:§§= Applied

ee:i Rheology | DOI:10.3933/APPLRHEOL-26-52508 | WWW.APPLIEDRHEOLOGY.ORG

NON-LINEAR RHEOLOGICAL PROPERTIES OF SOFT WHEAT FLOUR DOUGH
AT DIFFERENT STAGES OF FARINOGRAPH MIXING

GAMZE YAZAR"2, OzLEM DuVARCcI"3, SEBNEM TAVMANZ, JOzZEF L. KOKINI™

'Purdue University Food Science Department, 745 Agriculture Mall Drive, West Lafayette, IN 47907, USA
2Ege University Food Engineering Department, Ege University Campus, 35040 Bornova/lzmir, Turkey
31zmir Institute of Technology, Department of Chemical Engineering, Urla Giilbahae, 35430 Izmir, Turkey

* Corresponding author: jkokini@purdue.edu
Received: 9.1.2016, Final version: 29.7.2016

ABSTRACT:

During mixing of wheat flour doughs, the distribution of the gluten network changes as a result of continuously applied large
deformations. Especially gliadin, changes its distribution in the whole network during mixing. It is possible to fundamentally
explain the role of molecular changes in more detail using large amplitude oscillatory measurements (LAOS) in the non-linear
region. Therefore, the purpose of this study is to understand the effect of mixing on the non-linear fundamental rheological
behavior of soft wheat flour dough using LAOS. Dough samples were obtained at 4 different phases of the Farinograph mixing
and LAOS tests were done on each of them. LAOS tets give in depth intracycle understanding of rheology. All samples showed
strain stiffening S and shear thinning T behavior at large strains previously not known in the cereal rheology community.
Increasing mixing time (phase 1to phase 4) and decreasing frequency resulted in retardation in the break of strain stiffening
as strain increases. The strain stiffening behavior started to decrease for the dough samples at the 3™ and the 4t phases of
mixing. LAOS data enabled us to describe the non-linear rheological changes occurring both in the viscous part largely attrib-
uted to the starch matrix and elastic part largely attributed to the gluten network components of the soft wheat flour dough

under large deformations.
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1 INTRODUCTION

Starch and gluten are known to be the main con-
stituents of wheat flour; however it contains other
componentssuchas non-starch polysaccharidesas well
as lipids [1]. The viscoelasticity of wheat flour dough is
dueto gluten and its ability to interact with other com-
ponents of wheat flour while hydrated with adequate
amount of water during mixing. The quality and the
quantity of gluten in wheat flour depends on the
growth conditions and thus to the type of the wheat.
Wheat (Triticum aestivum L.) is classified and traded as
“hard or soft” and “winter or spring” based on the en-
dosperm hardness or texture. Hard wheat flours are
known to have more protein content compared to soft
wheat flours [2—5]. Therefore, the type of wheat from
which the flour is milled has a major effect on the rhe-
ologicalandtechnological properties of the wheat flour
dough [6]. In orderto understand the differences in the
technological quality of the wheat flours, which usually
arise due to the variety of wheat and the method used
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for milling, or sometimes to obtain better quality para-
meters in milling (i.e. optimizing the wheat blend for
better technological properties in flour), several empir-
ical rheological instruments are used. The Farinograph
is one of these instruments which has become an in-
dustry standard where technological parameters for
dough mixing such as water absorption, mixing toler-
ance, stability, softeningvalue arerecorded [7, 8]. These
values are useful in optimizing formulations for baking
quality especially in terms of determining the optimum
wateramountforaspecifictype of flour, optimizing the
time of mixing to obtain a well-developed dough with
optimal rheology and gas holding capacity and as a re-
sult obtaining baked products with excellent sensory
and textural properties.

Wheat flour dough has been shown to be linear
viscoelastic below the strains of approximately 0.2%
depending on the type flour and become highly nonlin-
ear beyond this strain level. Nonlinearity in wheat flour
dough has been attributed to the breakdown of the
elastic gluten protein network. The network is known
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to be held together by secondary bonding interactions
which are susceptible to breakdown with increasing
mechanical energy as strain increases [9, 10]. Non-lin-
earity of wheat flourdough has been studied previously
[11-15], however it has not been evaluated using Large
Amplitude Oscillatory Shear (LAOS) technique concern-
ing the change in the non-linear fundamental rheolog-
ical properties throughout mixing for both hard and
soft wheat flour doughs.

LAOS is a method based on Fourier transform rhe-
ology (FT-rheology), which characterizes materials in
the non-linear region [16 —21]. In LAOS experiments the
stress response for an applied oscillatory strain wave
losesits pure sinusoidal character (i.e. linearity) [22]. For
a sinusoidal strain input y(t) = y,sin(wt), the stress re-
sponse can be represented completely by a Fourier se-
ries given in two alternate forms to emphasize either
elastic or viscous scaling, respectively (Equation 1)

T(6:0,70) =72 noaal G'a(@,7,)siNN0t+G" (w7, )cosnwt }
o(tw,y,)= 702 ,,Odd{77",,(w,yq)sinnwt—i-n'"(w,yo)cosnwt}

(1)

Since the stress output is not purely sinusoidal, the be-
havior can no longer be accurately and correctly de-
scribed interms of a storage modulus G’ and loss mod-
ulus G”. Ewoldt and McKinley and others [17] extended
the method of orthogonal stress decomposition used
previously by Cho et al [23] in order to interpret LAOS
data and obtain fundamentally sound non-linear rhe-
ological properties. They used Chebyshev polynomials
tobeabletodescribe the strain dependence of material
properties uniquely through LAOS data. Then they pro-
posede,(w,y,)astheelasticChebyshev coefficientsand
Vnlw, vo) astheviscous Chebyshev coefficients. They im-
proved the equation provided by Reimers and Dealy
[24], which is an expression of FT rheology in terms of
amplitude and phase angle (Equation 2)

o-:yaZ;JGn *|sin(nwt+6,,) o
hn:o 2

where |G,*| =VG’,+G”,is the scaled stress magnitude
and ¢, is the phase angle with respect to the input
strain signal y(t) = y,sinwt of the imperfect wave. The
variable 6,,was then interpreted in order to determine
theinitial conditions of the higher-harmoniccontribu-
tions. At wt = o, the third harmonic contribution is
|G,*|sin(d,) and thereafter oscillates with a frequency
of 3w, for wt > 0. The parameter ¢, determines the ini-
tialvalue of the third harmonic contribution,and must
range from o < ¢, < 27. And finally using these equa-
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tions, Ewoldt et al. [14] related the Chebyshev coeffi-
cients for n = 3 phase angle with
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the intracycle stiffening/softening (Equation 3) and
thickening/thinning (Equation 4) behaviors and pro-
posed new measures for LAOS.
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Ewoldt et al. [14] also plotted periodic stress response
o(t, w, y,) at steady state parametrically against y(t).
These parametric plots are commonly called Lissajous-
Bowditch curves and they represent the raw data ob-
tained from LAOS tests [15,17,19]. In order to define vis-
coelastic moduli for a nonlinear material response,
Ewoldt et al. [17] proposed Gy, the minimum-strain
modulusortangentmodulusaty=o0,and G’;, thelarge-
strain modulus or secant modulus evaluated at the
maximum imposed strain, using the Lissajous-Bow-
ditch curves. On the other hand, they proposed 1’y and
n’;, which indicate the instantaneous viscosity or coef-
ficient at the smallest and largest shear-rates for the
viscous response, respectively. Plots showing in detail
how the new LAOS parameters are developed from a
classical strain sweep that covers the non-linear region
and how the Lissajous-Bowditch curves are obtained is
illustrated in an excellent way elsewhere [17, 25]. We
will not reproduce that graph here. These new parame-
ters led to the calculations of other dimensionless non-
linearity parameters S (stiffening ratio, Equation 5) and
T (thickening ratio, Equation 6).

5= G¢' -G, _ 4e,+...
G e+e,+..
' g (5)
P M 4Vt

n, Vv,V t (6)

In this study, the non-linear rheological properties of
soft wheat flour dough is characterized at 4 different
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Figure 1: Different phases of Farinograph mixing: a) 1°t phase, b) 2" phase, c) 3'¥ phase, and d) 4™ phase.

stages of Farinograph mixing using these LAOS parame-
ters. During mixing of wheat flour doughs, the distrib-
ution of the gluten network changes as a result of the
continuously applied large deformations. Moreover, re-
cent studies using fluorescent quantum dot tags at-
tached to gliadin showed that both main fractions of
gluten (gliadins and glutenins) and especially the distri-
bution of gliadin in the dough matrix changed during
mixing [26, 27]. However, it is not possible to quantita-
tively explain these changes using a Farinograph, since
it is an empirical method giving relative 101 torque in-
formation about the rheological behavior of dough. It
may be possible to fundamentally explain such struc-
tural changes in dough using LAOS tests. Therefore, the
purpose of this study is to understand the effect of mix-
ing onthe non-linear rheological behavior of soft wheat
flour dough in more depth by using LAOS parameters
and attempt to correlate them with structural changes
during mixing. Previously, the effect of mixing on the
non-linearity of hard wheat flour dough was evaluated
[28]. The differencesinthe rheological properties of soft
and hard wheatflourdoughs,duetothedifferent chem-
ical compositions of hard and soft wheat varieties, are
also emphasized through the characterization in the
non-linear region with the LAOS parameters.

2 MATERIALS AND METHODS
2.1 MATERIALS

Soft red winter wheat flour (12.17% moisture, 23.9%
wet gluten, 60.2% water absorption) obtained from
Siemer Milling Company (Hopkinsville, KY) was used to
prepare the dough samples evaluated in this study.

2.2 METHODS

Dough samples were prepared using a Farinograph
(Brabender, Germany) according to the AACC method
54-21[29]. The Farinograph torque values were recorded
as a function of time during mixing. The samples were
obtained at 4 different stages of Farinograph mixing: At
the peak point (1%t phase), s minutes after the peak point
(2" phase), which shows the mixing tolerance index of
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the dough, 12 minutes after the peak point (3™ phase),
which is an indicator of softening value,and 20 minutes
after the peak point, which corresponds to the end of
farinograph mixing measurement (4" phase). The non-
linear rheological properties of the dough samples were
measured with a DHR-3 Rheometer (TA Instruments,
USA) using the LAOS mode. The measurements were
carried out in triplicate at 25 °C using frequencies of 1,
10, and 20 rad/s and strain values of 0.01 and 200 % at
nine values of strain. A 40 mm sand-blasted plate and
a gap of 2 mm were used for all the measurements. The
dough samples were rested until the axial normal force
relaxed to 1 N. All the non-linear data were obtained
through the use of TRIOS software provided by TA for
LAOS analysis. The raw stress waves and Lissajous
curves were drawn using the software OriginPro 8.6.

3 RESULTS AND DISCUSSION

3.1 RAW RHEOLOGICAL DATA FOR SOFT WHEAT
FLOUR DOUGH

3.1.1 Dough development data during mixing
Figure1shows the Farinograms for the soft wheat flour
dough at different stages of Farinograph mixing. The
arrival time is 0.35 minutes, the peak time is 0.6 min-
utes, the departure timeis 3.0 minutes and the stability
of the dough is 2.65 minutes Samples were obtained at
4 different stages of the farinograph mixing: 1) at peak
point, 2), 5 minutes after the peak point, which shows
the mixing tolerance index of the dough, 3) 12 minutes
after the peak point, which is a marker of softening val-
ue, 4) at 20 minutes, i.e. at the end of farinograph mix-
ing. Hydration takes less time in soft wheat flour due
to smaller particle size and it absorbs less water due to
less amount of starch damage and protein content
compared to hard wheat flour. Soft wheat flour is con-
siderably softerintexture, therefore starch damage oc-
curs less during milling. And it takes less time for soft
wheat flour particles to hydrate and swell during mix-
ing due to their smaller particles [7, 30]. For this reason,
soft wheat flour dough showed less stability compared
tohardwheatflourdough (16 minutes stability) studied
before [28].
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Figure 2: G’ and G” values of soft dough samples: a) 1 rad/s, b)
10 rad/s, and c) 20 rad/s.

3.1.2 Analysis of the rheological behavior in the linear
and non-linear region

Strain sweeps for soft wheat flour at different mixing
times are shown in Figure 2. In this figure, both the lin-
earandthenon-linearregions are clearly observed and
the transition from linear to non-linear behavior is
slightly affected by the mixing time of the dough. As
the mixing time increases, at the shorter mixing time,
the onset of non-linear behavior first occurs at low
strains (0.015 % at 0.1 rad/s) at the 1%t phase of mixing
since the gluten network just starts to form; but then
atthelonger mixingtimes,inthe2"dandthe 3™ phases,
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the onset occurs at higher strains (0.06 % for 20 rad/s).
At the 4t phase of mixing, since the gluten network
weakens due to the mechanical effect applied during
mixing, the onset of non-linearity decreases to lower
strain again (0.039 % at 20 rad/s) and this information
reflects how the rheological behavior of soft dough
changes throughout the phases of mixing. The onset
of non-linear behavior occurs at lower strains as the
frequencyincreases, especially at mixing times beyond
the departure time of the dough (Figure 2). Clearly, this
onset is also a function of the frequency selected for
the particular strain sweep. At the shorter frequencies,
the onset is larger, while at the larger frequencies, the
onset is at lower values of strain. In Figure 2, the linear
behavior of the soft wheat flour is shown in all phases
of mixing. The storage modulus G”and the loss modu-
lus G” values both increased as the frequency in-
creased, and the dough sample obtained at the last
phase of mixing always showed higher G values at all
frequencies studied. G values increased gradually as
the mixing proceeded from the 1%t phase to the 3
phase. G’ values of the samples at the 3 and the 4
phase are nearly the same, which suggest that the
dough development was completed at the 39 phase
and remained stable into the 4t" phase demonstrating
that there is not any significant breakdown in the
gluten network once the equilibrium breakdown re-
gion has been reached in phase 3. Dough development
still continued for hard wheat flour dough samples
even at the 4t phase of mixing [28]. Farinograms are
consistent with small amplitude behavior. As expect-
ed, the stability for the soft wheat flour dough is 2.65
minutes, whereas the stability of hard wheat flour
dough was 16 minutes.

Specific analysis of the linear and the non-linear
behavior was carried out at different values of strain
(0.01,0.06,1.6, 11, 28, 44, 70,105, and 200 %). Examples
of raw stress waves in the non-linear region (200 %) are
shown for 2 selected relatively high (20 rad/s) and rel-
atively low (1 rad/s) frequencies, for the samples ob-
tained at the peak point of Farinograph mixing
(1t phase) and at the end of Farinograph mixing
(4t phase) (Figure 3). The stress waves show progres-
sively slight deviations from pure oscillatory behavior,
a characteristic behavior of non-linearity, at the fre-
quency of 20 rad/s and they become triangular waves
rather than oscillatory waves, a clear indication of the
increased non-linearity at the higher frequency. These
triangular waves require usually higher harmonics in
order to fit the distorted curve. At the lower frequency,
the curves have a different kind of non-linearity with
the bell-shaped sinusoidal curve distorted to the left.
These distortions are getting slightly worse with mix-
ing time at the relatively low frequency, but they be-
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Figure 3: The difference in stress responses of soft dough through mixing at high and low frequencies in the non-linear region
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comevisiblyand obviously more triangular with mixing
time in the case of the frequency of 20 rad/s.

In order to magnify the shape and behavior of the
oscillatory curves, we have expanded them at one mix-
ing time and two different strains to gain a better and
clearer appreciation of non-linearity. Stress waves for
the lowest frequency and strain combination (1 rad/s
and 0.01%) and for the highest frequency and strain
combination (20 rad/s and 200 %) are plotted in Fig-
ure 4 for the 15t phase of mixing. We can see that the
non-linearities are much more pronounced asthestrain
increases and are now quite obvious since the waves
have been expanded.
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3.2 ANALYSIS OF THE BEHAVIOR OF LISSAJOUS CURVES

The Lissajous-Bowditch curves are plotted in the form
of normalized total stress and normalized elastic/vis-
cous stress versus normalized strain for each frequency
and for the four phases of dough mixing. These plots
enable understanding of the intracycle rheological be-
havior of soft wheat flour dough. In these curves, the
amplitude of strainincreases up tothe amplitude of the
strains studied (0.01, 0.06, 1.6, 11, 28, 44, 70, 105, and
200 %) where the stress data were obtained. The plots
obtained for each selected strain amplitude at all intra-
cycle strains were superimposed for each applied fre-
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Figure 5: Lissajous curves for the elastic component of soft wheat flour dough: a) obtained at the 1t phase of Farinograph mix-
ing (peak time) and b) obtained at the 4" phase (where the protein network starts to breakdown) of Farinograph mixing.

quency. The stress response is evaluated as two com-
ponents: Elastic stress and viscous stress, to investigate
separately how these two components of the dough
samples behave in the non-linear region and to be able
to characterize the non-linear viscoelastic behavior of
the soft wheat flour dough samples in detail.

Alinear viscoelastic response appears as a narrow
ellipse,which contains two mirror planes defined by the
major and minor axes of theellipse. Inthe linear region,
the major axis is much larger than the minor axis and
the ellipse is completely symmetric. A steady nonlinear
viscoelastic response loses the mirror planes [17] and
the ellipse becomes progressively distorted as the am-
plitude of strain increases into the non-linear region.
Theellipses lose their symmetry and they progressively
acquire arhomboid shape. When the stress data is plot-
tedversusthe amplitude of strain rateand as a function
of intracycle strain rate, a perfectly linear viscous ma-
terial shows a spherical trajectory and as the material
becomes progressively non-linear, the sphere becomes
distorted and the degree of distortion increases with
increasing strain amplitude in the non-linear region.

3.2.1 Analysis of the elastic Lissajous curves (plots of
normalized stress versus normalized strain)

Elliptical trajectories are the indication of dominant elas-
tic behavior and linear viscoelasticity, while circular tra-
jectoriesareanindication of viscousdominated linearvis-
coelastic fluid behavior in the Lissajous-Bowditch curves
[17]. In our data, we plot the intracycle stress versus the
intracycle strain for each strain amplitude and the first

observation is that the curves started to get wider and
progressively distorted asthefrequency decreased. Aswe
increasethe frequency,the material shows a progressive-
ly elastic behavior as expected. And in the linear region,
this is manifested by the increase in G’ with frequency.
The Lissajous curves are consistent with the overall vis-
coelastic behavior observed with wheat flour dough. Fig-
ure 5 shows the elastic analysis as a function of mixing
time. In these figures, the dough sample obtained at the
4™ phase showed more elastically dominated behavior
compared to the samples obtained from the 1°t phase of
mixingatallfrequencies studied. Dough samples showed
elliptical trajectories, which shows soft wheat flour
dough remained elastically controlled viscoelastic mate-
rial in the non-linear region. At low strains, in the linear
region, theLissajouscurvesare narrowellipseswithavery
high major to minor axis ratio consistent with a highly
elastic material in the linear region. As the strain in-
creased, the Lissajous curves started tobecome widerand
distorted. It is noteworthy to observe that in the 1°t phase
of mixing the Lissajous curves deviate from ellipticity
faster at1rad/s as the strain amplitude increases. There
are two contrarian events at low frequency as is well
known from linear viscoelastic measurements, the ma-
terial behaves less elastic than at high frequency. How-
ever, as the strain decreases, the material structure de-
cays and the dough becomes progressively more viscous
because of structure breakdown at the higher strain am-
plitude. This causes the progressive change in the Lis-
sajous curves going from1to 20 rad/s where the increas-
ingstrainamplitude creates afeature that we would refer

© Appl. Rheol. 26 (2016) 52508 | DOI: 10.3933/ApplRheol-26-52508 | 6 |


https://www.researchgate.net/publication/228339162_New_measures_for_characterizing_nonlinear_viscoelasticity_in_large_amplitude_oscillatory_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/228339162_New_measures_for_characterizing_nonlinear_viscoelasticity_in_large_amplitude_oscillatory_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==

20 rad/s

1 rad/s

Figure 6: Lissajous curves for the viscous component of soft wheat flour dough: a) obtained at the 1*t phase of Farinograph

mixing (peak time) and b) obtained at the 41" phase of mixing.

toasasaggingballoonat2orad/s. These arethe two con-
flicting events. At the high frequency, the decay in elas-
ticity is facilitated because the increase in the combina-
tion of strain and frequency produces higher strain rates
compared to the low frequency resulting in the sagging
balloon behavior that we observe in the high strain rates.
This is very new and detailed information about the in-
tracycle viscoelastic rheology of soft wheat flour dough
never reported before.

We present similar data for the 41" phase of mixing
to compare the behavior of the Lissajous curves with
the 1t phase of mixing. In the 4t phase of mixing, the
behavior with respect to frequency mirrors that which
we observed in the 1t phase of mixing. The ellipses be-
come distorted faster at 20 rad/s as the strain ampli-
tude increases. This is also consistent with the degra-
dation that occurs in soft wheat flour dough as the de-
parture time is reached and exceeded that we observe
in the Farinograph. The degree of distortion is sharper
in the 4t phase of mixing compared to the 1°t phase of
mixing in general, suggesting that the viscoelastic
character progressively changes from an elastically
dominated behavior to growing viscous behavior. The
rate at which this transition occurs is faster in the gt
phase of mixing. This too is consistent with the break-
down observed in the Farinograph curves.

3.2.2 Analysis of the viscous Lissajous curves

We plot normalized stress versus normalized strain rate
in the form of viscous Lissajous curves as a function of
frequency and mixing time in Figure 6. These plots are
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showninordertostudytheevolutionoftheviscouschar-
acter of soft wheat flour dough and are meant to be com-
plementary to the Lissajous plots where normalized
stress is plotted versus normalized strain. In essence,
they are mirror images of the previous plots that exam-
ine the viscous component in detail. As indicated earlier,
attheloweststrainstudied, the curvesareapproximated
by a circle and appear to be ellipses with a small major
to minor axis ratio, because the y-axis is more expanded
compared to the x-axis and wheat flour dough is not a
purely viscous material but a viscoelastic material. Also
it must be noted that the two axes are normalized. And
therefore, the curves are concentricin nature because of
that normalization. Comparison of the evolution of the
shape of the viscous component for the soft dough sam-
ple at the 1t phase of mixing (Figure 6a) shows that at
1rad/s the dough becomes more viscous faster and pro-
gressively. The evolution of viscosity slows down from 10
to 20 rad/s as indicated by the close concentricity of the
curvesat2orad/sslowlydistancingthemselvesfromone
anotherasthefrequency reducesto1oandirad/s. When
we study Figure 6b carefully, we also observe that at the
4™ phase of mixing, the curves are somewhat more de-
viating from circular behavior at a faster rate consistent
with the breakdown that we observe in the Farinograms
and mirroring the discussion in relation to the elastic
component in Figure 5.

As Figure 6 is evaluated, it is observed that the tra-
jectories did not show a remarkable change as the mix-
ing proceeds from the 1st phase to the 4" phase. This
means that the elasticcomponentis more dominantin
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Figure 7: The changes in ey/e, and v,/v, values of soft dough samples at different frequency values: a) 1 phase, b) 2™ phase,

¢) 3" phase, and d) 4t phase of mixing.

the non-linear region compared to the viscous compo-
nent of the soft dough samples. The elastic component
is affected by mixing more than the viscous compo-
nent, because the changes occurringinthe elasticcom-
ponent are more pronounced as the mixing proceeds
as is well known in the literature [7, 31]. The increase in
the viscous behavior of the viscous component is ob-
served as progressively increasing stickiness in the
dough atthe end of Farinograph mixing. Inthe 1t phase
of mixing, on the other hand, the gluten network just
starts to form and for this reason the dough is not as
strong as in the next phase of mixing. Therefore, the
elasticcomponent becomes more dominantin the pro-
ceeding phases of mixing. Because mixing and dough
developmentisallaboutgluten networkformationand
gluten constitutes the elastic component of the dough
sample. The changes in the elastic gluten structure are
the ones that are reflected in the intracycle rheology in
a more pronounced way.

3.3 NON-LINEAR RHEOLOGICAL ELASTIC PROPERTIES
OF DOUGH AS A FUNCTION OF MIXING PHASE

Figure 7 shows the ratio of the 3™ order elastic Cheby-
shev coefficient to the 15t order e,/e, and the ratio of 3d
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orderviscous Chebyshev coefficient tothe 1! order v,/v,
for the all dough samples obtained at different stages
of mixing at all frequency values. The soft dough sam-
ples showed strain stiffening and shear thinning be-
havior at all phases of mixing and applied frequencies
in the non-linear region. However, the intensity of the
strain stiffening and shear thinning behavior started to
decreaseataround 44-70 % strainvalue, where the ap-
pliedfrequencyis2orad/s(at 44 % strainforthe sample
obtained at the beginning of mixing and 70 % strain for
the dough obtained at the end of mixing). As a result,
in soft wheat flour dough exposed to increasing strain,
thegluten networkstartstobreakdown atlower strains
than the hard wheat flour dough [28]. e,/e, values
showed increase gradually in the non-linear region as
the mixing proceeded from the 1t phase to the 4t
phase. It was also observed that the decrease in the
strain stiffening behavior was retarded as the frequen-
cy decreased. Amemiya and Menjivar [10] states that at
small strains, short interactions are affected, however
at high strains, protein phase starts to dominate the
wheat flour dough behavior and strain stiffening is ob-
served. At strains above that, protein fibrills start to
break down; so strain softening occurs. Therefore,
44—70 % strain value might be the critical strain where
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the gluten network started to weaken for the soft
dough samples. And this critical strain value increased
as the frequency decreased. It occurred at 44, 70, and
109 % at the 15t phase of mixing for 20, 10, and 1 rad/s
frequency values, respectively. This is because the pro-
tein fibrills in the gluten network can find more time to
recover and alignthemselves againstthe applied strain
when the frequency is low. For this reason, the strain
value where the intensity of strain stiffening behavior
start to decrease increases as the frequency decreased.

G, (large strain modulus) values indicated in the
Figure 8 showed the same trend with the G values. G,
values increased for all the dough samples obtained at
different phases of mixing, as the frequency increased.
At 20 rad/sec, dough sample at the 4t phase showed
the highest G, value, while the dough sample from the
1%t phase showed the lowest. And the samples from the
2"4andthe 3™ phase showed almost the same G, values.
At 10 and 1rad/s, the dough samples from the 3™ and
the 4t phase showed the same G, values while the sam-
ples from the 15t and the 2" phase showed close and
lower G, values.

In Figure 9a, the values related to the elastic be-
havior of the samples were plotted against the strain
tobeableto get supportive explanation about the non-
linearity of the soft wheat flour dough samples. The
stiffening ratio S values showed correlation with the
e,/e, values. As the frequency increase, S values started
to decrease after a certain strain value. This behavior is
described as the decrease in the intensity of the strain
stiffening behavior. Because as long as S > o, it means
that the material shows strain stiffening behavior [17].
Svaluesalsosupportedthatthe soft dough samples ob-
tained at different phases of mixing showed strain stiff-
eningbehaviorinthe non-linearregion. As the frequen-
cy increased, Svalues slightly decreased due to the fact
that protein fibrills in the gluten network are affected
more by the applied strain in the high frequencies.

3.4 NON-LINEAR VISCOUS PROPERTIES OF DOUGH AS
A FUNCTION OF MIXING PHASE

The thickening ratio T values plotted in Figure gb for
the data obtained at 10 rad/s frequency. The highest
values for Twere obtained at the highest frequency ap-
plied and they decreased gradually for all the dough
samples as the frequency decreased. As the frequency
increased, T values belonging to the dough sample ob-
tained at the 1*t and the 2" phase of mixing were the
ones affected the most. All soft dough samples showed
shear thinning behavior since T values were smaller
than o [17]. Large strain rate values 5, obtained at
10 rad/secfrequency are showed in Figure10. At 20 and
10 rad/s frequency values, 1, values increased as the
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Figure 8: Large strain modulus G, values for soft dough sam-
ple at 10 rad/s.
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Figure 9: S (a) and T (b) values of soft dough sample at
10 rad/s.

mixing proceeds from the 1t phase to the 4t phase. n,
values showed a significantly decreasing trend as the
frequencyappliedincreased.n, and ny (minimum strain
rate) values were almost the same for the soft dough
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10 rad/s.

samples at all phases of mixing and at all frequencies
studied. And generally, these values seemed not to be
affected by mixing for the soft dough samples.

4 CONCLUSIONS

Soft wheat flour dough samples obtained at different
phases of Farinograph mixing showed non-linear be-
havior at strains larger than 0.015-0.06 %. As the fre-
quency increased from 1 to 20 rad/s, soft flour dough
samples started to behave more elastically as shown in
Lissajous curves. On the other hand, as the strain in-
creases from 0.01to 200 % gradually, soft dough sam-
ples started to display more viscously dominated vis-
coelastic character due to the structural breakdown in
the gluten network at high strains and the increasingly
dominant role that starch played because the gluten
network started to break down. The elastic component
of the soft wheat flour dough was affected by mixing
more compared to the viscous component. When Lis-
sajous curves were evaluated at the beginning and at
the end of Farinograph mixing at different frequencies,
more remarkable changes were observed in the elastic
component. Clearly the elastic component of the soft
dough samples influenced the non-linear region more.
This may be attributed to the changes occurring in the
protein fibrils in gluten network at large strains [10].
The dough samples obtained at the four phases of
mixing showed strain stiffening (S > o) and shear thin-
ning (T< o) behavior at all frequencies studied up to the
strain value of 200 %. e,/e, values showed an increase
supporting the strain stiffening behavior as the strain
increased gradually. However, a decrease in the inten-
sity of e,/e, values were observed when the strain
reached 44—-70 %. This strain range may be the critical
strain for the soft wheat flour dough where the gluten
network startstoweakenwithincreasingstrainandthe
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resulting mechanical energy introduced in the sample.
This critical strain value increased as the frequency de-
creased from 20 to1rad/s. When the applied frequency
of oscillation was lower the critical strain values were
higher and the protein fibrils in the gluten network
could recover and align themselves up to these critical
strain levels. The large strain modulus G, increased with
increasing mixing time. Except for the highest frequen-
cy applied, G, values at the 3 and the 4t phase of
Farinograph mixing were close in magnitude which
showed that the gluten network development stopped
whenthe sample reached tothe 3 phase of mixing.On
the other hand, the decreasing strain stiffening behav-
ior occurred in the gluten network after the strain val-
ues of 44—-70 % and the shear thinning behavior ob-
served in the starch matrix as the strain increased can
beregarded asthe explanation forthedecreasingtrend
observed in the Farinograms as the mixing continued.

ACKNOWLEDGEMENTS

This research was partly funded by USDA Hatch funds,
the William R. Scholle Foundation, a Fellowship to
Gamze Yazar from The Scientific and Technological Re-
search Council of Turkey (TUBITAK). The authors grate-
fully acknowledge all of these funding sources which
made this research possible.

REFERENCES

[1] Goesaert H, Brijs K, Veraverbeke WS, Courtin CM, Ge-
bruersK, DelcourJA: Wheat flour constituents: how they
impact bread quality, and how to impact their function-
ality, Trends Food Sci. Tech. 16 (2005) 12—-30.

[2] HoseneyRC,Rogers DE: The formation and properties of
wheat flour doughs, Crit. Rev. Food Sci. Nutr. 29 (1990)
73-93.

[3] McGuire CF, McNeal FH: Quality response of 10 hard red
spring wheat cultivars to 25 environments, Crop Sci. 14
(1974) 175-178.

[4] MaghirangEB, Lookhart GL, Bean SR, Pierce RO, Xie F, Ca-
ley MS, Wilson JD, Seabourn BW, Ram MS, Park SH,
Chung OK, Dowell FE: Comparison of quality character-
istics and breadmaking functionality of hard red winter
and hard red spring wheat, Cereal Chem. 83 (2006)
520-528.

[s] TsiloTJ,Simsek S, Ohm J-B, Hareland GA, Chao S, Ander-
son JA: Quantitative trait loci influencing endosperm
texture, dough-mixing strength, and bread-making
properties of the hard red spring wheat breeding lines,
Genome 54 (2011) 460—470.

[6] Rao VK, Mulvaney SJ, Dexter JE: Rheological characteri-
zation of long- and short- mixing flours based on stress-
relaxation, J. Cereal Sci. 31 (2000) 159 —171.

[71 Faubion JM, Hoseney RC: The viscoelastic properties of

| 10 |


https://www.researchgate.net/publication/223545375_Comparison_of_Small_and_Large_Deformation_Measurements_to_Characterize_the_Rheology_of_Wheat_Flour_Doughs?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/51167864_Quantitative_trait_loci_influencing_endosperm_texture_dough-mixing_strength_and_bread-making_properties_of_the_hard_red_spring_wheat_breeding_lines?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/51167864_Quantitative_trait_loci_influencing_endosperm_texture_dough-mixing_strength_and_bread-making_properties_of_the_hard_red_spring_wheat_breeding_lines?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/51167864_Quantitative_trait_loci_influencing_endosperm_texture_dough-mixing_strength_and_bread-making_properties_of_the_hard_red_spring_wheat_breeding_lines?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/51167864_Quantitative_trait_loci_influencing_endosperm_texture_dough-mixing_strength_and_bread-making_properties_of_the_hard_red_spring_wheat_breeding_lines?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/51167864_Quantitative_trait_loci_influencing_endosperm_texture_dough-mixing_strength_and_bread-making_properties_of_the_hard_red_spring_wheat_breeding_lines?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/43263782_Comparison_of_Quality_Characteristics_and_Breadmaking_Functionality_of_Hard_Red_Winter_and_Hard_Red_Spring_Wheat?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/43263782_Comparison_of_Quality_Characteristics_and_Breadmaking_Functionality_of_Hard_Red_Winter_and_Hard_Red_Spring_Wheat?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/43263782_Comparison_of_Quality_Characteristics_and_Breadmaking_Functionality_of_Hard_Red_Winter_and_Hard_Red_Spring_Wheat?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/43263782_Comparison_of_Quality_Characteristics_and_Breadmaking_Functionality_of_Hard_Red_Winter_and_Hard_Red_Spring_Wheat?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/43263782_Comparison_of_Quality_Characteristics_and_Breadmaking_Functionality_of_Hard_Red_Winter_and_Hard_Red_Spring_Wheat?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/43263782_Comparison_of_Quality_Characteristics_and_Breadmaking_Functionality_of_Hard_Red_Winter_and_Hard_Red_Spring_Wheat?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==

(8]
[9]

[10]

m]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

© Appl. Rheol. 26 (2016) 52508 | DOI: 10.3933/ApplRheol-26-52508

wheatflourdoughs, in FaridiH, Faubion JM (Eds.), Dough
rheology and baked product texture, Van Nostrand Rein-
hold, New York (1990).

Edwards WP: The science of bakery products, The Royal
Society of Chemistry, Cambridge (2007).

Dus SJ, Kokini JL: Prediction of the nonlinear viscoelastic
properties of a hard wheat flour dough using the Bird-Car-
reau constitutive model, J. Rheol. 34:7 (1990) 1069 —1084.
Amemiya JI, Menjivar JA: Comparison of small and large
deformation measurements to characterize the rheolo-
gy of wheat flour doughs, J. Food Eng. 16 (1992) 91—108.
Hibberd GE, Parker NS: Dynamic viscoelastic behavior of
wheat flour doughs, Part 4: Non-linear behavior, Rheol.
Acta 14 (1979) 151-157.

Khatkar BS, Schofield JD: Dynamic rheology of wheat
flour dough. 1. Non-linear viscoelastic behavior, J. Sci.
Food Agric. 82 (2002) 827-829.

Lefebvre J: An outline of the non-linear viscoelastic be-
havior of wheat flour dough in shear, Rheol. Acta 45
(2006) 525-538.

Lefebvre J: Nonlinear, time-dependent shear flow be-
havior, and shear-induced effects in wheat flour dough
rheology, J. Cereal Sci. 49 (2009) 262 —271.

Ng TSK, McKinley GH, Padmanabhan M: Linear to non-
linear rheology of wheat flour dough, Appl. Rheol. 16
(2006) 265-274.

Wilhelm M: Fourier-transform rheology, Macromol.
Mater. Eng. 287 (2002) 83—105.

Ewoldt RH, Hosoi AE, McKinley GH: New measures for
characterizing nonlinear viscoelasticity in large ampli-
tude oscillatory shear, J. Rheol. 52 (2008) 1427-1458.
Klein C, Venema P, Sagis L, van der Linden E: Rheological
discrimination and characterization of carrageenans
and starches by Fourier transform-rheology in the non-
linear viscous regime, J. Non-Newtionian Fluid Mech. 151
(2008) 145-150.

Nam JG, Ahn KH, Lee SJ, Hyun K: First normal stress dif-
ference of entangled polymer solutions in large ampli-
tude oscillatory shearflow, J. Rheol. 54 (2010) 1243 —1266.
Kokuti Z, Volker-Pop L, Brandstatter M, Kokavecz J, Ailer
P, Palkovics L, Szabo G, Czirjak A: Exploring the nonlinear
viscoelasticity of a high viscosity silicone oil with LAOS,
Appl. Rheol. 26 (2016) 14289.

[21]

Melito HS, Daubert CR, Foegeding EA: Creep and large

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

amplitude oscillatory shear behavior of whey proteiniso-
late/.-carrageenan gels, Appl. Rheol. 22 (2012) 521-534.
Calin A, Wilhelm M, Balan C: Determination of the non-
linear parameter (mobility factor) of the Giesekus con-
stitutive model using LAOS procedure, J. Non-Newton-
ian Fluid Mech. 165 (2010) 1564 —1577.
Cho KS, Ahn KH, Lee SJ: A geometrical interpretation of
large amplitude oscillatory shear response, J. Rheol. 49
(2005) 747-758.
Reimers MJ, Dealy JM: Sliding plate rheometer studies
of concentrated polystyrene solutions: Large amplitude
oscillatory shear of a very high molecular weight poly-
mer in diethyl phthalate, J. Rheol. 40 (1996) 167—186.
Lauger J, Stettin H: Differences between stress and strain
controlinthe non-linear behavior of complexfluids, Rheol.
Acta 49 (2010) 909-930.
Bozkurt F, Ansari S, Yau P, Yazar G, Ryan V, Kokini J: Dis-
tribution and location of ethanol soluble proteins (Os-
borne gliadin) as a function of mixing time in strong
wheat flourdough using quantum dots asalabeling tool
with confocal laser scanning microscopy, Food Res. Int.
66 (2014) 279 —288.
Ansari S, Bozkurt F, Yazar G, Ryan V, Bhunia A, Kokini J:
Probingthedistribution of gliadin proteinsin dough and
baked bread using conjugated quantum dots as a label-
ing tool, J. Cereal Sci. 63 (2015) 41—48.
Yazar G, Duvarci O, Tavman S, Kokini JL: Effect of mixing
on LAOS properties of hard wheat flour dough, J. Food
Eng.190 (2016) 1-10.
AACC: Farinograph method for flour, AACC Method
54—21. Approved methods of the AACC, American Asso-
ciation of Cereal Chemists Inc, Volume Il, USA (2000).
Roman-Gutierrez AD, Guilbert S, Cuq B: Description of
microstructural changes in wheat flour and flour com-
ponents during hydration by using environmental scan-
ning electron microscopy, Lebensm.-Wiss. u.-Technol. 35
2002) 730—740.
MacRitchie F: Mechanical degradation of gluten pro-
teins during high-speed mixing of doughs, J. Polymer Sci.

49 (1975) 85—90.

| 1


https://www.researchgate.net/publication/304529442_Effect_of_mixing_on_LAOS_properties_of_hard_wheat_flour_dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/304529442_Effect_of_mixing_on_LAOS_properties_of_hard_wheat_flour_dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/304529442_Effect_of_mixing_on_LAOS_properties_of_hard_wheat_flour_dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/301362138_Exploring_the_nonlinear_viscoelasticity_of_a_high_viscosity_silicone_oil_with_LAOS?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/301362138_Exploring_the_nonlinear_viscoelasticity_of_a_high_viscosity_silicone_oil_with_LAOS?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/301362138_Exploring_the_nonlinear_viscoelasticity_of_a_high_viscosity_silicone_oil_with_LAOS?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/301362138_Exploring_the_nonlinear_viscoelasticity_of_a_high_viscosity_silicone_oil_with_LAOS?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/278113852_Creep_and_large-amplitude_oscillatory_shear_behavior_of_whey_protein_isolateK-carrageenan_gels?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/278113852_Creep_and_large-amplitude_oscillatory_shear_behavior_of_whey_protein_isolateK-carrageenan_gels?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/278113852_Creep_and_large-amplitude_oscillatory_shear_behavior_of_whey_protein_isolateK-carrageenan_gels?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/270397793_Probing_the_Distribution_of_Gliadin_Proteins_in_Dough_and_Baked_Bread_Using_Conjugated_Quantum_Dots_as_a_Labeling_Tool?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/270397793_Probing_the_Distribution_of_Gliadin_Proteins_in_Dough_and_Baked_Bread_Using_Conjugated_Quantum_Dots_as_a_Labeling_Tool?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/270397793_Probing_the_Distribution_of_Gliadin_Proteins_in_Dough_and_Baked_Bread_Using_Conjugated_Quantum_Dots_as_a_Labeling_Tool?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/270397793_Probing_the_Distribution_of_Gliadin_Proteins_in_Dough_and_Baked_Bread_Using_Conjugated_Quantum_Dots_as_a_Labeling_Tool?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/266620586_Distribution_and_location_of_Ethanol_soluble_proteins_Osborne_gliadin_as_a_function_of_mixing_time_in_strong_wheat_flour_dough_using_quantum_dots_as_a_labeling_tool_with_Confocal_Laser_Scanning_Micros?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/266620586_Distribution_and_location_of_Ethanol_soluble_proteins_Osborne_gliadin_as_a_function_of_mixing_time_in_strong_wheat_flour_dough_using_quantum_dots_as_a_labeling_tool_with_Confocal_Laser_Scanning_Micros?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/266620586_Distribution_and_location_of_Ethanol_soluble_proteins_Osborne_gliadin_as_a_function_of_mixing_time_in_strong_wheat_flour_dough_using_quantum_dots_as_a_labeling_tool_with_Confocal_Laser_Scanning_Micros?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/266620586_Distribution_and_location_of_Ethanol_soluble_proteins_Osborne_gliadin_as_a_function_of_mixing_time_in_strong_wheat_flour_dough_using_quantum_dots_as_a_labeling_tool_with_Confocal_Laser_Scanning_Micros?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/266620586_Distribution_and_location_of_Ethanol_soluble_proteins_Osborne_gliadin_as_a_function_of_mixing_time_in_strong_wheat_flour_dough_using_quantum_dots_as_a_labeling_tool_with_Confocal_Laser_Scanning_Micros?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/266620586_Distribution_and_location_of_Ethanol_soluble_proteins_Osborne_gliadin_as_a_function_of_mixing_time_in_strong_wheat_flour_dough_using_quantum_dots_as_a_labeling_tool_with_Confocal_Laser_Scanning_Micros?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/253433330_First_normal_stress_difference_of_entangled_polymer_solutions_in_large_amplitude_oscillatory_shear_flow?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/253433330_First_normal_stress_difference_of_entangled_polymer_solutions_in_large_amplitude_oscillatory_shear_flow?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/253433330_First_normal_stress_difference_of_entangled_polymer_solutions_in_large_amplitude_oscillatory_shear_flow?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/251585200_Determination_of_the_non-linear_parameter_mobility_factor_of_the_Giesekus_constitutive_model_using_LAOS_procedure?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/251585200_Determination_of_the_non-linear_parameter_mobility_factor_of_the_Giesekus_constitutive_model_using_LAOS_procedure?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/251585200_Determination_of_the_non-linear_parameter_mobility_factor_of_the_Giesekus_constitutive_model_using_LAOS_procedure?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/251585200_Determination_of_the_non-linear_parameter_mobility_factor_of_the_Giesekus_constitutive_model_using_LAOS_procedure?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/248588651_Nonlinear_time-dependent_shear_flow_behaviour_and_shear-induced_effects_in_wheat_flour_dough_rheology?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/248588651_Nonlinear_time-dependent_shear_flow_behaviour_and_shear-induced_effects_in_wheat_flour_dough_rheology?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/248588651_Nonlinear_time-dependent_shear_flow_behaviour_and_shear-induced_effects_in_wheat_flour_dough_rheology?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/243529398_Prediction_of_nonlinear_viscoelastic_properties_of_a_hard_wheat_flour_dough_using_the_Bird_Carreau_constitutive_model?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/243529398_Prediction_of_nonlinear_viscoelastic_properties_of_a_hard_wheat_flour_dough_using_the_Bird_Carreau_constitutive_model?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/243529398_Prediction_of_nonlinear_viscoelastic_properties_of_a_hard_wheat_flour_dough_using_the_Bird_Carreau_constitutive_model?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/241591987_Sliding_plate_rheometer_studies_of_concentrated_polystyrene_solutions_Large_amplitude_oscillatory_shear_of_a_very_high_molecular_weight_polymer_in_diethyl_phthalate?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/241591987_Sliding_plate_rheometer_studies_of_concentrated_polystyrene_solutions_Large_amplitude_oscillatory_shear_of_a_very_high_molecular_weight_polymer_in_diethyl_phthalate?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/241591987_Sliding_plate_rheometer_studies_of_concentrated_polystyrene_solutions_Large_amplitude_oscillatory_shear_of_a_very_high_molecular_weight_polymer_in_diethyl_phthalate?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/241591987_Sliding_plate_rheometer_studies_of_concentrated_polystyrene_solutions_Large_amplitude_oscillatory_shear_of_a_very_high_molecular_weight_polymer_in_diethyl_phthalate?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/240440780_Description_of_Microstructural_Changes_in_Wheat_Flour_and_Flour_Components_during_Hydration_by_using_Environmental_Scanning_Electron_Microscopy?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/240440780_Description_of_Microstructural_Changes_in_Wheat_Flour_and_Flour_Components_during_Hydration_by_using_Environmental_Scanning_Electron_Microscopy?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/240440780_Description_of_Microstructural_Changes_in_Wheat_Flour_and_Flour_Components_during_Hydration_by_using_Environmental_Scanning_Electron_Microscopy?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/240440780_Description_of_Microstructural_Changes_in_Wheat_Flour_and_Flour_Components_during_Hydration_by_using_Environmental_Scanning_Electron_Microscopy?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/240440780_Description_of_Microstructural_Changes_in_Wheat_Flour_and_Flour_Components_during_Hydration_by_using_Environmental_Scanning_Electron_Microscopy?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/230280824_Dynamic_rheology_of_wheat_flour_dough_I_Non-linear_viscoelastic_behaviour?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/230280824_Dynamic_rheology_of_wheat_flour_dough_I_Non-linear_viscoelastic_behaviour?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/230280824_Dynamic_rheology_of_wheat_flour_dough_I_Non-linear_viscoelastic_behaviour?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/228339162_New_measures_for_characterizing_nonlinear_viscoelasticity_in_large_amplitude_oscillatory_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/228339162_New_measures_for_characterizing_nonlinear_viscoelasticity_in_large_amplitude_oscillatory_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/228339162_New_measures_for_characterizing_nonlinear_viscoelasticity_in_large_amplitude_oscillatory_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/227957129_Mechanical_degradation_of_gluten_proteins_during_high_speed_mixing_of_dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/227957129_Mechanical_degradation_of_gluten_proteins_during_high_speed_mixing_of_dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/227957129_Mechanical_degradation_of_gluten_proteins_during_high_speed_mixing_of_dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/226831566_An_outline_of_the_non-linear_viscoelastic_behavior_of_wheat_flour_dough_in_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/226831566_An_outline_of_the_non-linear_viscoelastic_behavior_of_wheat_flour_dough_in_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/226831566_An_outline_of_the_non-linear_viscoelastic_behavior_of_wheat_flour_dough_in_shear?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/225718501_Differences_between_stress_and_strain_control_in_the_non-linear_behavior_of_complex_fluids?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/225718501_Differences_between_stress_and_strain_control_in_the_non-linear_behavior_of_complex_fluids?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/225718501_Differences_between_stress_and_strain_control_in_the_non-linear_behavior_of_complex_fluids?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/223545375_Comparison_of_Small_and_Large_Deformation_Measurements_to_Characterize_the_Rheology_of_Wheat_Flour_Doughs?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/223545375_Comparison_of_Small_and_Large_Deformation_Measurements_to_Characterize_the_Rheology_of_Wheat_Flour_Doughs?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/223545375_Comparison_of_Small_and_Large_Deformation_Measurements_to_Characterize_the_Rheology_of_Wheat_Flour_Doughs?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/222231905_Rheological_discrimination_and_characterization_of_carrageenans_and_starches_by_Fourier_transform-rheology_in_the_non-linear_viscous_regime?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/222231905_Rheological_discrimination_and_characterization_of_carrageenans_and_starches_by_Fourier_transform-rheology_in_the_non-linear_viscous_regime?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/222231905_Rheological_discrimination_and_characterization_of_carrageenans_and_starches_by_Fourier_transform-rheology_in_the_non-linear_viscous_regime?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/222231905_Rheological_discrimination_and_characterization_of_carrageenans_and_starches_by_Fourier_transform-rheology_in_the_non-linear_viscous_regime?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/222231905_Rheological_discrimination_and_characterization_of_carrageenans_and_starches_by_Fourier_transform-rheology_in_the_non-linear_viscous_regime?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/37996385_Linear_to_Non-linear_Rheology_of_Wheat_Flour_Dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/37996385_Linear_to_Non-linear_Rheology_of_Wheat_Flour_Dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/37996385_Linear_to_Non-linear_Rheology_of_Wheat_Flour_Dough?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/27270143_Fourier-Transform_rheology?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/27270143_Fourier-Transform_rheology?el=1_x_8&enrichId=rgreq-9b50214be6826ec871272ad7359c7667-XXX&enrichSource=Y292ZXJQYWdlOzMwOTc5MDU5MTtBUzo0MjY2MzE5MTY0NjIwODJAMTQ3ODcyODM4Mzc5OA==
https://www.researchgate.net/publication/309790591

	AR_26_5_Gamze, Ozlem paper

