










The proportions of Al -A5 and percent glutenin were compared
for extracts of the parent Anza and Yecora Rojo flours. The
results, averaged for at least three replicates, are shown in Table
II. Although for some of the wheat cultivars, single analyses of
A -A5 were done for the acid fractions in Tables III-VIII,
an indication of the reproducibility of the method may be
gained from the confidence intervals of Table II.

DISCUSSION

General Quality-Composition Relationships
Some general conclusions regarding relationships between

functionality and composition may be reached by inspecting
Tables III-VIII. As the fraction number increases for each cultivar,
an increase generally occurs in loaf volume and mixograph peak

TABLE III
Quality and Composition Data for Gluten Protein Fractions from Mexico 8156

Total Protein Mixographa Loafa Relative AreaSb
Final pH Protein in Fraction Peak Development Volume

Fraction of Supernatant (%) (%) Time (min) (ml) Al A2 A3 A4 A5

Controla ... ... ... 3.27 166 *- ... ... ... ...

I 5.65 20.2 91.4 3.08 166 8.0 7.9 28.3 48.4 7.4

2 5.44 19.0 86.2 2.70 168 9.9 9.3 25.9 41.6 13.3

3 5.12 14.8 90.3 2.92 166 11.4 11.4 23.4 36.1 17.7

4 5.01 9.8 90.7 3.55 173 15.4 14.6 24.5 26.0 19.5

5 4.84 7.7 88.5 3.90 187 18.0 13.9 25.6 25.9 16.6

6 4.61 5.7 84.9 4.21 181 15.9 14.0 26.0 19.1 25.0

7 4.10 5.4 87.3 4.91 185 20.8 13.4 31.0 23.2 11.6

8 3.65 6.1 85.7 5.41 190 17.5 10.2 30.2 22.2 19.9

9 3.31 2.5 80.6 4.75 179 18.2 10.4 31.8 23.6 16.0

10 ... 8.7 54.2 3.33 164 17.9 5.8 30.0 29.6 16.7

Composite of
all fractionsC 13.2 10.5 26.9 34.4 15.0

aThe base flour (control) was Oxley, to which fractions 1-10 were added at the 1% level to obtain the quality data shown (loaf volumes and

mixogram peak development times).
bRelative areas were obtained from densitometry of sodium dodecyl sulfate-polyacrylamide gel electrophoresis patterns of fractions 1-10.

'Composite values represent a weighted average of all 10 fractions, with weighting based on the percent of total protein contributed by each fraction.

TABLE IV
Quality and Composition Data for Gluten Protein Fractions from Halberd

Total Protein Mixograph Loaf Relative Areas
Final pH Protein in Fraction Peak Development Volume

Fraction of Supernatant (%) (%) Time (min) (ml) Al A2 A3 A4 A5

Control (Oxley) ... ... ... 3.27 166 ... ... ... ... ...

1 5.91 17.0 84.6 2.96 162 6.0 10.1 25.9 40.4 17.6

2 5.69 28.7 90.5 2.83 160 8.2 10.6 23.7 44.3 13.2

3 5.28 19.0 87.4 2.70 171 10.5 11.7 21.9 39.0 16.9

4 5.10 9.8 86.4 3.40 175 13.0 10.6 21.6 31.7 23.1

5 4.75 8.5 85.0 4.15 181 14.3 10.9 25.4 26.7 22.7

6 4.30 4.3 79.4 4.21 188 15.0 11.5 24.4 23.1 26.0

7 3.56 3.4 75.0 ... ... 15.5 11.4 29.6 23.3 20.2

8 3.25 3.2 81.0 4.40 169 11.3 10.8 25.8 22.6 29.5

9 3.16 1.4 76.2 ... *- 10.6 10.8 26.0 23.1 20.5

10 ... 4.7 32.1 3.62 146 9.9 10.8 26.3 23.5 29.5

Composite of
all fractions 10.0 10.8 24.1 36.3 18.7

TABLE V
Quality and Composition Data for Gluten Protein Fractions from Cook

Total Protein Mixograph Loaf Relative Areas
Final pH Protein in Fraction Peak Development Volume Glutenina

Fraction of Supernatant (%) (%) Time (min) (ml) Al A2 A3 A4 AS (%)

Control (Condor) ... ... ... 3.21 162 ... .. ... ... ... ...

1 5.59 23.0 88.8 2.64 154 6.2 5.5 28.9 44.3 15.1 35.7

2 5.50 20.4 91.2 3.02 167 9.4 7.1 26.6 43.9 13.0 49.1

3 5.21 16.4 89.9 3.02 179 12.0 10.2 24.5 36.4 16.9 36.9

4 5.06 7.7 88.6 3.02 178 11.8 10.2 25.4 34.6 18.0 52.1

5 4.84 6.0 87.5 3.90 187 13.3 11.6 22.2 26.8 26.2 49.0

6 4.66 5.2 87.3 4.28 195 15.4 11.7 23.7 23.0 26.1 54.2

7 4.16 7.1 87.0 5.03 207 18.9 10.6 27.5 21.3 21.7 66.5

8 3.65 5.7 81.2 6.04 209 18.7 7.9 30.3 23.6 19.5 68.9

9 3.29 2.4 81.4 6.04 192 16.9 7.3 28.4 24.7 22.7 70.7

10 ... 6.1 36.7 3.46 167 15.1 6.8 26.6 25.7 25.9 72.5

Composite of
all fractions 11.6 8.3 26.6 35.6 18.0 48.8

'Percent glutenin was obtained from the densitometry of sodium dodecyl sulfate-polyacrylamide gel electrophoresis patterns for the reduced and

unreduced fractions (see text).
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development time, accompanied by an increase in the proportion
of glutenins. This is indicated by the percentage of fraction Al
(Tables III-VIII), which includes only the HMW-GS, and by
glutenin (Tables V-VIII), which is based on the differences
between patterns of reduced and unreduced samples. There was
a tendency for the proportions of glutenins to stabilize or drop
in the later fractions, especially in the last (residue) fraction, which
paralleled to some extent the decreases in development time and
loaf volume. However, this does not completely explain the
negative effects of the latest fractions. Although these fractions
had SDS-PAGE patterns similar to those of glutenin (results not
shown), other proteins were present, particularly in regions A2
and A5, which should have no glutenin components. This is

supported by the amino acid compositions of these fractions,
which were not in accord with the compositions usually associated
with wheat gluten proteins (MacRitchie 1987a); for example, the
values of glutamine and glutamic acid were rather low. The
presence of high levels of nonstorage proteins in these late fractions
has been shown by two-dimensional electrophoresis (P. I. Payne
and S. A. Forsyth, personal communication) These fractions,
especially the residue fraction, had relatively low protein contents
and probably contained significant amounts of carbohydrates,
although we did not analyze the nature of the nonprotein
components.

When we compared the results for composite values of Al-A5
for the different varieties, Al (HMW-GS) seemed to fit best with

TABLE VI
Quality and Composition Data for Gluten Protein Fractions from Burgas

Total Protein Mixograph Loaf Rltv ra
Final pH Protein in Fraction Peak Development Volume Relative Areas ( Glutenin

Fraction of Supernatant (%) (%) Time (min) (ml) Al A2 A3 A4 A5 (%)
Control (Condor) ... ... .. 3.21 162 ... .. ... ... ... ...

I 6.00 4.7 62.6 2.89 157 3.6 9.2 27.2 30.8 29.3 19.3
2 5.68 31.0 90.6 2.64 157 5.3 6.0 15.0 56.6 17.1 17.4
3 5.46 29.3 90.5 2.70 157 8.8 7.7 13.1 53.9 16.5 24.3
4 5.26 11.3 88.6 2.83 170 11.7 9.5 12.3 45.0 21.6 31.9
5 4.87 13.1 87.0 3.14 187 14.6 11.2 14.1 32.0 28.1 53.2
6 4.25 5.3 85.2 3.33 177 13.2 12.3 15.2 29.5 29.8 56.2
7 3.38 1.4 79.4 .. ... 7.5 10.4 14.6 28.0 39.5 36.1
8 3.14 0.7 70.6 3.14 176 6.6 9.4 13.6 27.6 42.8 48.5
9 3.13 0.5 59.6 ... 7.0 11.4 12.4 28.5 40.7 54.8

10 ... 2.7 11.6 3.14 138 7.3 13.4 11.3 29.3 38.7 61.1

Composite of
all fractions 8.7 8.4 14.5 47.1 21.3 29.7

TABLE VII
Quality and Composition Data for Gluten Protein Fractions from Yecora Rojo

Total Protein Mixograph Loaf
Final pH Protein in Fraction Peak Development Volume Relatve Areas (%) Glutenin

Fraction of Supernatant (%) (%) Time (min) (ml) Al A2 A3 A4 A5 (%)
Control (Timgalen) ... ... ... 4.4 183 *- ... ... ... ... ...

I 5.45 36.0 94.1 3.7 176 8.7 8.5 23.5 44.3 15.0 20.3
2 5.11 36.6 90.9 4.7 199 15.0 13.7 20.3 35.9 15.1 38.9
3 4.45 15.2 92.5 5.7 202 15.7 16.6 19.6 27.4 20.6 63.1
4 4.01 3.2 94.9 6.7 195 16.6 12.1 22.9 27.4 21.0 66.9
5 3.80 1.7 74.9 6.3 187 16.1 7.5 24.5 28.6 23.2 83.1
6 3.56 ... .. ... ... ... ... ... ... ... ...
7 3.33 1.3 64.4 5.2 165 9.7 6.5 25.8 26.8 31.1 68.6
8 3.20 ... ... ... ... ... ... ... ... ... ...
9 3.13 ... ... ... ... ...

10 ... 5.9 38.0 4.5 168 8.9 9.9 18.5 25.4 37.2 64.3

Composite of
all fractions 12.5 11.8 21.5 36.5 17.7 39.4

TABLE VIII
Quality and Composition Data for Gluten Protein Fractions from Anza

Total Protein Mixograph Loaf
Final pH Protein in Fraction Peak Development Volume Relative Areas ( Glutenin

Fraction of Supernatant (%) (%) Time (min) (ml) Al A2 A3 A4 A5 (%)
Control (Timgalen) ... ... ... 4.4 183 ... .. ... ... ... ...

I 5.80 7.7 72.5 3.7 162 2.4 8.2 22.9 45.4 21.1 -2.8
2 5.69 18.7 91.2 3.7 170 5.6 9.6 23.4 47.9 13.4 35.2
3 5.40 21.4 93.1 4.3 182 8.8 11.4 21.9 44.1 13.8 37.7
4 5.28 12.2 91.5 3.5 188 9.9 13.6 21.1 41.1 14.0 52.1
5 5.14 7.0 91.4 4.2 189 7.6 14.4 20.5 41.9 15.6 41.2
6 4.98 6.2 90.0 4.7 189 12.4 16.9 16.6 33.3 20.8 26.3
7 4.46 7.3 88.4 5.2 192 13.9 19.0 16.2 23.1 27.7 43.4
8 4.02 10.4 88.1 6.2 190 14.6 17.7 20.2 24.4 23.1 59.3
9 3.50 4.3 91.2 4.8 173 14.7 15.3 21.7 25.4 22.9 71.8

10 ... 4.8 23.9 6.0 168 17.5 16.6 19.3 24.1 22.6 65.8

Composite of
all fractions 9.6 13.3 21.0 38.4 17.7 40.9
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the known characteristics of the cultivars studied. The percentages
of Al calculated from densitometry (composite value for each
cultivar) were 13.2 (Mexico 8156), 12.5 (Yecora Rojo), 11.6
(Cook), 10.0 (Halberd), 9.6 (Anza), and 8.7 (Burgas), which are
in the correct ordering for dough strength as measured by mixo-
graph peak development time for the original flours. A similar
ordering occurred when Al was compared with loaf volumes of
the original flours, except that Yecora Rojo gave the largest loaf
volume and Mexico 8156 the second largest. However, the
difference in loaf volumes was small for these two cultivars.
Lawrence et al (1988) reported that breadmaking quality declined
dramatically when the HMW-GS content of flour protein was
progressively decreased through the use of wheat lines that were
null for specific subunits. The HMW-GS make up only about
one fourth of the glutenin (Gupta and Shepherd 1987), but
evidence suggests that they contribute more to dough strength
of bread wheats than do the LMW-GS (MacRitchie et al 1989).

Data for composite values of percent glutenin calculated from
the differences in total areas from densitometry are rather limited,
but it is clear that the cultivar Cook has a much higher value
(48.8%) than its poorer counterpart Burgas (29.7%). Yecora Rojo
and Anza had similar values (39.4% and 40.9%, respectively),
despite the fact that Yecora Rojo had better quality parameters.
However, as we have seen, Yecora Rojo shows a substantially
higher content of Al components (HMW-GS) than Anza, which
helps to rationalize the differences in quality.

The cultivar Burgas had the poorest quality. Burgas is a
substitution line in which the entire chromosome 1B has been
replaced by rye chromosome 1 R. Because chromosome 1 B usually
codes for two HMW-GS (long arm) and a group of LMW-GS
(short arm), the loss of this chromosome severely depletes the
complement of wheat glutenin subunits. These two HMW-GS
appear to be replaced by a single, weakly expressed rye HMW
subunit, which may not be equivalent to a wheat HMW-GS in
contributing to quality. The short arm of the 1R chromosome
contributes gliadinlike secalin components (Shewry et al 1984)
in place of the wheat lB-coded LMW-GS and gliadins. None
of these secalins participate in the formation of the disulfide-
linked glutenin network. The substitutions of rye proteins for
wheat proteins in Burgas seem a likely explanation for the poor
quality observed for Burgas.

Early fractions (usually 1 and 2) were notable for large amounts
of gliadins, especially in A4, and generally resulted in decreased
loaf volume and mixing strength, but fraction 2 of Yecora Rojo
(Table VII) produced an improvement in the base flour for both
of these characteristics. The protein of Yecora Rojo was exception-
ally extractable relative to the other cultivars studied, so that,
apparently, most of the gliadin was extracted in fraction 1 and
a significant amount of glutenin was contained in fraction 2, as
evidenced by Al (15%). We cannot satisfactorily explain the ready
extractability of the the protein of Yecora Rojo; it may result
from a lesser amount of buffering substances in the endosperm
of this cultivar relative to the others, which results in a more
rapid pH drop during the extraction process. The resulting lower
pH would tend to facilitate protein extraction.

The data in Tables III-VIII and Figures 1-3 indicate that
substantial amounts of LMW albumins and globulins corre-
sponding in mobility to A5 of our SDS-PAGE patterns were
sometimes present in the fractions that contributed most strongly
to improvement in loaf volume or peak mixing time of the base
flour (for example, see results for fraction 7 of Anza in Table
VIII and Fig. 1). This was also largely the case for a-gliadins
that appear in A2, which can best be observed in the patterns
of the unreduced proteins in Figures 1 and 2. Our results do
not permit us to conclude that the albumins and globulins of
A5 and the w-gliadins of A2 contribute to the quality-improvement
effects shown by these fractions; they may only extract
coincidentally with quality-contributing glutenins. On the other
hand, however, it seems unlikely that they have strong detrimental
effects on quality.

The SDS-PAGE patterns of fractions from the cultivar Mexico
8156 (good quality) and the cultivar Halberd (poor quality) have

been shown (MacRitchie 1989) and are of interest because of
their similar HMW-GS composition. Both cultivars have the same
chromosome l A-coded subunit (subunit 1 according to the system
of Payne et al 1985) and the same lD-coded subunits (Payne
numbers 5 and 10). The lB-coded subunits of Mexico 8156 are
7 + 8, and of Halberd, 7 + 9 for one biotype and 20 for the
other. The results of Lawrence (1986) indicate that the 7 + 9
biotype made up 80% of Halberd and the 20 biotype made up
20%, but our patterns (results not shown; MacRitchie 1989)
indicate that the proportions of the two Halberd biotypes were
reversed in the particular sample we studied. The lower quality
of Halberd (Table I) might result from subunit 20 being a poor-
quality allele, but it might also result from a lower level of
expression of HMW-GS in the predominant subunit 20 biotype
as a consequence of there being only one 1 B-coded subunit (which
itself might be expressed poorly). Densitometry results shown
in Tables III and IV indicate that Al (HMW-GS) was greater
for Mexico 8156 (13.2%) than for Halberd (10.0%), which supports
the possibility that differences in quality between these two
cultivars result from a quantitative effect rather than from specific
allelic effects on quality.

In conclusion, our results underscore the complexity and
overlapping nature of the solubility fractions of wheat proteins.
However, they support the view that glutenin proteins are
especially important to quality and that a quantitative approach
is needed to understand their role.
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