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Viscoelastic properties of wheat kernel, dough, gluten, proteins and
non-gluten constituents on end-product quality
Juan de Dios Figueroa Cárdenas1, Zorba Josué Hernández-Estrada2, Patricia Rayas-Duarte3, Anayansi
Escalante-Aburto4, Néstor Ponce-García5, Senay Simsek6.
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ABSTRACT
During the last two centuries, researchers indicated that gluten was the main functional component of
wheat dough. It was reasonable, therefore, to assume that this protein was the major determinant of
viscoelasticity of the dough. However, our rheological studies using creep, and relaxation tests on gluten
proteins (glutenin, gliadins) and non-gluten from Osborne proteins as well as starch, pentosans, and
β-glucans indicate that the non-gluten components may not be considered merely as inert filler. The
viscoelasticity was affected by several factors (water, temperature, pH, ions). The aim was to show some
approaches for modifying the viscoelasticity of wheat components.
INTRODUCTION
Despite considerable research into the rheological properties of HMW-GS and LMW-GS, basic
information on kernel mechanical and dough viscoelastic properties of these glutenins are limited.
Rheological behavior of dough and how it is affected by external (moisture, temperature, and ions)
and internal (composition) factors are far from being fully understood. In particular, water, protein, and
HMW-GS have a strong influence on the performance of dough and its final products; but the available
information on these effects remains unclear and sometimes conflicting. Creep viscosity of non-gluten
components (ƞ0) at optimum water absorption dough showed relatively higher influence in quality than
viscosity (ƞ1 and ƞ2) of proteins. The ƞ1 played a minor role in the quality indicators of bread studied,
except for rheological properties of dough. The presence of certain HMW-GS was associated with several
quality tests (Payne et al. 1987). The aim was to show some approaches for modifying the viscoelasticity
of wheat components by disrupting some hydrogen-bonds in proteins, starch from kernels, flours, and
doughs and improve the end-product quality.
MATERIALS AND METHODS
Plant material and flour preparation. Nineteen wheat cultivars grown in USA were studied for dough
and gluten. Additionally, 3 USA wheat classes were used including four hard red spring, two soft red
winter and two soft winter wheat. Wheat samples were tempered to 12% moisture before milling
on a Quadrumat Jr. (C.W. Brabender, South Hackensack, NJ) laboratory mill. Straight grade flour was
blended and rebolted through an 84 SS sieve to remove foreign material. Flour was analyzed for HMWGS composition.
Dough and gluten preparation and isolation of Osborne solubility fractions. Dough was prepared at
optimum water absorption (500 BU consistency) with 48.2-51.3% moisture (calculated) and mixed to 1
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min past development time in a farinograph equipped with a 10 g mixing bowl (Hernández-Estrada et al.
2017). Wet gluten was isolated from flour following AACCI approved Method 38-12-02. Wheat flour was
used for solubility Osborne fractionation.
Sintered tablet preparation. The sample was transferred into the die. The load on the die was gradually
increased to reach 25 tonnes and maintained for 5 min before removing the tablet (Figueroa et al. 2016).
Stress relaxation test and creep recovery tests. A TA.XT Plus texture analyzer (Texture Technologies)
with a 25,000 g load cell was used to measure the tablets with compressive loadings using parallel
plates (Figueroa et al. 2013). Sample (dough or gluten) was loaded onto an AR 1000 rheometer (TA
Instruments). The parallel plate was lowered to a 2.5 mm gap, and the disc sample was retrimmed and
run at controlled 25°C with 100Pa of shear stress as a function of time (Hernández-Estrada et al. 2017).
Statistical analysis. Analysis of variance was performed using the SAS, version 9.3. Multiple comparisons
of means were performed using the Duncan Multiple Range test at α=0.05 level. Nonlinear regression
analyses were performed with OriginPro 9 (OriginLab Corporation, Northampton, MA, USA).

RESULTS AND DISCUSSION
Significant losses of grain and other food commodities are due to poor kernel quality and handling
during operations such as harvesting, transportation, storage, conditioning and milling (Figueroa et al.
2013). Such loadings cause significant damage to the grains which lead to a decrease in the quality not
only to the kernel but also to the dough and bread.
Figueroa et al. (2013) indicated that wheat kernel has viscoelasticity memory (entropy) and the differences
among genotypes can be primarily explained as the effect of HMW-GS and LMW-GS and non-gluten
components (Fig. 1).
The presence of certain
HMW-GS in wheat was
significantly associated
with
several
quality
tests (Payne et al. 1987).
Hernándes-Estrada et al.
(2014, 2017) reported
that the differences in
quality of those proteins
were explained by the
viscoelasticity of allelic
Figure 1. Stress relaxation in wheat kernels of Glu D1 5+10 vs. 2+12 and 2nd
protein subunits. The
derivative of stress curves (farinokernel curves obtained directly from kernels using
Glu-D1 5+10 presented
texturometer). Figueroa et al. (2013).
more viscoelasticity in
dough and gluten compared to Glu-D1 2+12 (Fig. 2). Hernández-Estrada et al. (2014, 2017) also found
that wet gluten from same dough could be washed to remove most of the non-gluten components
(albumins, globulins, starch and pentosans), which presented lower elastic moduli (G0, G1, G2) than
dough (Fig. 2A, Table 1). This suggested that a major part of the viscoelasticity and functionality of the
dough as a system is given by the non-gluten components.
Table 1, shows that in dough, the Creep model viscoelasticity of G0 and η0 were related to pentosans,
starch and β-glucans. The G1 and η1 were due to gliadins, albumins and globulins and LMW-GS and the
G2 and η2 viscoelasticity come from HMW-GS and some LMW-GS (Hernández-Estrada et al 2015).
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Figure 2. Creep test A). G0 Viscoelasticity of dough vs gluten. B). Dough viscoelasticity of LMW-GS of G1; C). Dough
viscoelasticity of HMW-GS, Glu-D1 5+10 vs 2+12 of G2.
Table 1. Estimated regressed parameters of the generalized Kelvin–Voigt model for the creep tests of dough and wet
gluten on Glu-D1 locus of HMW-GSa,b.
Glutenin
Subunits

G0
(Pa)

G1
(Pa)

G2
(Pa)

η0
(Pa.s)

η1
(Pa.s)

η2
(Pa.s)

			
Doughc			
2+12
7,545 b
2,802 b
1,198 b
79,000 b
1,480 b
12,900 b
5+10
8,687 a
3,725 a
1,788 a
125,000 a
1,590 a
16,900 a
			
Wet Glutend			
2+12
1,193 b
787 b
661 b
70,000 b
1,020 b
10,300 b
5+10
1,611 a
1,213 a
1,170 a
133,000 a
1,340 a
16,900 a
a Means (n=3 per cultivar) followed by a different letter within a column are significantly different (Duncan, P < 0.05).
b Wet gluten under 100 Pa of shear strain hold for 100 s recorded for creep phase. G0: instantaneous shear modulus; G1, G2: shear
moduli; η1, η2: viscosity coefficients associated to λ1, λ2: retardation times; η0: steady state viscosity in creep phase.
c. Hernández-Estrada et al. 2015.
d. Hernández-Estrada et al. 2017.

However in wet gluten (Table 1), the viscoelasticity assigned by the Creep model retardation times to
G0 and η0 were related to insoluble pentosans, β-glucans and insoluble protein, whereas G1 and η1 were
due to gliadins, and LMW-GS, and G2 and η2 were due to HMW-GS and some LMW-GS (HernándezEstrada et al. 2017). To corroborate the hypothesis that non-gluten components of wheat as a system
significantly affected the viscoelastic properties, wheat flour was separated into Osborne solubility
fractions (Figueroa et al. 2016). Sintered tablets made from protein fractions were evaluated using stress
relaxation test (Figueroa et al. 2016) (Table 2) and creep data, which is not shown (Escalante-Aburto et
al. 2017).
A significant contribution of the viscoelasticity performance in tablets was given by the non-gluten
components (albumins, globulins, residue, and water soluble pentosans). The data of Table 2 was
consistent with the viscoelasticity of dough and wet gluten reported by Hernández-Estrada et al. (2015,
2017). As indicated from Figure 1A and 1C and Table 1, the difference in good (5+10) and poor (2+12)
quality genotypes is the higher viscoelasticity (about G’ 1,500 Pa and G’’≈10,000 Pa.s) in good quality
genotypes. The next question is how to improve the viscoelasticity in poor samples.
We explored some approaches for modifying the viscoelasticity of wheat components, among them the
use of nixtamalization (Fig. 3). The nixtamalization processes using different Ca sources (ions and pHs)
and temperatures showed different dough viscoelasticity (functionalities) for the same wheat kernel or
flour with wide range of applications on end-products.
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Table 2. Viscoelastic properties of sintered tablet of Osborne
solubility fraction corrected by weighta.
Osborne
Fractions

Weight
(%)

Ec
(%)

ηd
(%)

Glutenins
Gliadins
Albumins
Globulins
Residueb
Pentosans

1.67ed
5.22b
3.82b
0.79e
86.11a
2.67d

3.11b
9.29b
6.58b
4.25b
71.46a
5.32b

4.78b
8.65b
6.71b
5.49b
67.50a
6.86b

a
b
c
d

Means (n=6), same letter in a column are not different at P < 0.05.
Residue:68% starch, insolu. protein 4% & 3% water insolu. pentosans.
E is expressed as % by weigh fraction, where E = E0+E1+E2+E3.
η is expressed as % by weight on each fraction, where η = η1+η2+η3.
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