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Rheology, Texture, Tribology ... (possible with one rheometer)

Rheology

• Bread spreads, cream cheese, mayonnaise (spreadability)                                              Vane

• Chocolate spreads, mayonnaise (viscosity curve, stress plateau)                                       Plate/cone

• Chocolate melt (ICA standard method 46 International Confectionery Association)       Concentric cylinder

• Fresh fruit juices, tomato sauce with tomato & onion pieces                                              Plate/plate (large gap)

• Starch (temperature induced transition crystallin/amorphous)                                           Vane, RheoScope

Texture

• Marshmallows (chewing simulation)                                                                                        Plate

• Loaf bread slices (TPA and firmness)                                                                                         Plate

• Bread roll, apple, margarine (penetration, indenter test)                                                     Indenter

• Chocolate, Cookies (breaking test, crunchiness)                                                                     Indenter + Lower 

Tribology

• Butter Milk Products Ball-on-3-pins

Rheology & Texture 

• Cheese (milk-based and analogue vegan)                                                                                Serrated plate/p late, vane



Bread spread, cream cheese, mayonnaise (spreadability)
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CR-Rotation vane rotor testing in original container holder 

Thermo Scientific Rheology Application Note V238 Applied Food Rheology Using Fast Speed Control and Axial Measurements

Thermo Scientific Rheology Application Note V268 Spreadability of Cream Cheese - Influence of Temperature and Fat Content

Thermo Scientific Rheology Application Note V271 Investigation of the effect of fat content on the yield stress of mayonnaise

Thermo Scientific Rheology Application Note V272 Yield stress of jam, chocolate spread and peanut butter



Chocolate spread, mayonnaise (viscosity curve, stress plateau)
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CR-Rotation equilibrium steps (are more exact than ramps ), air bearing rheometers

Thermo Scientific Rheology Application Note V238 Applied Food Rheology Using Fast Speed Control and Axial Measurements

Thermo Scientific Rheology Application Note V292 Rheological and textural properties of various food formulations analyzed with a modular rheometer setup

• Plate/cone measuring geometry

temperature-controlled

• Viscosity decreases by

7 or 3 orders of magnitude, resp.

Viscosity curve of a chocolate spread. 

MARS 60 with plate/cone C35/1° at 35 °C

Shear stress plateau



Chocolate (ICA standard method 46 International Confectionery Association)
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CR-Rotation ramp, thixotropy loop area, curve fits and interpolation for yield stress determination 

Thermo Scientific Rheology Application Note V269 Flow Behaviour of Chocolate Melts – Working according to ICA Standards

• Concentric Cylinder measuring geometry @ 40°C

• Push Button for sample conditioning, measurement, 

evaluation & documentation



Fresh fruit juices, tomato sauce with tomato & onion pieces
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CR-Rotation viscosity curve: large gap plate/plate meas. geom. TMP60 DC (10  mm rim) + P60 rotor

CS-Rotation ramp for yield stress measurement and stability prediction

Lab Report Thermo Fisher Scientific Rheology AppLab, Karlsruhe, Germany

• Due to large particles (several mm) absolute measurements are not possible

• Fresh pineapple juice with fruit particles (4 mm gap)

• Tomato sauce with larger tomato & onion pieces (10 mm gap)



Starch (temperature sweeps) 

7 fritz.soergel@thermofisher.com | 17 May 2022

CR-Rotation with vane in temperature-controlled cup

CD-Oscillation plate/plate temperature sweeps with polarization light microscope

Thermo Scientific Rheology Application Note V228 Rheooptical Tests during the cooking of starch and the crystallization of fats

Thermo Scientific Rheology Application Note V255 Rheological investigation of starch swelling, gelatinization and retrogradation

• Temperature induced transition crystallin/amorphous 

Regular Grinding

Extremely fine grinding

Regular Grinding

Rice A

Rice B

Maize A

Maize B



Milk, yoghurt, cheese, fat, dough (gelation, baking, crystallization)
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CD-Oscillation time sweeps or temperature sweeps, plate/plate measuring geometry

Thermo Scientific Rheology Application Note V298 Investigating heat-induced gelation of whey protein using simultaneous rheology and FTIR spectroscopy 

• Oscillation

• does not affect the development 

of the structure

• Yields valuable information about 

the structure (e.g. strength)

• Gelling of protein (see graph)

• Baking of dough (e.g. flour batter)

• Crystallization of fat (cooling run)

• Solid elastic samples (e.g. cheese)



Marshmallows (chewing simulation)
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Texture analysis with a plate

Thermo Scientific Rheology Application Note V243 A Rheometer with Bite – Marshmallows in the Rheometer

Thermo Scientific Rheology Application Note V292 Rheological and textural properties of various food formulations analyzed with a modular rheometer setup

• AXIAL h-controlled lift movement



Loaf bread slices (TPA and firmness)
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Texture analysis with a plate

Lab Report Thermo Fisher Scientific Rheology AppLab, Karlsruhe, Germany

• AXIAL h-controlled lift movement

Sample contact 

deformation econtact

Compression force 

value (CFV) at 25 %

Firmness test based on AACC 74-09 

Compression e of two slices of loaf bread with 100 mm/s

up to 40 % of the initial gap height and 

evaluation of compression force value (CFV) at e = 25 % 
Texture profile analysis (TPA)

Two-bite test (2 compression 

cycles of a cylindrical sample 

by 4 mm (30 %) with 0.4 mm/s)



Bread roll, apple, margarine (penetration, indenter test)
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Texture analysis with an indenter

Thermo Scientific Rheology Application Note V238 Applied Food Rheology Using Fast Speed Control and Axial Measurements

Lab Report Thermo Fisher Scientific Rheology AppLab, Karlsruhe, Germany

• AXIAL h-controlled lift movement

Penetration test on margarine repeated 8 times. 

First the probe moves into the sample,

Then the relaxation of the normal force is measured. 

Indenter diameter 5 mm

Crust

Crumb

Upper half

Lower half

Maximum force t in s F in N

Upper half 8.2 6.0

Lower half 5.8 4.6

Crust : FUpper half > FLower half

Crumb : Compression of the inner part

Indenter diameter 6 mm

Lift speed 1.2 mm/s



Chocolate (breaking test)
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Texture Analysis – Chocolate experts can judge the quality of a chocolate bar by breaking off a piece

Thermo Scientific Rheology Application Note V222 Breaking Strength of Chocolate

Thermo Scientific Rheology Application Note V238 Applied Food Rheology Using Fast Speed Control and Axial Measurements

• AXIAL h-controlled lift movement

with 1.3 mm/min, T = 23°C

• Indenter diameter 5 mm

• Force for breaking correlates with 

sound of empirical breaking test



Cookies (breaking test, crunchiness)
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Texture Analysis

Thermo Scientific Rheology Application Note V292 Rheological and textural properties of various food formulations analyzed with a modular rheometer setup

Thermo Scientific Rheology Application Note V293 Crunchiness of biscuits – Texture analysis on a rheometer

• AXIAL h-controlled lift 

movement, indenter

• Fresh cookies (reference)

• Aged cookies (exposed to 

air/humidity) more elastic

- Good Reproducibility

- 22 % higher force Fnmax

- 8 % more bending Dhmax



Tribology
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Different Tribology measuring geometries available – here: Ball-on-3 Pins geometry

Thermo Scientific Rheology Application Note (in prep.) Influence of fat content on the tribological properties of butter milk products

Shewan H.M., Pradal C, Stokes J.R.: Tribology and its growing use toward the study of food oral processing and sensory perception. J. Texture Stud. 2020-51 7–22

• 3D printed (rapid prototyping), machined version available

• Rotor with ceramic shaft, metal spring and holder for a ½“ ball (here: glass)

• Lower holder for 3 Pins (here: PDMS, made in a 3D printed mould)



Cheese – one rheometer for rheology and texture testing

15 fritz.soergel@thermofisher.com | 17 May 2022

Comparison milk-based cheese vs. vegan cheese analogue

Thermo Scientific Rheology Application Note V300 Rheology and texture of cheese and a vegan cheese analogue

Serrated plates temperature controlled

• Normal force relaxation (3 N initially)

• CD-oscillation amplitude sweep

• CD-oscillation temperature sweep

• Texture serrated plate

Vane rotor

• Cutting/biting test with vane rotor blades



Conclusion
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Rheology, Texture, Tribology ... (possible with one rheometer)

Rheology

• Bread spreads, cream cheese, mayonnaise (spreadability)                                                 Vane

• Chocolate spreads, mayonnaise (viscosity curve, stress plateau)                                       Plate/cone

• Chocolate melt (ICA standard method 46 International Confectionery Association)       Concentric cylinder

• Fresh fruit juices, tomato sauce with tomato & onion pieces                                              Plate/plate (large gap)

• Starch (temperature induced transition crystallin/amorphous)                                           Vane, RheoScope

Texture

• Marshmallows (chewing simulation)                                                                                        Plate

• Loaf bread slices (TPA and firmness)                                                                                         Plate

• Bread roll, apple, margarine (penetration, indenter test)                                                     Indenter

• Chocolate, Cookies (breaking test, crunchiness)                                                                     Indenter + Lower 

Tribology

• Butter Milk Products Ball-on-3-pins

Rheology & Texture 

• Cheese (milk-based and analogue vegan)                                                                                Serrated plate/p late, vane
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Thermo Scientific Food Rheology Application Notes, White Paper and Compendium

V136 Measurement and evaluation on liquid chocolate according to the IOCCC Standard

V187 Rheological behavior of hydrogels dependent on concentration of the polymer and type of neutralizing agent

V218 Testing instrument accuracy with Newtonian standard fluids

V222 Breaking strength of chocolate

V223 HAAKE RheoWin software features for quality control and routine measurements

V228 Rheooptical Tests during the cooking of starch and the crystallization of fats

V238 Applied food rheology using fast speed control and axial measurements

V243 A rheometer with bite – marshmallows in the rheometer

V248 Well prepared – good results

V255 Rheological investigation of starch swelling, gelatinization and retrogradation

V260 Product stability or shelf life – what rheology has to do with it

V265 Image acquisition with the RheoScope module at very high shear rates (stroboscope, contrast enhancing illumination)

V268 Spreadability of cream cheese – influence of temperature and fat content

V269 Flow behaviour of chocolate melts – working according to ICA Standards

V271 Investigation of the effect of fat content on the yield stress of mayonnaise

V272 Yield stress of jam, chocolate spread and peanut butter

V275 How much squeezing power is required to get a paste out of a tube?

V292 Rheological and textural properties of various food formulations analyzed with a modular rheometer setup

V293 Crunchiness of biscuits – texture analysis on a rheometer

V297 Investigating cocoa butter crystallization using simultaneous rheology and Raman spectroscopy (RheoRaman)

V298 Investigating heat-induced gelation of whey protein using simultaneous rheology and FTIR spectroscopy 

V300 Rheology and texture of cheese and a vegan cheese analogue

White Paper WP04 An evaluation of meat analog product characteristics by the combination of microscopy and rheological tools.

Compendium C001.2 Guide to skilled food rheology & extrusion



Thank you
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