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Quantitative Determination of High Molecular Weight Glutenin Subunits
of Hard Red Spring Wheat by SDS-PAGE. I. Quantitative Effects

of Total Amounts on Breadmaking Quality Characteristics1
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Thirteen hard red spring wheat genotypes in which seven genotypes
had the same high molecular weight (HMW) glutenin subunits (2*, 7+9,
5+10) were compared for their physical-chemical and breadmaking prop-
erties. These samples were categorized into three groups based on their
dough mixing and baking performances as follows: the strong dough
(SD) group (six genotypes), characterized by the strongest dough mixing
(average stability, 35 min); the good loaf (GL) group (four genotypes),
characterized by the largest loaf volume; and the poor loaf (PL) group
(three genotypes), characterized by the smallest loaf volume. Total flour
proteins were fractionated into 0.5M salt-soluble proteins, 2% SDS-
soluble proteins, and residue proteins (insoluble in SDS buffer). SDS-
soluble proteins, residue proteins, and total flour proteins were analyzed
by SDS-PAGE and densitometry procedures to determine the proportions
of HMW glutenin subunits, medium molecular weight proteins, and low

molecular weight proteins in relation to the total amount of proteins. No
differences in the amount of salt-soluble proteins were found among the
different groups of samples. Solubilities of gluten proteins (total proteins
minus salt-soluble proteins) in SDS buffer were related to the differences
in dough strength and baking quality among the three groups. The SD
group had the lowest solubility and the PL group had the highest. SDS-
PAGE analysis showed that SDS-soluble proteins of the SD group
contained a smaller amount of HMW glutenin subunits than those of the
GL and PL groups. The highest proportions of HMW glutenin subunits in
total flour proteins were found in the SD group, while the PL group had
the lowest percentage of HMW glutenin subunits in their total flour
proteins. These results showed that the total quantities of HMW glutenin
subunits played an important role in determining the dough mixing
strength and breadmaking performance of hard red spring wheats.

Wheat proteins have been classified into five classes, i.e.,
water-soluble albumins, dilute salt-soluble globulins, 70%
ethanol-soluble gliadins, dilute-acid-soluble glutenins, and insolu-
ble proteins (Osborne 1907). There have been numerous investi-
gations on the relationships of the composition of each class of
proteins to breadmaking quality, especially for gliadins and
glutenins, which were found to be related more than albumins and
globulins to quality differences of wheats. It is now well estab-
lished that the glutenin fraction contributes more to breadmaking
quality differences than the gliadin fraction (MacRitchie et al 1990,
Weegles et al 1996). There were also reports on the relationships
of gliadin fractions to bread wheat quality (Branlard and Dardevet
1985). The presence or absence of certain high molecular weight
(HMW) glutenin subunits in relation to baking quality have been
well documented (Payne et al 1987, Shewry et al 1992), while
only limited investigations have been made on the functionality of
low molecular weight (LMW) glutenin subunits (Gupta et al
1995) because of the difficulties of identifying LMW subunits
from gliadin proteins on SDS-PAGE gels of total protein extracts.

Using the quality evaluation system of Payne et al (1987),
attempts were made to explain variations in baking quality by the
absence or presence of certain HMW glutenin subunits in many of
the strong wheats, including hard red spring (HRS) wheats (Khan
et al 1989) and some of the Australian wheats (Lawrence 1986),
but they were not successful. Efforts have been made to evaluate
breadmaking quality potentials of wheats by investigating the
ratio of HMW polymeric proteins to other monomeric proteins
with size-exclusion HPLC (Singh et al 1990, Cornec et al 1994),
the absence or presence of LMW glutenin subunits and gliadin

proteins (Gupta et al 1992, 1995), and quantitative determinations
of HMW glutenin subunits (Seilmeier et al 1991, Kolster et al
1992). These results indicated that size distributions of flour
proteins and quantities of HMW and LMW glutenin subunits may
also contribute significantly to the quality of bread wheats.

One of the many challenges facing cereal protein chemists is to
fully solubilize gluten proteins in a proper solvent without
destroying the native character of the wheat proteins. Protein
solubility in different solvents such as dilute acetic acid or SDS
solution was found to be a good indicator of breadmaking quality
or gluten strength (Orth and Bushuk 1972, He et al 1991). The
stronger the wheat, the more proteins (residue proteins) are left
after extraction (Orth and Bushuk 1972) or the longer it takes to
get the same extraction rate as that of weak wheat (He et al 1991).
Glutenin proteins were also found in the ethanol-soluble gliadin
fractions (Huebner and Wall 1976), which made it very difficult to
completely separate and accurately determine the total quantities
of glutenin proteins. Results from multistacking SDS-PAGE of
HRS wheat showed good potential in characterizing native
glutenin polymers (Huang and Khan 1997).

Because study of the qualitative variations in HMW glutenin
subunits of HRS wheat has provided limited information on the
biochemical basis of their large quality differences (Khan et al
1989), the quantitative effects of HMW glutenin subunits on
dough mixing and breadbaking properties, in comparison with
those of other wheat proteins, were investigated in the present
study. SDS-PAGE was used to separate wheat proteins into three
groups: HMW glutenin subunits, medium molecular weight
(MMW) proteins, and low molecular weight (LMW) proteins. The
LMW proteins were mixtures of LMW glutenin subunits, gliadins,
and other soluble proteins. Statistical analysis showed that differ-
ences in MMW and LMW proteins among HRS wheat genotypes
were either too small to be significant using least significant dif-
ferences tests or their differences had opposite effects to those of
HMW glutenin subunits. Therefore, only HMW glutenin subunits
data are reported in this article.
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MATERIALS AND METHODS

Materials
A group of 13 HRS wheat genotypes grown in North Dakota

was used. These HRS wheat genotypes represented diversified
genetic backgrounds in wheat breeding programs at North Dakota
State University and had large variances in dough and breadmak-
ing properties. Among those 13 wheat samples were seven with a
HMW glutenin subunit composition of 2*, 7+9, 5+10; two geno-
types with 1, 7+8, 5+10; two genotypes with 2*, 7+9, 2+12; one
genotype with 2*, 7+8, 5+10, and one with 2*, 17+18, 5+10
(Table I). All wheat samples were milled on a Buhler laboratory
mill according to AACC method 26-20 (AACC 1983).

Physical-Chemical Analysis
Protein content of flours was determined using the Kjeldahl

procedure as described in method 46-11 (AACC 1983). Physical
dough tests were performed on a Brabender Farinograph with a
50-g sample bowl following the procedure of method 54-21
(AACC 1983). Mixing properties of flours were tested on a
mixograph with a 10-g sample bowl according to method 54-40
(AACC 1983). The mixing time, the angles between the ascend-
ing and descending lines of the curve, and the width of the curve
tail after 2.5 min beyond the peak were recorded on the mix-
ogram.

Bread Baking Procedures
A straight-dough procedure based on method 10-09 (AACC

1983) was used to evaluate the breadbaking quality of the differ-
ent flours. The baking formula contained 100% flour (14% mois-
ture), 1% salt, 5% sugar, 3% compressed yeast, 2% shortening,
0.1% ammonium phosphate, and 1 ml of fungal amylase (= 15
SKB α-amylase units) (AACC 1983). The amount of water added
varied depending on the flour water absorption obtained on the
farinograph. The dough samples were mixed to the optimum
consistency. Two-step punching procedures were adopted during
the 180-min fermentation. Doughs were proofed for 55 min before
being baked for 24 min in the oven at 470°F. Proof height was
recorded immediately before the dough was placed into the oven.
Loaf volume was measured after cooling by the rapeseed
displacement method. Four loaves of bread were baked from each
flour sample.

Fractionation and Solubility Studies
Flour samples were fractionated into three protein fractions:

salt-solubles in 0.5M NaCl, SDS-solubles in 2% SDS-0.05M

sodium phosphate buffer (pH 6.8), and residue proteins (insoluble
in SDS buffer) as described by Huang and Khan (1996) except
that no yeast protease inhibitors were added in the buffer solu-
tions.

Protein contents of each fraction were analyzed by the Kjeldahl
procedure (method 46-11, AACC 1983). SDS-soluble proteins and
residue proteins were further reduced and analyzed by SDS-PAGE
following procedures described earlier (Huang and Khan 1997).
The same amount (10 µg) of total flour proteins of each fraction
was loaded onto each lane of the SDS-PAGE gels. High molecular
weight (HMW) glutenin subunits were expressed as a percentage
of the sum of the total optical densities of the total proteins on the
SDS-PAGE gel profile.

Statistical Analysis
A randomized complete block design was chosen for the SDS-

PAGE analysis. The gel was taken as a block (replicate) in vari-
ance analysis and the 13 genotypes as treatments that were applied
across the gel randomly. Five gels each were run for the analysis
of total flour proteins and SDS-soluble proteins, and four gels
each were run for the residue proteins. The coefficients of
variances in the estimation of HMW glutenin subunits by SDS-
PAGE were <5% between lanes on the same gel. Based on quality
characteristics in dough mixing and breadbaking performances,
the 13 genotypes were categorized into three groups for compari-
son (Table I): a strong dough mixing (SD) group (six genotypes),
which contained genotypes characterized by the strongest dough
mixing; a good loaf volume (GL) group (four genotypes), which
had the largest volumes; and a poor loaf volume (PL) group (three
genotypes) containing the smallest loaf volumes. Two of the seven
genotypes with the same HMW glutenin subunits (2*, 7+9, 5+10)
belonged to the SD group; three belonged to the GL group; and
two belonged to the PL group. Least significant differences tests
were performed to compare the differences in quality parameters
among the different groups.

RESULTS AND DISCUSSION

Physical-Chemical Properties
Table I shows various quality characteristics of the 13 HRS

wheat genotypes and their HMW glutenin subunit compositions.
Protein contents of flours used in this study ranged from 12.1% to
13.3% on a 14% moisture basis. The average protein content was
about 12.5%. Therefore, the quality differences among these
genotypes were largely due to differences in “protein quality”
rather than to the protein content of flours. The quality parameters

TABLE I
High Molecular Weight (HMW) Glutenin Subunit Compositions of 13 Hard Red Spring Wheat Genotypes

and Their Physical-Chemical and Breadbaking Performancesa

Sample HMW-GS Pro% ABS% Stability MT Angle Width Proof LV Group

  1 2*,7+9, 5+10 12.8 69 31 4 145 2 7.8 871 SD
  2 2*,7+9, 5+10 12.8 68 33 3.5 145 1.5 7.4 834 SD
  3 2*,7+9, 5+10 12.5 69 7 2.5 100 0.5 8.2 944 GL
  4 2*,7+9, 5+10 12.6 74 5.5 2 105 0.3 8.4 978 GL
  5 2*,7+9, 5+10 13.3 73 6 2 110 0.5 8.7 946 GL
  6 2*,7+9, 5+10 12.1 69 11.5 2.5 120 0.8 7.4 795 PL
  7 2*,7+9, 5+10 12.2 68 12.5 3 125 1.5 7.4 764 PL
  8 2*,7+8, 5+10 12.1 63 40 4 145 2 7.7 845 SD
  9 1, 7+8, 5+10 12.4 65 33.5 4.5 145 2 7.6 890 SD
10 1, 7+8, 5+10 12.2 64 30.5 3.5 145 1.5 7.4 794 SD
11 2*,17+18,5+10 13.1 69 41.5 4.5 150 1.8 7.5 823 SD
12 2*,7+9, 2+12 12.8 75 6 2 115 0.3 8.4 916 GL
13 2*,7+9, 2+12 12.2 71 9 1.5 125 1 7.2 740 PL

a HMW glutenin subunits of wheat following the nomenclature of Payne et al (1987); HMW-GS = high molecular weight glutenin subunits, Pro% = protein
content (%), ABS% = absorption (%), stability = mixing tolerance (min) on the farinograph, MT = mixing time (min) on the mixograph, angle = angle (°)
between the ascending and descending lines of the mixogram, width = width of the mixograph curve tail after 2.5 min beyond the peak (cm), proof = proof
height (cm), LV = loaf volume (cm3). Group corresponds to different groups of genotypes: SD = strong dough group, GL = good loaf group, PL = poor loaf
group.
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that represent dough mixing strength (such as stability or mixing
tolerance from the farinograph and mixing time and angles from
the mixogram) varied remarkably. Stability ranged from 5.5 to
41.5 min, whereas mixing time in the mixogram varied from 1.5
to 4.5 min.

In the baking test, proof height and loaf volume had large
variations among these samples. Proof height ranged from 7.2 to
8.7 cm, whereas loaf volume ranged from 740 to 978 cm3.
Distinctive differences in dough properties and breadmaking
performances were observed among these genotypes (Table I).
Some genotypes had very strong dough mixing strength (with a
stability of over 30 min on the farinograph and a mixing time of
over 3 min on the mixograph), but their baking performances were
not among the best. Other genotypes had relatively weaker dough
mixing strength (with a stability of less than 13 min and a mixing
time of 3 min or less). The loaf volumes of this group ranged from
the poorest (740 cm3) to the best (978 cm3). Clearly, it is difficult
to attribute these quality differences to qualitative differences in
HMW glutenin subunits since seven of these genotypes had the
same subunit composition of 2*, 7+9 and 5+10 but still had large
variations in dough and baking quality. The molecular basis of
these quality differences was the focus of this investigation. To
better understand the mixing characteristics and baking perform-
ances of these genotypes, we grouped genotypes with similar
quality characteristics such that we could compare and test their
differences in protein compositions as a group statistically. Com-
parisons of quality characteristics among those groups are shown
in Table II.

Comparisons of Quality Characteristics
Table II compares the average values of the quality parameters

of three groups of genotypes. The SD group had very good mixing
tolerance (35 min). Bread doughs from this group were dry and
tough during fermentation. The SD group had limited dough
expansion during proof (proof height was 7.6 cm) and smaller loaf
volume (843 cm3) than the GL group.

The GL group had the largest proof height (8.4 cm) and loaf
volume (946 cm3). Even though protein contents were slightly
higher than those of the other groups, the loaf volume per unit
protein content was also larger than for the other groups.

The PL group had smallest proof height (7.3 cm) and loaf
volume (766 cm3). The mixing requirements and mixing tolerance
of this group fell between those of the SD group and the GL
group.
Solubility Studies of Flour Proteins

We further investigated the solubility differences of total flour
proteins among these groups. Flour proteins were fractionated into
three fractions: salt-soluble proteins, including both albumin and
globulin proteins; SDS-soluble proteins, including both gliadin
and glutenin proteins; and residue proteins (insoluble glutenins).
Table III compares the three solubility fractions among the three
groups (SD, GL, and PL) of all 13 genotypes and of the seven
genotypes with the same HMW glutenin subunit composition (2*,
7+9, 5+10). No significant differences were found in the salt-
extractable proteins among the three groups (Table III). However,
major differences were found in SDS-soluble and residue protein
fractions. The SD group had 17% SDS-soluble proteins. This
amount was significantly lower than those of the other two
groups, which had relatively weaker dough mixing strengths than
the SD group (Table III). When protein solubilities of the seven
flour samples with the same HMW glutenin subunit composition
were compared, the differences in SDS-soluble and residue pro-
teins between the GL group and the PL group were shown to be
significant, with the PL group having the highest solubility in SDS
buffer (26.9% for the PL group compared to 21.9% for the GL
group).

It is clear from these results that gluten proteins from the weak
dough mixing group (GL and PL) were more soluble in SDS
buffer than gluten proteins from the strong dough mixing group.
Gluten proteins from the SD group might either have different
molecular compositions than the weak dough groups or have the
same molecular composition but different conformations that
result in a stronger interaction between various proteins. The
highest protein solubility of the PL group (Table III) may partially
explain why the PL group had the smallest loaf volume among all
genotypes. It might also explain why some flours that gave
acceptable curves on the farinograph and mixograph still failed in
the baking performance tests. Therefore, it is normal practice to
do both the physical dough tests and baking performance tests in
order to determine the baking quality potential of wheats and
flours. To investigate what protein components were responsible
for protein solubility differences among wheat genotypes, we
analyzed the protein compositions of solubilized fractions, insolu-
ble fractions, and total flour proteins by SDS-PAGE.

SDS-PAGE Analysis of SDS-Soluble and Residue Proteins
SDS-soluble proteins obtained from the fractionation studies

were treated with a reducing agent and subjected to SDS-PAGE
and densitometry analysis to estimate the proportion of HMW
glutenin subunits (Tables IV). The amounts of HMW glutenin
subunits solubilized in SDS buffer in the form of nonreduced
glutenin aggregates during extraction were related to the dough
strength of the flour. The SDS-soluble proteins of the GL group
(the weakest dough mixing among the three groups) contained
significantly higher proportions of HMW glutenin subunits than
the SD group (the strongest dough mixing group). Based on our
previous observations that large glutenin aggregates contain
higher proportions of HMW glutenin subunits than smaller aggre-
gates (Huang and Khan 1997), the higher ratio of HMW subunits
in SDS-soluble proteins in weak flours might indicate that more of
the large glutenin aggregates in the weak flours and fewer large
glutenin aggregates in the strong flours were solubilized in SDS
buffer. Therefore, interactions among glutenin aggregates in
strong flours seem to be greater than those in weak flours.

Similar results were obtained when the HMW glutenin subunits
in the residue proteins of the three groups of genotypes were
compared to those in the SDS-soluble proteins. The residue
proteins of the PL group contained significantly less HMW

TABLE II
Comparisons Between Breadmaking Quality Characteristics

of Three Groups of Genotypes Based
on the Least Significant Difference (LSD) Testa

Group of Genotypes

Quality Parameter
Strong

Dough (6)
Good

Loaf (4)
Poor

Loaf (3)

Stability, min 34.9a 6.1c 11.0b
ABS% 66.2b 72.9a 69.2ab
Mixing time, min 4.0a 2.1b 2.3b
Angle, ° 145.8a 107.5c 123.3b
Tail width, cm 1.8a 0.4c 1.1b
Proof height, cm 7.6b 8.4a 7.3c
Loaf volume, cc 842.7b 945.9a 766.3c
Protein, % 12.6ab 12.8a 12.2b
Loaf volume per unit

protein, cm3/% 67.2b 74.1a 63.1c

a Means on the same line followed by different letters are significantly
different at the level of α = 0.05. Strong dough group refers to genotypes
with characteristics of strong dough mixing; good loaf group includes
genotypes with a good loaf volume and medium dough mixing; poor loaf
group includes genotypes with a poor loaf volume and medium dough
mixing. Number of genotypes included in each group is in parentheses after
the group name. Stability and ABS% (water absorption) are from dough
test on the farinograph; mixing time, the angle between ascending and
descending line, and the tail width of the mixogram curve are from the test
on the mixograph. Loaf volume per unit protein was calculated as loaf
volume divided by protein content.
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glutenin subunits than the residue proteins of the SD group (Table
IV). It is known that residue proteins play an important role in
breadmaking quality (Orth and Bushuk 1972) of different wheat
varieties. Since the PL group had the least amount of residue
proteins among all genotypes (Table III) and the residue proteins
of the PL group also contained the smallest proportions of HMW
glutenin subunits (Table IV), the PL group would be expected to
have the smallest amount of the largest glutenin aggregates in the
residues and therefore the poorest protein quality among all
genotypes.

It is evident from the comparisons of different groups of
proteins among the three groups of genotypes that HMW glutenin
subunits played important roles in determining protein solubility
differences among different flours. For the strong flours, the inter-
actions among gluten proteins are stronger, so more small rather
than large aggregates are released into SDS buffer, whereas in the
weak flours, large aggregates are easily released due to the weaker
interactions among gluten proteins. To determine what compo-
nents of total flour proteins controlled the interactions among
gluten proteins that resulted in solubility differences among HMW
glutenin subunits, we investigated the compositional differences
in the total flour proteins among the three groups of genotypes.

SDS-PAGE Analysis of Total Flour Proteins
Total flour proteins were reduced, and three groups of proteins,

including HMW glutenin subunits as well as MMW proteins and
LMW proteins (data not reported), were separated by SDS-PAGE
and analyzed by densitometry procedures (Huang and Khan
1997). Table IV compares the proportions of HMW glutenin
subunits of total flour proteins of the 13 genotypes of HRS wheat.
The SD group had the highest content of HMW glutenin subunits,
while the PL group had the least. The GL group had an intermedi-
ate amount of HMW glutenin proteins. It would seem that the
content of HMW glutenin subunits in the total flour proteins is
important not only in determining dough strength but also in
determining the breadbaking performances of wheat flours.
Although qualitative differences between HMW glutenin subunits
may play a role in breadmaking quality, the total amounts of these
subunits seem to be more critical for HRS wheats, as indicated

from the results of the present study. From the physical dough
tests and breadbaking performance tests, it was clear that the SD
group had overstrong dough mixing characteristics, reflected in its
lower protein solubility in SDS buffer. The bread doughs were so
strong that proof height was small and dough expanded slowly
during ovenspring before the dough was fully baked into bread.
For the PL group, the opposite was true. Protein solubilities and
content of HMW glutenin subunits in SDS buffer of the PL group
were high, which indicated a weak gluten polymer network. The
total HMW glutenin subunit content of the total flour proteins of
the PL group was too low to meet the requirements of good
breadmaking quality. Similar results were obtained by Lawrence
et al (1988), who observed a good correlation between the content
of total HMW glutenin subunits determined by SDS-PAGE analy-
sis and breadmaking quality of special wheat lines with varying
numbers of HMW glutenin subunits.

Although the percentage of HMW glutenin subunits in total
flour proteins is not high compared to those of MMW and LMW
proteins, the roles they play in dough rheology and breadbaking
performance seem to be significant, which could be the result of
their much larger molecular sizes than other proteins. As in any
other polymer system (Graessley 1993), the viscoelasticity of the
gluten polymer also depends on the quantities of polymers of high
molecular weight. This study showed that functional differences
of the various varieties or lines are likely due to differences in the
amount of HMW glutenin subunits, as indicated by solubilities of
wheat flour proteins, dough strength, and baking performances.
The total quantity of the HMW glutenin subunits seems to dictate
the interactions of the gluten polymer system. These results
strongly support previous results of Huang and Khan (1997) that
HMW glutenin subunits join randomly with LMW glutenin
subunits to form large glutenin polymers and that the quantities of
HMW subunits play an important role in determining the size
distributions of glutenin aggregates (Cornec et al 1994).

These results were based on a limited number of genotypes of
HRS wheat. We also noticed that relationships between dough
strength, loaf volume, protein solubility, ratios of different classes
of proteins, and subunit compositions of glutenin aggregates
among the three groups of genotypes were not always statistically

TABLE III
Comparisons of Protein Solubilities of Total Flour Proteins of the Three Groups of 13 Genotypesa

Group of Genotypesb Group of Genotypesc

Protein Type SD (6) GL (4) PL (3) SD (2) GL (3) PL (2)

Salt-solubles, % 14.7a 14.3a 14.7a 14.1a 14.4a 14.9a
SDS-solubles, % 17.1b 22.1a 23.7a 16.8c 21.9b 26.9a
Residue proteins, % 68.1a 63.6b 61.6b 69.0a 63.7b 58.2c

a LSD test was performed based on the probability level of significance α = 0.05.  Means with the same letter across are not significantly different from each
other.  Strong dough (SD) group refers to genotypes with characteristics of strong dough mixing; good loaf (GL) group has a goo d loaf volume and medium
dough mixing; poor loaf (PL) group has a poor loaf volume and medium dough mixing. Numbers indicate the number of genotypes in each group.

b Thirteen genotypes with different high molecular weight (HMW) glutenin subunits.
c Seven genotypes with the same HMW glutenin subunit composition of 2*, 7+9, 5+10.

TABLE IV
Proportions of High Molecular Weight Glutenin Subunits (HMW-GS) in Different Protein Fractions

Extracted from Flours of 13 Genotypes Analyzed by SDS-PAGEa

HMW-GS%b HMW-GS%c

Protein Fractions SD (6) GL (4) PL (3) SD (6) GL (4) PL (3)

Reduced SDS-soluble 8.5b 10.4a 9.3b 7.9b 10.4a 9.0ab
Reduced residues 16.0a 15.3a 13.5b 15.6a 15.5ab 13.8b
Reduced total proteins 11.1a 10.5b 9.5c 10.9a 10.5b 9.5c

a LSD test was based on the probability level of significance α = 0.05. Means with the same letter across are not significantly different from each other. HMW-
GS% = proportions of HMW glutenin subunits in different fractions of flour proteins (%). Strong dough (SD) group refers to geno types with characteristics of
strong dough mixing; good loaf (GL) group has a good loaf volume and medium dough mixing; poor loaf (PL) group has a poor loaf volume and medium
dough mixing. Numbers indicate the number of genotypes in each group.

b For 13 genotypes with different high molecular weight (HMW) glutenin subunit.
c For seven genotypes with the same HMW glutenin subunit composition of 2*, 7+9, 5+10.
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significant as between groups which might share certain common
protein characteristics. However, among the various protein
components, including LMW glutenin subunits, gliadins, and
soluble proteins, proportions of HMW glutenin subunits seem to
have a major impact on protein solubility, dough mixing strength,
and breadmaking performances of HRS wheat. It is clear that
investigations on more wheat genotypes and protein compositions,
especially native glutenin aggregates, are needed before any
definitive predictions of dough mixing properties and breadmak-
ing qualities can be made by using any of these protein character-
istics of HRS wheat.

SUMMARY AND CONCLUSIONS

HRS wheats seem to have a unique genetic background in terms
of dough-mixing properties and breadmaking qualities, especially
the overwhelmingly high percentage of HMW glutenin subunits
5+10. In this study, 11 out of 13 genotypes contained subunits
5+10 and seven of them contained the same three HMW subunits
(2*, 7+9, 5+10). Solubilities of total flour proteins were found to
be extremely important to dough mixing strength. The weaker the
dough, the more soluble were the gluten proteins. By studying the
compositions of SDS-soluble proteins, it was found that HMW
glutenin subunits seem to be the major components responsible
for these solubility differences among all protein components. In
weak flours, more of the large glutenin aggregates, which contain
higher proportions of HMW glutenin subunits, were solubilized in
SDS buffer than in the strong flours. Solubility reflects the degree
of long-range interactions among flour proteins, and quantities of
HMW glutenin subunits seem to be the factor that controls these
interactions, through their effects on molecular size distributions
of native glutenin aggregates. Relationships between the total
amount of HMW glutenin subunits in the flour and dough mixing
strength and bread loaf volume strongly support the conclusion
that it is the quantity of HMW glutenin subunits that determines
wheat protein quality differences of HRS wheats.
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