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Summary
Because of the belief that the rheological properties of wheat flour and dough are
related to the flour quality and its processing characteristics, they are of great
importance in the baking and milling industries. The Farinograph, Extensograph,
Amylograph and Alveograph tests are the most common empirical tests used
for assessing rheological properties of wheat dough. Recently, new rheological
tool for wheat flour characterization, called Mixolab, has been developed.
The advantage of using Mixolab is that one can measure protein and starch
characteristics in a single test.
The objective of this study was to determine the relationships between Mixolab
parameters and parameters obtained using Farinograph and Amylograph among
flour samples of different technological quality.
Mixolab water absorption value was significantly correlated to Farinograph water
absorption value (r = 0.9816) as well as Mixolab dough formation time value (time
for C1) to dough development time obtained using Farinograph (r = 0.9668),
while the values which indicate dough stability have not expressed so high
correlation (r = 0.7484). In addition, difference between the values of maximum
torque (C1) and torque at the end of the first period of constant temperature (T
= 30°C) obtained by Mixolab expressed good correlation with the Farinograph
degree of softening (r = 0.8504).
A significant correlation coefficient (r = 0.8812) was determined between the
Amylograph peak viscosity parameter and C3 value which is an indication of
starch gelatinization.

Key words
Mixolab, correlation, dough rheology, wheat flour quality
University of Novi Sad, Institute for Food Technology,
Bul. Cara Lazara 1, 21000 Novi Sad, Serbia
e-mail: tamara.dapcevic@fins.uns.ac.rs
Received: November 5, 2008 | Accepted: February 24, 2009
ACKNOWLEDGEMENTS
This work was financially supported by Ministry of Science and Technological Development,
Republic of Serbia (Project No. 20066).

Agriculturae Conspectus Scientificus | Vol. 74 (2009) No. 3 (169-174)

169

Tamara DAPČEVIĆ, Miroslav HADNAĐEV, Milica POJIĆ

Introduction
One of the most commonly used techniques for testing
flour quality and its suitability for specific end-uses as well as
predicting the quality of baked products are empirical rheological tests (Khatkar & Schofield, 2002). The instruments
utilized for investigation of flour and dough rheological behavior are Farinograph, Mixograph, Extensograph, Alveograph,
and Amylograph. The working principle for the most of these
instruments is based on measuring of torque raised during
dough development caused by either mixing action or extensional deformation (Sahin & Sumnu, 2006). In spite of
their importance, during the last few decades, a great effort
was made to introduce a new rheological tool which would
eliminate all the shortcomings of the previously mentioned
devices. Namely, the performances of traditional, empirical
rheological methods for dough testing are time-consuming
(Álava et al., 2007) and do not provide information about
flour quality based on complete characterization of all flour
components, but only on the protein ratio and its quality (e.g.
Farinograph) or starch quality (e.g. Amylograph). However,
itemized analysis of these components is not sufficient, due
to the interactions between them as well as the interactions
with other components of wheat flour such as enzymes, lipids,
fibers etc. that play a significant role of overall flour quality
and its processing characteristics (Fustier et al., 2008).
The Mixolab enables the determination of properties of
both, flour proteins and starch, including the other components, in a single test with less than 50 grams of sample. It
measures, in real time, the torque in Nm produced by passage
of dough between two kneading blades (Bonet et al., 2006).
During the passage dough is subjected to dual mechanical
shear stress and temperature constraint (Ozturk et al., 2008).
Therefore, by using Mixolab it is possible, to simulate the conditions which are present during the bread baking process
which considers subjection of the flour compounds to mechanical work and heat treatment and thus promotes changes in their physicochemical properties (Rosell et al., 2007).
The data obtained from Mixolab profi le gives information
about the parameters, such as: water absorption, the protein
strength (mixing time, kneading stability and tolerance and
gluten quality) and the starch behavior (gelatinization and
retrogradation). Furthermore, Mixolab can be applicable not
only to wheat flour quality control, but to many other purposes including: development of gluten-free products (Marco &
Rosell, 2008), whole wheat studies (Haros et al., 2006), effects
of different hydrocolloids (Rosell et al., 2007) or different enzymes on the rheological behaviour of the flour (Haros et al.,
2006), which represent its huge advantages over conventional
rheological tests. Finally, the advantage of using Mixolab in
dough rheological behavior characterization is confirmed
by its insertion in ICC methods under the number N° 173.
Since the conventional empirical rheological instruments
are still worldwide used for wheat flour quality determination, the aim of this study was to determine the relationships
between Mixolab parameters and parameters obtained using

Farinograph and Amylograph among flour samples of different technological quality. The reason of selecting Farinograph
and Amylograph is that the first one is traditionally used for
determining the quality of protein-protease complex, and the
second one for carbohydrate-amylase complex.

Materials and methods
Materials
Nineteen different samples of mercantile wheat were obtained during wheat harvest 2007. The samples were milled
by Bühler MLU 202 laboratory mill in order to obtain the
samples with similar particle size distribution. Average flour
particle size distribution, obtained by sieving method (Bühler
sieving machine) is shown in Fig. 1. The moisture, protein,
wet gluten and ash content of the samples were in the range
11.50 – 12.57 %, 8.15 – 15.10 %, 18.0 – 42.0 % and 0.42 – 0.55
% (d.m.), respectively. These parameters were determined according to the approved method of ICC (ICC Standard No.
109/1; ICC Standard No. 105/2; ICC Standard No. 106/2; ICC
Standard No. 104/1; 1996).
Farinograph studies
Farinograph studies (Brabender Farinograph) were carried out as approved by ICC 115/1 (1996). 300 g of flour, on
14% moisture basis, was kept in the Farinograph bowl and,
during mixing, water was added from the burette to give a
dough consistency of 500 BU. The following parameters were
determined from the resulting Farinogram: % absorption of
water, dough development time, dough stability and degree
of softening.
Amylograph studies
Amylograph studies (Brabender Amylograph) were carried out by following the method of ICC 126/1 (1996). The
80 g of flour, on 14 % moisture basis, was slurried in 450 ml
of distilled water by using a glass rod. The slurry was then
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Figure 1. Average flour particle size distribution
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Table 1. Instrumental settings defined in “Chopin+” protocol
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transferred to the amylograph bowl and heated from 25 °C,
at a rate of 1.5 °C/min until it reached maximum viscosity.
From the resulting amylogram, the peak viscosity was noted.
Mixolab studies
Mixing and pasting behaviour of wheat flour dough was
studied using the Mixolab (Chopin, Tripette et Renaud, Paris,
France). The appropriate amount of flour (calculated using
Mixolab software) was placed into the Mixolab bowl and subjected to hydration, mixing and heating according to standard “Chopin+” protocol. The settings used in the protocol are
presented in Table 1.
Parameters obtained from the recorded curve were: water
absorption (%) or water uptake required for the dough to
obtain a torque of 1.1 ± 0.07 Nm, dough development time
(min) or time to reach the maximum torque at 30 °C (time for
C1), stability (min) or elapsed time at which the torque produced is kept at 1.1 Nm (± 11 %), degree of softening (Nm) or
the torque difference between the maximum torque at 30°C
and the torque at the end of the holding time at 30 °C, and
peak torque (Nm) or the maximum torque produced during
the heating stage (C3).
Statistical analyses
All the measurements were done in triplicates. Correlation
coefficients between parameters obtained by Farinograph/
Amylograph and Mixolab were calculated using Origin Lab
soft ware.

Results and discussion
In order to better understand parameters obtained by
Mixolab one of the measured Mixolab profile is presented
in Fig. 2.
Water absorption is an amount of water needed for adequate dough consistency (Mixolab 1.1 Nm). Dough development time refers to time at which the maximum torque of
1.1 Nm (C1) is reached. Dough stability presents its resistance
to kneading while in the case of Mixolab measurement it is a
time until the torque at the point C1 decreases in 11 %. The
degree of softening was obtained by measuring the difference
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Figure 2. Mixolab profile

between the torque at the end of the period of constant temperature (30 oC) and the torque at C1.
As it was mentioned above, the main advantage of using
Mixolab is the possibility to measure both the protein and
starch properties in a single test. Starch properties can be analyzed in the second segment of Mixolab profile curve. The first
segment of Mixolab curve, obtained with the constant heating
rate, corresponds to Farinograph measurements, while the
second segment of the curve obtained with the temperature
increase corresponds to Amylograph measurements. Hence,
the value of the torque at the second maximum of the curve
(C3) is due to starch gelatinization and it can be compared
to the peak viscosity of Amylograph curve.
Correlation between results obtained by Brabender
Farinograph and Chopin Mixolab
Water absorption
Water absorption of wheat flour is influenced by different factors such as the protein (gluten) quality, starch properties (damaged starch, enzymatically treated starch etc.),
type, flour particle size etc. In order to avoid the influences
of different flour particle size on water absorption, only flours
with similar distribution of particle sizes were used. Thus, the
recorded parameters were solely influenced by protein and
starch properties of the selected wheat flours. The increase
of protein (gluten) content is in good agreement with the increase of water absorption. Starch absorbs through capillary
action only about 0.3 % of water on its mass but in the case
of damaged starch, which can arise in milling process, it can
be increased up to 10 times more (Catteral, 1995; Rasper &
Walker, 2000).
Correlation between water absorption obtained by using
Chopin Mixolab and Brabender Farinograph is given in Fig. 3.
As it is shown (Fig. 3) strong correlation with the calculated correlation coefficient of r = 0.9816 (P<0.0001) was obtained. That gives a significant opportunity to use this data
reliably in future trends of dough measurements.
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Figure 3. Correlation between water absorption obtained by
Mixolab and Farinograph

Dough development time
Dough development time is strongly influenced, as in
previous case, by protein and starch properties, type and
flour particle size of used flours. Omitting the influences of
type and flour particle size, predominantly protein, as well
as starch characteristics on dough development time were
observed. In the case of good gluten quality dough development time is longer than in the case of poor gluten quality.
Starch properties do not significantly influence the dough development time as it is the case of gluten properties (Catteral,
1995; Rasper & Walker, 2000). Correlation between the dough
development time obtained by using Chopin Mixolab and
Brabender Farinograph is given in Fig. 4.
Very strong correlation between dough development time
obtained by Mixolab and Farinograph was obtained, too,
with correlation coefficient of r = 0.9668 (P<0.0001) (Fig. 4).
Dough stability
Dough stability is influenced mainly by gluten quality and
its resistance to the kneading forces. Gluten properties can
be governed by different factors such as wheat variety, agroecological conditions during wheat growing, protease activity, milling conditions etc. (Catteral, 1995; Rasper & Walker,
2000). Correlation between dough stability obtained by Chopin
Mixolab and Brabender Farinograph is given in Fig. 5.
By measuring dough stability using Mixolab and Farinograph acceptable correlation coefficient of r = 0.7484 (P<0.0001)
was obtained. The calculated result is not as good as it was in
the cases of water absorption and dough development time.
Presumably this is caused by different geometries of mixing
elements and different speed of rotation having impact on
investigated dough stability.

Figure 4. Correlation between dough development time
obtained by Mixolab and Farinograph
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Figure 5. Correlation between dough stability obtained by
Mixolab and Farinograph

Degree of softening
Degree of softening is predominantly influenced, as it was
for the dough stability, by the amount and quality of gluten.
The correlation between degrees of softening obtained by
these two instruments is presented in Fig. 6.
Good correlation coefficient of r = 0.8504 (P<0.0001), even
better than in the case of dough stability (r = 0.7484), using
Mixolab and Farinograph was obtained. It can be concluded
that degree of softening is not so dependent on the geometry
of mixing blades and its rotating speed as it was in the case
of measuring dough stability.
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maximum torque C3, as well as the value of peak viscosity,
can be influenced by starch content, amylolytic activity, starch
damage, wheat variety, agro-ecological conditions during
wheat growing etc. (Cornell & Hoveling, 1998). In Fig. 7 correlation of the measured peak viscosity obtained by Brabender
Amylograph and maximum torque during the period of heating C3, obtained by Chopin Mixolab is presented.
From the Fig. 7 it can be concluded that very good coefficient of correlation of r = 0.8812 (P<0.0001) between tested
properties was obtained. Regardless of different investigating systems (in Mixolab tests the object was dough, while in
Amylograph tests it was wheat flour suspension) very good
correlation between the two tests was proved.
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Conclusion
Comparison between the conventional rheological tests
(Farinograph, Amylograph) and Mixolab (used with “Chopin+”
protocol) has shown the existing of very strong correlation
concerning water absorption and dough development. Stability
and degree of softening as well as peak viscosity has shown
the existing of good correlation between selected methods
for flour quality determination. In general, Mixolab method
could be used for monitoring as well as for wheat and flour
quality control with high level of reliability offering a number
of important advantages over traditional rheological methods.

2.6

References
2.4
2.2
2.0
1.8

y = 6.2352E-4x+1.6236
r = 0.8812

1.6
0

200

400

600

800

1000 1200 1400 1600 1800 2000

Viscosity peak - Amylograph (BU)

Figure 7. Correlation between peak viscosity (Amylograph)
and maximum torque during the period of heating (Mixolab)

Correlation between Brabender Amylograph and
Chopin Mixolab
Peak viscosity
Amylograph peak viscosity is the flour property that is
mainly governed by starch properties of used wheat flour.
The temperature increase leads to protein denaturation and
all the resulting properties are influenced by present starch
characteristics in the investigated systems. In Amylograph
tests, peak viscosities of heated wheat flour suspensions were
observed, while in the case of Mixolab tests, the maximum
torque C3 obtained during heating with a constant heating
rate and mixing of wheat dough was followed. The value of

Álava J. M., Sahi S. S., García-Álvarez ., Turó A., Chávez J. A.,
García M. J., Salazar J. (2007). Use of ultrasound for the
determination of flour quality. Ultrasonics 46: 270–276
Bonet A., Blaszczak W., Rosell C. M. (2006). Formation of
Homopolymers and Heteropolymers Between Wheat Flour and
Several Protein Sources by Transglutaminase-Catalyzed CrossLinking. Cereal Chem 83(6): 655-662
Catteral P. (1995). Flour milling. In: Technology of Breadmaking:
Second Edition (S P Cauvain, L S Young, eds), Aspen
Publishers, Inc., Gaithersburg, pp 296-329
Cornell H. J., Hoveling A. W. (1998). The composition, properties
and uses of wheat starch. In: Wheat: Chemistry and Utilization,
Technomic Publishing Company, Lancaster, pp 127-172
Haros M., Ferrer A., Rosell C. M. (2006). Rheological behaviour
of whole wheat flour. IUFoST 13th World Congress of Food
Sciences Technology, Nantes, France, pp 1139-1148
Fustier P., Castaigne F., Turgeon S. L., Biliaderis C.G. (2008). Flour
constituent interactions and their influence on dough rheology
and quality of semi-sweet biscuits: A mixture design approach
with reconstituted blends of gluten, water-solubles and starch
fractions. J Cereal Sci 48: 144-158
International Association for Cereal Chem (1996). ICC Standard
No. 109/1
International Association for Cereal Chem (1996). ICC Standard
No. 105/2
International Association for Cereal Chem (1996). ICC Standard
No. 106/2
International Association for Cereal Chem (1996). ICC Standard
No. 104/1
International Association for Cereal Chem (1996). ICC Standard
No. 115/1
International Association for Cereal Chem (1996). ICC Standard
No. 126/1

Agric. conspec. sci. Vol. 74 (2009) No. 3

173

174

Tamara DAPČEVIĆ, Miroslav HADNAĐEV, Milica POJIĆ

International Association for Cereal Chem (2006). ICC Standard
No. 173
Khatkar B. S., Schofield D. J. (2002). Dynamic rheology of wheat
flour dough. II. Assessment of dough strength and breadmaking quality. J Sci Food Agric 82(8): 823-826
Marco C., Rosell C. M. (2008). Breadmaking performance of
protein enriched, gluten-free breads. Eur Food Res Technol
227:1205–1213
Ozturk S., Kahraman K., Tift ik B., Koksel H. (2008). Predicting the
cookie quality of flours by using Mixolab. Eur Food Res Technol
227:1549–1554

Rasper V. F., Walker C. E. (2000). Quality evaluation of cereals
and cereal products. In: Handbook of Cereal Science and
Technology: Second Edition, Revised and Expanded (K Kulp, J
G Ponte, eds), Marcel Dekker, New York, pp 505-538
Rosell C. M., Collar C., Haros M. (2007). Assessment of
hydrocolloid effects on the thermo-mechanical properties of
wheat using the Mixolab. Food Hydrocoll 21: 452–462
Sahin S., Sumnu S. G. (2006). Physical Properties of Foods.
Springer-Verlag, Berlin, pp 92

acs74_28

Agric. conspec. sci. Vol. 74 (2009) No. 3

