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The effect of mixing time (6 and 20 min) and starch content wergrepared with different protein contents. By increasing the starch content
studied on doughs prepared with three wheat flours differing in higlof the doughs, the rheological properties approached those of a starch-
molecular weight subunit comptien. Rheological measurements were water mixture prepared with the same starch-water ratio as in the dough.
performed in dynamic osfation: frequency and strain sweeps, stress The effect of the starch granules was reinforced by prolonged mixing. This
relaxation, and in large deformation viscosity measurements. The floursay explain the higher values of the storage modulus and relaxation times
were diluted with starch to cover flour protein contents of 10-15%. Wateobserved after 20 min of mixing. Qualities related to gluten properties,
was added to keep the starch-water ratio constant when doughs wexgpeared more clearly in large deformation viscosity measurements.

From a rheological standpoint, wheat flour dough is a com- The present study was undertaken to compare the effect of
posite system comprising two dispersed filler phases (gas cells  starch, gluten, and mixing time on different rheological measure-
and starch granules). The gluten can be considered as a matrix for ments under shear: oscillatory frequency and strain sweeps, stress
the fillers (Smith et a 1970), where the ratio of the rheological relaxation, and viscosity measurements. The effect of flour protein
properties of the matrix and the fillers determines the behavior of concentration (10-15%) and mixing time was determined at con-
the composite (Nielsen 1974). Several studies have demonstrated stant starch-to-water ratios. To evaluate an effect of protein quality,
the effect of both starch and gluten concentration on the rheo- three flours differing in high molecular weight subunit conitpms
logical behavior at small deformations (Hibberd 1970, Smith et al were used.
1970, Abdelrahman and Spies 1986). It is obvious that both com-
ponents contribute to the viscoelastic response. When gluten is MATERIAL AND METHODS
added to aflour at a constant water level, a greater increase in the
storage modulus is observed compared with starch content increase Material
(Abddrahman and Spies 1986). Such observations may exaggerate Three spring wheats with protein contents ranging from 14.9%
the influence of gluten properties on the rheological behavior. An  to 15.2%. were used in the study. The flours, supplied by Svalof
increase in the modulus related to the protein-to-starch ratio is also Weibull AB, Landskrona, Sweden, were crosses between W 31169
strongly dependent on the dough water content (Smith et al 1970). and Nemares (Johansson and Svensson 1995). The characteristics
Wheat flour dough can be viewed as a phase-separated system  of the flours (protein content, high molecular weight glutenin
where two continuous aqueous phases coexist due to the water subunits, mixograph peak time, and baking performance) are given
insolubility of the developed gluten. The water-swollen protein in Table I. The flours are referred to as 7516, 7531, and 7546.
(gluten) can be considered as interpenetrated by the starch granules, Native wheat starch was obtained from Lyckeby Starkelsen AB,
which are concentrated in a second liquid phase (Eliasson and Kristianstad (protein content 0.3%, N x 6.25, fat content 0.2%).
Larsson 1993). This organization of the dough suggests conse-
quences for the rheological behavior where the dough water con- Methods
tent will determine the reinforcement of the fillers (starch) on the Wheat flour doughs were prepared and the farinograph water
matrix (gluten) (Larsson and Eliasson 1996a). absorption was determined according to Larsson and Eliasson (1996b).
It is generally accepted that a weakening of the gluten takes place Flour (10 g) was mixed at 30°C with the amount of distilled water
when mixing is extended beyond the optimum. This has been according to the farinograph water absorption (Table 1). When the
explained by a reduction in the molecular weight of the proteins  flours were diluted with starch, a larger amount of water had to be
extracted from overmixed dough (Tanaka and Bushuk 1973, included to develop doughs of appropriate consistency. Triteirat
Danno and Hoseney 1982). Prolonged mixing, however, often results of water added was based on the pronounced influence on the
in an increase in the modulus measured at smdl deformation (Bohlin stress-relaxation modulus of the starch-water ratio (Larsson and
and Carlsson 1980, Amemiya and Menjivar 1992, Larsson and Elias- Eliasson 1996b). Therefore the ratio of starch-to-water was kept
son 1996b). As small amplitude measurements are very sensitive  constant. The starch content of the flours was estimated roughly
to the material structure, the effect of increased mixing time is as the dry flour subtracted by the protein (Table 1) and |F284)
most likely related to the dough structure. The increase in storage contents. At the farinograph water absorption the estimated starch-
modulus may also result from an increase in starch-protein inter- to-water ratios (s/w) of the doughs were: 1.02 (7516), 1.04 (7531),

action after overmixing (Amemiya and Menjivar 1992). and 0.99 (7546). The flours were diluted with starch to develop
protein contents of 13% (7531 and 7546) and 10% (all flours), and
1 University of Lund, Dept. of Food Technology, Box 124, S-221 00 Lund, Sweden. water was added so the estimated starch-water ratios were constant
2 Corresponding author. Phone; +46 46 222 4743, Fax: +46 46 222 9517. E-mail: (Table 11). The influence of mixing time was studied lmynparing
HelenaLarsson@livsteki.lth.se the rheological behavior of the doughs after 6 and 20 min of

The Swedish University of Agricultural Sciences, Dept. of Plant Breeding  mjxing. At least three doughs were mixed under each set of condi-
Research, S-268 31 Svalov, Sweden.

4Weibulsholm Plant Breeding Institute, Box 520, S-261 24 Landskrona, Sweden'.uonS and used for the rhe0|09lca| tests.

The rheological behavior of the doughs were studied using a

Publication no. C-2000-0817-01R. rheometer (Bohlin VOR, Metric Analys, Stockholm, Sweden) in
This article is in the public domain and not copyrightable. It may be freely re- four different modes. First. a frequency sweep in the linear region
printed with customary crediting of the source. American Association of Cereal . e ! R

Chemists, Inc., 2000. (strain 0.00044) with the plate-plate geometry (15 mm diam., gap
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2 mm) was performed. After this, the same sample was subjected imum values of the storage and loss moduli. The reproducibility
to increasing strain at a frequency of 0.5 Hz. The third measure- of the strain-sweep tests is shown by the error bars at the highest
ment was a stress-relaxation test at a strain of 0.006 for whichthe  strain investigated. For the stress-relaxation and viscosity measure-
cone-plate geometry (cone 30 mm diam., cone angle 5.4°, truments the mean values of the relaxation times (taken as the time
cation 150um) was used. The sample subjected to stress relaxatiamhere 50 and 10% of the initial stress remaingegl,and tg,

was given a resting time of 45 min (at 30°C sealed in plasticyespectively) and the mean values of the peak-shear strggs (
while the dough tested in the oscillatory mode only rested for 1&re shown with error bars indicating the standard deviations in the
min before it was fixed in the rheometer geometry. Residudigures.

stresses were allowed to relax for a minimum of 15 min, before

the strain was applied. No effect of resting time (15-60 min) on RESULTS

G' was observed for the flours. The fourth test was performed in

the viscosity mode with the cone-plate geometry. The shear stress

at constant shear rate (0.0585/sec) was studied. The cone was ubathanical Spectra

to avoid a shear gradient being applied to the sample. This wasin Fig. 1A-C, the frequency sweeps of the storage and loss
considered important when the measurements were performeabdulus G' andG", respectively) are shown for doughs mixed 6
outside the linear viscoelastic region. A cyanoacrylate adhesive wasd 20 min and prepared with flour protein contents of 10 and
used to eliminate slip according to Lindborg et al (1996). Thel5%. To keep the figures simple, the mechanical spectra of the
rheological measurements were run in triplicates. In the dynamidoughs madeavith the flours diluted to protein contents of 13%
measurements, error bars at 0.5 Hz give the maximum and mi(¥531 and 7546) are excluded.
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§ Fig. 2. Mechanical spectra of the starch-water mixture with starch-to-
~ water ratio of 1.02. Storage and loss moduli: G' (e ) and G” (O).
0
v TABLE |
Flour Characteristics
Flour2 7516 7531 7546
High molecular weight glutenin 2%, 7+9, 21*, 7+9, 21*, 7+9,
Ty i e subunits 2+12 5+10 2+12
Proteinin flour (%, dry basis) 14.9 15.0 15.2
Falling number (sec) 368 408 305
Glutogram (sec) 39.4 1131 20.8
Bread volume (mL) 924 884 1,156
Mixogram peak development
(min) 5.8 5.9 42
Farinograph water absorption
(%, total basis) 44.90 44.34 4552
Estimated starch-to-water ratio 1.02 1.04 0.99

a According to Johansson and Svensson (1995).

TABLE Il
Water Content of Doughs (%, total basis) Prepared with Flours 7516,
7531, and 7546 and Starch-Flour Mixtures of Estimated
Starch-to-Water Ratios

0.01 0.1 1 10

Frequency/Hz Dough Water Content (%)
Protein (%) 7516 7531 7546
Fig. 1. Mechanical spectra of flour doughs and doughs made with flour
diluted with starch (10%. flour protein content). A, 7516; B, 7531; C, 190 46.50 45.97 47.23
7546. Undiluted flour (15% protein): 6 min of mixing (O); 20 min of 130 45.00 46.26
mixing (e ). Diluted flour (10% protein): 6 min of mixing (O0); 20 min of 15 (approxj 44.90 44.34 4552
mixing (M). Storage and loss moduli: G' (—) and G" (- — — 9. a See Table | for exact value.
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When the doughs mixed for 6 min are compared, the two  Stress-Relaxation M easurements
moduli (G' and G") decreased somewhat as larger amounts of The stress relaxation obtained with the 7516 flour is shown in
starch were included at a constant starch-to-water ratio (Fig. 1A—C). Fig. 3 as an example of the influence of starch dilution and mixing
The frequency dependency @f' was lower at long times (fre- time on the stress-relaxation. The modulus at tidigided by the
guencies <0.1 Hz), while it increased at higher frequen@es. initial modulus G/Gy) is plotted as a function of time. Similar
was less dependent on frequency when the flours were diluted wietfifects of both mixing time and starch concentration on the stress
starch. The same values®ffor the flours of 15 and 10% protein relaxation were observed for the three flours studied. By reducing
content were obtained at low frequencies, but the differences increagbé protein content from 15 to 10% by starch dilution, the stress
at higher frequencies. The mechanical spectra of the doughs prelaxation was slowed down for all the flours but to different
pared with a flour protein content of 13% (7531 and 7546) werextents. Increased mixing time also slowed down the stress relax-
recovered in between the corresponding spectra of the 10 and 1%#on. For the starch-water mixture, the slower stress relaxation
protein flour doughs. With the 7531 flour diluted to a protein contenappeared early in the spectra.
of 13%, G’ was less influenced by frequency compared with the
G’ of the corresponding 10 and 15% protein flour doughs (resultStrain-Sweep Tests
not shown). The stress-strain behavior is presented in terms of the reduced
Figure 2 shows the mechanical spectra of a starch-water dougtiprage modulusG'/G’ (strain 0.00044) as a function of strain
mixed for 6 min. The starch-to-water ratio was the same as estimat@elg. 4A—-C). The undiluted flour doughs show a more or less
for the 7516 flour (1.02). When all the flour was exchanged fofinear region at strains approximately <0.001 (Fig. 4A—C). When
starch, the two moduli were less frequency dependent than the
moduli given by the flour doughs (Fig. 1A—C). The storage modu-
lus reached a value of 20—40 kPa, while the loss modulus was in
the same range as was observed at short teeReld) for the flour

doughs.
For the doughs prepared with the 7516 and 7531 flours ant 1% 5% & wy A
mixed for 20 min, the dilution of the flours by starch resulted in a rot & S0
decrease i’ over the times investigated (Fig. 1A—C). With the ) R’
7546 flour, on the other hand, no significant difference was & % 2 )
observed beyond 0.5 Hz. At <0.5 Hz, the undiluted flour dough ¢ I ) L
resulted in a lower modulus than the dough made with a flour proteir -5 - x RS |
content of 10%. The mechanical spectra of the 13% protein flour £ | X a
doughs mixed for 20 min resembled the corresponding undilutec {5 x f
7531 and 7546 doughs (results not shown). G L y
When the doughs mixed for 6 and 20 min are compared, ¢
constant increase @' over time was observed for all the doughs %
mixed for 20 min, except for the 7546 flour without starch dilution R P VR, S
(Fig. 1C) and the dough prepared with the flour diluted to a :
protein content of 13% (results not shown). For these doughs, th 1 3% I8 K . B
influence of prolonged mixing appeared as a moderate increase i [ Bog ] T s
G’ only at low frequencies. The loss modul@'Y seemed to = r X i .
depend only on flour-protein content over most frequencies anc 8 i XE ES -
not on mixing time for the doughs made with the 7516 and 7531 T | L ICEE B
flours (Fig. 1A-B). However, for the 7546 flour dougl®’, was g I i iz
affected both by mixing time and starch substitution (Fig. 1C). fn, 3 X - g
q T
N x 1
X
0.1 [rert o el Co [ .%.H.;
1 B 'g KR X x ~
C R W f g ¢
=« - X -
s | SN
° S X s g
g L « L 508
0 - Posd
g SR
O X
X
T R SN S 0.1 Losl el el — %!
0.01 0.1 1 10 100 1000 10* 0.0001 0.001 0.01 01

Time/s strain/-

Fig. 3. Stress-relaxation measurements on 7516 flour doughs (O), doughs Fig. 4. Strain sweeps of flour doughs (O); doughs made with flour
made with flour diluted with starch to give a flour protein content of 10% diluted with starch to give flour protein contents of 13% (A) and 10%
(O) and the starch-water mixture (. Mixing for 6 min (open symbols) (O); and starch-water mixture (). A, 7516 B, 7531 C, 7546. Mixing for
and 20 min (closed symbols). 6 min (open symbols) and 20 min (closed symboals).
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the flours were diluted with starch, the linear region decreased or measurements with the 7531 flour. When the flours were diluted
G’ was somewhat dependent on strain even at very low strain levels. with starch, the influence of extended mixing was less, if observed
The larger amount of starch also reduced the strain tolerance, ob- at all.

served as a stronger decrease in the reduced modulus. A reduced In Fig. 6A-D, a summary of the results is shown by the storage

strain tolerance after prolonged mixing was indicated for the 7531 modulus given at 0.5 Hz, the two relaxation timgg &ndt,,),

flour doughs but not for the other flours. and o, as a function of flour protein content. When the flours
were diluted with starch or mixed for 20 min, similar trends were

Viscosity M easurements observed in relaxation times amx, for the three base flours

The shear stress (0ger) @ a function of increasing strain in (Fig. 6B-D). Different effects of starch dilution and mixing time,
viscosity measurements is shown in Fig. 5A—C. When the undiluted however, were observed in the storage modulus (Fig. 6A).
flours were mixed into doughs for 6 min, the 7516 and 7546 doughs
gave higher values of the peak-shear stregs)(compared with
the 7531 dough. For all the three doughs, the value of the peak
stress (or the maximum of the stress when a well-defined peak

was absent) decreased when a larger amount of starch was include” "

For the doughs prepared with the undiluted 7516 and 7546 flour: .
Omx Was markedly reduced after prolonged mixing. On the othe 10 E
hand, no effect of mixing time was observed in the viscosity 2
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Fig. 6. Influence of protein concentration (10-15%) and mixing time on
Fig. 5. Viscosity measurements on flour doughs (O); doughs made with the flours 7516 @), 7531 ), and 7546 {1). Mixing for 6 min (open
flour diluted with starch to give flour protein contents of 13% (4) and symbols) and 20 min (closed symbol8). Storage modulus@) at 0.5
10% (O). A, 7516 B, 7531 C, 7546. Mixing for 6 min (open symbols) and Hz. B, Short relaxation timet{s). C, Long relaxation timetg,). D,
20 min (closed symbols). Peak-shear stresszy)-
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DISCUSSION

For the present study, the dough is considered to consist of the
water-swollen protein (gluten) and the starch granules concentrated
in a second liquid phase, resulting in two continuous agueous
phases in the dough (Eliasson and Larsson 1993). This organiza-
tion is consistent with aweakly aggregated starch structure (Mats-
moto 1979) that interpenetrates the sheets of gluten in developed
dough (Moss 1972).

Starch Concentration

A reduction in farinograph mixing resistance results when the
starch content of aflour increases (Rasper and deMan 1980). This
suggests that alower amount of water is required for dough devel-
opment at increasing flour starch contents. Considering the phase-
separation behavior of dough, the simultaneous rise in starch
content and decrease in added water will most likely hinder the
phase separation by the absence of a continuous liquid phase (Larsson
and Eliasson 1996a). Such a behavior seems disadvantageous for
the dough development. In the present study, the flours were diluted
with starch, and doughs were prepared with a constant starch-to-
water ratio. This was done to favor phase separation and to limit
effects related to a concentration of the starch-liquid phase.

At the times investigated, the mechanical spectra were recovered
on the plateau zone according to Ferry (1970). When the doughs
were diluted with starch to a protein content of 10%, a lower

on dough made by Smith et al (1970), and the general behavior
upon increased strain when a larger amount of filler is introduced
to a polymer matrix (Ferry 1970, Nielsen 1974). The strain sensi-
tivity can be attributed to the effect of mechanical deformation on
weak aggregates or networks that are formed by the starch gran-
ules in the concentrated starch-liquid phase. Gluten on the other
hand shows a larger linear region than was investigated+65).
Strain values of 0.05-0.07 were reported in the linear region for
gluten (Attenburrow et al 1990, Inda and Rha 1991, Cornec et al
1994). No differences between the flours were observed in the strain
sweeps. Instead, the protein content seemed to determine how
much the behavior of the dough was going to deviate from that of
the starch-water mixture. This agrees with the fact that an effect
on the strain tolerance is dominated by the influence of the starch
structure.

The greatest influence of the dilution of the flours by starch was
observed in the viscosity measurements (Fig. 5A—C). according to
van den Tempel, a stress versus stain plot may be divided into
three structural regions: the initial part, with a competition between
structural breakdown and reformation; the overshoot peak, where
the breakdown exceeds the reformation and causes rupture in weak
regions; and stress relaxation beyond the stress peak (Van den
Tempel 1980). The overshoot peak more or less disappeared when
the flours were diluted with starch (Fig. 5A—C). The first dilution
of the flour to 13% protein resulted in a pronounced decrease in
the highest value of the shear stregg,j for both 7531 and 7546.

frequency dependence was observed (Fig. 1A —C). The slower The second dilution to 10% protein only reduaeg, slightly
decay of stress observed in the stress relaxation measurementrisre for 7546, while it continued to decrease for 7531 (Fig. 5B—
consistent with the effect on the mechanical spectra. This agregs 6D). From these results, it can be concluded that the starch
with the general behavior when the filler concentration in a comeoncentration strongly influenced the stress-strain behavior. It even
posite material is increased (Ferry 1970). Consequently, the resemtieems likeo,, was dominated by an effect of starch at the lowest
lance to the starch-water mixture increased when the protejfiiotein contents investigated, as no differences were observed
content of the doughs was reduced, which is indicated in both thgstween the flours. Lindborg et al (1997) also registered the high-
mechanical spectrum and the stress relaxation measurement (Figs peak value of the viscosity for the flour with the highest protein
2 and 3). Both moduli in the mechanical spectrum of the starcheontent.
water mixture show only a moderate frequency dependence. The
elastic properties, however, did not persist over longer times a@ixing Time
seen in the stress-relaxation measurement indicating a transientrhe most notable observation concerning the effect of mixing
network. A higher storage modulus was observed for the starckime was the different results demonstrated for measurements at
water mixture (3040 kPa), compared with the dough§ kPa).  small and large deformation. The valueRfincreased for doughs
Thus, an increase in the relative viscous properties (high')G  mixed with the native flours 7516 and 7531 (Fig. 6A), whereas
is given by introducing gluten to the starch-water mixture. Omex decreased for 7516 and 7546 (Fig. 6D) after prolonged mixing.
The introduction of a larger amount of starch, while keeping therhis may seem contradictory, especially as depolymerization has
starch-water ratio constant, resulted in a lower value of the storageen indicated as a reduction in the molecular weight of the
modulus at 0.5 Hz (Fig. 6A). These differences frokiserved for  proteins extracted from overmixed dough (Tanaka and Bushuk
the doughs mixed for 6 min, however, decreased at lower973, Danno and Hoseney 1982). These results may, however, be
frequencies in the mechanical spectra, and did not prevail at th@derstood if the extreme difference in applied strain (0.00044
longest times registered. This is in accordance with the fact thgbmpared withe5) is considered. At strain values of 0.00044, the
short-range interactions are more pronounced at higher frequefreasurement is performed in the linear viscoelastic region, which
cies (Ferry 1970). The effect of starch dilution was greatest (observé#lply a more or less intact sample structure. In the viscosity measure-
at lower frequencies) for the 7516 flour. ment, there was no linear relationship between stress and strain
In stress-relaxation measurements, the influence of long-ranggig. 4). The different results at small and large deformations
interactions are more pronounced as the full time spectrum kuggest that different structures are affected by the two measure-
covered. The stress relaxation was slowed down when the flowients. Moreover, when the doughs were mixed for 20 min (inde-
protein content was reduced (Figs 3 and 6B-C). The slower stregéndent on starch concentration) the storage modulus was less
relaxation can be explained by a larger amount of weak junctiofependent on frequency (Fig. 1A-C), and the stress relaxation was
zones created by the highly concentrated starch network in the stargfbwed down, compared with the undiluted flour doughs mixed for 6
liquid phase. The two relaxation timets(andty;) increased min (Fig. 6B—C). This behavior indicated that the influence of
strongly when the protein content of the flour decreased to 10%tarch granules was extended over a larger time period when the
but seemed to be only slightly affected by the dilution of the flougoughs were subjected to prolonged mixing, similar to when the
to a protein content of 13%. The differences between the three flousisughs were diluted with starch. Prolonged mixing fortified the
were only moderate, even though a slower stress relaxation (highgffect of increasing starch concentration on the stress-relaxation
value oftys andto;) was obvious with the 7531 flour over the times (Fig. 3 and 6B—C). This effect was greatest on the 7531
protein concentrations studied. flour dough. A slower stress relaxation for the doughs mixed for
The effect of increasing strain was investigated to study the st2o min may originate in a change of the microstructure during
bility of the dough structure. By including a larger amount of starchmixing. Such a change of the dough structure has been demon-
the linear region decreased and the doughs became more sensity@ted in the microscope by Moss (1972). During prolonged
to strain (Fig. 4A-C). This is in agreement with the observationsixing, the gluten sheets with starch granules in between become
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thinner until they eventually cover al the starch granules (Moss
1972). This means that the lamellar organization of gluten and
starch is disrupted and a more homogeneous system, with respect
to starch granule distribution, results after extended mixing. Also,
the water distribution in the dough was influenced (Larsson and
Eliasson 19964).

Even though the influence of mixing time observed in the strain
sweep test was about the same for the 7516 and 7546 flour doughs,
the results obtained with the 7531 flour indicated that the strain
tolerance was reduced due to overmixing in a similar way to when
the flours were diluted with starch (Fig. 4B). A more homogeneous
distribution of fillers in a matrix, according to Moss (1972), is
however not supposed to reduce the strain tolerance in comparison
to an agglomerated filler phase (Nielsen 1974). The increased
influence of starch on the mechanical and stress-relaxation spectra
after prolonged mixing suggested that the properties of the starch-
water mixture was approached when mixing time was increased.
This may be explained by the development of thinner gluten films
that are less efficient in order to interfere with the properties of the
starch phase compared with the thicker lamellas present in dough
mixed for shorter times. A larger amount of entrapped air due to
prolonged mixing may also result in a reduced strain tolerance for
acomposite material (Nielsen 1974).

In the viscosity measurements, the influence of mixing time was

greatest on the 7546 flour doughs (Fig. 5A—C). This was observed
undiluted and diluted flours. According to the mixogram, the peak

The deviating properties of the 7531 flour observed at small
deformations were more pronounced in the viscosity measurement
(Fig. 4A-C). No difference in peak stress.f{) was observed
between the two flours containing the subunits 2+12 (7516 and
7546), for which higheo,, were registered compared with the
flour containing the subunits 5+10 (7531) (Fig. 4D). In the study
by Lindborg et al (1997), the strongest flour, which was also the
flour of the highest protein content, resulted in the highest peak
viscosity. In the viscosity measurements, the 7531 flour dough was
not influenced by mixing time, whereas the decrease,ijwas
pronounced for the other flours after prolonged mixing (Fig. 4A—C).
For the 7546 flour doughs, an effect of mixing time was evident
also at lower protein contents. A smaller tendency to show a distinct
stress peak (undiluted flours, mixed for 6 min) was observed with
the 7531 flour compared with the 7516 and 7546 flours. The broad-
ening of the shear-stress peak may be compared with the slower
stress relaxation observed for the 7531 flour doughs (Fig. 6B—C).
It seems likely that the HMW subunits 5+10 conferred a too high
resistance to deformation and slow stress relaxation. This may be
related to a slow response to deformation during the expansion of
gas cells in the breadmaking process. Thus the reason for the
lower bread volume obtained with the 7531 flour may originate in
a too strong gluten (Table ).
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was given for the 7531 flour (113 sec), compared with the other 57-174.177.

flours (20-40 sec). This shows that the 7531 gluten, comprisingornec, M., Popineau, Y., and Lefebvre, J. 1994. Characterisation of
the 5+10 subunits, was stronger. The 7531 flour can be consideredyluten subfractions by SE-HPLC and dynamic rheological analysis in
rather uninfluenced by both protein content and mixing time, shear.J. Cereal Sci. 19:131-139.

judged by the mechanical spectra (Fig. 1B). On the other hand, tkg@mno, G., and Hoseney, R. C. 1982. Effects of dough mixing and
7516 dough was most influenced by mixing time at the highest rheologically active compounds on relative viscosity of wheat proteins.
protein content (undiluted flour) (Fig. 1A). A greater effect of  Cerea Chem. 59:196-198.

o . o . liasson, A.-C., and Larsson, K. 1993. Cereals in Breadmaking: A
mixing time on starch dilution (low protein content) was observed Molecular Colloidal Approach. Marcel Dekker: New York.

with the 7546 flour dough (Fig. 1C). The storage modulus of th@erry’ J. D. 1970. Viscoelastic Properties of Polymers. John Wiley &
undiluted flour doughs mixed for 6 min (Fig. 6A) were related t0 gons New York.

the glutogram values (gluten strength). However, they were alS@ibberd, G. E. 1970. Dynamic viscoelastic behaviour of wheat flour
inversely related to the farinograph water absorption, which showed doughs. I11. Theinfluence of the starch granules. Rheol. Acta. 9:501-505.
that the most concentrated dough (7531) resulted in the highdstia, A., and Rha, C. 1991. Dynamic viscoelastic behaviour of wheat
modulus, and vice versa (Fig. 6A and Table I). It seems hard to tell gluten: The effects of hydrogen bonding modification by urea and
whether the gluten strength or flour protein content dominated the deuterium oxide. J. Texture Stud. 22:393-411. _

effect on the storage modulus. The concentration relationship wa@sson E., and Svensson, G. 1995. Contribution of the high molecular

. g 'weight glutenin subunit 21* to breadmaking quality of Swedish
however, not valid after prolonged mixing, @sof the 7516 flour wheats. Cereal Chem. 72:287-290.

increased more than it did for the others. From the strain SWe@Rysson, H., and Eliasson, A.-C. 1996a. Phase separation of wheat flour
tests, no differences between the flours could be established (Fig.dough studied by ultracentrifugation and stress-relaxation. I1. Influence

4A-C). of mixing time, ascorbic acid, and lipids. Cereal Chem. 73:18-24.
In the stress-relaxation measurements, the doughs made withrsson, H., and Eliasson, A.-C. 1996b. Phase separation of wheat flour
the 7531 flour resulted in longer relaxation times, especially when dough studied by ultracentrifugation and stress-relaxation. I. Influence
the protein content was reduced to 10% and the mixing time wag of water content. Cereal Chem. 73:25-31. :
increased. The stress-relaxation behavior of the @8dhs, contain-  Lindborg, K. M., Tradgardh, C., Eliasson, A.-C., and Dejmek, P. 1997.
ing the subunits 5+10, clearly differed from what was observed Time-resolved shear viscosity of wheat flour doughs—Effect of

for the other doughs, with the subunits 2+12 (7516 and 7546). Fﬂiﬁ?@?’cﬂg gﬁ;ﬁ%fgg@? on the viscosity of doughs of different

This may be compared with the considerably higher glutogram valuggatsumoto, S. 1979. Rheological properties of synthetic flour doughs. In:
obtained with the 7531 flour (Table I). No differences between the Food Texture and Rheology. P. Sherman, Eds. Academic PressriLo
flours 7516 and 7546 were observed in the stress-relaxatianoss, R. 1972. A study of the microstructure of bread doughs. Food Res.
measurements (Fig. 6B-C). Q. 32:50-56.
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