
Evaluation of Selected Baking Quality Factors
of Hard Red Winter Wheat Flours by Two-Dimensional Electrophoresis'

D. A. DOUGHERTY,2 3 R. L. WEHLING, 2 M. G. ZEECE,2 and J. E. PARTRIDGE4

ABSTRACT Cereal Chem. 67(6):564-569

A two-dimensional electrophoretic technique, utilizing nonequilibrium red winter wheat that possessed widely variable mixing and baking
pH gradient electrophoresis (NEPHGE) in the first dimension and sodium characteristics. Three individual proteins were found to be highly cor-
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in the related with mixograph peak time, and two individual proteins were
second dimension, was used to separate the proteins in nonfractionated significantly correlated with loaf volume. Using data from these proteins,
extracts of wheat flour. Individual proteins were quantitated by digital multiterm linear regression equations were developed to relate loaf volume
image analysis after staining with Coomassie Blue R250. This procedure and mixing time to protein composition. High correlations (R > 0.93)
was applied to flours experimentally milled from 14 varieties of hard were obtained in both cases.

The endosperm proteins of wheat are largely responsible for
the unique breadmaking properties of this cereal grain. The
formation of gluten, which is of primary importance to production
of leavened bread, results from a complex interaction of many
protein components. The technique of two-dimensional (2-D)
electrophoresis, combined with image analysis, has the potential
to separate and quantitate most endosperm proteins and may
thus serve as a useful tool in determining those proteins most
important to the breadmaking quality of wheat.

Several researchers (Burnouf and Bouriquet 1980; Payne et
al 1981 a, 1984a; Paradies and Ohms 1984; Branlard and Dardevet
1985b; Moonen and Zeven 1985; Campbell et al 1987; Lawrence
et al 1987, 1988) have studied high molecular weight (HMW)
glutenin subunits and their relation to the breadmaking potential
of a flour. These studies have been reviewed by Pomeranz (1988)
and by Wrigley and Bietz (1988). Several proteins, as separated
by one-dimensional electrophoretic techniques, have been
associated with good or poor breadmaking characteristics.
Particular interest has centered around HMW glutenin subunits
5 + 10, and 2 + 12 (nomenclature of Payne et al 1980, 1981a,
1981b), which are associated with resistance to dough extension
and dough weakness, respectively. Payne et al (1984a) also
included subunits 1, 17, and 18 as being important to flour quality
and designed a scoring system for evaluating the baking quality
of English and Spanish wheats (Payne et al 1987, 1988) based
on the presence or absence of certain protein bands as separated
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE).

Individual gliadins have also been found to be associated with
desirable and undesirable breadmaking characteristics (Sozinov
and Poperelya 1980; Wrigley et al 1982; Branlard and Dardevet
1985a, 1985b; Peruffo et al 1985; Sasek et al 1986; Campbell
et al 1987; Cressey et al 1987), although there is apparently less
agreement on which specific gliadins are influential (Wrigley and
Bietz 1988). Specific gliadins have been found that appear to
be related to the cooking quality of pasta made from durum
wheat (Damidaux et al 1980, Kosmolak et al 1980, Payne et
al 1984b, DuCros 1987).

This article describes our investigations using 2-D electro-
phoresis, coupled with image analysis, to determine which poly-
peptides may serve as indicators of breadmaking quality. For
this study, endosperm proteins from 14 hard red winter (HRW)
wheat varieties were separated by 2-D electrophoresis. In addition,
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the breadmaking qualities of the wheat flours were objectively
evaluated and the results compared to the polypeptide profiles
obtained from quantitative image analysis of the electrophoretic
gels after staining with Coomassie Blue R250.

MATERIALS AND METHODS

Wheat Flour Samples
The wheat samples selected for analysis represented 14 varieties

of HRW wheat with wide genetic variability, as evidenced by
allelic differences at the Glu-B1 and Glu-D1 loci, and were chosen
to represent a wide range of loaf volumes and mixing times (Table
I). Wheat varieties Delta, Jasen, and MV14 were originally from
Poland, Bulgaria, and Hungary, respectively, and were grown
in Arizona. The other 11 wheats included both commercial and
experimental varieties grown as part of the 1986-1987 Nebraska
varietal tests. For each variety, samples were obtained from five
different locations in Nebraska, representing the southeast (Gage
County), south central (Clay County), central (Nance County),
southwest (Lincoln County), and panhandle (Scottsbluff County)
regions of the state. Both dryland and irrigated plots in Lincoln
County were represented. Samples of a given variety obtained
from the different Nebraska locations were combined to minimize
environmental factors, so that quality variation was attributable
to primarily genetic differences. Baking characteristics of the three
samples grown in Arizona were likely influenced by both genetic
and environmental factors. All varieties were milled on a Buhler
mill to obtain a straight grade flour. Before milling, the wheats
were tempered to 15.2% moisture, with the exception of MV14,

TABLE I
Protein Contents, Mixograph Peak Times, Corrected Loaf Volumes,

and Total Scores of the 14 Hard Red Winter Wheat Flours Evaluated

Mixograph Loaf
Percent Peak Time Volumeb Total

Variety Proteina (min) (cm3) Scorec

Scout 66 12.2 3.25 811 8.7
7805 10.9 6.50 931 7.7
7833 11.3 2.75 967 9.9
Bennett 13.4 3.10 869 9.7
Cody 12.1 4.60 907 8.7
Arapahoe 12.6 4.25 829 8.7
Redland 10.8 4.75 1,000 10.7
Victory 11.6 2.50 826 7.7
Buckskin 10.9 4.25 968 9.0
Centurk 78 12.0 4.50 939 9.6
Delta 13.3 2.00 628 4.0
Jasen 12.4 3.50 811 8.3
MV14 13.2 1.80 633 3.0
Rodeo 10.9 2.30 837 7.0

aKjeldahl nitrogen X 5.7 on 14% moisture basis.
bExpressed on a uniform protein basis (12%).
Summation of external, internal, and texture scores.
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outliers.
Other polypeptides with correlations to adjusted loaf volume

significant at the 5% level were spot 15 (r = -0.633) and spot
64 (r = 0.631).

Spot 10 is tentatively identified as a HMW glutenin coded
by chromosome 1B. Its percent II ranged from 0 to 0.55%, and
the spot was small in area when present (Figs. 1 and 2). Spot
39 was located in the region assigned to a-, /1-, and y-gliadins
and had a percent II ranging from 0 to 6.29. Spot 15, tentatively
a HMW glutenin coded by chromosome iB, had a 0-0.26% II
range, and spot 64, tentatively a low molecular weight (LMW)
B glutenin (Jackson et al 1983), ranged from 0 to 2.54% II. There
was a significant correlation at the 1% level between the percent
Ils of spots 10 and 15 (r = 0.775).

Mixograph Mixing Time
Polypeptides significantly correlated to mixing time are

identified by horizontal cross-hatching in Fig. 2. Spots 17 and
8 were negatively (r = -0.893 and -0.767, respectively) correlated
to mixograph peak time, whereas spot 39 was positively correlated
(r = 0.828) (Figs. 6-8). Correlations for these three polypeptides
were significant at the 1% level. When the percent II data from
these three spots were combined in a MLR model, the partial
F-test for spot 8 resulted in a value of 0.11. This value does
not exceed the tabulated value at the 10% level, F(1, 10, 0.90)
= 3.29, indicating that spot 8 provided little useful information
to the model. This is likely due to a high intercorrelation (r =
0.882) between spots 17 and 8. Use of a two-term MLR that
included percent II values from only polypeptide spots 17 and
39 resulted in an R equal to 0.932 and a SEE = 0.513 min.

The regression equation was:

Peak time (min) = 4.935 + 0.276 (% "spot 39)
- 1.367 (% IIspot 17).

The calculated F = 36.64 for regression exceeded the tabulated
value F(2, 11, 0.99) = 7.21, indicating that the model should
be useful for prediction. Partial F-values for spots 17 and 39
(67.25 and 6.02, respectively) both exceeded the tabulated value
F(1, 11, 0.90) = 3.23 and indicated that both spots provided
useful information. A comparison of actual mixing times with
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Fig. 5. Scatter diagram comparing the actual adjusted loaf volumes for
14 wheat varieties to the values estimated for those samples by a two-
term multiple linear regression model.
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Fig. 3. Scatter diagram indicating the relationship between percent
integrated intensity of the endosperm polypeptide identified as Spot 10
and adjusted loaf volume for 14 wheat varieties.
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Fig. 6. Scatter diagram indicating the relationship between integrated
intensity of the endosperm polypeptide identified as Spot 17 and mixograph
peak time for 14 wheat varieties.
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Fig. 4. Scatter diagram indicating the relationship between percent
integrated intensity of the endosperm polypeptide identified as Spot 39
and adjusted loaf volume for 14 wheat varieties.

Fig. 7. Scatter diagram indicating the relationship between percent
integrated intensity of the endosperm polypeptide identified as Spot 8
and mixograph peak time for 14 wheat varieties.
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estimated mixing time values (Fig. 9) demonstrated a reasonable
fit for all points.

Additionally, spot number 95 (r = 0.630) was positively
correlated with mixing time at the 5% level.

Spots 8 and 17 are considered to be HMW glutenins coded
by chromosome 1B. Spot number 17 ranged from 0 to 2.35%
II, whereas spot 8 had a percent II in the 0.92-4.35 range. Spot
95 is tentatively identified as a LMW B glutenin, according to
the terminology of Jackson et al (1983), with a percent II range
of 0-3.32. The LMW B glutenins are a major group of very basic
subunits.

The results of this initial work indicate that 2-D electrophoresis,
coupled with image analysis, may be useful in identifying
individual proteins associated with baking quality factors. As the
mixing times and loaf volumes of a limited number of HRW
wheat flour samples varied due to genetic and environmental
factors, the quantities of certain polypeptides present were found
to be highly correlated with these quality factors. The polypeptide
identified as spot 39 appears to increase both loaf volume and
mixing time, or to be associated with a factor that has this effect.
In general, wheat flours with very short mixing times also tend
to produce loaves of poor volume. The positive correlation of
spot 39 to both mixing time and loaf volume may help to explain
this relationship. When only the 11 Nebraska-grown samples are
considered, thereby minimizing environmental differences, the
correlation of percent II of spot 39 with mixing time remains
significant at the 1% level (r= 0.742). However, the correlation
with loaf volume is no longer significant when only these 11
samples are considered (r = 0.482). This indicates that environ-
mental conditions may substantially affect both loaf volume and
the quantity of this protein fraction. Previously, Huebner and
Bietz (1986) showed that baking score, and the quantity of a
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Fig. 8. Scatter diagram indicating the relationship between percent
integrated intensity of the endosperm polypeptide identified as spot 39
and mixograph peak time for 14 wheat varieties.
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gliadin fraction isolated by high-performance liquid chromato-
graphy that was inversely related to baking score, were both
influenced by environmental differences but not to the same
degree.

In contrast to spot 39, the presence of spots 10 and 17 may
serve as markers for decreased loaf volume and shortened mixing
times, respectively. Even when only the 11 Nebraska-grown
samples are considered, the correlations involving these two spots
are still significant at the 1% level (r =-0.785 for percent II
of spot 10 and loaf volume; r = -0.888 for percent II of spot
17 and peak mixing time). Both spots 10 and 17 appear to be
HMW glutenin subunits coded by chromosome 1 B. Previous one-
dimensional electrophoretic studies have shown a qualitative
relationship between the presence of certain HMW subunits coded
by this chromosome and baking quality of bread (Payne et al
1984a, 1987). Our results appear to indicate that a quantitative
relationship may exist as well. Other workers have also found
a qualitative relationship between HMW glutenin subunits coded
by chromosome ID (5 + 10 and 2 + 12 according to the nomencla-
ture of Payne) and baking quality. In our study, spots 12 and
13, which appear to be HMW glutenins associated with the ID
chromosome, showed no relationship with either loaf volume or
mixing time. However, additional subunits coded by this
chromosome do not appear on the NEPHGE gel and are yet
to be evaluated; therefore, a relationship may yet be observed.

Using only two polypeptides in each of the models, the MLRs
based on 14 samples produced surprisingly high R values for
both loaf volume and peak mixing time. For the 14 varieties
evaluated, 88.6 and 86.9% of the variability in loaf volume and
mixing time, respectively, were explained. Other researchers have
postulated a quantitative relationship between various protein
fractions and baking quality. In addition to identifying a gliadin
fraction with an inverse relationship to baking score (1986),
Huebner and Bietz (1985) have also reported that the ratio of
chromatographically separated HMW to LMW glutenins was
directly proportional to mixing time, loaf volume, and general
score. More recently, Mosleth and Uhlen (1987) have used partial
least squares regression to relate densitometric data obtained from
one-dimensional electrophoretic separation of gliadins and glutenins
to Zeleny sedimentation data. We believe that our results support
the evidence for quantitative, in addition to qualitative, relationships.

Research is continuing and will focus on analyzing a larger
number of wheat varieties to further test the validity of the relation-
ships reported here. Additionally, since polypeptides not found
in the Scout 66 reference may also be correlated with quality
factors, we are developing procedures for quantitating those spots.
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