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Abstract

In the Quality Control (QC) of mayonnaise, one of the standard
tasks is to determine the yield stress in the original container
using a vane rotor, which needs to be moved into the intact
product structure in a perfectly vertical movement. Efficient
and high-throughput QC measurements require a rheometer
with an easy-to-operate lift function as well as an easy-to-
adapt universal container holder for different container designs
as well as software routines for automated measurement,
evaluation and QC documentation. An optionally available
temperature sensor mounted parallel to the rotor allows for
recording of the sample temperature.

The yield stress in food corresponds with important
material characteristics such as stability, mouth feeling and
processability and is affected by the ingredients and their
formulation — particularly the fat content [1 - 4].
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Figure 1: The HAAKE Viscotester iQ Rheometer with mounted
universal container holder and vane rotor FL26-2 blades (left);
universal container holder with three vane rotors: 4-blade rotors
FL16 and FL22 as well as FL26-2 blades (right).

Introduction

Mayonnaise is a semi-solid oil-in-water emulsion consisting
basically of an oil and an acidic water phase plus emulsifier.
Formulations differ widely in composition, texture and
flavor. Conventional full-fat mayonnaise has an ail (i.e. fat)
content of up to 80%. Lowest-fat or no-fat mayonnaise,

on the other end, is not even an emulsion in the classical
sense anymore. As soon as the fat content is reduced, it

is necessary to adjust the formulation and to add further
ingredients in order to obtain a texture, which will be well
accepted by consumers [1 - 4].

Home-made mayonnaise usually consists of vegetable oil
egg yolk, vinegar and/or lemon juice and flavoring ingre-
dients like pepper, salt, mustard and maybe sugar.
Industrial mayonnaise products may also contain modified
starch and thickeners like locust bean gum or guar gum
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and colorants (e.g. beta-carotene) as well as additional
flavors. Fat-reduced and light mayonnaise products may
require a higher content of water and the addition of fat-
reduced yoghurt or other milk products, other thickeners
(e.g. xanthan gum) as well as artificial sweeteners. More-
over, fiber-rich ingredients like pectin can be used for fat
replacement and for texturing [1].

Yield stress is by definition the minimum shear stress re-
quired to make a material flow. The yield stress is a measure
for pourability, spreadability and spoonability and is used to
predict the product stability [1 - 5, 8 - 10]. The yield stress
values 1, of mayonnaise can range from about 20 Pa
(pourable) to about 300 Pa (spoonable), depending on the
particular formulation as well as on the method used for
yield stress determination and the pre-experimental sample
handling [1 - 11].

As far as the composition is concerned, the yield stress
strongly depends on the fat content.

Regarding rheological measuring methods, the most accu-
rate and recommended method to determine absolute yield
stress values is the Controlled Stress (CS) ramp with plate/
plate measuring geometry, which requires careful sample
preparation, handling and loading to maintain the intact
structure [7].

Sample stirring or squeezing would lead from the static
yield stress of the intact structure to the (lower) dynamic
yield stress of a disturbed structure [9 - 10]. Loading a
sample into a plate/plate, plate/cone or concentric cylinder
measuring geometry with subsequent equilibration and
CS ramp vield stress measurement takes about 10 to 20
minutes per sample.

For QC, this may be too time-consuming — therefore, relative
vane rotor measurements with an intact sample structure

in the original container are often preferred, since they can

be conducted much faster and are related to the static yield
stress [8 - 10]. The correct selection of the experimental para-
meters for vane rotor measurements is fundamental — this

will be discussed in more detail below. In general, tests in
Controlled Rate (CR) mode with rotational speeds lower than
1 rpm are recommended [9].

Material and methods

A Thermo Scientific™ HAAKE™ Viscotester™ iQ Rheometer
equipped with a 4-blade vane rotor FL22 (vane diameter
22 mm, height 16 mm) and an universal container holder

(Figure 1) was used for the yield stress determination in
CR mode. Three industrial mayonnaise products from
the same manufacturer with different fat content levels
were investigated (Table 1). A sealed glass container

was opened and fixed in the universal container holder.
Using the manual lift function of the HAAKE Viscotester
iQ Rheometer and the features of the Thermo Scientific™
HAAKE™ RheoWin™ Software (Figure 2), the vane rotor
was kept from rotating (element 1: CR mode ¥ = 0 s™) and
lowered vertically into a well-reproducible position as well
as penetration depth (according to the dimensions and
shape of the container type).

Products, which are filled into a jar or a can with considerable
speed in an industrial plant, often show slightly different
material properties when comparing samples, taken from

the bottom center area, top center area or close to the
container wall. In such a case it is mandatory to make the
vane measurement always in the same position (in each
particular container type) in order to obtain comparable and
reproducible results.
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Figure 2: HAAKE RheoWin measuring job for measurement and
automated evaluation and documentation.

After a short equilibration and recovery time (element 3), the total
time t was set to zero (element 4), right before the measurement
was started. A low rotational speed was applied and a set
number of data points were recorded within the set time (element
5). With an automated evaluation and QC element (element 6:
curve discussion), the maximum in the shear stress 1 vs. time t
plot was determined and afterwards verified whether 7 is within
the user-defiened tolerance range (pass or fail). Finally a report
was generated (element 7), which can be either saved as a file
(e.g. in pdf, jpeg, or tiff format) or sent out directly to a printer.



For each sample class, the most suitable rotor type and rotational
speed need to be determined in a preliminary test. Smaller vane
rotors are used for samples with stronger texture and higher yield
stress, like peanut butter [5, 6], while larger vane rotors are more
suitable for samples with lower viscosity and lower yield stress

8 - 10].

In order to determine one rotational speed, which fits all samples
of a class, different rotational speeds need to be tested (Figure 3).

A too high rotational speed leads to a sharp peak which cannot
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Figure 3: Schematic comparison of vane rotor yield stress measu-
rements with higher (red triangles), medium (blue rectangles) and
lower rotational speed (green circles).

be evaluated (red triangles). A rotational speed too low delivers an
asymptotic curve with no maximum (green circles). The goal is to
select a rotational speed, which generates a curve with evaluable
maximum (blue rectangles). The speed corresponding to the
highest evaluable maximum is the best choice for this particular
sample.

Results and discussion

The effect of the composition on the yield stress has been
subject of different investigations in the past. Different
behaviors have been observed according to the nature
and number of ingredients of the formulation used for the
studies [1 - 4].

Among the three mayonnaise samples tested for this
report, the highest fat content (22.5%) product was most
critical with regard to obtaining an evaluable maximum

in the measuring curve. Therefore the preliminary test
described above was run with different rotational speeds.
Suitable settings were 0.02 rpom and 0.05 rpm, which
delivered comparable yield stress results (95 Pa and 96 Pa)
— see Figure 4 and Table 1. With both these rotational speeds
all sample were measured (Figures 5, 6 and Table 1).

After a 4-blade rotor has turned by 85° to 90°, no
undamaged structure is touched by the blades anymore.
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Figure 4: Comparison of vane rotor yield stress measurements
with 0.05 rpm (open circles) and 0.02 rpm (filled circles) with the
mayonnaise with 22.5 % fat content.

There-fore, the measuring curves recorded at 0.05 rpm
exhi-bited a slight decrease at around 300 s (Figures 4 - 5).

Figure 5 and Table 1 show the results of the yield stress
measurements for the three commercial mayonnaises tested
at 0.05 rpm. All shear stress curves clearly exhibit a maximum.
[t can be seen that the product containing the lowest fat
content (5.2%) correlates with the highest yield stress (127 Pa).
On the opposite, the sample containing the highest amount of
fat (22.5%) presents the lowest yield stress (96 Pa).
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Figure 5: Vane rotor yield stress measurements with 0.05 rpom for
mayonnaises with different fat contents.

The rheological data collected at 0.02 rpm (Figure 6) confirm the
trend observed in the measurements carried out at 0.05 rpm. As
expected, with the lower rotational speed each maximum in the
stress curve appears at a later time and the measurement takes
longer. The evaluated yield stress values for 10.5 % and 5.2 %
fat content are higher at 0.02 rpm than at 0.05 rpm. Therefore,
for the QC vyield stress testing of these three samples, 0.02 rpm
is the recommended rotational speed.



thermo scientific

160
140 .
/, \5_2 %
120 e
100 10.5%
un:l )/" e
£ 80 T
v 225 %
60+
40 /
20 {
0
0 80 160 240 320 400
tins

HAAKE RheoWin 4.41.0000

Figure 6: Vane rotor yield stress measurements with 0.02 rpm for
mayonnaises with three different fat contents.

Table 1 lists the yield stress values which were calculated auto-
matically by the HAAKE RheoWin Software for both rotational
speeds. For the formulation with the highest fat content the
values are very close to each other, being 95 Pa and 96 Pa

at 0.02 rpm and 0.05 rpm, respectively. As the fat content
decreases, the difference between the two values becomes
more significant. This clearly indicates how the set parameters
can affect the results of the rheological measurements in a vane
rotor measurement.

Tabelle 1: Yield stress results determined with two
rotational speeds for mayonnaises with different fat
contents.

Fat content T,in Pa T,in Pa

in % at 0.02 rpm at 0.05 rpm
22.5 95 96

10.5 126 118

5.2 144 127

Conclusions

The HAAKE Viscotester iQ Rheometer equipped with the
universal container holder and a vane rotor allows for the
efficient QC yield stress testing of paste-like materials in
their original container.

Find out more at thermofisher.com/rheometers

The instrument’s convenient lift function ensures a fast and
reproducible handling. In combination with the universal
container holder, it allows for the accurate positioning of
the vane rotor inside the sample.

Operation of the HAAKE Viscotester iQ rheometer can

be done either in standalone mode with predefined or
customized measurement and evaluation routines or,

with the HAAKE RheoWin measurement and evaluation
software, allows for creating complete QC routines
including pass/fail evaluation criteria and varoius options for
data storage and documentation of the test results [11].

[t was demonstrated, that for the yield stress determination
of mayonnaise, the maxiumum in shear stress vs. time
curve can be evaluated when perfoming tests with a vane
rotor. The yield stress of mayonnaise was depending
significantly on the fat content of the product.

References
1. C. Breidinger, S. L. and Steffe, J. F. 2001. Texture map of cream cheese. J. Food Sci.
66, 453-456 of cream cheese. J. Food Sci. 66, 453-456

2. Dzuy NQ, Boger DV. 1985. Direct yield stress masurement with the vane method. J
Rheol 29:335-47

3. Ma L., Barbosa-Canovas G.V. “Rheological characterization of mayonnaise — Part 2:
Flow and viscoelastic properties of different oil and xanthan gum concentrations *“. J.
Food Eng. 25 (1995) 409 - 425

4. Stern P., Mikova K., Pokorny, Valentova H. “Effect of oil content on the rheological and
textural properties of mayonnaise*. J. Food Nut. Res. 46 (2007) 1 - 8

5. 0ldorp K. “Applied food rheology — Using fast speed control and axial measurements®,
Thermo Scientific Fisher Application note V-238 (2009)

6. De Vito F., Meyer F., Soergel F. “Yield stress determination of food spreads using
the vane rotor method”. Thermo Fisher Scientific Application note V272 (2022)

7. DIN/TR 91143-1:2022 Rheological test methods — Part 1: Determination of the yield
point — Fundamentals and comparative testing methods

8. Schramm G. “A practical approach to rheology and rheometry“. Thermo Fisher
Scientific, Karlsruhe (2004)

9. Steffe J. F. “Rheological methods in food process engineering”. 2" Ed. Freeman Press,
East Lansing (1996)

10.Rao M. A. “Rheology of fluid and semisolid foods — Principles and applications*, 2" Ed.,
Springer, New York (2007)

11.Meyer F. “HAAKE RheoWin software-features for quality control and routine
measurements". Thermo FisherScientific Application note V223 (2020)

ThermoFisher
SCIENTIFIC

For Research Use Only. Not for use in diagnostic procedures. © 2022 Thermo Fisher Scientific Inc. All rights reserved. All trademarks

are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. V271 0422


www.thermofisher.com/rheometers



