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Abstract. Rheological properties of market-avaddhler paté spreads were investigated using a
vane impellerd = 20.5 mmh = 41.6 mm) and the drive system of a rotationebrheter Rheotest RV2.
The measurement of the shear steesgeveloped on the walls of the cylinder, formedt®sy vane rota-
tion, enabled evaluation of the static yield st@sand flow curves of the samples tested. The measure
ments were carried out at temperatures of 10, %2l 50C. The spreads tested displayed variable
water content over the range of 65.0-69.7 g (100agy fat content from 10.7 to 20.6 g (100. @tatic
yield stress valueg, of the samples varied from 45 to 130 Pa and degkngon the sample and tempera-
ture. The flow curves were typical for shear-thohrleid possessing yield stress, and suggested good
agreement with the concept of so-called ideal sprais term means a material possessing yieldsstre
sufficient to keep its shape under its own weighilevsimultaneously displaying relatively low apgatr
viscosity. Over a wide range of shear rafeshe relationshipcr(y) was linear and for its approximation
the Bingham equation could be applied. The expeartisrieave shown significant viscosity differentiatio
between the spreads obtained by various manufes;tared applicability of the vane impeller for sie
ability evaluations.
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INTRODUCTION

Specific rheological properties are expected frawdpcts, the special tex-
tural property of which is spreadability, usuallgngprehended as characteristic
subjectively evaluated by a consumer. In producpoactice, however, there is
a need for objective determination of spreadabditynultiple food products by
means of contemporary rheometric methods. Bearingind the complexity of
rheological properties of food products and po88ds of their characterization
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with numerous rheological parameters, in the césieeodiscussed group of prod-
ucts worthy of notice is the possibility of measgriyield stress (Steffe 1996). It
is especially important, since on the one hand sughoduct is expected to be
firm enough and not to change the shape undemitsweight, whereas on the
other hand — when constrained to flow under shgatiirshould be easy to spread
on a piece of bread, for instance (Prentice 1984¢h expectations correspond
with the concept of a fluid possessing yield str&esow the stress described as
yield stressagj, such a material behaves like a solid body; wres@eeding the
g, value leads to irreversible deformation i.e. flamhich enables spreading the
product over a surface.

Though some authors question the existence ofité gtress as a physical
value (Barnes 1999, Steffe 1996), undoubtedly i isneasurable property that
facilitates the classification and characterizataina number of raw materials
displaying visco-plastic behaviour. In such an riptetation of the yield stress,
however, of key significance is specification of tinethod of its determination. A
common method involves the application of extrapoma of flow curves ap-
proximated with the rheological models of Bingha#erschel-Bulkley and Cas-
son (Steffe 1996). In this case, however, achievire correct results requires
corrections of shear rate taking into account génmef the measuring system
and properties of medium being the object of tlhe\s{Rieger and Zander 2007,
Zander and Kiljaski 2007).

The absolute value of yield stress may be detemriméhe case of creep test /
stress relaxation and stress growth conducted théhuse of classic rheometric
systems (Lidell and Boger 1996, Stokes and Telkf¥@4). A significant incon-
venience of the application of classic rheometeiesers is the necessity of induc-
ing a sample’s flow in a narrow gap. In the casemofti-phase materials, the
relation of the size of dispersed phase partiddbé gap size and wall slip effects
are, however, a source of errors (Barnes 1995, t€abet al 2004). A solution
to this problem may be the application of impellassmeasuring sensors and the
use of their power characteristics in the areaaafihar agitation (S¢k 1981,
Kemblowski and Kristiansen 1986).

A vane impeller with 4-8 straight blades mountedaashaft of small diameter
has been extensively used as an element of direasunements of yield stress.
Initially, it was applied in assays of mechanicedperties of soil and turned out
to be a very convenient tool for measurements @fyibld stress of concentrated
systems, e.g. cements, kaolin, suspension of niéndr@ntonite gels, volcano lava
and wax oils (Barnes 1999, Lidell and Boger 1996).
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The principle of yield stress measurements by medires vane impeller is
based on the assumption that shearing stress itducehe vane rotation acts
evenly on the side surface and extreme planesratasional cylinder constituted
by the examined material entrapped between thesvahéhe impeller (Nguyen
and Boger 1983). The validity of this assumptiols baen confirmed both ex-
perimentally and analytically by computer simulagdYan and James 1997).

A number of reports have been published on theilgbgsof applying this
type of impeller for the evaluation of the rheolmaiproperties of food products.
Briggset al. (1996) applied such an impeller for the assesswietdnsistence of
ice cream. Its applicability has also been dematesdrfor assaying the rheologi-
cal properties of cottage cheese (Zaretaal 1999), flavouring additives to dairy
products (Zandeet al 2006b), cosmetics and a variety of other hetereges
systems (Stokes and Telford 2004). Daubkel (1998) used this type of meas-
uring sensor while determining the spreadabilityi8ffood products and showed
that this textural characteristic was stronglyi#fd by the yield stress. The technique
discussed was also used in measurements of yie&s sif such products as: mayon-
naise, chocolate, salad sauces, apple and tomat¢OQaubertet al 1998) as well as
cheeses (Truong and Daubert 2001). The populdrtyisomeasuring method results
from the simplicity of sample preparation and catithg measurements, the possibil-
ity to perform measurements directly in the commgnd minimal disruption of the
structure of the material examined once the impklis been immersed into the sam-
ple (Briggset al 1996, Barnes and Nguyen 2001, Truong and Da2bé). Re-
cently, this method has been standardized in tali@ion of the yield stress of food
products (Barnes and Nguyen 2001). Moreover, itheen demonstrated that the
applicability of the discussed type of impellers@ limited to single-point meas-
urements of the yield stress only, but also enabla® advanced rheological charac-
teristics of the media to be examined (Glehal 2000).

The objective of this study was to evaluate thesipagy of obtaining
rheological characteristics of commercially-avaialiver paté samples based on
the results of measurements of torque occurrindpershaft of a vane impeller.

EXPERIMENTAL

Commercially-available liver paté samples origingtifrom three different
producers (series of samples denoted with lette® @&nhd C) were examined. The
water and fat contents in the samples were detedracording to Polish Stan-
dards: PN-ISO 1442:2000 and PN-ISO 1444:2000, ctisedy.



32 F. DAJNOWIEC, L. ZANDER

The evaluation of rheological properties of thestipaté samples examined
was conducted by means of a vane impetler 0.021 mh = 0.042 m), using the
drive and torque measuring system of a rotatiohalometer Rheotest RV2.
A schematic sketch of the impeller used is presemi&igure 1.

As the container being filled with the liver paté
examined, a thermostatic, stainless steel cylirder
! an internal diameter dd = 0.040 m was used. In the
experiment, the rotational speéd of the impeller
was changed stepwise over the range ofl@%to
2.5 ¢%. Simultaneously, torqud was registered in
1 sec intervals using a Metex M-3640d milivoltmeter
h In Figure 2 a typical course of changes in theuerq
L|/\I\{ during the first rotation of the impeller is depidt The
maximum value of torquém.x occurring during the
first rotation of the impeller at the rotationalespl of
>< N =4.610° s' was taken as a measure of static yield

stress of a sampleg, which was computed from the
equation (1) given by Nguyen and Boger (1983) and
Fig. 1. Vane impeller used as Barnes and Nguyen (2001):

the rheometric sensor in the
experiments
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Fig. 2. Typical course of torque changes during the fissation of vane immersed in the sample
tested
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Equilibrium values of torquée, (Fig. 2) at each rotational speed was as-
sumed to be a measure of shearing stwesscurring on the surface of the rotat-
ing cylinder formed from the sample of the mategiehmined. All measurements
of rheological parameters were carried out at teatpees of 10, 15, 20 andG

A statistical analysis of the measurement resultbestimations of regression
equation parameters were performed by means ofs8tat8 PL software
(Statsoft, Inc. 2007).

RESULTS AND DISCUSSION

The characteristics of the material analysed agegmted in Table 1. It shows
that the samples of liver paté used for rheologisehsurements differed both in
raw material composition and proximate chemical gosition even though they
were found alike in consumer evaluation. The samplamined were character-
ized by some variation in water content over thegeaof 65-69.7 g (100 g)as
well as in fat content over the range of 10.7-20(600 g)".

Table 1. Ingredients and overall chemical compositadriheliver paté samples tested

Water content  Fat content

Sample Ingredient
P g@oogt g (100 gy g
Chicken meat, giblets, semolina, soy protein, salt,
A
66.4 107 milk powder, E621, E635, E250
Poultry meat, poultry liver, wheat flour, vegetable
B
69.7 15.7 fat and protein, spices, E472c
c 65.0 206 Poultry meat, giblets, fat, starch, emulsifier, por

cine skin, vegetable protein, spices, salt, E250

" according to the manufacturer.
Yield stress

The rheological properties of the products analysdtbcted differences in
the composition of individual samples. Changes @amvalues of the static yield
stressg;, in the samples examined as affected by varioupéestures of meas-
urements are illustrated in Figure 3. The data destnate that at temperatures of
10 and 18C, the samples of liver paté of series A and B weesignificantly
different. In turn, samples of the series C weraratterized by a greater yield
stress, hence, they should be considered as oéwpreadability. The variability
in the yield stress value seems to be connectddwater and fat content in the
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samples, but no detailed chemical composition @malwas performed in this
study. Based on the yield stregsvalues obtained, the samples tested might be
classified as belonging to easy-to-spread categérfoods, according to the
spreadability map given by Daubettal (1998).

250

200

150 +

100 +

Granica plyni ecia - Yield stress @, (Pa)

91.3 107.5
Temperatura - Temperature (C)

Fig. 3. Static yield stress of the liver paté samplestkst mean values denoted with the same letter
do not differ significantly (p = 0.05)

The effect of temperature on the static yield strgas not explicit. In the case
of homogenous substances, the yield stress desrefmay with an increase in
temperature (Steffe 1996). In the experiment repbhere, along with a rise in
temperature, the consistence of samples of B sati2é and 5&C became more
spreadable than at 10 and®@5 whereas the other samples were characterized by
an increase in the value of. It is likely to be the result of phase transigaorc-
curring in components of liver paté tested, yetielation of the cause of such
relationships requires further study.

Flow properties

Flow curves of the liver pagamples were plotted assuming that the equilibrium
values of torque, settling at a given frequenciyrgfeller rotation, correspond to val-
ues of shear stress developed on the surface of a product cylindeatirad in an
immobile mass of the sample. In order to compmtealues, equation (1) withle,
values substituted fdvl . was used. The mean value of shear yat@as calculated
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as a magnitude proportional to rotational spe¢tesimpellem
y=KIN (2)

taking a factor of proportionality’ = 37.5 based on a previous study (Zareter
al. 2006a). The analysis of the results demonstiiaidthe investigated samples
of liver paté subjected to shearing behaved as@>plastic body, hence, a satis-
factory approximation of the flow curves of(y) obtained with the vane impeller
may be following linear equation for the flow curgéBingham plastic, valid at
the shear rate greater than 0 s
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Fig. 4. Example of flow curves of the spreads tested ¢gpiand approximation with the Bingham
equation (continuous lines) at 10 — parameters of the equation are given in Table 2

Table 2. Parameters of Bingham equation (3) for flow curvesahples tested

Sample tested

Temperature
C) A B C
% (Pa) m(Pas) a(Pa) m(Pas) o (Pa) 1, (Pas)
10 27.91 0.25 46.36 0.19 84.08 0.55
15 41.46 0.24 49.56 0.10 54.02 0.38
20 40.64 0.20 36.24 0.12 70.69 0.31

50 159.0 0.20 26.04 0.15 91.46 0.51
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Figure 4 illustrates an example of fitting the Biagh model to empirical data
based on measurements conducted at a temperatdi@@f whereas Table 2
displays all numerical values of the yield stressnd plastic viscosityy, evalu-
ated. The results obtained reflect the consisteligrsity of the products exam-
ined and changes in their rheological propertieth wémperature in a similar
range as the static yield stregsdiscussed above (Fig. 3).

Almost all experiments demonstrated that afterugison of the primary
structure of the sample resulting from exceedirgdtatic yield stress at initially
low shearing rates, a decrease occurred in valusisearing stress along with an
increasing rotational speed of the impeller. Sushapparently abnormal course
of the flow curves should be attributed to the po& formation of a thin layer of
the examined material subjected to shearing betwkenmotionless mass of
a sample in a vessel and the rotating cylindehefrhaterial entrapped between
the impeller vanes. It is impossible to determime thickness of this layer; hence,
some authors claim that the flow curves obtainednbgans of a vane impeller do
not provide absolute values of viscosity (Gletral 2000). Nonetheless, it seems
that data achieved with the use of the techniggseudsed may be applied for
comparative purposes, e.g. in the assessment dffamiucts quality, especially
in cases when the use of narrow-gap rheometrioseisnot justified.
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Fig. 5. Correlations between the rheological propertiesamiples tested and static yield streg (
oy — Bingham yield stresgj, — plastic viscositys, — apparent viscosity
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Detailed analysis of the rheological parameterthefspreads tested indicated
that Bingham yield stress, as well as plastic viscosity, and apparentiscos-
ity defined asy, =o/y were correlated with the static yield stregsas shown in
Figure 5. This may suggest that despite the comgierlogical nature of this
kind of food product the relatively simple, singleint measurement of static
yield stressag, may deliver profound information about its congise This
statement is in good agreement with assumptioxaabertet al (1998).

CONCLUSIONS

1. The characteristics of the rheological propertiebver paté samples ob-
tained in the study demonstrated the possibilitamblying the vane impeller for
the evaluation of their consistency.

2. The result of single-point measurement of yielcesgris an objective
value and may be applied for the current monitoahthe quality of similar types
of food products.
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Streszczenie. Badano cechy reologiczne handlowydztetow wykorzystug mieszadto
skrzydetkowe ¢, = 20,5 mmh, = 41,6 mm) i nagd reometru rotacyjnego Rheotest RV2. Pomiargiapr
Zenia stycznega, wyskpujacego nacianie bocznej cylindra materiatu, formowanego praerét mie-
szadia z materiatem galzy topatkami, pozwolit wyznaczystatyczm granig plyniecia o, badanych
probek oraz sposgzic krzywe ptynecia. Pomiary wykonano w temperaturach 15, 20 i 5@&lane
pasztety charakteryzowahesiblizoma do siebie zawarfoia wody mieszcgea sie w granicach 65-69,7%

i ttuszczu od 10,7 do 20,6%. Statyczna granicaiggian probek paszteta, wynosita od 45 do 130 Pa
i byla zalena od temperatury. Krzywe phycia badanych prébek pasztetow wykazywaty cechyuptyn
rozrzedzanegdcinaniem. Przebieg zmian napeq stycznych w funkcji ogstaici obrotow mieszadta
odpowiadat charakterystyce tzw. idealnego smarawthg. ideal, spread), czyli materialu posiazajo
granie ptyniecia pozwalajca na utrzymanie ksztattu prébki pod wtasnyrezarem i jednoczmie sto-
sunkowo mat lepkai¢ pozorn. Liniowy przebieg zaleosci miedzy napezeniem stycznym a €gtaicia
obrotow mieszadta wskazywat na #iwos¢ stosowania modelu Binghama do odwzorowania gtyeni
probek pasztetéw przy szybkiachicinania powyej 10 . Daéwiadczenia wykazaly cie zréznicowa-
nie lepkdaci plastycznej probek pochagzch od rénych producentow.

Stowa kluczowe: granica phytia, lepkdé plastyczna, mieszadto skrzydetkowe, pasztet



