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ABSTRACT

Wheat flour doughs of differing softness
and stickiness levels were subject to uniaxial
compression. Energy per unit area for non-
lubricated uniaxial compression between set
strains has shown strong correlations with
stickiness as assessed by a baker.

INTRODUCTION

Within the baking industry sticky dough
is of economic concern as it builds up on
machinery leading to loss of both time and
product. As there is currently no universal
measure for stickiness' bakers make a
subjective assessment based on the feel of
the dough.

The attributes “softness” and
“stickiness” are scored separately by bakers.
A soft material is often stickier as it can
flow, giving better surface coverage and
therefore stronger adhesion, while also
tending to be cohesively weaker. It is
desirable for a dough to be soft but not
sticky and it is therefore important to
separate these two attributes. This is still a
common method for assessing dough
properties.

The Chen-Hoseney method is a currently
available method for measuring dough
stickiness>. It involves the extrusion of
dough through a mesh. A probe is then
brought into contact with the dough before
pulling the probe off the dough and
measuring the force”. The extrusion stage
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allows a more reproducible surface to be
produced. Despite this the method still
suffers from issues of repeatability3. The
probe material is Perspex which is not a
commonly used material commercially and
therefore raises questions about the
commercial applicability of the method. The
speed and material are chosen to encourage
clean separation of probe and sample in the
test which implies that the surface behaviour
is more important than rheological
behaviour.

Stickiness is a combination of adhesion,
the interaction between a material and a
surface, and cohesion, the interactions
within the material®. It is therefore a result
of a combination of surface and bulk
rheological propertiesl; > The aim of this
study was to develop a method to measure
dough stickiness that also takes into account
the rheological aspect.

METHOD

Non-yeasted doughs with different levels
of softness and stickiness were prepared
from a single type of wheat flour by the use
of additional ingredients and by varying
mixing time. Softness and stickiness were
assessed by a baker. Softness was scored on
a scale of 1-5, firm to soft, with 3 being
optimum. Stickiness was scored from 0 - 2,
with 0, not sticky, being optimum.

Doughs were mixed on the Brabender
Farinograph and then allowed to rest for 40



minutes before testing. Samples of a set
mass were rolled into a ball. The samples
were then compressed in two stages (see
Fig. 1); first a precompression stage at a
constant rate of 0.2 mm/s followed by a
pause, then a final compression at the same
constant rate. The precompression stage
improved the reproducibility of the shape of
the dough piece.

Figure 1. Video images for: end of
precompression, end of test and pull-off.

The stickiness measurement was based
on the energy per unit area for the
compression from an initial Hencky strain of
0.51, following precompression, to a
Hencky strain of 0.71. Hencky strain was
calculated as shown in Eq. 1, where H is
initial sample height and /4 is sample height.
Video analysis was used to determine the
contact radius. The contact area was then
calculated by assuming an axisymmetric

shape. Stress was calculated using the
contact area, A onac (see Eq. 2).
H
en = In(2) (1)
F
= 2
? Acontact 2)

Energy per unit area was calculated as
the area under a stress — distance curve up to
a specified Hencky strain.  These
measurements were compared to baker’s
subjective assessment of the dough.

RESULTS

Doughs with a range of softness and
stickiness scores, as determined by a baker,
were produced through a combination of
ingredient and mixing variations.

Preliminary tests used two levels of
water addition creating a soft, sticky dough
and a firm, non-sticky dough. Replicates
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were done at these two levels and showed
good consistency (see Fig. 2). Results
showed a clear difference between the
energy per unit area for a compression of a
soft, sticky dough and a firm, non-sticky
dough (see Fig. 2).
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Figure 2. Energy per unit area for
compressions of dough with low and high
water additions.
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Figure 3. Correlation of energy measured
during a compression test with baker’s
stickiness scores for 5 samples (n = 4).

Stickiness is on a scale of 0 (not sticky) to 2

(very sticky).

In order to establish whether the test was
measuring stickiness or softness, doughs



were made in which these two attributes
both varied.
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Figure 4. Correlation of energy measured
during a compression test with baker’s
softness scores for 5 samples (n = 4).
Softness is rated 1 — 5 (tight to soft) where 3
is optimum.

As seen in Fig. 3, a significant
correlation (-0.830 at p < 0.001) was
observed between baker’s stickiness scores
and the energy per unit area required to
compress the sample to a target strain. These
results were also compared with baker’s
softness scores, seen in Fig 4. which showed
a less significant and weaker correlation (-
0.586 at p =0.007).

DISCUSSION

Uniaxial compression has been used
previously to study rheology of dough.
Studies have largely focused on lubricated
compression which has been used to
estimate biaxial extensional viscosity® ”* ®
and to study stress relaxation behaviour’.
Both non-lubricated and lubricated platens
have been used to look at creep behaviour in
dough6; ? and attempts have been made at
modelling stress strain behaviour in both
lubricated and non-lubricated compression
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of doughslo. Here non-lubricated
compression is instead being investigated as
a means of assessing dough stickiness.

Consistent sample preparation is difficult
to achieve with sticky doughs. Highly
variable sample shapes are produced when
using cutters or moulds as sticky doughs
adhere to the surfaces. Previous work on
lubricated compression tests, and some non-
lubricated compression as well, has used
complex preparation processes that required
a lubricant to separate the dough from the
cutter or mould® '°. For a technique that
relies on the surface interaction, as in the
case of non-lubricated compression, this
lubrication step cannot be performed. It was
therefore deemed impractical to produce a
perfect cylinder for these tests. Instead an
approximately  spherical sample was
produced by rolling. This was then
compressed, in the precompression stage of
the test, in order to produce a consistent
shape.

Non-lubricated uniaxial compression
will subject the sample to a combination of
biaxial extension and shear as the dough
surface adheres to the plates. The energy per
unit area for a compression will be the result
of overcoming adhesive forces at the
interface and cohesive forces as the dough
piece extends biaxially. This means the
energy to compress the dough piece is a
result of both surface interaction and
theology. As mentioned previously,
stickiness is a combination of these two
factors. This explains why a strong
correlation can be observed between
compression energy and stickiness.

Further work is required to separate out
the adhesive and cohesive contributions to
the energy of compression.

CONCLUSIONS

A strong and significant correlation was
demonstrated between results from the
compression of dough samples and
stickiness. The results also showed a weaker
and less significant correlation with



softness. This suggests that, with further
development, the technique could allow
separation of the parameters stickiness and
softness.

ACKNOWLEDGMENTS

With thanks to EPSRC and the
consortium of companies: General Mills
USA, Novozymes A/S, DSM Food
Specialties, RAGT Seeds Ltd, Millbo SpA
and Allied Technical Centre.

REFERENCES

1. Dobraszczyk, B. J. (1997). "The
Rheological Basis of Dough Stickiness".
Journal of Texture Studies 28, 139-162.

2. Chen, W. Z. & Hoseney, R. C. (1995).
"Development of an Objective Method for
Dough Stickiness". Lebensmittel-
Wissenschaft und-Technologie 28, 467-473.
3. Grausgruber, H., Hatzenbichler, E. &
Ruckenbauer, P. (2003). "Analysis of
Repeated Stickiness Measures of Wheat
Dough Using a Texture Analyzer". Journal
of Texture Studies 34, 69-82.

4. Kinloch, A. J. (1987). "Adhesion and
Adhesives: Science and Technology",
Springer.

5. Heddleson, S. S., Hamann, D. D.,
Lineback, D. R. & Slade, L. (1994).
"Pressure-Sensitive Adhesive Properties of
Wheat Flour Dough and the Influence of
Temperature, Separation Rate, and Moisture
Content.". Cereal Chemistry 71, 564-570.

6. Rouillé, J., Della Valle, G., Lefebvre, J.,
Sliwinski, E. & vanVliet, T. (2005). "Shear
and Extensional Properties of Bread Doughs
Affected by Their Minor Components".
Journal of Cereal Science 42, 45-57.

7. Janssen, A. M., van Vliet, T. & Vereijken,
J. M. (1996). "Fundamental and Empirical
Rheological Behaviour of Wheat Flour
Doughs and Comparison with Bread
Making Performance". Journal of Cereal
Science 23, 43-54.

8. Bhattacharya, S., Bhattacharya, S. &
Narasimha, H. V. (1999). "Uniaxial
Compressibility of Blackgram Doughs

198

Blended with Cereal Flours". Journal of
Texture Studies 30, 659-675.

9. Launay, B. & Michon, C. (2008). "Biaxial
Extension of Wheat Flour Doughs:
Lubricated Squeezing Flow and Stress
Relaxation Properties". Journal of Texture
Studies 39, 496-529.

10. Charalambides, M., Wanigasooriya, L.,
Williams, J., Goh, S. & Chakrabarti, S.
(2006). "Large Deformation Extensional
Rheology of Bread Dough". Rheologica
Acta 46, 239-248.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




