Intercultivar Variation in the Quantity of Monomeric Proteins,
Soluble and Insoluble Glutenin, and Residue Protein
in Wheat Flour and Relationshipsto Breadmaking Quality
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ABSTRACT

A new fractionation procedure based on differential solubility was ap-
plied to wheat flour proteins to evaluate the relationship between protein
fractions and functionality for breadmaking. Flour was initially extracted
with 50% 1-propanol. Monomeric proteins (mainly gliadins) and soluble
glutenin contained in the 50% propanol soluble extract were fractionated
by selective precipitation of the glutenin by increasing the concentration of
1-propanol to 70%; monomeric proteins remain in the supernatant. Insolu-
ble glutenin in the 50% propanol insoluble residue was extracted using
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In contrast, intercultivar variation in soluble and insoluble glutenin was
substantial, with contents of 10-20% and 12-28% of flour protein, res-
pectively. Soluble and insoluble glutenin were also highly correlated with
physical dough propertiesiccounting for 83-95% of the variation of
individual dough rheological parameters (except dough extiy3itand
=74% of the variation in loaf volume. In contrast, monomeric and residue
protein fractions were poorly associated with breadmakintitgudow-

ever, among the four protein fractions, only residue protein was signifi-

50% 1-propanol containing 1% dithiothreitol (DTT) at 60°C. Protein in thecantly correlatedr(= —0.79) with dough extensilty. The flour sample with

final residue was extracted using SDS with or without DTT. It comprisedhe highest and lowest concentrations of insoluble and soluble glutenin,
mainly Glu-1D high molecular weight glutenin subunits and nongluten poly-respectively, as well as marginally the lowest concentrations of mono-
peptides. For seven Canadian cultivars of diverse breadmaking qualityeric and residue proteins was Glenlea, a cultivar of the Canada Western
there was relatively little variation in the percentage of flour protein correExtra Strong Red Spring wheat class which characteristically possesses

sponding to monomeric proteins (48-52%) and residue protein (14-18%istinctly strong dough mixing properties.

The uniqueness of wheat flour doughs for breadmaking derives
from a balance of two protein-related rheological properties, vis-
cosity and easticity (Bushuk 1985). Viscosity is generaly asso-
ciated with the monomeric proteins of wheat endosperm, mainly
gliadins, which are single-chain polypeptides. On the other hand,
the eladticity of dough derives from the glutenin component, which
comprises polydisperse polymers of disulfide-bonded polypep-
tides. This fundamenta distinction of structure and functionality
of two very different types of proteins is not always reflected in
chemical fractionation work where the overlapping solubilities of
gliadin and glutenin proteins is known to be alongstanding problem
in cereal chemistry research since the origina proposas of Osborne
(1907, 1924).

Numerous protein solubility schemes have been reported for
gliadin and glutenin fractionation (Miflin et a 1983), and many of

prise polymers of smaller size than those of insoluble glutenin
(MacRitchie 1992).

Apart from a limited number of studies on Osborne-type ethanol-
soluble glutenin (Bietz and Wall 1973, 1980; Huebner and Bietz
1993), there is little information on the nature, amount, inter-
genotype variability, and quality relations of soluble glutenin directly
extractable from flour with nonreducing solvents such as aqueous
alcohol or acetic acid. On the other hand, good evidence exists
that the amount of unextractable polymeric protein following direct
extraction of flour with 50% 1-propanol (Sapirstein and Johnson
1996, Bean et al 1998) or OM5acetic acid (Orth and O’Brien
1976) is closely related to dough strength.

An alternative protein fractionation strategy to study inter-
cultivar variability of soluble or insoluble glutenin, plus other endo-
sperm proteins, employs the use of size-exclusion high-perfor-

these commence with Osborne’s traditional approach of either waterance liquid chromatography (SE-HPLC) of SDS-extractable protein
or salt solutions as the initial solvents for albumin andfrom endosperm either without or with sonication. Quantitation of
globulin proteins. Recent work (Dupuis et al 1996, Fu andexcluded protein in SE-HPLC separations of direct SDS extracts
Sapirstein 1996) indicates that the initial hydration of flourof flour and sonicated residues provides a measure of relatively
with water-salt solutions is the principal factor contributing tosmall (soluble, extractable) and large (insoluble, extractable by soni-
the subsequent difficulties in the fractionation of gliadin andcation) polymeric protein, respectively. This approach has been suc-
glutenin proteins. Under these preparative conditions, theessfully used to obtain strong relationships between extractable
glutenin fraction is substantially contaminated with gliadins,or unextractable glutenin and breadmaking quality (Dachkevitch
as has been previously observed (Orth and Bushuk 1973, Bietnd Autran 1989, Singh et al 1990a, Gupta et al 1993, Gupta
and Wall 1975) but not quantified. and MacRitchie 1994). However, it is worth noting that soni-
In the absence of initial extraction of flour with water-salt solu-cation of total or SDS-unextractable flour protein followed by
tions, glutenin free of monomeric proteins can be prepared froilSE-HPLC would confound glutenin and other quantitatively mi-
the residue after direct extraction of flour with dimethyl sul-nor polymeric proteins in endosperm, such as triticins and
foxide (Burnouf and Bietz 1989, Gupta and MacRitchie 1991high molecular weight (HMW) albumins, as all these different
or with 50% 1-propanol (Singh et al 1991, Fu and Sapirsteiproteins would elute together in the excluded protein fraction
1996). However, under these conditions, a significant amourn(Singh et al 1990b).
of glutenin is also extracted along with the monomeric proteins Recently, we developed a new flour protein fractionation pro-
(Fu and Sapirstein 1996). Soluble glutenin is presumed to contedure (Fu and Sapirstein 1996) largely based on the differential
solubility of wheat endosperm proteins in different aqueous solu-
tions of 1-propanol. The procedure yields four protein frac-
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tions, one monomeric in nature and three polymeric fractions
corresponding to soluble glutenin, insoluble glutenin, and resi-
due protein. The objective of this study was to apply this frac-
tionation procedure to determine the extent of the intercultivar
variation in these protein fractions and their relationships to
breadmaking quality.



MATERIALSAND METHODS

Wheat Cultivars and Quality M easurements

Samples of seven Canadian wheat cultivars were used repre-
senting a diverse set of breadmaking quality types belonging to six
commercial whesat classes (Table 1). Glenlea, Roblin, Katepwa,
Biggar, and AC Karma were milled to straight-grade flour on a
Buhler pneumatic laboratory mill. SWS-52 and Harus were sim-
ilarly milled on an Allis Chalmers laboratory mill. Dough mixing
properties were determined using a 2-g computerized mixograph
(National Manufacturing, Lincoln, NE). Mixograph properties for
al samples, except SWS-52 and Harus, were determined at 62%
absorption. For SWS-52 and Harus, 55% absorption was used. Exten-
sigraph data were obtained according to Approved Method 54-10
(AACC 1995). The remix-to-peak bake test (Kilborn and Tipples
1981) was used to determine loaf volume under optimized condi-
tions of water absorption and dough devel opment.

Protein Fractionation

The overall fractionation scheme (Fig. 1) is similar to that pre-
viously described (Fu and Sapirstein 1996) and contains a number
of modifications to account for the reduction in the scale of the

dried residue was extracted with 2% SDS solution without re-
ductant and the extract was analyzed by SDS-PAGE. To determine
whether or not NEMI could efficiently inactivate DTT, 0.5 mL of
50% 1-propanol containing 1% DTT was mixed with 0.5 mL of
50% 1-propanol and 5% NEMI. The mixture was incubated for 1 hr
at 60°C. Subsequently, 50 mg of flour was extracted with 0.2 mL of
this solution, and the extract was examined by SDS-PAGE to deter-
ine the presence or absence of HMW glutenin subunits (GS).

The protein (N x 5.7) contents of the various fractions were
determined by the Kjeldahl procedure (Method 46-11A, AACC
1995). Three independent replicates of the protein fractionation
procedure were performed and mean results are reported.

Analytical

SDS-PAGE was conducted according to Ng and Bushuk (1987)
except that the stacking and separating gel concentrations were
altered to 3.5 and 14.0%, respectively, and separation was for 4 hr
at 25 mA. Freeze-dried protein fractions were dissolved in buffer
and prepared for SDS-PAGE as previously described (Fu and Sap-
irstein 1996). RP-HPLC analysis for determining the proportion of
w-gliadins in 70PI glutenin was conducted as previously described
(Fu and Sapirstein 1996).

procedure used in this study. Flour (100 mg) was extracted twice

with 1 mL of 50% (v/v) 1-propanol for 30 min at 23°C in a micro- Statistical Analysis

centrifuge tube with intermittent vortexing, and centrifuged for 3 min The protein fractionation data were statistically evaluated by the
at 2,200 xg. The pellet was washed with the same solution for 1 mirone-way analysis of variance (ANOVA) procedure using SAS/
and centrifuged for 3 min at 15,000g< The supernatants were STAT System software ver. 6.12 (SAS Institute, Cary, NC). The
combined. This pooled fraction is referred to as 50PS proteilpuncan’s multiple range test was applied to compare the mean
which comprises monomeric proteins and soluble glutenin. The reralues. Correlation analysis was performed using the same statis-
sulting 50% 1-propanol insoluble residue containing insolubldical software program.

glutenin and some nonprolamin proteins is referred to as the 50P!I

fraction. This fraction was further extracted at 60°C, three times with

1.0 mL of 50% 1-propanol containing 1% (w/v) DTT for 1.0, 0.5, Flour I

and 0.5 hr, respectively. After each extraction, centrifugation was |

conducted for 5 min at 15,000g<at room temperature. The pooled Extract with 50% 1-Propanol

supernatants comprised the insoluble glutenin fraction. Protein in |

the residue was referred to as residue protein.

The 50PS protein, containing monomeric proteins and soluble
glutenin, was fractionated using a macroscale procedure as previ- l 50% 1-Propanol SolubleJ 50% 1-Propanol Insoluble J

ously described (Fu and Sapirstein 1996). Briefly, soluble glutenin
was isolated by selective precipitation of the 50PS fraction with
70% (v/v) 1-propanol (70PS). The resulting 70% 1-propanol-insol-
uble (70PI) precipitate, which contains somgliadins and poly-
meric glutenin, was reduced and alkylated for reversed-phase (RP)
HPLC analysis, which facilitated separation and quantification. The
sum of 70PS protein plus-gliadins in the 70PI fraction consti-
glfL?[gnm?nomerlc proteins. 70PI protein less the constituted soluble [Supematam] [ Residus ] ESupematam] LResi e J
The nature of the insolubility of residue protein was also inves-

+ 1-Propanol to
70% Concentration

Extract with
50% 1-Propanol + 1% DTT

. . R . . Monomeric Soluble Insoluble Residue
tigated. Freshly prepared _re§|due fractlorj was mixed with 0.2 mL Proteins Glutenin Glutenin Protein
of 5% (w/v) N-ethylmaleimide (NEMI) in 50% 1-propanol at
60°C for 1 hr. The mixture was subsequently dried. Protein in theig. 1. Protein fractionation scheme.
TABLE |
Quality Characteristics? of Flour Samples
Mixograph Extensigraph L oaf Volume
Cultivar® Wheat Class® Flour Protein (%) DDT (min) WIP (%) Rinax (BU) Ext (cm) Area (cm?) (mL)
Glenlea CWESRS 13.7+0.1 53+0.1 211 +13 1,000 + 50 19.0+0.2 296 + 12 828 + 25
Biggar CPSR 125+0.1 3.7+0.0 141+ 3 720+ 7 225+0.4 234+ 6 9707
Roblin CWRS 13.6+0.0 3.4+0.1 141 +4 560 + 14 23.0+0.7 196 +7 1010 + 35
Katepwa CWRS 13.3+0.1 35+0.1 123+2 590 + 14 16.7+1.1 146 +3 913+ 18
AC Karma CPSW 10.9+0.2 26+0.1 69 +2 390 + 11 18.0+1.1 108 + 6 603 + 25
SWS-52 CWSWS 9.5+0.0 1.9+£0.0 42 +1 245+ 3 17.5+0.3 61+5 423+ 4
Harus CEWW 9.5+0.1 2.0+0.1 30+1 170+ 2 16.0+0.6 41+2 355+ 7

aTime to peak dough development (DDT), work input to peak (WIP), maximum resisipge éxtensibility (Ext).

b Ranked according to decreasing dough strength as measured by mixograph dough work input to peak development and exdansigraph ar

¢ CWESRS = Canada Western Extra Strong Red Spring, CPSR = Canada Prairie Spring Red, CWRS = Canada Western Red Spring,a0BRNarieCan
Spring White, CWSWS = Canada Western Soft White Spring, CEWW = Canada Eastern White Winter.

Vol. 75, No. 4, 1998 501



RESULTSAND DISCUSSION Dupuis et al 1996). These studies indicate that the protein content
of the Osborne acetic acid soluble fraction does not accurately
Flour Quality reflect the amount of soluble glutenin in flour.

Several important breadmaking quality properties of the flour Fractionation of 50PS protein into monomeric proteins and
samples were evaluated (Table 1). These results were consistent with  soluble glutenin (Table Ill) showed that the intercultivar variation
the expected quality characteristics of the parent wheat classes. For in the amount of protein in the 50PS fraction was attributable to
example, true to its “extra strong” class designation, Glenlea hadsoluble glutenin (coeffcient of variation [CV] = 25.9%), which com-
exceptionally strong dough characteristics (i.e., mixograph dougprised 10-19% of total flour protein across samples. Expressed as
development and extensigraph maximum resistance and area).dnpercentage of total glutenin in flour, soluble glutenin content
quantitative terms, it is noteworthy that compared to the Canadanged from 25% (Glenlea) to 59% (Harus) for the strongest and
Western Red Spring cultivars Roblin and Katepwa, which can beeakest cultivar samples, respectively. By contrast, there was
described as strong mixing flours, the mixograph and extensigraphlatively little variation in the quantity of monomeric proteins
parameters for Glenlea were more than 53 and 73% higher in magmong the diverse flours that were studied (CV = 2.9%);
nitude, respectively. It seems likely that the distinct dough rheolognonomeric protein contents of the flours were 48-52%.
ical properties of Glenlea are closely related to its equally distinct Intercultivar variation in 50PI protein (Table Ill) was relatively
endosperm protein quality as primarily reflected in the glutenirhigh, and ranged from 30-42% of total flour protein. For each culti-

fraction. var sample, the quantity of 50PI protein was in close agreement with
the sum of insoluble glutenin plus residue protein (Table 1l) whose
Flour Protein Solubility amounts were determined directly using a microscale procedure.

For the seven flours, between 57 and 70% of flour protein waghus, a reliable determination of insoluble glutenin content of
directly extracted with 50% 1-propanol, and 12—28% more proteifiour can be made with a relatively simple sequential extraction
(insoluble glutenin) was solubilized by exhaustive extraction of th@rocedure using 50% 1-propanol without and with reductant.
50PS residue with 50% 1-propanol under reducing conditions (Table
I). Despite the exhaustive extraction conditions, a significant propoiSDS-PAGE Composition of Flour Protein Fractions
tion of flour protein (14—-18%) remained in the final residue. The For all cultivars that were studied, reduced 50PS protein (Fig. 2,
amounts of 50PS protein obtained in this study is higher when corfanes PS) was qualitatively identical in SDS-PAGE composition to
pared to that obtainable by Osborne fractionation, where conthe total protein extract (lane TP). As previously shown (Fu and
bined values of water and salt soluble and alcohol soluble proteBapirstein, 1996), 50% 1-propanol efficiently extracts essentially
fractions generally do not exceed 50% of total flour protein (Orttall monomeric proteins (gliadins, albumins and globulins), plus
and Bushuk 1972, Tanaka and Bushuk 1972, Dupuis et al 1998pome glutenin. The relative content of polymeric glutenin in the
Osborne fractionation is generally conducted in the cold (4°C), whicBOPS and 50PI fractions, as judged by SDS-PAGE band intensities
likely limits protein extractability. Kruger et al (1988) applied Osborneof HMW-GS, appeared to closely correspond to the relative amounts
fractionation at 60°C for all solvent extracts, and reported 58—64%f soluble and insoluble glutenin (Tables Il and Ill) which in turn
of total flour protein solubilized in combined sequential extractsvere closely related to dough strength. For example, for the very
of different flours using 0 NaCl and 50% 1-propanol. strong mixing cultivar Glenlea, the concentration of HMW-GS in

For insoluble glutenin and residue protein, our results are ndhe 50PS fraction was substantially less than that in 50PI protein
comparable to those obtained by Osborne fractionation, which ide(eompare Glenlea lanes PS and Pl in Fig. 2). In contrast, for the
tifies soluble and insoluble glutenin as acetic acid soluble andery weak mixing cultivar Harus, the concentration of HMW-GS
residue protein, respectively. We obtained significantly higher antands in 50PS appeared to be marginally greater than in the 50PI
lower amounts of insoluble glutenin and residue protein, regsrotein (compare Harus lanes PS and PI in Fig. 2). Extraction of
pectively (compare results in Table Il with Fig. 1 of Dupuis et althe 50PS residue with 50% 1-propanol plus DTT yielded a glu-
1996). Furthermore, a significant proportion (>50% in some casegnin fraction of very high purity (Fig. 2, lanes PI), indicated by the
of the Osborne acetic acid soluble glutenin fraction, depending goresence of only HMW and LMW subunits. These results are con-
cultivar, is comprised of gliadin proteins (Dupuis and Bushuksistent with those reported previously (Byers et al 1983, Singh et
1996, Dupuis et al 1996, Fu and Sapirstein 1996); cultivars wital 1991, Fu and Sapirstein 1996).
lower dough mixing requirements appear to have higher amounts SDS-PAGE of residue protein (Fig. 2, lanes FR) revealed the
of gliadin in this Osborne fraction (Dupuis and Bushuk 1996presence of some HMW-GS and other proteins whose identity

TABLE 111
TABLE II Proportion of Flour Protein Comprising Monomeric Proteins,
Proportion of Flour Protein in Sequential Extracts of Wheat Flour Soluble Glutenin, and 50% 1-Propanol I nsoluble (50PI) Protein
by a Microscale Procedure Using Solutions of Propanol Using a M acroscale Fractionation Procedure
and Propanol Plus Reductant -
Monomeric Soluble 50PI Soluble
50% 1-Propanol  Insoluble Residue Protein Cultivar Protein Glutenin? Protein Glutenin (%)°
. : Y :
Cultivar  Soluble Protein ~ Glutenin Protein Recovery (%) Glenlea 483+ 0.7d 06+05f 421+06a 253
Glenlea 57.2+ 0.8y 28.3+04a 145+0.2c 97.9+1.3 Biggar 48.5+0.7d 12.4+0.5d 39.1+0.6b 32.7
Biggar 59.8 + 0.3f 255+0.3b 14.7+0.4c 97.4+0.6 Roblin 51.5+0.5ab 11.0+0.4e 37.5+0.4c 31.6
Roblin 61.7+0.3e 23.8+0.1c 14.4+0.1c 98.6+0.5 Katepwa 51.3+1.1ab 12.6+0.7d 36.1+0.5d 38.8
Katepwa 62.9 £ 0.5d 19.9+0.2d 17.2+0.2ab 98.3+0.8 AC Karma 50.2+0.4bc 155+0.8c 34.3+0.3e 43.1
AC Karma  64.8 £ 0.6c 20.5+0.2d 14.7+0.3c 96.8+0.9 SWS-52 49.8 £0.9c 19.4+0.7a 30.8 £ 0.4f 57.2
SWS-52 68.9 + 0.4b 145+0.6e 16.6+0.8b 96.6 +1.1 Harus 51.9+0.6a 17.8+1.0b 30.3+0.3g 58.6
Harus 69.6 + 0.3a 126 +0.4f 17.8+0.5a 97.1+1.0 Mean 50.2 14 35.7 41
Mean 63.6 20.7 15.7 cvd 2.9% 25.9% 12.0% 31.2%
CV (%) 7.2 275 9.1

a Determined by difference: 100 — (monomeric protein + 50 Pl protein).
a50% 1-propanol and 1% dithiothreitol soluble protein after extraction of flou Soluble glutenin as a percentage of the sum of soluble glutenin and insoluble

with 50% 1-propanol. glutenin in Table II.

b Means of three replicates + standard deviation. Means in columns with the safmleans of three replicates + standard deviation. Column means with the same
letter are not significantly differenP(< 0.05) among cultivars. letter are not significantly differenP(< 0.05) among cultivars.

¢ Coefficient of variation. d Coefficient of variation.
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could not be established. It is noteworthy that athough other
glutenin subunits were more abundant in flour (e.g., Glu-B1 x-type
subunit 7), the HMW-GS composition of residue protein mainly
corresponded to subunits controlled by the Glu-D1 locus: HMW-
GS 5+10 in Glenlea and Katepwa, and HMW-GS 2+12 in Biggar
and Harus samples. The SDS-PAGE result aso indicates that
residue protein does not likely contain any significant amount of
LMW-GS. Although some reduced residue protein bands had mobil-
ities similar to LMW-GS (Fig. 2, lanes FR), there was no clear
correspondence between LMW-GS in the insoluble glutenin fraction
(Fig. 2 lanes PI) and co-migrating bands of residue protein. It is
tempting to speculate whether residue protein, as obtained in this
study, comprises glutenin composed of only HMW-GS, as this has
not been reported previously in normal euploid wheat.

Nature of Residue Protein Insolubility

Very little residue protein was solubilized in the third extraction
cycle with 50% 1-propanol containing 1% DTT, indicating that
the residue protein was not soluble in this solvent. It seemed plau-
sible that the insolubility of the residue protein in 50% 1-propanol
with 1% DTT was due to incomplete reduction of al disulfide bonds
in the absence of a strong disaggregating agent such as SDS. An ex-
periment was conducted to test this hypothesis. Fresh residue
protein was treated with a sufficient concentration of the sulfhydryl-
blocking agent NEMI to fully inactivate any residud DTT. SDS
PAGE results showed that a mixture of DTT and NEMI in 50%
1-propanol had apparently no reducing activity on glutenin as indica:
ted by the absence of identifiable HMW-GS (Fig. 3A). However, a
relatively HMW protein band with a relative mobility similar to that
of HMW-GS 7 or 7* was clearly visible by SDS-PAGE (arrow-
head, Fig. 3A). Whether this band was a HMW-GS, or aternatively
an oligomer of LMW-GS, or a nongluten polypeptide was not
determined. On the other hand, extraction of residue protein after

Glenlea
TP PS PI FR

Katepwa
TP PS PI FR TP

e~

NEMI treatment using SDS solution without reductant produced
SDS-PAGE results (Fig. 3B) essentially identical to those obtained
by fully reducing residue proteinin SDS (Fig. 2, lanes FR).

These results indicate that 50% 1-propanol with 1% DTT insol-
uble residue protein exists as reduced subunits, and is either not
extractable or soluble in the a cohol-based solvent system. Residue
protein has been described as structural protein in previous studies
(Byers et a 1983, Kruger et a 1988). The insolubility of the resi-
due protein in 50% 1-propanol with 1% DTT is probably due to
strong noncovalent interaction among constituent subunits. This was
indicated by the presence of noticeable protein staining in the slots
of the gel dlab that is evident in the reduced SDS-PAGE resullts of
the final residue (Fig.2, lanes FR), which showed a preponderance
of Glu-D1 subunits. These subunits appear to be important in
maintaining such interactions, since even after three extractions
with 50% 1-propanol under reducing conditions, these subunits till
remain in the residue as insoluble or unextractable protein, and could
only be extracted in SDS. The nature of the insolubility or unextract-
ability of glutenin in the residue in 50% 1-propanol with 1% DTT,
and an explanation for the predominance of Glu-D1 subunits in
this fraction requires further investigation. The functionality of
these subunits in breadmaking may, in part, involve their ability to
form highly insoluble aggregates.

SDS-PAGE also revealed that the final residue appears to con-
tain a relatively large proportion of nongluten proteins that were
insoluble in 50% 1-propanol, even after reduction. The 50% 1-
propanol insoluble residue before reduction was extracted with SDS
solution without reductant. Electrophoregrams (Fig. 3C) showed
that this residue contained essentially no monomeric proteins; pre-
sumably these were removed by the prior extraction with 50% 1-
propanol. Thisindicates that the remaining nongluten proteins in the
final residue were originally associated with the polymeric protein
fraction. Similar polypeptides have been previously observed in

Biggar Harus
PS PI FR TP PS PI FR
— 1S =
- — 1 le— —— 2
=t T = — HMW-GS
- — 12 12 12
— i

-
#a

Fig. 2. SDS-PAGE patterns of proteinsin sequential extracts of Glenlea, Katepwa, Biggar, and Harus wheat cultivars. TP = direct SDS and dithiothreitol
(DTT) extract of flour (control); PS = 50% 1-propanol soluble flour protein, Pl = 50% 1-propanol with 1% DTT extract of 50% 1-propanol insoluble
residue; FR = SDS-DTT extract of final residue after 50% 1-propanol and 50% 1-propanol with 1% DTT extractions. HMW-GS = high molecular
weight glutenin subunit compositions. Glu-D1 subunits 5+10 or 2+12 predominate in the final residue.
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Osborne glutenin fractions (Bietz and Well 1975), glutenin purified
using dimethyl sulfoxide (Burnouf and Bietz 1989), and in the poly-
meric fraction of wheat flour protein (Gupta and Shepherd 1987,
Gupta et a 1993). Genetic control and biochemical properties of
these proteins were studied by Gupta et a (1991). However, it is
still not clear whether or not these nongluten polypeptides are
covalently linked with glutenin subunits in polymeric glutenin.

Relationships Between Protein Solubility Fractions

prising soluble glutenin was similarly at a high level (CV = 25.9%,
Table I11). The concentrations of both soluble and insoluble glute-
nin in flour protein are therefore mainly genotypic characteristics,
which provide some explanation for the very high correlations that
were found between these fractions and breadmaking quality (see
below). Interestingly, when soluble and insoluble glutenin contents
were expressed in terms of concentrations in flour (Table 1V), the
relative levels of intercultivar variation were quite different.
Whereas, the intercultivar variability of insoluble glutenin content of

and Breadmaking Properties

The CV results (Table I1) showed that, compared to the inter-
cultivar variability associated with 50PS protein (CV = 7.2%) or
residue protein (CV = 9.1%), the intercultivar variation in insoluble
glutenin content (CV = 27.5%) was from three to four times larger.
The intercultivar variation in the proportion of flour protein com-

flour was accentuated (range = 1.2-3.9%, CV = 39%), intercultivar

variation in the concentration of soluble glutenin in flour was
considerably reduced (range = 1.3-1.7%, CV = 10.5%). Among
the four principal protein fractions that were studied, it is note-
worthy that only insoluble glutenin provided a measure of protein
quality that most closely parallelled the technological quality of the

A B
K B H

C
CKBH GKEIH

HMW-GS

remgl |

21 1.

Fig. 3. SDS-PAGE under nonreducing conditions. A, Flour proteins extracted with 1% dithiothreitol (DTT) with 5% N-ethylmaleimide (NEMI) and
50% 1-propanol. B, SDS extracts of NEMI-treated residue of flours sequentially extracted with 50% 1-propanol and 50% 1-propanol with 1% DTT. C,
SDS extracts of residue of flours initially extracted with 50% 1-propanol. G, K, B, and H = Glenlea, Katepwa, Biggar, and Harus wheat cultivars,
respectively.

TABLE IV
Variation of Some Glutenin Compositional Factors as a Percentage of Flour and Flour Protein?

% Soluble Glutenin

% Insoluble Glutenin Ratio of Insoluble

Cultivar Flour Protein Flour Flour Protein Flour to Soluble Glutenin
Glenlea 28.3 3.88 9.6 132 2.95

Biggar 255 3.19 12.4 1.55 2.06

Roblin 23.8 3.24 11 15 2.16
Katepwa 19.9 2.65 12.6 1.68 158

AC Karma 20.5 2.23 155 1.69 1.32
SWS-52 14.5 1.38 19.4 1.84 0.75

Harus 12.6 1.2 17.8 1.69 0.71

Mean 20.7 2.54 14 161 1.65

Cvb 275 39.3 259 10.5 49.1

a Derived from flour protein contentsin Table | and insoluble and soluble glutenin measuresin Tables Il and II1.
b Coefficient of variation.
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different flours regardless of whether or not insoluble glutenin responses have also been reported (Andrews and Skerritt 1996),
measures were normalized to account for intercultivar differences although only a small proportion (<36%) of the variation in dough
in flour protein contents (Fig. 4). extensibility was explained. Most recently, Bangur et al (1997)
The correlation coefficients between the various protein frac-  found that most of the variation in dough extensibility could be
tions and breadmaking quality parameters are shown in Table V. The
two crude fractions (50PS and 50P1) were very strongly negatively
and positively correlated, respectively, with all quality parameters
except dough extensibility. These fractions accounted for 90-95%
of the variation in dough strength parameters (time to peak doug
development, work input to peak, maximum resistance, extens
bility, and area) and70% of the variation in sample loaf volume.
The basis for these strong relationships was found upon furth
fractionation of the 50PS and 50PI fractions into constituen
subfractions. In the case of 50PS protein, which comprised mon
meric proteins and soluble glutenin, only the latter fraction was sic
nificantly (negatively) correlated with breadmaking quality. Soluble
glutenin accounted for 83-90% of the variation in dough strengt
properties and 79% of the variation in loaf volume. Similarly for
50PI protein, which contained insoluble glutenin and residue prc
tein, only the insoluble glutenin fraction was significantly (posi-
tively) correlated with the quality parameters; 81-94% of the vari
ation in dough strength parameters and 69% of the variation in lo 0~
volume was exp|ained_ HSAKRBG HSAKRBG HSAKRBG HSAKRBG
It was interesting that the amount of final residue protein in tots Monomeric Soluble Insoluble Residue
flour protein was negatively related to all quality parameters, in cor Protein Glutein Glutenin Protein
trast to the positive correlations involving the insoluble glutenin
component in the same 50PI protein fraction. This provides furthe
evidence of the utility of the 1-propanol fractionation procedure ir
isolating functionally distinct protein fractions. The negative, albeit
weak, relationship between the final residue protein and quality |
consistent with results obtained by MacRitchie (1987) for the mor 8- B
insoluble fractions of gluten using dilute HCI as a solvent. As
noted above, residue protein was mainly a mixture of some HMV ]
glutenin subunits and nongluten proteins. While the contributiol
of residue protein to the formation of functional polymeric protein 6
in flour for breadmaking is not clear, among all the protein frac:
tions that were studied, only residue protein was significantly
correlated i( = —0.79) with extensigraph extensibility. We found this
result surprising, as dough extensibility is an attribute normally
associated with the viscous property of doughs which should k
more related to gliadins and the monomeric protein component
flour in general. However, unusual or inconsistent associatior
between dough extendity and protein fractionation results have
been reported previously. Gupta et al (1992) found that the tot !
glutenin concentration in flour was strongly positively related to
dough extensibility, but not total glutenin concentration expresse 0
as a proportion of flour protein. In another study (Gupta et a HSAKRBG HSAKRBG HSAKRBG HSAKRBG
1993), percent unextractable glutenin in total protein or in total flou Monomeric Soluble  Insoluble  Residue
generally showed poor relationships with dough extensibility. Ji Protein Glutein  Glutenin  Protein
et al (1996) found Chopln alveograph dough exlten3|b|||ty (r@ex Fig. 4. Distribution of flour protein in four principal solubility fractions
values for one cultl_var grown in many locations to be closelyeXIDresseol as a percentage of total flour protein (A) and percentage of
related to total SDS insoluble protein, and SE-HPLC peaks correfipyr (B). Cultivar samples are ranked in order of increasing dough
ponding to both glutenin and gliadin fractions. As well, significantmixing strength. H = Harus, S= SWS-52, A = AC Karma, K = Katepwa,
correlations with dough extensibility and LMW-GS by ELISA R=Roblin, B = Biggar, R = Roblin, G = Glenlea.
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TABLEV
Correlation CoefficientsAmong Quality Parameter s? and Protein Fractions® of Wheat Flour Samples

Quality Parameter 50PS 50PI Monomeric Proteins Soluble Glutenin  Insoluble Glutenin  Residue Protein
DDT —0.95x**¢ 0.96*** -0.55 —-0.92%* 0.90** -0.56

WIP —0.98*** 0.98*** -0.53 —0.95*** 0.94** -0.65

Rinex —0.98*** 0.98*** -0.65 -0.91** 0.94** -0.64

Ext -0.61 0.6 -0.32 -0.59 0.69 -0.79*
Area —0.99*** 0.99*** -0.64 -0.92%* 0.97*** -0.74

Loaf volume -0.85* 0.83* -0.23 -0.89** 0.83* -0.60

a Mixogrph time to peak dough development (DDT), work input to peak (WIP), extensigraph maximum resistance (Rya), and extensibility (Ext).
b 50% 1-Propanol soluble (50PS) and usoluble (50P!) protein.
¢* ** and*** = Significanceat P < 0.05, 0.01, and 0.001, respectively.
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explained by differences in flour polymeric protein content assessed
by SE-HPL C of SDS-sonication enhanced extracts of flour. It would
be a fair observation that dough extensibility is a complex rheolog-
ical characteristic whose biochemica basisis not well understood.

The overall distribution of the four principa solubility fractions
in flour protein and their relationship to dough mixing requirements
isillustrated in Fig. 4. Whereas the soluble and insoluble glutenin
fractions clearly vary with dough strength in inverse and direct
fashions respectively, the respective associations between mono-
meric and residue proteins and dough mixing requirements were
margina at best. Thisresult is areflection of the previously noted
correl ations between the protein fractions and dough mixing require-
ments, and can be largely explained by the intrinsic level of
variation among samples which was maximal for the glutenin frac-
tions (CV = 27%) and minimal for monomeric and residue protein
fractions (CV = 8%). Thus, while the viscoelasticity of gluten can
be greatly influenced or modified by changing the ratio of gliadin
to glutenin (Khatkar et al 1995, Janssen et a 1996), this composi-
tional factor is probably only infrequently related to intercultivar
differences in dough mixing strength. This is because the size distri-
bution of glutenin appears to have a larger effect (Gupta et a 1993),
and variation in gliadin or monomeric protein content in flour pro-
teinisusualy small, asfound in this study and in other reports (Orth
and Bushuk 1972, Kruger et a 1988).

The strong positive relationship found between insoluble glute-
nin and flour quality for breadmaking is consistent with many previous
reports that strong mixing varieties contain more (unextractable)
glutenin than weaker ones (Pomeranz 1965, Orth and Bushuk 1972,

functionally distinct fractions. While the genotypic base of this study
was small, application of the protein fractionation scheme in our lab-
oratory with seven other samples, including pure cultivars and
commercial wheat samples, has yielded similar results to those
reported here (Suchy 1997). Two key features of the fractionation
were the absence of salt, which can result in cross-contamination
of glutenin with monomeric proteins, and the sequential separation
of polymeric protein into three subfractions, (soluble and insoluble
glutenin, and residue protein). The distinction between soluble
glutenin and monomeric proteins was the most time-consuming
aspect of the fractionation procedure due to the co-precipitation of
somew-gliadins with glutenin at the 70% 1-propanol precipitation
step. Whilew-gliadins were effectively separated from glutenin and
quantified by RP-HPLC, we have explored a simpler approach
using 0.7% Nal to selectively remove>-gliadins from the 70PI
(soluble) glutenin fraction which eliminates the need for HPLC
(Fu 1996). This method will be described later.

Among the four protein fractions that were studied, results related
to residue protein were especially intriguing in terms of chemistry,
composition, and apparent functionality. This quantitatively minor
fraction was very distinct in several aspects: 1) it was unextrac-
table in the propanol-DTT solvent, although subunits in residue protein
were apparently reduced; 2) it was devoid of identifiable LMW-
GS; 3) theGlu-D1 subunits predominated, in terms of HMW-GS
composition; and 4) it was the only protein fraction that was sig-
nificantly correlated (negatively) with dough extensibility. These find-
ings point to the need for more work to gain a better understanding
of residue protein composition, structure, and functionality.

Orth and O’'Brien 1976, Moonen et al 1983, Kruger et al 1988, Compared to the relatively complex determination of soluble glu-
Marchylo et al 1989, Gupta et al 1993, Gupta and MacRitchie 1994enin as described in this article, or the equally complex procedure
The parallel influence of both soluble and insoluble glutenin in exinvolving size-exclusion chromatography of SDS extractable pro-
plaining so much of the variation in breadmaking quality attributesein, insoluble glutenin is very easily quantified. The purity of this
derives from the very high interdependence of these two protefraction in terms of HMW-GS and LMW-GS composition, together
fractions. The correlation between the proportion of soluble andith the very high correlations that were found for technological
insoluble glutenin in flour protein was very high=—-0.90). This  parameters of dough strength, indicate the value of propanol-DTT
result can be explained by a difference in the average moleculsoluble protein of 50PI residues as an accurate measure of large
size of the glutenin in these two fractions. It seems plausible thafiutenin polymer in endosperm. Also, determination of insoluble glu-
insoluble glutenin contains a distinctly higher proportion of large-sizetknin by the propanol fractionation method appears to have prac-
polymers than is present in the soluble glutenin fraction, a view whidtical value as a relatively simple and effective test for discerning
has been expressed elsewhere (Gupta et al 1993). From the stgmabtein quality differences among different genotypes, particularly
point of protein functionality, the larger the average polymer sizein relation to dough mixing requirements. A preliminary study in this
the smaller will be the specific surface area available for interregard has been performed and very promising results were ob-
action with solvents and other proteins as well. It follows that theréained (Sapirstein and Johnson 1996). It seems clear that the con-
should be a close inverse relationship between the proportions eéntration in wheat endosperm of insoluble glutenin and the level
insoluble and soluble glutenin in flour. Furthermore, it has beenf expression of subunits contained therein, are critical factors in
suggested that not all of the polymeric protein contributes to dougletermining the distribution of molecular size of glutenin and related
strength, only a fraction above a certain molecular size (the critfunctional characteristics of flour, including protein solubility and
cal molecular size for effective entanglements) (MacRitchie 19925ough rheology.
The results obtained in this study support this hypothesis. By quan-

tifying the amount of protein in flour either unextractable with 50%

1-propanol or subsequently extractable with 50% 1-propanol plus ) ) o
reductant, an excellent measure of large glutenin polymer can beFinancia assistance from the Natural Sciences and Engineering Re-

; ; P ; h Council of Canada is gratefully acknowledged. We thank J. E.
made that closely relates to its functionality in breadmaking (Sapgaa'- ¢ . J y acknowledg A
irstein and Johnson 1996). exter and the Grain Research laboratory, Winnipeg, for milling of the

; T . . soft wheat samples used in this study. We also thank Walter Bushuk for
.F|nally, it is interesting to note thgt the flour sample with thehelpful comments on the manuscript.
highest and lowest percentages of insoluble and soluble glutenin

in flour protein, respectively, as well as marginally the lowest con-
centration of monomeric and residue proteins was Glenlea, a cul-
tivar of the Canada Western Extra Strong Red Spring class, whigkmerican Association of Cereal Chemists. 1995. Approved Methods of
characteristically has distinctly strong dough mixing properties. These the AACC, Sth ed. Method 46-11A. Method 54-10. The Association:
compositional results provide new evidence to explain the biochem- St. Paul, MN.

ical nature of the extra strong dough properties of Glenlea wheatAndrews, J. L., and Skerritt, J. H. 1996. Whest dough extensibility screen-
ing using a two-site enzyme-linked immunosorbent assay (ELISA) with

antibodies to low molecular weight glutenin subunits. Cereal Chem.
73:650-657.

o . ) Bangur, R., Batey, I. L., McKenzie, E., and MacRitchie, F. 1997. Depen-
SDS'PAGE and StatIStlca| ana|ySIS ShOWGd that prOteIn fraC' dence of extensograph parameters on wheat protein Compos'tion meas-

tionation using different solutions of 1-propanol provided a sharp ured by SE-HPLC. J. Cereal Sci. 25:237-241.

separation of flour proteins from a diverse set of wheats intBean, S. R, Lyne, R. K., Tilley, K. A., Chung, O. K., and Lookhart, G. L.

ACKNOWLEDGMENTS

LITERATURE CITED

CONCLUSIONS

506 CEREAL CHEMISTRY



1998. A rapid method for quantitation of insoluble polymeric proteins
in flour. Cereal Chem. 75:374-379.

Bietz, J. A., and Wall, J. S. 1973. Isolation and characterization of
gliadin-like subunits from glutenins. Cereal Chem. 50:537-547.

Bietz, J. A., and Wall, J. S. 1975. The effect of various extractants on the
subunit composition and association of wheat glutenin. Cereal Chem.
52:145-155.

Bietz, J. A., and Wall, J. S. 1980. Identity of high molecular weight gliadin
and ethanol-soluble glutenin subunits of wheat: Relation to gluten
structure. Cereal Chem. 57:415-421.

Bietz, J. A., Shepherd, K. W., and Wall, J. S. 1975. Single-kernel analysis
of glutenin: Usein wheat genetics and breeding. Cereal Chem. 52:513-532.

Burnouf, T., and Bietz, J. A. 1989. Rapid purification of wheat glutenin for
reversed-phase high-performance liquid chromatography: Comparison
of dimethyl sulfoxide with traditional solvents. Cereal Chem. 66:121-127.

Bushuk, W. 1985. Flour proteins: structure and functionality in dough and
bread. Cereal Foods World 30:447-451.

Byers, M., Miflin, B. J., and Smith, S. J. 1983. A quantitative comparison
of the extraction of proteins fractions from wheat grain by different
solvents, and of the polypeptide and amino acid composition of the
a cohol-soluble proteins. J. Sci. Food Agric. 34:447-462.

Dachkevitch, T., and Autran, J.-C. 1989. Prediction of baking quality of
bread wheats in breeding programs by size-exclusion high perfor-
mance liquid chromatography. Cereal Chem. 66:448-456.

Dupuis, B., and Bushuk, W. 1996. Variation in high molecular weight glu-
tenin subunit composition in various solubility fractions of flours of
diverse dough strength. Pages 262-266 in: Gluten 96, Proc. Int. Gluten
Workshop, 6th. C. W. Wrigley, ed. RACI: Melbourne.

Dupuis, B., Bushuk, W., and Sapirstein, H. D. 1996. Characterization of acetic
acid soluble and insoluble fractions of glutenin of bread wheat. Cereal
Chem. 73:131-135.

Fu, B. X. 1996. Biochemical properties of wheat gluten proteinsin rela-
tion to breadmaking quality. PhD thesis. Department of Food Science,
University of Manitoba: Winnipeg, Canada.

Fu, B. X., and Sapirstein, H. D. 1996. Procedure for isolating monomeric
and polymeric glutenin of wheat. Cereal Chem. 73:143-152.

Gupta, R. B., and Shepherd, K. W. 1987. Genetic control of LMW
glutenin subunits in bread wheat and association with physical dough prop-
erties. Pages 13-19 in: Proc. Int. Workshop on Gluten Proteins, 3rd. R.
Lasztity and F. Bekes, eds. World Scientific Publishers: Singapore.

Gupta, R. B., and MacRitchie, F. 1991. A rapid one-step one dimensional
SDS-PAGE procedure for analysis of subunit composition of glutenin
inwheat. J. Cereal Sci. 14:105-109.

Gupta, R. B., Batey, I. L., and MacRitchie, F. 1992. Relationships between
protein composition and functional properties of wheat flours. Cereal
Chem. 69:125-131.

Gupta, R. B., and MacRitchie, F. 1994. All€lic variation at glutenin subunit
and gliadin loci, Glu-1, Glu-3 and Gli-1 of bread wheats: Biochemical
basis of the alelic effects on dough properties. J. Cereal Sci. 19:19-29.

Gupta, R. B., Shepherd, K. W., and MacRitchie, F. 1991. Genetic control
and biochemical properties of some high molecular weight albuminsin
bread wheat. J. Cereal Sci. 13:221-235.

Gupta, R. B., Khan, K., and MacRitchie, F. 1993. Biochemical basis of
flour properties in bread wheats. |. Effects of variation in the quantity
and size distribution of polymeric protein. J. Cereal Sci. 18:23-41.

Huebner, F. R., and Bietz, J. A. 1993. Improved chromatographic separa-
tion and characterization of ethanol-soluble wheset proteins. Cereal Chem.
70:506-511.

Janssen, A. M., Van Vliet, T., and Vereijken, J. M. 1996. Rheological
behaviour of wheat glutens at small and large deformations. Effects of
gluten composition. J. Cereal Sci. 23:33-42.

Jia, Y.-Q., Fabre, J-L., and Aussenac, T. 1996. Effects of growing loca-
tion on response of protein polymerization to increased nitrogen fertil-

ization for the common wheat cultivar Soissons: Relationship with
some aspects of the breadmaking quality. Cereal Chem. 73:526-532.

Khatkar, B. S., Bell, A. E., and Schofield, J. D. 1995. The dynamic
rheological properties of glutens and gluten sub-fractions from wheats
of good and poor bread making quality. J. Cereal Sci. 22:29-44.

Kilborn, R. H., and Tipples, K. H. 1981. Canadian test baking procedures. I.

GRL remix method and variations. Cereal Foods World 26:624-628.

Kruger, J. E., Marchylo, B. A., and Hatcher, D. 1988. Preliminary assess-
ment of a sequential extraction scheme for evaluating quality by reversed-
phase high-performance liquid chromatography and electrophoretic
analysis of gliadins and glutenins. Cereal Chem. 65:208-214.

MacRitchie, F. 1987. Evaluation of contributions from wheat protein
fractions to dough mixing and breadmaking. J. Cereal Sci. 6:259-268.

MacRitchie, F. 1992. Physicochemical properties of wheat proteins in
relation to functionality. Adv. Food Nutr. Res. 36:1-87.

Marchylo, B. A., Kruger, J. E., and Hatcher, D. W. 1989. Quantitative
reversed-phase high-performance liquid chromatographic analysis of
wheat storage proteins as a potential quality prediction tool. J. Cereal Sci.
9:113-130.

Miflin, B. J., Field, J. M., and Shewry, P. R. 1983. Cereal storage proteins
and their effects on technological properties. Pages 255-319 in: Seed
Proteins. J. Daussant, J. Mosse, and J. Vaughan, eds. Academic Press:

New York.

Moonen, J. H. E., Scheepstra, A., and Graveland, A. 1983. The positive
effects of the high molecular weight subunits 3+10 and 2* of glutenin
on the breadmaking quality of wheat cultivars. Euphytica 32:735-742.

Ng, P. K. W,, and Bushuk, W. 1987. Glutenin of Marquis as a reference
for estimating molecular weights of glutenin subunits by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Cereal Chem. 64:324-327.

Orth, R. A., and Bushuk, W. 1973. Studies of glutenin. |. Comparison of
preparative methods. Cereal Chem. 50:106-114.

Orth, R. A., and Bushuk, W. 1972. A comparative study of the proteins of
wheats of diverse baking qualities. Cereal Chem. 49:268-275.

Orth, R. A,, and O'Brien, L. 1976. A new biochemical test of dough
strength of wheat flour. J. Aust. Inst. Agric. Sci. 42:122-124.

Osborne, T. B. 1907. The proteins of the wheat kernel. Publ. No. 84,
Carnegie Institution of Washington: Washington, DC.

Osborne, T. B. 1924. The Vegetable Proteins. 2nd ed. Longmans, Green
and Co.: London.

Pomeranz, Y. 1965. Disperdlity of wheat proteins in aqueous urea
solutions—New parameter to evaluate breadmaking potentialities of
wheat flour. J. Sci. Food Agric. 16:586-593.

Sapirstein, H. D., and Johnson, W. J. 1996. Spectrophotometric method
for measuring functional glutenin and rapid screening of wheat quality.
Pages 494-497 in: Gluten 96. Proc. Int. Gluten Workshop, 6th. C. W.
Wrigley, ed. RACI: Melbourne.

Singh, N. K., Donovan, R., and MacRitchie, F. 1990a. Use of sonication
and size-exclusion high-performance liquid chromatography in the
study of wheat flour proteins. Il. Relative qtign of glutenin as a
measure of breadmaking quality. Cereal Chenil&[*170.

Singh, N. K., Donovan, R., and MacRitchie, F. 1990b. Use of sonication
and size-exclusion high-performance liquid chromatography in the
study of wheat flour proteins. |. Dissolution of total proteins in the
absence of reducing agents. Cereal Chem. 67:150-161.

Singh, N. K., Shepherd, K. W., and Cornish, G. B. 1991. A simplified
SDS-PAGE procedure for separating LMW subunits of glutenin. J.
Cereal Sci. 14:203-208.

Suchy, J. 1997. Physicochemical studies of sds gel protein and its value
for prediction of wheat breadmaking quality. MSc thesis. Department
of Food Science, University of Manitoba: Winnipeg, Canada.

Tanaka, K., and Bushuk, W. 1972. Effect of protein content and wheat
variety on solubility and eleaiphoretic properties of flour proteins.
Cereal Chem. 49:247-257.

[Received August 5, 1997. Accepted April 22, 1998.]

Vol. 75, No. 4, 1998 507



Erratum
CEREAL CHEMISTRY, Val. 75, No. 4, July-August 1998

Intercultivar Variation in the Quantity of Monomeric Proteins, Soluble and Insoluble Glutenin, and Residue Protein
in Wheat Flour and Relationships to Breadmaking Quality
H. D. Sapirstein and B. X. Fu

On page 501, the last line of the third paragraph of the left column should read: “70PI protein less thex-gliadins constituted soluble
glutenin.” On page 504, in the first line of the first paragraph of the left column, the reference should be: “(Bietz a8@d5)Vall

In addition, the caption for Figure 1 and definitions in Table | on page 501 are corrected as shown below.

Flour |
|

Extract with 50% 1-Propanol
|

l 50% 1-Propanol SOIUblSJ [50% 1-Propanol Insoluble J

+ 1-Propanol to Extract with
70% Concentration 50% 1-Propanol + 1% DTT

[Supernatant:l [ Residue ] ESupematanl] LResidue J

Monomeric Soluble Insoluble Residue
Proteins Glutenin Glutenin Protein

Fig. 1. Protein fractionation scheme. w-Gliadins contained in the residue
of 50% 1-propanol soluble protein precipitated by 70% 1-propanol were
quantified by RP-HPLC to correct the proportions of monomeric proteins
and soluble glutenin.

TABLE I
Quality Characteristics? of Flour Samples
Mixograph Extensigraph L oaf Volume

Cultivar® Wheat Class® Flour Protein (%) DDT (min) WIP (%T x min) R (BU) Ext (cm) Area (cn?) (mL)
Glenlea CWESRS 13.7+0.1 53+0.1 211 +£13 1,000 + 50 19.0+0.2 296 £ 12 828 £ 25
Biggar CPSR 125+0.1 3.7+0.0 141 +3 7207 225+04 234 £ 6 970+ 7
Roblin CWRS 13.6 +£0.0 3401 141 +4 560 + 14 23.0+£0.7 196+ 7 1010 + 35
Katepwa CWRS 13.3+0.1 35+0.1 123+ 2 590 + 14 16.7+x1.1 146 £ 3 913+ 18
AC Karma CPSW 10.9+0.2 26+0.1 69+2 390+ 11 180+1.1 108 + 6 603 £ 25
SWS-52 CWSWS 9.5+0.0 19+0.0 421 245+ 3 175+0.3 61+5 4234
Harus CEWW 95+0.1 20+£0.1 301 170+ 2 16.0+ 0.6 41 +2 3557

aTime to peak dough development (DDT), work input to peak (WIP) (% of torque x min), maximum resiBtapcextensibility (Ext).

b Ranked according to decreasing dough strength as measured by mixograph dough work input to peak development and exdansigraph ar

¢ CWESRS = Canada Western Extra Strong Red Spring, CPSR = Canada Prairie Spring Red, CWRS = Canada Western Red Spring,a0BRNarieCan
Spring White, CWSWS = Canada Western Soft White Spring, CEWW = Canada Eastern White Winter.



