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1. Introduction 
Texture and rheological attributes are among others important properties of yoghurt 
products. The consistency determination of the weak yoghurt gel network by rheologi-
cal methods is problematic because the structure to measure can partly be damaged al-
ready in the act of sample preparation. No standardised rheological methodology (e.g. 
IDF, ISO) for set yoghurt is available, therefore a method with minimal destruction of 
the weak structure before measuring is required, e.g. the vane measuring system or the 
cylinder penetration test. 
For decades experts have been studying how whey proteins could be applied in food-
systems. Undenaturated whey proteins are investigated as dietary aid (1) and offer sev-
eral benefits as material to formulate yoghurt products. Patocka et al. (2) reported on 
textural effects of soluble whey protein isolate (WPI) added to stirred yoghurt. The WPI 
was added as a nutraceutical (nutritional and pharmaceutical) rather than a technologi-
cal ingredient at different levels (2-10%) to a commercially available stirred yoghurt, 
containing pectin and carrageenan. In this study (2) the apparent viscosity of the stirred 
yoghurt decreased with WPI concentration of 2-8%. In contrast, additions of WPI of 8 
to 10% led to an increase of the apparent viscosity. 
The objectives of this study were 

1) to measure the rheological characteristics of different set yoghurts with a vane 
directly in the yoghurt cup “as it is” with a minimum of destruction of the weak 
structure before the measurement and to compare the results with those of the 
cylinder penetration method and 

2) the study and the quantification of the effect of native whey protein to the struc-
ture of set yoghurt. The native whey protein (3-12%) was added to the yoghurt-
milk just before fermentation. 

2. Materials and methods 
2.1 Materials: The coagulation of milk is a process, where physical and rheological 
properties are changing dramatically. A process (homogenising at 65°C, heating over 
90°C, cooling down to 46°C and lowering the pH below 4.6) is usually used for the pro-
duction of yoghurt and therefore was likewise applied in our study. The production of 
the set style yoghurts was carried out in the pilot plant at ALP (Liebefeld). Native whey 
protein was added just before fermentation in the concentrations of 0 (control) to 12%. 
2.2 Chemical composition and pH 
Routine chemical analyses were carried out to determine fat, protein, lactate, dry matter 
and pH-value. 
2.3 Rheological methods 
2.3.1 Cylinder penetration (universal testing machine): The cylinder penetration test 
was performed at constant speed using an “Universal Testing Machine” Zwick 
Z2.5/TN1S (Zwick, Ulm, Germany) equipped with a 500 N force sensor and an acrylic 
cylinder (h = 35 mm, f = 25.4 mm). E-modulus and the required force at a defined 
penetration (e.g. 35 mm), often called the “firmness”, were determined. 
2.3.2 Vane rheometry (rotation-oscillation rheometer): A low and large amplitude dy-
namic oscillation test (amplitude sweep) was performed with a Physica MCR 300 
(Physica, Stuttgart, Germany) equipped with a vane (ST14). G’ and G’’ in the linear-
viscoelastic range (LVE) were determined and the “yield stress” at the cross over of G’ 
and G’’ was calculated (3). 

3. Results and Discussion 
3.1 Composition: After 6 days of storage at 5°C, the pH values increased in direct 
proportion to the percentage of added whey protein, due to the buffer properties of the 
whey proteins. 



3.2 Cylinder penetration: The E-modulus and the force at 35 mm were inversely pro-
portional to the amount of native whey protein added. 
3.3 Vane rheometry: Rheological measurements of yoghurt feature a variety of non-
newtonian effects, such as viscoelasticity, time-dependency, yield stress and shear-
thinning. Because of the time-dependency behaviour, low and large amplitude dynamic 
oscillation was performed. The amplitude sweep measures elastic and viscous moduli 
(G’ and G’’) in the linear and non-linear viscoelastic regime. Both G’, G’’ and yield 
stress values were inversely proportional to the amount of native whey protein levels. 
Values from the cylinder penetration test correlated well to the amplitude sweep: 

1: Inside the LVE: E-modulus (cylinder penetration test) correlated well with the 
rheological values from small amplitude dynamic oscillation like G’ and G’’ and 
negatively with the concentration of lactate, fat, protein, dry matter and the pH-
value as outlined in table 1. 

2:  Outside the LVE: The force at 35 mm (cylinder penetration test) correlated well 
(Figure 1) with the rheological values determined by large amplitude dynamic 
oscillation properties like the yield stress value as calculated from G’-G’’ cross 
over. 

The addition of native whey protein (3-12%) to the yoghurt-milk after heating led to a 
remarkable reduction of the force (at 35 mm), of G’, G’’ and yield stress values as com-
pared to the control; even the dry matter was clearly increased. Native whey protein was 
not supportive of the structure, on the contrary it acted as a “structure breaker” (4). 
4. Conclusion 
The two compared measuring methods give evidence to a reasonable good agreement. 
Native whey protein added to the yoghurt before fermentation lowered the force at 35 
mm and the yield stress values remarkably giving rise to an increasingly softer texture. 
The vane geometry offers three main advantages: 

• it minimizes damage during sample preparation 
• it avoids wall-slip 
• the sample preparation is reproducible 

Disadvantageous is the fact, that the vane geometry cannot produce any “absolute” val-
ues, because it is a “relative measuring system”. 
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Table 1:  Correlation inside the LVE 
 E-Modulus [N/mm2] 

G’ (LVE) 0.998 
G’’(LVE) 0.999 

pH  -0.984 
Lactate -0.993 

Fat -0.995 
Protein -0.996 

Dry matter -0.997 
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Fig. 1: Correlation of yield stress determination and 

force at 35 mm for all yoghurts (0% - 12% 
whey protein, r=0.999) 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


