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Dynamic oscillation rheometry was used to determine the viscoelastic properties of gluten-free dough prepared from amaranth,
chickpea, millet, corn, quinoa, buckwheat and rice flours. The viscoelastic properties was described by storage modulus G’, loss
modulus G’ and phase angle tg(3d). The relationship between viscoelastic properties of gluten-free dough and bread-making quality was
evaluated. The results of this study indicated that dynamic oscillation rheometry may be used to differentiate the bread-making quality

of gluten-free flour. Bread-making quality of gluten-free flour is the best characterised by curve slope of storage modulus G’and phase
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0.01-0.10 Hz achieved the largest volume.
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angle tg(8) while bread made from the flour with storage modulus and phase angle with non-linear slope in low deformation frequencies

INTRODUCTION

Rheology studies the response of the material on various deformations. Measured
rheological behaviour can be used to predict product’s end-quality. Rheological
techniques are commonly categorised according to the type of strain imposed:
e.g. compression, extension, shear, torsion etc. The main techniques used for
measuring cereal properties have traditionally been divided into descriptive
empirical techniques and fundamental measurements (Bloksma and Bushuk,
1988).

Empirical methods have been used for testing dough rheological properties for a
long time. The most often used equipment used for testing rheological
characteristics of food material are penetrometer, farinograph, mixograph,
extensograph, alveograph etc. (Dobraszezyk and Morgenstern, 2003).
Empirical tests often have very simple methodology. Many of them are designed
as so-called single point tests, in which only one of the measured parameters is
selected as the reference. The most widely used instrument for testing the
rheological properties of dough is Brabender farinograph. Farinograph is used to
record changes in the dough‘s consistency during the kneading. Brabender
extensograph is designed for measuring the stretching properties of dough until
rupture. Fariograph has few disadvantages, such as a relatively large amount of
test sample required for one test (300 g flour) and expressing the results in units
specific to each device. Several alternative methods required smaller amounts of
test sample to be developed (Kieffer et al., 1998). These alternative methods are
commonly used despite their insufficiencies, especially lower correlation
between the results and the end-product quality. (Hsam et al., 2001; Dunnewind
etal.,2003; Tronsmo et al., 2003; Wang et al., 2004; Kieffer et al., 2007).

The most common type of fundamental rheological tests used in material testing
is small deformation dynamic shear oscillation (Ferry, 1980; Barnes et al.,
1989; Cosgrove et al., 2005). This method is applicable to testing of cereal as
well. The material is subjected to either a stress or a frequency harmonically
varying with time. The measurement has to be performed in the linear
viscoelastic region in which the properties of the material are independent on the
shear strain and stress and are only a function of time or frequency. Another
advantage of the measurement in the linear area is less structural damage of the
test sample and better interpretation of data. Dynamic oscillatory rheometry is
used to model dough behaviour in various stages of processing (Addo et al.,
2001; Peighambardoust ef al., 2005; Singh a Bhattacharya, 2005; Hicks et al.,
2011; Ktenioudaki et al., 2011; Upadhyay et al., 2012) to evaluate influence of
the formulation components on the rheological dough properties (Rosell et al.,
2001; Maforimbo et al., 2006; Sozer, 2009; Moreira et al., 2011a,b; Ahmed et
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al., 2013) to predict the technological quality of the dough and pastry (Khatkar
et al., 1995; Van Bockstaele et al., 2008; Ktenioudaki et al., 2011; Stojceska a
Butler, 2012). Disadvantages of the dynamic oscillation method include
conditions of the deformation which are often not simular with practical
processing situations because they are performed at rates and conditions very
different from those experienced by the dough during processing (Dobraszcyk
and Morgenstern, 2003) and according to these authors the results obtained by
dynamic oscillation rheometry are not practically applicable. This method is
however commonly used to evaluate rheological properties of wheat dough by
many authors (Khatkar et al., 1995; Sozer, 2009; Lamacchia et al., 2010;
Moreira et al., 2012; Ahmed et al., 2013; Moreira et al., 2013a; Moreira et al.,
2013b). Unfortunately measurement conditions selected by the authors varied
which makes comparison of the results obtained by the authors quite difficult.
The aim of the study was, (i) to determine the rheological properties of gluten-
free dough under defined conditions, (ii) to compare the characteristics of each
gluten-free dough, and (iii) verify the applicability of dynamic oscillation
rheometry in order to test bread-making quality of gluten-free flour.

MATERIAL AND METHODS

The work was conducted on amaranth (Josef Vince Jihlava, CZ), chickpea,
millet, rice (Natura Hustopece, CZ), corn (Mlyn Herber, Ltd. Opava Vavrovice,
CZ), quinoa (ASO Zdravy zivot Hranice, CZ) and buckwheat (Pohankovy mlyn
Zdengk Smajstrla Frenstat pod Radhostém, CZ) flours. The commercially milled
wheat T530 and rye flour (Penam, a. s., Mlyn Krométiz, CZ) were used as
control samples. Chemicals used for testing were of p.a. purity. Dynamic
oscillation measurements were performed on a dough prepared from ultra-pure
water with electrical resistivity of 18.2 MQ-cm.

Dynamic oscillation rheometry

Dynamic oscillation rheometry was performed on rheometer HAAKE RheoStress
1 (Thermo Scientific, CR). The geometry consisted of parallel plates 35 mm in
diameter P35 Ti L. Dough was prepared from 10,00 g of flour and water,
required to prepare dough with optimal consistency 500 FU (Silva-Sanchez et
al., 2004; Sivaramakrishnan et al., 2004; Marco a Rosell, 2008). Prepared
dough ball was placed into proofing box (30 °C) for 5 min relaxation. Relaxed
dough ball was placed between the plates and the gap was adjusted to 1.500 mm
and the edges were cut off with a spatula. Silicone lubricant M15 (Lucebni
zévody a.s. Kolin, CR) was applied to the exposed surface of the dough to
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prevent moisture lost during measurement. The dough rested between the plates
for another 5 minutes with the plate temperature of 30 °C before testing in order
for the residual stresses to relax. Stress sweep tests (1 Hz at 30 °C) were
conducted in order to determine the linear viscoelastic region (Cosgrove, 2005)
of all samples; 50 Pa stress value was chosen for frequency tests. Frequency
sweep tests ranging 0.01 to 10 Hz were performed at the plate temperature of

30 °C. Storage modulus G’, lost modulus G”* and phase angle tg(8) = % were

recorded. The storage and loss moduli values and values of phase angle used to
determine the average data turned out to be accurate to better than +10%.

Bread-making procedure

A basic bread formula, based on flour weight, consisted of 300 g of flour (14%
mb), water up to 500 FU consistency, 1.8% dried yeast, 1.68% sucrose, 1.5% salt
and 0,005% ascorbic acid. Flour, half of water, salt and ascorbic acid was mixed
for 3 minutes. Yeast activated in the sucrose solution was added and dough was
stirred for the next 6 minutes. Dough was divided into 3 pieces, poured into a
baking form and fermented for 20 minutes at 30 °C. The breads were baked in an
electric oven for 20 min at 180 °C. The bread quality attributes were evaluated
after cooling for 20 h at room temperature. Bread quality analysis included bread
volumes was determined in plastic granulate.

Statistical analyses

The significance of correlation between bread volume and storage modulus, loss
modulus and phase angle was determined by Pearson correlation coefficient at a
= 0.05 significance level. Analysis of variance (ANOVA) was used to analyze the
differences between samples at o = 0.01 significance level (Hebak et al., 2004).
All statistical analyses were performed using Statistica Cz 9.1 software (StatSoft,
Inc. US.A)).
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RESULTS AND DISCUSSION

Dynamic oscillation rheometry measurement requires storage and loss moduli G
', G" and phase angle tg(8) to only be a function of time or frequency and to be
independent on the applied shear stress. Measurements under these conditions
guarantee the structure of sample is not damaged during measurement and data
can be better interpreted (Cosgrove, 2005). It was experimentally found that
linear viscoelastic region of gluten-free flours, control wheat and rye flour was in
the range of 10-990 Pa shear stress; 50 Pa shear stress was selected for further
measurements.

The storage modulus G” of gluten-free dough, control wheat and rye dough was
greater than loss modulus G’ (Fig. 1), indicating the predominance of elastic
characteristics (Sivaramakrishnan et al, 2004; Lamacchia et al., 2010).
Measured values of moduli indicated that dough was in the form of the weak gel
in the investigated range of frequencies 0.10-10.0 Hz (Richardson et al., 1989).
The values of storage G” and loss G”* modulus of gluten-free dough in the
investigated range of frequencies were significantly greater than values of control
wheat and rye dough and gluten-free dough were firmer that control dough. The
values of gluten-free storage modulus G’ increased linearly with increasing
frequency in the range of higher frequencies (0.10-10.0 Hz). In the range of
lower frequencies (0.01-0.10 Hz), storage modulus recorded for rice, quinoa,
millet, corn and buckwheat dough increased linearly with increasing frequencies,
while modulus slope recorded for amaranth, chickpea and control wheat and rye
dough was not linear indicating dough softening. The frequency dependence of
loss modulus G** was similar to storage modulus G'. Values of loss modulus of
gluten-free dough were significantly greater that values of control wheat and rye
dough (Fig 2). A light, nearly linear increase was recorded in 0.01-0.10 Hz
frequencies. A non-linear slope was evident for wheat, rye and amaranth dough
in the range of lower frequencies (0.01-0.10 Hz).
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Figure 1 Mechanical spectra of storage modulus G” for gluten-free and control wheat and rye dough
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Figure 2 Mechanical spectra of loss modulus G** for gluten-free and control wheat and rye dough
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Values of phase angle tg(d) did not reach unit (Fig. 3) in the range of
investigated frequencies (0.01-10.00 Hz). Values decreased with increasing
frequency. Quite different trend was recorded for chickpea dough; higher G'and
G"" and lower tg(d) in frequencies 0.01-0.04 Hz could be attributed to the
inadequate dough hydratation. Values of tg(d) recorded for wheat and rye dough
were greater in frequencies 0.10-10.00 Hz. Greater values of tg(d) are typical for
dough with relatively higher proportion of viscous characteristics compared to
elastic ones (Khatkar et al., 1995). The increase of relative proportion of viscous
characteristics was found for all of investigated dough in lower, 0.01-0.10 Hz
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frequencies. Lower values of tg(d), typical for elastic and firm dough (Cosgrove
et al., 2005), were recorded for rice and corn dough (0.12-0.25). Values of tg(d)
measured in frequencies 1.0-10.0 Hz were published only for rice dough
(Moreira et al., 2013b) and our results are consistent with published values. The
agreement between our results and published values (Lamacchia et al., 2010)
was found for storage and loss moduli recorded for amaranth and quinoa dough
as well.
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Figure 3 Mechanical spectra of phase angle tg(3) for gluten-free and control wheat and rye dough

Bread with the highest volume (432 ml) was prepared from wheat flour (Table 1).
Gluten-free breads with higher volumes were prepared from buckwheat (313 ml),
quinoa (287 ml), amaranth (270 ml) and chickpea (250 ml) flour. The volumes of
these gluten-free breads were significantly lower than volume of wheat bread but
larger than rye bread volume. The volumes of millet (190 ml), corn (198 ml) and
rice (210 ml) bread were nearly equal to the volume of rye bread.

Table 1 Mean values of gluten-free bread volume (ml)

Flour Volume
Amaranth 270+10¢
Chickpea 250+10°
Millet 190+10°
Corn 198+6™
Quinoa 287+8¢
Buckwheat 313+8°
Rice 210+3°
Wheat 432437
Rye 2029

Legend: Means with different letters within a column are significantly different
(P<0.01)

The bread volume was in significant correlation with storage modulus G’ in the
whole range of frequencies and in significant correlation with phase angle in
0.02-0.10 Hz frequencies (Table 2). Based on values of storage modulus and
phase angle it can be concluded the bread with lower volume was prepared from
firmer dough with greater values of storage modulus G". Contrary, the bread with
larger volume was prepared from less firm dough (buckwheat, quinoa and
amaranth) with lower values of storage modulus G” and higher values of phase
angle in lower frequencies in range 0.01-0.10 Hz.

CONCLUSION

The results of study indicated applicability of dynamic oscillation rheometry in
the range of frequencies 0.01-10.00 for testing bread-making quality of gluten-
free dough. Bread-making quality can be described by storage modulus G’and
phase angle tg(3d). Bread with larger volume was prepared form dough with non-
linear slope of storage modulus G” and phase angle in the range of lower
frequencies 0.01-0.10 Hz.

Table 2 Frequency dependence of values of correlation coefficients between
moduli, tg(d) and bread volume.

Frequency (Hz) G’ G”’ tg(d)
0.010 -0.83 NS 0.56
0.015 -0.92 NS 0.78
0.026 -0.88 NS 0.84
0.032 -0.82 NS 0.81
0.046 -0.83 NS 0.78
0.068 -0.82 NS 0.74
0.100 -0.81 NS 0.70
0.147 -0.81 NS 0.72
0.215 -0.80 NS 0.67
0316 -0.79 NS 0.70
0.464 -0.79 NS 0.63
0.681 -0.79 NS 0.61
1.000 -0.79 NS NS
1.468 -0.79 -0.62 NS
2.154 -0.80 -0.70 NS
3.162 -0.80 -0.74 NS
4.646 -0.81 -0.79 NS
6.813 -0.84 -0.83 NS
10.000 -0.82 -0.82 NS
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Legend: P < 0.05; NS = non significant

Acknowledgments: The research was supported by the internal grant of Tomas
Bata University in Zlin No. IGA/FT/2012/034 funded from the resources of
specific university research. Authors thank Mr. David Bure$ for language help.

REFERENCES

ADDO, K., XIONG, Y. L., BLANCHARD, S. P. 2001. Thermal and dynamic
rheological properties of wheat flour fractions. Food Research International,
34(4),329-335.

AHMED, J., ALMUSALLAM, A. S., AL-SALMAN, F., ABDULRAHMAN, M.
H., AL-SALEM, E. 2013. Rheological properties of water insoluble date fiber
incorporated wheat flour dough. LWT-Food Science and Technology, 51(2), 409-
416.

BARNES, H.A., HUTTON, J.F., WALTERS, K. 1989. An Introduction to
Rheology. Amsterdam: Elsevier, 199 p.




J Microbiol Biotech Food Sci/ BureSovd et al. 2014 : 3 (special issue 3) 195-198

BLOKSMA, A. H., BUSHUK, W. 1988. Rheology and chemistry of dough. In
Pomeranz, Y. (Ed.) Wheat chemistry and technology. St. Paul: American
Association of Cereal Chemists, 131-217.

COSGROVE, T. (Ed.) 2005. Colloid Science: Principles, Methods and
Applications. Bristol: Blackwell Publishing Ltd., 228 s.

DOBRASZCZYK, B. J., MORGENSTERN, M. P. 2003. Rheology and the
breadmaking process. Journal of Cereal Science, 38(3), 229-245.
DUNNEWIND, B., SLIWINSK]I, E. L., GROLLE, K., VLIET, T. V. 2003. The

Kieffer dough and gluten extensibility rig-an experimental evaluation. Journal of

Texture Studies, 34(5-6), 537-560.

FERRY, J. D. 1980. Viscoelastic Properties of Polymers. New York: Wiley, 482
pp-

HEBAK, P., HUSTOPECKY, J., JAROSOVA, E., PECAKOVA, L 2004.
Vicerozmérné statistické metody (1). Praha: Informatorium, spol. s r.0., 256 s.
HICKS, C. I, SEE, H.,, EKWEBELAM, C. 2011. The shear rheology of bread
dough: modeling. Rheologica Acta, 50(7-8), 701-710.

HSAM, S. L. K., KIEFFER, R., ZELLER, F. J. 2001. Significance of Aegilops
tauschii glutenin genes on breadmaking properties of wheat. Cereal
Chemistry,78(5), 521-525.

KHATKAR, B. S., BELL, A. E., SCHOFIELD, J. D. 1995. The dynamic
rheological properties of glutens and gluten sub-fractions from wheats of good
and poor bread making quality. Journal of Cereal Science, 22(1), 29-44.
KIEFFER, R., SCHURER, F., KOHLER, P., WIESER, H. 2007. Effect of
hydrostatic pressure and temperature on the chemical and functional properties of
wheat gluten: studies on gluten, gliadin and glutenin. Journal of Cereal Science,
45(3), 285-292.

KIEFFER, R., WIESER, H., HENDERSON, M. H., GRAVELAND, A. 1998.
Correlations of the breadmaking performance of wheat flour with rheological
measurements on a micro-scale. Journal of Cereal Science, 27(1), 53-60.
KTENIOUDAKI, A., BUTLER, F., GALLAGHER, E. 2011. Dough
characteristics of Irish wheat varieties I. Rheological properties and prediction of
baking volume. LWT-Food Science and Technology, 44(3), 594-601.
LAMACCHIA, C., CHILLO, S., LAMPARELLI, S., SURIANO, N., LA
NOTTE, E., DEL NOBILE, M. A. 2010. Amaranth, quinoa and oat doughs:
Mechanical and rheological behaviour, polymeric protein size distribution and
extractability. Journal of Food Engineering, 96(1), 97-106.

MAFORIMBO, E., NGUYEN, M., SKURRAY, G. R. 2006. The effect L-
ascorbic acid on the rheological properties of soy—wheat dough: a comparison of
raw and physically modified soy flours. Journal of Food Engineering, 72(4),
339-345.

MARCO, C., ROSELL, C. M. 2008. Functional and rheological properties of
protein enriched gluten free composite flours. Journal of Food Engineering,
88(1), 94-103.

MOREIRA, R., CHENLO, F., TORRES, M. D. 201 1a. Rheological properties of

commercial chestnut flour doughs with different gums. International Journal of

Food Science and Technology, 46(10), 2085-2095.

MOREIRA, R., CHENLO, F., TORRES, M. D. 2011b. Rheology of commercial
chestnut flour doughs incorporated with gelling agents. Food Hydrocolloids,
25(5), 1361-1371.

MOREIRA, R., CHENLO, F., TORRES, M. D. 2012. Effect of shortenings on
the rheology of gluten-free doughs: study of chestnut flour with chia flour, olive
and sunflower oils. Journal of Texture Studies, 43(5), 375-383.

MOREIRA, R., CHENLO, F., TORRES, M. D. 2013a. Effect of chia (Sativa
hispanica L.) and hydrocolloids on the rheology of gluten-free doughs based on
chestnut flour. LWT-Food Science and Technology, 50(1), 160-166.

MOREIRA, R., CHENLO, F., TORRES, M. D. 2013b. Rheology of gluten-free
doughs from blends of chestnut and rice flours. Food and Bioprocess
Technology, 6(6), 1476-1485.

PEIGHAMBARDOUST, S. H., VAN DER GOOT, A. J., HAMER, R. J.,
BOOM, R. M. 2005. Effect of simple shear on the physical properties of glutenin
macro polymer (GMP). Journal of Cereal Science, 42(1), 59-68.

RICHARDSON, R. K., MORRIS, E. R., ROSS-MURPHY, S. B., TAYLOR, L.
J., DEA, 1. 1989. Characterization of the perceived texture of thickened systems
by dynamic viscosity measurements. Food Hydrocolloids, 3(3), 175-191.
ROSELL, C. M., ROJAS, J. A., BENEDITO DE BARBER, C. 2001. Influence
of hydrocolloids on dough rheology and bread quality. Food Hydrocolloids,
15(1), 75-81.

SILVA-SANCHEZ, C., GONZALEZ-CASTANEDA, J, DE LEON-
RODRIGUEZ, A., AP BARBA, D. L. R. 2004. Functional and rheological
properties of amaranth albumins extracted from two Mexican varieties. Plant
Foods for Human Nutrition, 59(4), 169-174.

SINGH, A. P., BHATTACHARYA, M. 2005. Development of dynamic modulus
and cell opening of dough during baking. Journal of Texture Studies, 36(1), 44-
67.

SIVARAMAKRISHNAN, H. P., SENGE, B., CHATTOPADHYAY, P. K. 2004.
Rheological properties of rice dough for making rice bread. Journal of Food
Engineering, 62(1), 37-45.

SOZER, N. 2009. Rheological properties of rice pasta dough supplemented with
proteins and gums. Food Hydrocolloids, 23(3), 849-855.

198

STOJCESKA, V., BUTLER, F. 2012. Investigation of reported correlation
coefficients between rheological properties of the wheat bread doughs and baking
performance of the corresponding wheat flours. Trends in Food Science and
Technology, 24(1), 13-18.

TRONSMO, K. M., MAGNUS, E. M., BAARDSETH, P., SCHOFIELD, J. D.,
AAMODT, A., FERGESTAD, E. M. 2003. Comparison of small and large
deformation rheological properties of wheat dough and gluten. Cereal Chemistry,
80(5), 587-595.

UPADHYAY, R., GHOSAL, D., MEHRA, A. 2012. Characterization of bread
dough: Rheological properties and microstructure. Journal of Food Engineering,
109(1), 104-113.

VAN BOCKSTAELE, F., DE LEYN, 1., EECKHOUT, M., DEWETTINCK, K.
2008. Rheological properties of wheat flour dough and their relationship with
bread volume. II. Dynamic oscillation measurements. Cereal Chemistry, 85(6),
762-768.

WANG, M., VAN VLIET, T., HAMER, R. J. 2004. How gluten properties are
affected by pentosans. Journal of Cereal Science, 39(3), 395-402.




