
RHEOLOGY

Phase Separation of Wheat Flour Dough Studied by Ultracentrifugation and
Stress Relaxation. II. Influence of Mixing Time, Ascorbic Acid, and Lipids
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ABSTRACT Cereal Chem. 73(l):25-31

Separation by ultracentrifugation provides a simple tool for studies of with increased mixing time, while the separation of spring wheats was
the aqueous phases of wheat flour dough. A separation into liquid, gel, not influenced. The general effect of adding ascorbic acid to dough or
gluten and starch, phases was maintained. More or less unseparated using defatted flour was improved separation. Lecithin impaired separa-
dough was also found at the bottom of the test tube. In the present study, tion. An advantage of this technique is that the phases could be studied
the separation behavior was studied for three wheat cultivars when influ- without disturbing the composite system. This resulted in valuable in-
enced of factors known to affect the baking behavior. The separation formation for the interpretation of rheological measurements on dough.
properties differ among cultivars. Increased mixing time caused an It was possible to relate effects on the modulus to either gluten strength,
approximately linear increase for incorporation of water into the gluten the liquid phase, or interactions between starch and gluten.
phase. For winter wheat, the amount of unseparated dough decreased

One of the unique features of wheat flour is the phase separa-
tion of two continuous aqueous phases when the flour is mixed
into a dough. The bicontinuous phases are the gluten phase
(water-swollen protein) and the liquid phase (containing the dis-
persed starch granules and soluble components) (Eliasson and
Larsson 1993). In a previous study, in which ultracentrifugation
was used to illustrate the phase separation of dough, it was
observed that the separation of dough occurred when the water
content was high enough to enable a gluten phase to separate
(Larsson and Eliasson 1996). The rheological behavior at small
deformations was correlated with the phase separation behavior
over a wide range of water contents. However, it was not possible
to establish a simple relationship between the rheological behav-
ior and the amount or properties of the separated phases when
cultivars were compared. In the present study, the influence of
factors such as mixing time, ascorbic acid, defatting, and lecithin,
which are known to affect both the baking behavior, and the
Theological behavior at small deformations has been investigated.
These factors, which may modify the properties of either or both
of the bicontinuous phases, are compared for three wheat culti-
vars.

Results from rheological measurements on dough at small
deformations may appear conflicting. For example, for an increas-
ing flour protein content, both an increase (Abdelrahman and
Spies 1986) and a decrease (Hibbered 1970) in the modulus have
been observed. Also, for increasing mixing time, different studies
have shown both an increase (Bohlin and Carlsson 1980) and a
decrease (Mani et al 1992) in the modulus measured at small
deformations. The present technique demonstrates that an effect
on the rheological behavior at small deformations, such as stress
relaxation, may be attributed to different properties of the two
aqueous phases present in dough.

MATERIAL AND METHODS

Material
The protein (Kjeldahl, N x 5.7), starch (Aman et al 1994), and

damaged starch contents (method 76-30A, AACC 1983) of the
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studied flours are given in Table I. Kosack is a Swedish winter
wheat (medium baking performance); Dragon and Sport are
Swedish spring wheats (good baking performance). The flours
were milled in a Quadrumat Senior Mill (Svalof Weibull AB,
Svalkv, Sweden) to the following extraction rates: Kosack (69%),
Dragon (66%), Sport (61%). The lecithin used was Epicuron 200
(Lucas Meyer, Hamburg, Germany); and ascorbic acid was
obtained from Merck.

Dough Mixing
The wheat flour doughs were prepared and the farinograph

water absorption was determined according to Larsson and Elias-
son (1996). Flour (10 g) was mixed with the amount of distilled
water corresponding to the farinograph water absorption (Table I).
The same amount of water, on a dry weight basis, was used when
ascorbic acid and lecithin were added and when defatted flour
was used. The mixing was continued for 8 min, except when the
effects of mixing time were to be studied. An increased mixing
time, 8 min compared with 5 min (Larsson and Eliasson 1996),
was desired in the present study as ascorbic acid and lecithin was
added. At least three doughs were mixed under each set of condi-
tions and used for ultracentrifugation and rheological tests. The
farinograms of the flours are given in Figure 1.

Ultracentrifugation of Dough
The phase separation of dough was studied by ultracentrifuga-

tion as described in Larsson and Eliasson (1996). The volume
fraction of the separated dough phase was determined with an
accuracy of ±6%, except for some of the unseparated fractions
and the smallest liquid phases, which deviated by up to 15%. The
water content of the separated phases was obtained with an accu-
racy of ±1.5%.

Defatting
To remove the lipids, flour (100 g) was extracted with chloro-

form (200 ml) for 30 min (MacRitchie 1985), and the slurry was
filtered. The procedure was repeated twice. The water content of
the flour was determined according to the method 44-19 (AACC
1983).

Ascorbic Acid
Solutions of ascorbic acid were prepared to give 230 ppm on a

dry flour weight basis.
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Lecithin
Lecithin was shaken with distilled water and ultrasonicated to

form a homogeneous lamellar liquid-crystalline dispersion (lipo-
somes). The dispersions were prepared to give 2.3% lecithin on a
dry flour weight basis. In earlier studies, an addition of 2%
lecithin improved dough strength and bread volume (Rajapaksa et
al 1983, Eliasson and Tjemeld 1990). According to the phase
diagram for lecithin and water, the lamellar phase is formed at the
concentration chosen (Bergenstahl and Fontell 1983). The
liposomal birefringence was also confirmed under the polarized
microscope.

Dough Rheology
A Bohlin VOR rheometer (Metric Analys, Stockholm, Sweden)

was used in the stress-relaxation mode to determine the rheologi-
cal behavior of the doughs. The details are described in Larsson
and Eliasson (1996). The initial value of the stress-relaxation
modulus (Go ) and two relaxation times (t.5 and to.,) were chosen
to characterize the rheological behavior. The relaxation times
were taken as the times at which G was reduced to 50% (tO.5) and
10% (t(.1) of Go, respectively. The reproducibility of Go and the
relaxation times were within 7 and 10%, respectively, except for
to., of ascorbic-acid-treated Dragon wheat dough, where the repro
ducibility was ±15%.

RESULTS

The phase separation of wheat flour dough and its significance
in bicontinuous dough is best illustrated by the separation of

TABLE I
Chemical Composition and Farinograph Water Absorption of Flours

Damaged Water
Proteina Starcha Starcha Absorptionb

Kosack (winter wheat) 11.1 81.8 6.1 45.3
Dragon (spring wheat) 13.4 80.8 5.8 44.8
Sport (spring wheat) 16.7 76.6 4.5 47.1

a % on dry, total basis.
b % based on dough weight.

doughs prepared with a range of water contents (Larsson and
Eliasson 1996). In Figure 2, the separation of three Kosack
doughs is shown for a mixing time of 5 min (results from Larsson
and Eliasson 1996). The dough water contents chosen were, on
total weight basis, 39.8% (low), 45.3% (farinograph water
absorption), and 48.6% (high). At the lowest water content, no
separation was obtained at all. The separation started somewhere
before the water content corresponding to the farinograph water
absorption. When the amount of water was further increased,
separation into four or five phases was observed. From the top,
the separated phases were: liquid, gel, gluten, and starch. Depend-
ing on the efficiency of the separation, more or less unseparated
dough was found at the bottom of the test tube. In the 45.3%
sample, some unseparated dough was seen (Fig. 2), but at the
highest water level, this unseparated fraction more or less disap-
peared. Not surprisingly, the separation properties were favored
by the higher water content. It was concluded that a certain
amount of water was needed to separate the water-swollen protein
phase.

Phase-Separation Properties
Cultivar The separation properties differed between the culti-

vars when they were compared after 8 min of mixing (Fig. 3a-c).
The volume fractions of the separated phases are given in Table II
as a complement to Figure 3a-c. The efficiency of separation,
which was observed as less sharp boundary lines between the
phases, was lower for Sport. The separation of gluten and starch
was also lower for Sport than for Kosack and Dragon. This was
judged simply from looking at the centrifuged phases in the test
tubes. The amount of liquid phase was higher for Kosack than for
Dragon and Sport. The largest volume of gluten was obtained for
Sport, the flour with the highest protein content. The water con-
tents of the separated dough phases are listed in Table III. At 8
min of mixing, the water content of the gluten phases varied
between 54.4 and 56.7%. This should be compared with the water
content obtained for swollen wheat storage protein fractions,
where the lower molecular weight fraction contained 56% water
and the higher molecular weight fraction contained 54% water
(Eliasson and Larsson 1993). The lowest amount of water asso-
ciated with the gluten phase was obtained for Dragon, which also
resulted in the lowest farinograph water absorption (Table I). The
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Fig. 1. Farinograms of Kosack (a), Dragon (b), and Sport (c).

26 CEREAL CHEMISTRY

Water (% in dough)
Fig. 2. Separated dough made from Kosack flour with water contents of
39.8% (low), 45.3% (corresponding to the farinograph water absorp-
tion), and 48.6% (high). Symbols for separated phases are: liquid
(striped), gel (crossed), gluten (dark gray), starch (white), and unsepa-
rated dough (light gray).
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