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ABSTRACT

The relationships among and between physical dough properties, baking
and related quality properties, and protein fractions obtained by solvent
fractionation and gel filtration chromatography have been analyzed for
a world wheat collection of 33 hard-textured cultivars. Strong significant
correlations were obtained among farinograph measurements and among
baking quality measurements using four baking procedures, but little or
no relationship was obtained between dough strength and baking quality
parameters. Nonsignificant correlations were obtained between farino-
graph properties of nonfermented doughs and remix peak mixing time,
which provides an indication of fermented dough strength. Protein content
was highly correlated to loaf volumes and to loaf volumes per unit of
protein. Sodium dodecyl sulfate sedimentation value and glutenin (Glu-1)
score were generally poor predictors of dough strength and baking quality.

The physical dough properties and breadmaking properties of
wheat flours are primarily determined by their proteins. Protein
content has long been known to be closely related to loaf volume,
a primary measure of baking quality (Finney and Barmore 1948).
Its influence upon dough strength properties is less evident,
although in general a positive relationship between these proper-
ties is obtained (Fowler and DeLaRoche 1975). At present, most
evidence suggests that physical dough properties, especially those
associated with dough strength, and baking properties are mainly
determined by the qualitative and quantitative properties of the
glutenin proteins. This quantitative relationship has been demon-
strated by reconstitution studies (Lee and MacRitchie 1971;
MacRitchie 1973, 1987), solvent fractionation studies (Pomeranz
1965, Orth and Bushuk 1972, Orth and O'Brien 1976), and
molecular weight fractionation by gel filtration (Huebner and
Wall 1976, Singh et al 1990) and high-pressure liquid chroma-
tography (Huebner and Bietz 1985, Dachkevitch and Autran 1989,
Singh et al 1990). In most cases, the proportion or absolute quan-
tity of glutenin, and in particular, the proportion of high-molecu-
lar-weight or insoluble glutenin was found to be positively related
to dough strength properties and/or baking quality. However,
these relationships are influenced by extraction conditions (Singh
et al 1990). In several studies the proportion of solubilized or
high-molecular-weight glutenin was found to be negatively related
to dough strength properties (Orth and Bushuk 1972, Bietz 1986).
The qualitative relationship between various glutenin subunits
and dough strength and/ or baking properties has also been
demonstrated by electrophoresis (Payne et al 1979, 1981) and
high-pressure liquid chromatography (Huebner and Bietz 1985,
Wieser et al 1989). This work has resulted in the development
of a glutenin subunit scoring system (Glu-l score) to predict these
quality parameters (Payne et al 1987).

Studies have also shown that gliadin protein fractions appear
to be related to both dough strength properties and baking quality.
Both quantitative and qualitative properties of gliadins have been
shown to be associated with dough strength properties (Hamada
et al 1982, Wrigley et al 1982, Branlard and Dardevet 1985,
MacRitchie 1987). These proteins may also play an important
role in determining baking quality (Branlard and Rousset 1980,
Huebner and Bietz 1986). Reconstitution studies by Finney and
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However, Glu-I score was strongly correlated to remix peak loaf volume
and to loaf volume per unit of protein, where mixing and oxidation
requirements were optimized. Correlation and principal component
analysis showed that protein content and the amount of peak 3 lower-
molecular-weight gliadins, a redundant protein content predictor, were
most closely associated with loaf volume, whereas salt-soluble flour
proteins were most closely associated with farinograph properties and
loaf volumes per unit of protein for the two AACC modified straight-
dough procedures. Osborne residue and acetic acid-insoluble protein
fractions and Glu-l score were most closely associated with fermented
dough strength (remix peak mixing time) and remix peak loaf volume
per unit of protein.

co-workers demonstrated that gliadin proteins are mainly
responsible for the control of loaf volume (reviewed by Hoseney
and Finney 1971 and Finney 1985). Salt-soluble proteins
(albumins and globulins) also appear to be related to these quality
parameters (Marais and D'Appolonia 1981a,b; MacRitchie 1987;
Singh et al 1990).

The differences in the relative influence of flour protein fractions
and individual protein subunits upon physical dough and baking
quality evident in the above studies can be attributed to a number
of factors. As noted above, extraction conditions used to isolate
various fractions can dramatically change the relationships
(correlations) between these fractions and quality parameters.
Similarly, the choice of methodology used to measure quality
parameters can have a strong effect upon results (Marais and
D'Appolonia 1981a,b; Hamada et al 1982; Campbell et al 1987).
Relationships between and among protein fractions and quality
parameters may also be strongly influenced by the choice of
samples. In many of the studies cited above, relationships may
be biased due to insufficient numbers of samples or the inclusion
of soft, low-protein wheats of poor baking quality and weak dough
properties that would normally not be included in bread-wheat
breeding programs, as pointed out by Wrigley et al (1982) and
Branlard and Dardevet (1985).

The objective of the present study was to determine the
interrelationships among and between flour quality parameters
(with emphasis on physical dough and baking properties) and
protein fractions while minimizing the effects of the factors
discussed above. To meet this objective, 33 wheat samples with
hard kernel texture were selected from a world wheat collection
and subjected to a wide range of quality testing, protein solubility
and molecular weight fractionation techniques and other quality
prediction tests. Data were assessed by correlation and principal
component analysis (PCA). The latter technique was included
because of its ability to reduce the complexity of data sets to
a small number of independent (orthogonal) principal components
representing linear combinations of the original variables. This
approach allows an assessment of the association between groups
of variables and a more basic understanding of the primary
components contributing to the underlying variability of a data
set.

MATERIALS AND METHODS

Seed Source
Thirty-three wheat samples, grown in 14 countries (as described

below), were selected on the basis of their visual appearance,
hardness, and electrophoretic homogeneity from a collection
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