study of the Viscosity of Thickened
Fluids, J. Speech Lang. Hear. Res. 43 (2000) 537-
547

Glassburn DL, Deem JF: Thickener viscosity in dys-
phagia management: variability among speech-
language pathologists, Dysphagia 13 (1998) 218-
222.

Pelletier CA: A comparison of consistency and
taste of five commercial thickeners, Dysphagia 12
(1997) 74-78.

Garcia JM, Chambers E, Matta Z, Clark M: Viscos-
ity measurements of nectar and honey-thick lig-
uids: products, liquid and time comparisons, Dys-
phagia 20 (2005) 325-335.

Steele CM,Van Lieshout PHHM, Goff DH: The Rhe-
ology of Liquids: A comparison of clinicians sub-
jective impressions and objective measurement,
Dysphagia 18 (2003) 182-195.

Germain |, Dufresne T, Ramaswamy HS: Rheo-
logical characterization of thickened beverages

This is an extract of the complete reprint-pdf, available at the Applied Rheolqg

[12]

[13]

[14]

[15]
[16]
[17]

(8]

[19]

[20]

used in the treatment of dysphagia, J. Food Eng.
73 (2006) 64-74

National Dysphagia Diet Task Force: National
dysphagia diet: Standardization for optimal care,
Clayton J. (ed.) American Dietetic Association,
Chicago (2002)

Coster ST, Schwarz BS, Schwarz WH: Rheology of
the swallow-safe bolus, Dysphagia1(1987) 113-118
Rao A: Rheology of Fluid and Semisolid Foods:
Principles and Applications, Aspen, Gaithersburg
(1999)

Steffe JF: Rheological methods in food process
engineering, Freeman Press, East Lansing (1996).
Rao MA, Steffe JF: Measuring yield stress of fluid
foods, Food Technol. 51 (1997) 50-52.

Boger D: Introduction to the diabolical case of the
recurring yield stress, Appl. Rheol. 14 (2004) 40.
Pavlinek V, Saha P, Perez-Gonzales K, de Vargas L,
Stejskal J, Quadrat O: Analysis of the yielding
behavior of electrorheological suspensions by
controlled shear stress experiments, Appl. Rheol.
16 (2006) 14-18.

Watson JH: The diabolical case of the recurring
yield stress, Appl. Rheol. 14 (2004) 40-45.

Fisher DT, Boger DV, Scales PJ: Measurement
errors in yield stress rheometry that arise from
torque offset correction, Appl. Rheol. 16 (2006)
206-209.

http://www.appliedrheology.org

Applied Rheology
Volume 17 - Issue 3

gy website



