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ABSTRACT

It has long been established that protein content and quality are important in the

breadmaking potential of bread wheat cultivars. Since the importance of glutenin as a

protein quality factor in breadmaking potential was demonstrated, research has focused

on the possible relationship between the structure of glutenin and its functionality in

breadmaking.

The objective of the present study was to determine which physicochemical

properties of glutenin, related to breadmaking quality, could explain the difference in

solubility of the acetic acid soluble (AAS) and acetic acid insoluble (AAI) glurenins

reported to be correlated to loaf volume. The AAS and AAI fractions were obtained by

modified Osborne fractionation and analyzed by electrophoresis, densitometry and IIPLC.

Katepwa, a good breadmaking variety, and Glenlea, an extra strong variety, were used for

the study.

Varietal differences in the proportion of AAS and AAf fractions were found. The

glutenin amounts of the AAS fractions were not significantly different between cultivars,

whereas the gliadin content was significantly higher for Katepwa. The AAI fraction was

greater in Glenlea than in Katepwa. The ratios of HMW-GS:LMW-GS were not

significantly different between fractions or cultivars, except for the low ratio obtained by

HPLC for the AAI fraction of Katepwa. No consistent quantitative differences in

individual HMW-GS could be found between fractions. HMW-GSs 5 and l0 appeared to

be present in greater amounts in the AAJ fractions of both cultivars. HMW-GS 7 was

present in significantly greater proportions in Glenlea fractions. Based on densitometry
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and IIPLC results, no consistent quantitative differences in individual HMW-GSs nor the

relative proportion of HMW-GSs and LMW-GSs could explain the intervarietal variation

in solubility of glutenins in 0.05M acetic acid. Gliadin interaction with glutenin appears to

be a cultivar characteristic, weak flours exhibiting greater interaction than strong flours.



I. INTRODUCTION

Cereal products provide about 2Oo/o energy, Tgyo protein and36Yo carbohydrate of

the average daily American diet @oudreau and Grégoire, I9g2). World production of

wheat is presently near 550 million metric tons, almost l\yo more than the production of

rice. In 1989, Canada was the seventh in the world, producing 24.4 mllion metric tons.

Of this, Canada exported 10.5 million metric tons. @oudreau and Grégoire, 1992).

Wheat and related products also play a major role in the Canadian economy. For instance,

in 1989 the Canadian domestic market for bakery products was valued at 81J7 billion

(Anon, 1992). The quality of Canadian wheat is recognized internationally.

It has long been established that protein content and quality are important factors

in the breadmaking potential of bread wheat varieties (Finney and Barmore, 1948). Since

the discovery of the relationship between the solubility of glutenin and breadmaking

quality, as measured by loaf volume (Orth and Bushuk, 1972), much research has focused

on a structure-functionality relationship in bread wheat proteins. The presence of specific

HMW-GSs, quantitative and qualitative differences in HMW-GSs and LMW-GSs and the

molecular weight distribution of glutenin have been associated with quality (Graveland et

al, 1985; Gupta et al, l99l; MacRitchie, 1973).

The objective of this study was to determine which physicochemical properties of

glutenin, related to breadmaking quality, could explain the intervarietal variation in

solubility of glutenins in acetic acid (0.05N). Proteins from two flours of very diverse

breadmaking quality were extracted by the modified Osborne fractionation (Chen and

Bushuk, 1970) and analyzed for quantitative differences in specific HMW-GSs and

differences in the relative proportion of HMW-GS and LMW-GSs between the AAS and

AAI fractions and between varieties.



tr. LITERATURE RE\rIE\il

A. fntroduction

Wheat flour has the unique ability to produce leavened bread when it is mixed with

water, yeast, salt and optional functional ingredients, allowed to rise, shaped and baked.

All major flour constituents contribute to the final product. Lipids, particularly polar

lipids, affect baking quality by interacting with proteins. Starch is important in

gelatinzation and retrogradation of the crumb. The proteins are responsible for the

formation of a viscoelastic dough during mixing. It has long been established that protein

content and quality are important in the breadmaking potential of bread wheat cultivars.

Early studies showed that loaf volume was linearly related to protein content and also

related to a protein quality factor @lish and Sandstedt, 1925; Harris, l93l; Mangels,

1926;Mangels and Sanderson, 1925). The relationship between loaf volume and protein

content was reported to be linear between a range of 7 to 19.3% protein (Larmour, l93l).

Highest loaf volumes within a variety were generally associated with natural protein

contents of 12to l3o/o (Sandstedt and Ofelt, 1940). Regression of loaf volume against

protein content clearly demonstrated the positive linear relationship between both

variables but also showed that the varietal differences in slope \Ã/ere a reflection of

differences in protein quality @inney and Barmore, L948). The search for the quality

factor has been ongoing ever since.



B. Structure of Wheat Flour Proteins

Osborne (1907) classified wheat proteins into four groups based on solubility.

Based on sequential extraction with water, salt solution and 70Yo ethanol, wheat flour

proteins were classified as water soluble albumins, salt soluble globulins, alcohol soluble

gliadins and glutenins, insoluble in 70Yo ethanol. The modified Osborne fractionation

method (Chen and Bushuk, 1970) further classified glutenins into dilute (0.05N) acetic

acid soluble and insoluble fractions. The albumins are low molecular weight (< 30 kDa)

metabolic proteins constituting about l5Yo of total protein @ushuk, lgg3). Globulins,

making up about 5%o of total protein, vary in molecular weight from 10-98 kDa. Gliadins,

forming about 40Yo of total protein, are single chain polypeptides of molecular weight

ranging from 30 to 80 kDa and are classified as ø, B, y and ro gliadins, based on their

relative mobility during electrophoresis (Bushuk, 1993). In terms of cysteine-cystine

content, the cr, p, and y gliadins are sulfur-rich, whereas the ol-gliadins are sulfur-poor

(Field et al, 1983a). Some 45 different gliadin components in a variety have been

identified by 2D-electrophoresis (Wrigley and Shepherd, 1973). Glutenins are polymeric

proteins of very high molecular weight (>1,000 kDa) made up of subunits (single-chain

polypeptides) of high molecular weight (95-140 kDa) and low molecular weight (30-50

lÐa). HMW-GS composition varies with wheat variety (Orth and Bushuh 1973b) and is

genetically controlled by the homeologous group 1 chromosomes. Each Glu-l locus

contains two tightly linked genes Glu-l-l and Glu-1-2 which code for x- and y-type

subunits, respectively Ng et al, 1989). Each variety contains between three and five

HMW-GS, two of which are controlled by genes on the long arm of chromosome 1D, one

or two by chromosome 1B and none or one by chromosome lA (Orth and Bushuk, 1974;

Payne et al, 1980, 1981a). The genes for the major polypeptides of glutenin, the LMW-

GS, are located on the short arms of ch¡omosomes ld lB and 1D.
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In addition to the solubility fractions of flour proteins, gluten was also studied in

the search for the biochemical basis for breadmaking quality. The earliest reported

isolation of gluten from wheat flour was in T728 by Beccari @ailey, lg4l). Gluten is the

viscoelastic mass formed by washing a dough made from wheat flour under a stream of

water to remove starch (Osborne, 1907). Gluten is primarily comprised of gliadin, the

viscous component, and glutenin, the elastic component. Starch and lipid are also present

but in much smaller quantities.

C. Wheat Protein Quality for Breadmaking

As mentioned in the introduction, the existence of a quality factor has been known

for many years @lish and Sandstedt, 1925; Finney and Barmore, 1948). Identification of

the molecular basis for protein quality has been the focus of considerable research. The

importance of glutenin as a protein quality factor in breadmaking potential was

demonstrated by Orth and Bushuk (1972). Based on the solubility distribution of the

proteins of 26bread wheats varying in breadmaking qualit¡ they showed that loaf volume

was positively correlated (+9.35x*) with residue protein or AAI glutenin and negatively

correlated (-0.40**¡ with AAS glutenin. The variation in solubility of glutenin was

attributed to variation in molecular weight. The results obtained by Orth and Bushuk

(1972) were in agreement with those of Pomerar:z (1965) who reported that flours of

poor quality had a greater proportion of protein dispersible in 3M urea. Since then, much

research has focused on the possible relationship between the structure of glutenin and its

functionality in breadmaking. Reconstitution studies by Lee and MacRitchie (1971)

provided evidence that the molecular weight distribution of glutenin influenced quality as

measured by dough properties. Later studies provided further evidence for a solubility-
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quality relationship (Field et al, 1983b; Gao and Bushuk, 1992; MacRitchie, I9B7;

Marchylo et al, 1990; Moonen et al, 1982; for current review refer to Schofield, lgg4).

Huebner and Wall (1976) obtained two fractions of glutenin by gel filtration of

AUC-extracted proteins from flours of varying quality. They reported that the ratio of
glutenin I, a very high molecular weight fraction, to glutenin II, a broad spectrum of lower

molecular weight glutenins, was generally higher for flours of better breadmaking

performance. Flours of weak mixing and baking characteristics usually contained less

unextractable protein and glutenin I.

By reconstitution with suitable amounts of high molecular weight gluten (2M urea

insoluble) and whole gluten, MacRitchie (1973) was able to produce a flour of strong

dough characteristics from a flour that was originally weak and very extensible.

MacRitchie (1973) concluded that the strength of a flour was directly related to the

molecular weight distribution of its gluten proteins. Based on reconstitutior/interchange

studies of paired weak and strong flours, MacRitchie (1978) reported that differences in

the baking performance of bread wheats were related to the properties of the AAI

glutenin. Whereas glutenins exhibited a large influence on mixing requirements and loaf

volume, gliadins were reported to decrease mixing requirements but have only a small

negative effect on loaf volume (MacRitchie, 1987). In a later study (Gupta et al, 1993), it

was reported that the protein unextractable in 0.5Yo SDS was very strongly positively

correlated with dough strength. The authors also reported that the unextractable protein

contained a greater proportion of larger polymers and a significantly higher ratio of

HMW-GS to LMW-GS than the extractable fraction.

The composition of protein fractions and hence their relationship to breadmaking

quality will vary with the fractionation procedure and the starting material used.

However, based on three fractionation procedures and reconstitution studies, Chakraborty

and Khan (1988b) reported that, regardless of the fractionation procedure, fractions
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containing larger amounts of glutenin gave the highest positive responses to loaf volume.

Whereas the extent of loaf volume response was dependent on the fractionation

procedure.

Since the subunit composition of glutenin varies with wheat varieties, the

possibility that different combinations of subunits could account for differences in glutenin

properties and hence differences in breadmaking quality has been investigated. Orth and

Bushuk (I973c) reported that the presence or absence of certain HMW-GSs coded for by

the D-genome had a significant effect on baking quality. Payne et al (1979) showed that

the composition of the HMW-GSs was related to breadmaking quality. A strong

correlation was reported between the presence of HMW-GS I and quality. A strong

correlation between HMW-GSs 5 and l0 and baking quality was subsequently reported

(Paytte et al, 198lb) and later supported by Ng and Bushuk (1988). Moonen et al (1933)

reported similar associations of specific HMW-GS alleles with quality, but also stated that

the effects were additive. Subsequent research has shown that the proportion of the

intervarietal variation in breadmaking potential that can be attributed to differences in the

composition of the HMW-GSs fluctuates widely between líYo and 6OYo (for review see

Kolster, T992).

In addition to HMW-GS composition, the ratio of HMW-GS to LMW-GS was

also an important factor in breadmaking quality. Varieties with greater dough strength

were reported to have a higher HMW-GS:LMW-GS ratio (Gupta and MacRitchie, l99l).

For a fixed glutenin content, an increase in the HMW-GS:LMW-GS ratio resulted in a

concomitant increase in dough strength (Gupta et al, 1992). MacRitchie and Gupta

(1993) investigated the effects of sulfur deficiency on protein composition and

functionality. The amounts of relatively sulfur-poor HMW-GSs increased and the sulfur-

rich LMW-GSs, HMW albumins and triticins decreased with decreasing sulfur level.

These changes resulted in a higher HMW-GS:LMW-GS ratio, higher percentage of



unextractable polymeric protein (considered to be related to molecular weight

distribution), and hence greater dough strength.

The co-migration of LMW-GS with gliadins in SDS-PAGE has made the study of

these proteins difficult. The development of a 2-step SDS-PAGE method has shown

significant variation of LMW-GS patterns among bread wheat varieties (Gupta and

Shepherd, 1987). These authors also reported an additive effect on dough resistance

when a specific LMW-GS (Glu-A3m) was present with a HMW-GS (Glu-Alb; i.e. 2x).

In another study (Gupta et al, 1991), correlations between predicted and actual dough

quality parameters were reported to be highest if both LMW-GSs and HMW-GSs were

included.

Further support for the relationship between solubility-baking quality and glutenin

properties (molecular weight, size distribution, subunit composition and ratio of HMW-

GS to LMW-GS) was provided by Graveland et al (1982, 1985). Glutenins were

separated into fractions varying in subunit composition and molecular weight. Glutenin I,

SDS-insoluble gel protein, was the protein fraction of largest molecular weight (estimated

at several million) and contained subunits in the ratio of 3 HMW-GS to 3.4 B-type-LMW-

GS to 1.7 C-type-LMW-GS. Glutenin II, SDS-soluble and 70Yo ethanol-insoluble, had

the same ratio of subunits but was of lower molecular weight than glutenin I. Glutenin III,

SDS-soluble and 70o/o ethanol-soluble, was the lowest molecular weight fraction and

contained only LMW-GS in a ratio of 3.4 B-type to r.7 c-type. A good breadmaking

wheat variety was reported to contain more glutenins overall, more glutenin I and less

glutenin II than a poor quality variety.

Hamer et al (1992) reported that breadmaking quality was not only governed by

the quality of the HMW-GS, but also by other factors, such as the amount of glutenin

proteins. Others had previously suggested that, in addition to HMW-GS quality and

composition, quantity of glutenin or HMW-GS was also important (MacRitchie, 19g7;Ng
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et al, 1989). Predictive models based only on HMW-GS composition alone showed no

correlation (flamer et al, 1992). Expanding these models to include other parameters

related to breadmaking quality improved the positive correlation between predicted and

measured loaf volume. However, much of the variation could still not be accounted for

with these models, leading Hamer et al (1992) to speculate on the relative importance of

other factors, including amount of glutenin proteins, protein composition, and gliadins.

Despite the fact that Kolster and Vereijken (1993) could only explain20Yo of the

variation in quality by differences in HMW-GS compositioq the authors considered this

level of variation caused by HMW-GSs to be of interest. In addition to ranking the

HMW-GSs according to their effects on quality, Kolster and Vereijken (1993) also

reported interactions between alleles. Such interactions would explain the lack of

consistent effectiveness of scoring systems which are based on additive effects. At a

constant number of HMW-GSs or at an identical HMW-GS composition, variation of the

level of expression was reported. The presence of Glu-Al alleles (1 or 2*) appeared to

increase the proportion of subunits produced. And the Glu-81 alleles were ranked

according to level of expression: (7+9) : (7+8) ) 7 : (6+g). The ranking of Glu-Bl

alleles with respect to quantity produced was reported to be identical to their ranking for

quality (Kolster, 1992). In contrast, different Glu-Dl alleles (eg. 5+10 or 2+lZ) produced

identical amounts of subunits. The authors concluded that breadmaking quality was

influenced by quantity (amount of HMW-GS) as well as quality (I{MW-GS composition).

Thus, the superior quality of alleles produced by Glu-Al were probably a result of an

increased proportion of HMW-GSs. Both quantity and quality appeared to be involved in

the alleles of Glu-81. And the Glu-Dl alleles appeared to exert their effect solely by

intrinsic quality.

Recent studies lend further support for the importance of quantity as well as

quality of HMW-GSs (Gupta and MacRitcl.ue, T994, Gupta et al, 1994). Alleles were
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similarly ranked, additive and epistatic effects were reported, and the LMW-GSs were

observed to affect quality (Gupta et al, 1994). These observations supported the

conclusion by Hamer et al (1992) that Glu-l scores, or HMW-GS composition alone,

were insufficient to account for quality differences between bread wheat varieties. Allelic

effects on dough strength were attributed to variation in (i) the quantity and size

distribution of polymeric protein, and (ii) the amount or types of subunits produced. The

relative size distribution of the polymeric protein was in turn governed by (i) the ratio of

HMW-GS:LMW-GS, which depends on the quantity of individual subunits, and (ii) the

polymerizing behavior of these subunits, which may be related to their basic size or

structure (Gupta and MacRitchie, 1994).

D. Concluding Statement

Research to date has shown that breadmaking quality is influenced by flour protein

content and protein quality. It is generally accepted that the quality factor resides with the

glutenin protein, although the importance of non-glutenin proteins cannot be ignored.

Glutenin quality has been related to solubility and molecular weight distribution, which in

turn is related to specific HMW-GSs, HMW-GS composition, the ratio of HMw-

GS:LMW-GS, specific LMW-GS alleles, and the quantity of these proteins. The positive

correlation reported by Orth and Bushuk (1972) has been supported by many studies over

the last two decades. Although the AAS and AAJ glutenins correlate with loaf volume,

the structural differences between the two fractions have not been determined. Thus, the

objective of this study was to determine which, if any, of the physicochemical properties of

glutenin, related to breadmaking quality, could explain the intervarietal variation in

solubility of glutenins in 0.05M acetic acid solution.
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Itr. MATERIALS

A. Wheat Samples

Sound grain of Katepwa, a cultivar of the CWRS class, and Glenlea, a cultivar of

the CWES class, of the 1991 crop was obtained from the Agassiz Seed Farm. The two

cultivars were chosen on the basis of their diverse flour strength.

B. Reagents and Chemicals

Acetonitrile and l-propanol were of FIPLC grade and were obtained from Burdick

and Jackson (Muskegon, NI) and BDH, Inc. (Toronto, oN), respectively. Sodium

dodecyl sulfate (SDS) was of electrophoresis grade and was obtained from Bio-Rad

Laboratories (Hercules, CA). Dithiothreitol was obtained from Calbiochem (talolla, CA).

Ethanol (95%) was obtained from Commercial Alcohols Inc. (Toronto, Ol9. Ammonium

sulfate, 85o/o lactic acid, methyl red and sodium chloride were of reagent grade or better

and were obtained from Fisher Scientific (Fairlawn, NI). Aluminium lactate was obtained

from Fluka Chemika (Switzerland). Acrylamide was of electrophoresis grade and was

obtained from Pharmacia Biotech (Uppsala, Sweden). Hydrogen peroxide (3%) was

obtained from a retail pharmacy @.S.P. DIN 00167703) Kjeldahl catalysr (TiOz) was

obtained from the Department of Plant Science, University of Manitoba (Winnipeg, MB).

All other chemicals were of reagent grade or better and were obtained from Mallinckrodt

Specialty Chemicals Co. @aris, KY) or Sigma Chemical Co. (St. Louis, MO). Distilled

deionized water Mlli-Q Water System ZD\O TT5 94; Millipore Co.p., Marlborough,

MA) was used in all experiments.
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IV. METIIODS

A. varietal Purity and Homogeneity Assessment of wheat samples

1. Sample Preparation

Wholemeal samples of both wheats, prepared on a Udy Cyclone Mill (Udy

Analyzer Co., Boulder, CO) fitted with a 1 mm sieve, were analyzedfor purity of gliadin

components and HMW-GS by A-PAGE and SDS-PAGE, respectively. The homogeneity

of each sample was verifted by A-PAGE and SDS-PAGE of 9 single seeds. Samples were

prepared according to the rnethod of Ng et al (1988)

2. Electrophoresis

A vertical slab apparatus, described by Ng et al (1988), was used for A-PAGE.

Total acrylamide concentration was 60/o. Electrophoresis was performed at constant

current (50 mA) for 4 h. Gel temperature was maintained at 20"C by circulating water

through the apparatus.

SDS-PAGE in the presence of Z-mercaptoethanol was carried out according to the

method of Ng et al (1988). An SE 600-15-l 0 dual cooled vertical slab gel

electrophoresis unit with t5- or 20-tooth slot formers and 1.5 mm spacers (Hoefer

Scientific Instruments, San Fernando, CA) was used. A 3.0% stacking gel and lj 3%

resolving gel were used at 10 mA per gel for 19 h. The wheat variety Neepawa, official

grading standard of the CWRS class Q.trg er al, 1988), was run with PAGE and SDS_

PAGE gels as a reference standard.
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B. Milling and Sample Preparation

1. Milling

Wheat samples were tempered to T5.5o/o moisture for 24 h at room temperature

and milled into straight grade flour on a Bühler pneumatic laboratory mill @ütrler Bros.,

Inc., Uzwil, Switzerland). Flour yield was expressed as percent of total recovered

products.

Test weight was determined using a 0.5 L Seedburo container (Seedburo Equip.

Co., Chicago, II-). The result was reported on an "as is" moisture content basis in kgfi1L.

Particle size index (PSI), an indirect measure of grain hardness, was determined as

follows. Wholemeal, prepared on a Udy Cyclone Mill (Udy Analyzer Co., Bouldea CO)

fitted \¡iith a 1 mm sieve, was analyzed by NIR according to the AACC standard method

39-70 (AACC, 1983) using a Dickey-John Instalab 800 NIR product analyzer (Auburn,

IL). The Falling Number value @N Co., Huddinge, Sweden) was determined using 7 g

flout (l4Yo moisture basis) according to the AACC approved method 56-818 (AACC,

1e83).

The flours were left at room temperature for two weeks to allow for natural

maturing prior to sample preparation. After two weeks, the flours were stored at 4"C.

2. Modified Osborne Fractionation

A flowchart of the fractionation procedure is illustrated in Figure 1. Flour proteins

were fractionated into salt soluble (0.5M sodium clrloride), alcohol soluble (70%o ethanol),

acetic acid (0.05M) soluble and insoluble fractions according to the modified Osborne

fractionation method of Chen and Bushuk (1970) with some modifications. The salt

soluble fraction was not dialyzed to separate the albumins from the globulins.

Fractionation \Ã/as carried out at 4oC and, subsequently, at room temperature Ql-23"C).

The pellet remaining after the initial extraction with salt solution was cut into small



Figure I . Flowchart of the modifìed Osborne fractionatio n ,.1/¿ | tj r i ,,,t i , ' " -)
(Chen and Bushuk, 1970) ,_L: i
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pieces (ca 3 mmr) to facilitate washing with water and extraction with TOYv ethanol. AAS

and AAI fractions were freeze-dried (Virtis Freezemobile 6 and Unitop 600L; The Virtis

Company, Gardiner, Nl) and stored at 4"C.

3. Puriflrcation of Acetic Acid Soluble Fraction

Purification of the AAS fraction was required to remove the majority of

contaminating gliadins. A modification of the method developed by Fu and Sapirstein

(1995) was used for this purpose. The AAS f¡action (80 mg protein) was dissolved in

50o/o l-propanol (25 Íìl) and was allowed to stand for 30 min with stirring. The solution

was neutralized with 0.1N NaOH. A sufficient volume of l-propanol was used to

quantitatively transfer the solution from a beaker to a centrifuge tube and to produce a

final l-propanol concentration of 70o/o. The solution was allowed to stand I hour then

centrifuged at room temperature for 10 min at 20,000 S: @C-5C Automatic Superspeed

Refrigerated Centrifuge; Sorvall Instruments, DuPont Co., Newtowq CT). The residue

was freeze dried and portions of the supernatant were concentrated to dryness in a

SpeedVac Concentrator (Savant Instruments, fnc., Farmingdale, NY) for subsequent

analyses by electrophoresis and FIPLC. Protein content was determined by the micro-

Kjeldahl procedure on the liquid supernatant and the freeze-dried residue, and reported on

a dry basis.

C. Technological Analyses

L. Farinograph Test

Flour (50 g, 14% moisture basis) was mixed in a 50 g bowl for 15 min at 63 rpm

with enough water to yield a maximum dough consistency centered at 500 BU according

to the AACC approved method 54-21(AACC, 1983). Temperature was maintained at

300c.
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2. Mixograph Test

Flour (35 g, 140lo moisture basis) was mixed for 10 min at 64Yo water absorption

according to the AACC approved method 54-40A(AACC, l9B3).

D. Chemical Analyses

1. Moisture Content of Grain and Flour

A HalRoss moisture meter (Model No.9l9, Labtronics, Winnipeg, MB) was used

to determine the moisture content of whole grain. The moisture content of flour samples

was determined by the air oven method according to the AACC approved method 44-I5A

(AACC, 1983).

2. Ash Content of Flour

The ash content of flour samples was determined according to the AACC

approved method 08-01 (AACC, 1983).

3. Protein Content of Grain, Flour and Osborne Fractions

Total nitrogen of wholemeal samples, flour samples and modified Osborne

fractions was determined by the micro-Kjeldahl method (AACC 46-13). A factor of 5.7

(Tkachuk, T969) was used to convert total nitrogen to protein content. The protein

content of grain and flour samples was also determined by NIR spectroscopy according to

the approved AACC method 39-10 (AACC, 1983).

E. Analyses of Osborne Acetic Acid Soluble and fnsoluble Fractions

1. Electrophoresis

A vertical slab apparatus, described by Ng et al (1988) was used for A-pAGE.

Total acrylamide concentration was 60/o. Electrophoresis was performed at constant
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current (50 mA) for 4 h. Gel temperature was maintained at 20oC by circulating water

through the apparatus.

SDS-PAGE in the presence of 2-mercaptoethanol was carried out according to the

method of Ng et al (1988). An SE 600-15-1.0 dual cooled vertical slab gel

electrophoresis unit with 15- or 2O-tooth slot formers and 1.5mm spacers (Hoefer

Scientific Instruments, San Fernando, CA) was used. 
^3.0% 

stacking gel and 17.3%

resolving gel were used at 10 mA per gel for 20 h Constant amounts of protein were

loaded in each lane except for AAI fractions ofFigure 9A (A-PAGE; 1.5 fold dilution).

2. Densitometry

Three replicate SDS-PAGE gels of the purified AAS and AAI fractions of Glenlea

and Katepwa were scanned at 600 nm with a BioRad Video Densitometer (Model 620)

and HP 3396A integrator. Constant amounts of protein were loaded in each lane.

Integrated areas obtained for individual HMW-GS peaks and total integrated area were

used to calculate the relative proportions of each HMW-GS. The integrated areas for the

HMW-GS region and the LMW-GS region were used to calculate the ratio of HMW-GS

tO LMW-GS.

3. HPLC

Purified AAS and AAI fractions were prepared for HPLC according to the method

of Fu and Sapirstein (1995). Flour (50 mg) and AAI fractions (5 mg protein) were

extracted with 50% l-propanol (l rnl) for 30 mi4 with intermittent vortexing, at room

temperature, and centrifuged for 2 min at 8,800 g. The extraction was repeated, the

supernatants discarded or kept for subsequent analyses, and the pellet washed with 50% l-
propanol. The AAS fractions (5 mg protein) and the pellets obtained from the 5oo/o I-

propanol extracts of flour or AAI fractions were then prepared for FIPLC as follows. The

samples were reduced with a 0.08M Tris-HCl buffer solution (100-200 pl; pH 7.5)

containing 50% l-propanol and lYo dithiothreitol (DTT) for I h at 60oC, with intermittent
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vortexing. The reduced protein was then alþlated with an equivalent volume of the

0.08M Tris-HCl buffer solution containing 50o/o l-propanol and 74o/o 4-vinylpyridine for

15 min at 60oC, with intermittent vortexing. The samples were subsequently centrifuged

for 5 min at 15,000 g and room temperature. The supernatant was syringe-filtered (0.45

¡rm Millex FfV) into a HPLC microvial and sealed.

Samples (5 pl) were immediately analyzed on a FIP1090 Liquid Chromatograph

with HPLC Chemstation @OS Series) software (Hewlett Packard), a 15 cm x 4.6 mm

Zorbax 300S8-C8 column (300 .Ä. pore size, 5 mm particle size; Chromatographic

Specialties fnc., Brockville, ON), and a photodiode array detector. Flow rate was I

mlxmin-l; oven temperature was maintained at 50oC; a solvent gradient program of 23o/o

to 44Yo acetonitrile in water containing 0.Io/o tnfluoroacetic as organic modifier was used;

total run time was 95 min. Chromatograms were recorded from the signal detected at 214

nm. Integrated areas obtained for individual HMW-GS peaks and total integrated area

(minus the area attributed to ro-gliadins in the AAS glutenin samples) were used to

calculate the relative proportions of each HMW-GS. The sum of the integrated areas for

individual HMW-GSs and the area of the LMW-GS region were used to calculate the

ratio of HMW-GS to LMW-GS.

F. Statistical Analyses

All statistical analyses were executed on a HP 9000/380 microcomputer using SAS

6.0 software (SAS Institute, 1990). ANOVA and Duncan's Multiple Range Test were

performed to determine significant differences between cultivars and fractions.

All experiments were carried out at least in duplicate. Replicated results are

reported as means.
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V. R3ST]LTS AND DISCUSSION

A. Varietal Purity and Homogeneity of Wheat Samples

The A-PAGE and SDS-PAGE electrophoregrams, illustrated in Figures 2 and 3,

indicated that the Glenlea and Katepwa samples were pure and homogeneous. The

relative mobilities of the o-, ß-, y- and ol- gliadins are indicated in Figure 2A. The slight

variation of one of the ø-gliadin bands of Glenlea @igure 2d lanes 5-8) was attributed to

the presence of two biotypes in the grain sample. The HMW-GS region in the SDS-

PAGE patterns is indicated in Figure 34. There are advantages to using Neepawa as the

N4¡ reference protein source. Neepawa flour proteins are similar in chemical and physical

structure to the proteins of interest; they cover the entire raîge of IWs; and they are

inexpensive (Ng and Bushuk, 1987). In order of increasing mobility, the lWs of the

HMW-GS of Neepawa are'. 138.2, 128.3, 114.7, 97.4 and 92.4k<DA; the lws of several

faster moving bands, indicated by lines in Figure 3Alane Np, are 67.5,45.2 and 34.6 kDa

(Ng and Bushuk, 1989).

B. Milling and Related Analyses

Test weight, particle size index, Falling Number value, and flour yield are reported

in Table 1 Test weight, considered a rough index of flour yield, is influenced by kernel

shape, uniformity of kernel size and shape, and kernel density. However, above

approximately 73.4 kdlrL it has very little influence on flour yield (Ilalverson and Zeleny,

1988). The test weights for Glenlea (80.3 kghl-) and Katepwa



Figure 2 A-PAGE electrophoregrams of Glenlea (A) and Katepwa (B) for
varietal purity and homogeneity assessment. Np:Neepawa, Gl:
Glenlea, Kp:Katepwa, 7-9 = single seeds. Boundaries for cr.-, 0-, y-
and ro-gliadins are indicated according to Bushuk and Sapirstein (1990).
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Figure 3. SDS-PAGE electrophoregrams of Glenlea (A) and Katepwa (B) for
varietal purity and hornogeneity assessment. Np:Neepawa, Gl:
Glenlea, Kp:Katepwa, l-9: single seeds.
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TABLE 1. Test Weight, Particle Size Index, Falling Nurnber
Value, and Flour Yield of Glenlea and Katepwa Samples

Glenlea Katepwa
Test Weight (kglhl)
PSr (%)
FN Value (s)

803
50.2

484

194
49.5

484
Flour Yield (%)t 75 2 72.4
1 Flour yield as o/o of total recovered products.
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(79.4 kglhl-) were well above this value. PSI values for Glenlea (50.2) and Katepwa

(49.5) were similar and in the lower range of hard wheat classes (Williams and Sobering,

1986). FN values were identical (484 s) for both varieties and well above the acceptable

range of 200-300 for wheats used in the production of leavened bread (Mailhot and

Patton, 1988). Samples were therefore considered to be sound, and suitable for the

proposed research.

Protein, moisture, and ash contents of Glenlea and Katepwa flours are reported in

Table 2. Protein contents for Glenlea (13.6%) and Katepwa (13.3%) were relatively

similar, thus minimizing any effects on analyses due to differences in protein quantity.

Protein, moisture and ash contents were within acceptable ranges for bread wheats used

for leavened products (Mailhot and Pattoq 1988).

Technological tests were performed at the outset to ensure that the samples

selected had physical dough properties representative of each variety. Farinograph and

mixograph curves are presented in Figures 4 and 5 respectively and reflect the expected

characteristics typical of each variety based on experience at the Grain Research

Laboratory (Marchylo et al, 1992a) and the University of Manitoba. Farinograph dough

development time and mixograph mixing time to peak (Table 3) were clearly longer for

the CWES variety Glenlea (23.0,5.1 min, respectively) than for the CWRS variety

Katepwa (6.5,2.4 min, respectively). Mixing tolerance index and mixograph peak height

(Table 3) provided further evidence for the extra strong properties of Glenlea (10 BU, 600

MU versus 15 BU, 580 MU for Katepwa).
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TABLE 2. Proteir¡ Moisture and Ash Contents (%) of Glenlea and
Katepwa flours *

Flour
Determination Glenlea wa
Protein
Moisture
Ash

13.6

13.3

0.42

13.3

13.7
0.45

* Values reported on a 14% moisture basis.

TABLE 3. Farinograph and Mixograph Data for Glenlea and Katepwa Flours

Glenlea Katepwa
Farinograph:

Farinograph ab sorptio n (%)
Dough development time (min)
Mixing tolerance index @II)

Mixographr:
Mi*ittg time to peak (min) )L

580

61.8
23.0

10

5.1

600

64.8
6.5
15

Peak hei
I 64olo absorption



Figure 4. Farinograph curves for Glenlea (Gl) and Katepwa (Kt)
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Figure 5. Mixograph curves for Glenlea (Gl) and Katepwa (Kt)
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C. Sample Preparation

1. Modifïed Osborne Fractionation

The modified Osborne fractionation was initially performed at 4"C. However, A-

PAGE of the modified Osborne fractions obtained by fractionation at 4.C indicated

substantial contamination by gliadins of the AAS fraction (results not shown). Much less

contamination was observed in the AAI fraction. The fractionation was thus repeated at

room temperature to increase the extractability of gliadins with TOYo ethanol @yers et al,

1983). Comparison of the solubility distributions obtained by fractionation at 4"C and

room temperature for each variety @igures 6 and 7; also tabulated in Tables 4 and 5 in

Appendix I) indicated a significant shift of protein away from the AAf and in particular the

AAS fractions to the ethanol soluble fraction for both Glenlea and Katepwa with increasing

temperature. Analysis of the A-PAGE and SDS-PAGE electrophoregrams @igures 8 and

9) indicated that gliadins, particularly ro-gliadins, were extracted more efficiently at the

higher temperature but still persisted to a great extent in the AAS fraction of both varieties.

Katepwa appeared to contain more gliadin contamination than Glenlea in both the AAS and

AAI fractions and at both extraction temperatures. However, comparison of the intensities

of the HMW-GS bands suggested that the solubility of glutenin n70% ethanol and 0.05N

acetic acid solution was also enhanced at the higher extraction temperature. It is known

that reduced and polymeric glutenin are partially soluble in 70Yo ethanol (Bietz and Wall,

1973; Graybosch and Morris, 1990) and that varietal differences exist (Iluebner and Bietz,

1993). Thus, the increased solubility at higher temperature may have resulted in

underestimation of glutenin contents in AAS and AAI fractions. The relative amounts of

protein in each Osborne solubility fraction are comparable to those obtained by

Chakraborty and Khan (1988a).

The problem of overlapping solubilities of wheat protein classes was evident in



Figr-rre 6. cornparison of o/o total protein for modified osborne fractions
obtained at 4"C and room temperature for Glenlea (A) and
I(atepwa (B)



J5

A: Glenlea.
45

40

35

-- 30
<t)Õ
^* 2s
ct.ëIzoo

\o

s,¿l C
r Fl-F

15

10

5

o
évAl A,AS AleoFrol Sa.lt

Fra.ct¡orì

B: I(a.tep\^./a.
45

40

35

30

15

10

5

o

ñ<l C
r Fl-I-

'<D
o

E-ô
o

-=e



Figtrre 7 A-PAGE electrophoregrams of modified Osborne fractions of Glenlea (A)
and Katepwa (B) obtain ed at 4"C and room temperature. Np:Neepawa,
Gl:Glenlea, Kp:Katepwa, I : 4"C,2: room temperature, â : ethanol_
soluble fraction, b : AAS fraction, c: AAf fraction.
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Figure 8. SDS-PAGE electrophoregrams of modified Osborne fractions of Glenlea
and Katepwa obtained at 4"C and room temperature. Np:Neepawa, Gl:
Glenlea" Kp:Katepwa, a:4"C,b: room temperafure, I and 4 : ethanol-
soluble fractior¡ 2 and 5 = fu{S fractioq 3 and 6 = AÁT fraction
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Fþre 9. Gliadin bands were present in all modified Osborne fractions and glutenin bands

\¡/ere present in the ethanol soluble, AAS and AAI fractions, illustrating the challenge

inherent in quantitation and analysis of total gliadins or glutenins. SDS-PAGE patterns of

AAS fractions under non-reducing conditions of both Glenlea (Fig.l0, lane a2) and

Katepwa (Fig.10, lane c2) clearly showed that gliadin contamination was significant.

Hence, despite the improvement due to higher extraction temperature, purification of the

AAS fractions was necessary before further electrophoretic/densitometric and HpLC

analyses of the glutenins. Comparison of the SDS-PAGE patterns under reducing and non-

reducing conditions for the AAS and AAI fractions (Figure l0) indicated that the AAI

fractions for both cultivars contained relatively little gliadin contamination. Accordingly,

these AAI fractions were analyzed without additional purification. It was noted that

Katepwa appeared to have more contamination in its AAI fraction (Fig.lO, d2) than did

Glenlea (Fig.10, b2).

The protein solubility distributions @igure l l) were similar in range to other studies

using the modified Osborne fractionation (Chakraborty and Khan, 1988a; Orth and

Bushuk, 1972). The AAS fraction represented a substantially lower proportion of total

protein (5.6-8.7%) when compared to the ethanol soluble (35.1-38.2%) and AAI Qg.7-

34.6%) fractions. Comparison of the protein solubility distribution between Glenlea and

Katepwa indicated a significant varietal difference in the amounts of salt soluble, AAS and

AAJ protein fractions. There was no significant varietal difference between ethanol soluble

fractions. Katepwa contained significantly more salt soluble protein (15.2%) than Glenlea

(16.3%). Glenlea contained a significantly lesser amount of AAS protein (5.6%) and a

significantly greater amount of AAI protein (34.6%) than Katepwa (8.7o/o and Z9.7Vo,

respectively). These results are in general agreement with those of Orth and Bushuk

(1972) and are consistent with the reported correlations of the AAS and AAI



Figure 9 A-PAGE (A) and SDS-PAGE (B) electrophoregrams of room temperature
rnoclified Osborne fractions of Glenlea (Gl) and Katepwa (Kp)

(A): A-PAGE : lanes a,e: salt-soluble; b,f : ethanol-soluble;
c,g : AAS, d,h : AAI; and Np : Neepawa.

(B): SDS-PAGE: Ianes 1,5 : salt-soluble;2,6: ethanol-soluble; 3,7 : AAS;
4,8 : AAI; and Np : Neepawa



tt
ö

W
:iì¡!::.t*:

ìt6å*
*r.lrr

$tr**6

.l

{alrÑm
tñF

tri{qF ñ!T{+
lllr* ffi

w **w

WSffi ï,',ì sq m
s*** e*åtÑä
... è{ffi .. ... **.*

W sû* .ùri.,,N mr.rt.:i án+\\ 
ëqi

. *l*' . ffi**,:
'Yq* ¡*¡*¡r #R. **** lir*¡
*ü @. q . ñÈst, {F4çrÁi_.s w s ffiffi

ffim
ffiffi

ffitr
.¡$..S ,$"

.i:,.Ìi:r:' : .|,,,¡iìY: rr.i.ìrr: .r, :, ...,.-

q

.NÑ

B

Mffi
't 'l 

t 
.l'

$r$ffi

$$ffi
iw.

sh

¡È{1ñì{

mw
ffim

ffiffi
N.R N,

dKpef

N¡.{ - 
Þ rt'

ì.r'.'t :, :

,Èr
c)

:È\riiÌ$

bc

S.-,r:i,ç

*w
sw

$.".ì,T,:I\.ìI

r,ìì. . :-w
tiì!:ìii\

.l",:t...\ì..l$ìi

\ììÌ.ìj:n

W

g,llL¡.,.1.$

S$
Þ::- å:

&ú!súWW

:.titr' ::.

Wè(Ì
,ii\!ì'$ì:.if

W
r$&Þ.$N\
.i:..it,iì..
,lìJ:;..::liflw
...ssN:
a:r1.. iflill

$Nìffi
ñù\!l

l: lì:ìt'ìi

N$s
,srs$l

ffi
ìSì:ili'.li W

W



Figure 10. SDS-PAGE electrophoregram of reduced and unreducecl AAS
and AAI fractions of Glenlea and Katepwa . Np:Neepawa;
Gl:Glenlea, al,bl : reduced AAS, AAI fractions; a2,bT:
unreduced AAS, AAI fractions; Kp:Katepwa; cl,d1 : reduced
AAS, AAI fractions; c2,d2: unreduced AAS, AAI fractions
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Figure 11. Comparison of o% of total protein for Glenlea and Katepwa
flour fractions obtained by modified Osborne fractionation
at room temperature.
(Letters within a fraction indicate significant difference; cr, : 0.01)
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fractions with breadmaking potential. The extra strong properties of Glenlea are likely a

reflection of its molecular weight distribution being shifted to the higher end (hence lower

glutenin solubility), whereas the less strong variety Katepwa probably has a molecular

weight distribution that is shifted somewhat lower than Glenlea's. Protein recoveries were

very good for both Glenlea (94.6%) and Katepw a Q .S%).

2. Purification of Acetic Acid Soluble Fraction

Burnouf and Bietz (1989) reported that acidic 7\o/o ethartol could solubilize more

protein than neutral 70o/o ethanol. This appeared to be the case for AAS fractions

dispersed in 50Yo and also 70Yo l-propanol. The TOYo 1-propanol precipitation method of

Fu and Sapirstein (1995) required modification due to the low pH (5.2-5.3) of the 50% L
propanol protein dispersion. The ineffective separation of glutenins and gliadins by

precipitation was apparent from the A-PAGE and SDS-PAGE electrophoregrams (Figure

12) of the precipitates and supernatants obtained after 30 min and overnight treatment.

Increasing the propanol concentration to 75o/o was more effective @igure 13), but glutenin

bands were still detected in the SDS-PAGE patterns of the supernatants.

Neutralization of the 50%o l-propanol protein solution prior to 70Yo l-propanol

precipitation \¡/as successful in separating the AAS glutenin polymers from the gliadins.

This is evident in the PAGE electrophoregrams (Figure la) of the precipitates and the

supernatants. Precipitation of the neutral 70o/o l-propanol supernatant by increasing the

propanol concentrati on to 75Yo caused precipitation of more <r:-gliadins and other gliadins,

but there was no evidence of the presence of HMW glutenins (Figure l5).

The purified glutenin obtained by 70% l-propanol precipitation \¡/as freeze-dried

and ground to a fine powder with a dental amalgamator (WIG-L-BUG, Chicago, IL) as

done previously by others (Gupta and MacRitchie, 1991). Recoveries of protein in the

fractionation of the gliadin and glutenin in the AAS fraction were excellent at99.6Yo and



Figure 12 A-PAGE (A) and SDS-PAGE (B) elecrrophoregrams of 70o/o
1-propanol precipitates and supernatants of AAS fractions of Glenlea
and Katepwa. Np:Neepawa; Gl:Glenlea; Gl,G2: overnight, 30 min
precipitates; G3,G4: overnight, 30 min supernatants, Kp:Katepwa;
Kl,K2: overnight, 30 min precipitates, K3,K4 : overnight, 3O min
supernatants.
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Figure 13. A-PAGE (A) and SDS-PAGE (B) electrophoregrams of 75Yo l-propanol
precipitates (P) and supernatants (S) of AAS fractions of Glenlea (Gl)
and Katepwa (Kp)
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Figure 14 A-PAGE (A) and SDS-PAGE (B) electrophoregram s of 7oo/o

l-propanol precipitates (p) and supernatants (s) of AAS fi'actions of
Glenlea (GI) and Katepwa (Kp) afrer neutralization.
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Figure 15. sDS-PAGE electrophoregram of precipitates (-P) and supernatants
(-S) of Glenlea (G-) and Katepwa (K-) obtained by increasin gthe Toyo
1 -propanol supernatant concentration to 7 5o/o
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96.9yo for Glenlea and Katepwa, respectively (Table 6). Nitrogen determination on the

70o/o l-propanol supernatants and the freeze-dried precipitates revealed that Glenlea had

significantly more propanol insoluble protein (glutenin) and less soluble protein (gliadin)

than did Katepwa (Table 6) on a o/o basis of total AAS protein. However, when

comparing the propanol fractions on the basis of Yo total flour protein, the cultivars

differed only in the percentage of the propanol soluble (gliadin) fraction and not in the

percentage of propanol insoluble (glutenin) protein (Table 7).

Figure 16 illustrates the cultivar differences in the AAS fractions. Katepwa

contains slightly more gluterun (3.82%) than Glenlea (3.52%) in the AAS fracrion,

although the difference is not statistically significant. Despite this slightly higher value,

Katepwa has less glutenin overall (32.5%) than Glenlea (38.1%), based on total AAS and

AAI glutenins. The significant difference in the gliadin portion, however, suggests that the

negative correlation of the AAS fraction with loaf volume reported by Orth and Bushuk

(1972) may not be entirely related to the relative contents of soluble glutenin. The varying

amounts of gliadin may be the real factor causing the negative correlation. The presence

of contaminating albumins, globulins and gliadins in the AAS fraction and in other

fractions employing different extraction procedures has been reported (Bietz and Wall,

1973; MacRitchie et al, l99l; Orth and Bushuk, 1973a). The weaker wheat cultivar

(Katepwa) appears to contain more gliadin that is complexed with glutenin. In the

modified Osborne fractionation, this gliadin is not extracted by 70% ethanol but is

extracted by 0.05N acetic acid together with some glutenin. In the stronger cultivar, less

gliadin is complexed with glutenin and hence relatively more is extracted by the TOYo

ethanol. Hence, the AAS fraction contains less gliadin. These observed differences in

gliadin complexing with glutenin between flours of widely different strength and baking

performance may provide a clue to the structure-functionality role of glutenins.
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TABLE 6. Percentage Total AAS Protein and o/o Recovery of AAS Fractions
of Glenlea and Katepwa After PrecipitationinT}o/o l-propanol

Fraction Glenlea Katepwa
7 0%o - l -pr op anol-soluble (%)
7 lYo- T -pr opanol-insoluble (%)

36.6 1s.r¡"t
63.0 (5.r)a

53.01:.e¡u
43.9 (s. )a

o/o rscovery of AAS protein 99.6 96.9
I Values assigned different letters within each fraction are significantly different (a,: 0.01)

CV within parentheses

TABLE 7. Percentage Total Flour Protein andYo Recovery Represented
by 70%-T-propanol Soluble and Insoluble Fractions of AAS protein
from Glenlea and Katepwa

Fraction Glenlea Katepwa
7 0o/o- | -pr op anol-insoluble
7 0o/o - | -pr op anol- s o lubl e
Total AAS protein

3.52 (e.Ð,1

2.04 (tt.s)L
5.58 (12.5)"

3.82 (6.s)a

4.62 (4.3)b

8.70 (0.9)b

rValues assigned different lefters within each fraction are signiñcantly different (ø = 0.01)
CV within parentheses



Figure 16. o/o of total protein represented by 70% 1-propanol-solLrble ancl
insoluble fi-actions of AAS protein of Glenlea and Katepwa
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D. Analyses of Acetic Acid Soluble and Insoluble Fractions

1. Electrophoresis/Densitometry

Results of triplicate densitometric analyses (Appendix tr) are tabulated in Table 8.

Based on these results, there were no significant quantitative differences in specific HMW-

GS between fractions or between cultivars, except for HMW-GS 7. Subunit 7 only

exhibited a cultivar difference, the content being higher in Glenlea than in Katepwa.

DifFerences between AAS and AAI fractions within each cultivar were not significant.

Nor were there any significant differences in the ratios of HMW-GS:LMW-GS between

AAS and AAI fractions or between cultivars.

Experimental results clearly indicated substantial variation between replicates, with

coefücients of variation ranging from 2.4o/o to 67.6%o, with an average of 17.2%;o.

Variation between replicates may be sufficient to mask actual significant differences

between fractions or between cultivars. Many more replicates would be required to

improve the accuracy (Kolster et al, 1992). The presence of some co-gliadins in the SDS-

PAGE patterns increased the total area attributed to LMW-GS and thus resulted in an

under-estimate of the ratio of HMW-GS to LMW-GS in the AAS fractions. The relative

proportions of total HMW-GSs \ryere consistently lower for the AAS fractions when

compared to the values obtained by HPLC. Another possible source of error, as pointed

out by Kolster et al (1992), is the assumption that the degree of stain binding is constant

for all subunits and that staining intensity is linearly related to the amount of protein

applied. Relative proportions of HMW-GSs 2* and 10 were consistently lower than

values obtained by IIPLC and vice versa for subunits 7, 8 and 9.

Despite the lack of significance, certain trends were noted. There appeared to be

more of subunit 10 in both Katepwa f¡actions compared to Glenlea fractions. Of
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Table 8. Relative Amounts (%)t of HMW-GS and LMW-GS and Rarios of HMW- to
LMW- GS in AAS and AAI Fractions of Glenlea and Katepwa Obtained by Densitometry

Glenlea Katepwa
Subunit or Region AAS
HMW-GS 2* (ns)

HMW-GS 5 (ns)

HMW-GS 7

HMW-GS 8/9 (ns)

HMW-GS 10 (ns)

15.8 1:.s¡
19.9 (6.0)

37.2 (4.0)a

9.4 (r[.e)
17.7 (13.6)

14.9 (ze.s)

22.4 (30.4)

24.5 (26.s)c

8.2 (2e.3)

14.6 (10.3) 16.7 (6.0)

22.1 (s.4) 19.2 (s.2)

:S.O 1r.+¡ab 29.6 (2.4)bc
7 .9 (7.6) 9.2 (r3.0)
20.4 (re.6\ 25.4 (8.3\ 29.9 (67.6)

Total HMW-GS (ns)

LMW-GS region
28.8 (14.e) 38.4 (16.1) 21.6 (re.4)
At.Z 6.e¡ab 58.9 (11.2)ab 75.7 (6.3)a

39.0 (3e.2)

56.9 (2s.6)b
Ratio ofHMW:LMW-GS (ns) 0.42 (21.4) 0.66 (25.8) O.Z9 (24.1\ 0.68 (77.e\
I Means of triplicates; CV in parentheses;

Values with the same letter are not significantly different (a=0.05); (ns) = no significant difference
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particular interest was the observation that both cultivars had greater amounts of subunits

5 and 10 in the AAI fraction than in the AAS fraction. The ratio of HMW-GS to LMW-

GS was greater for the AAI fraction of both cultivars.

2. HPLC

Results of trial I{PLC analyses of 7oo/o l-propanol precipitated AAS fractions

without neutralization (results not shown), suggested that as the propanol concentration

was raised from 50o/o to 70Yo in the slightly acidic protein dispersions, differential

precipitation of glutenin was occurring. Presumably, the higher Mr polymers precipitated

at lower concentrations than the lower Mr polymers. The acidic conditions, even at TOYo

l-propanol, prevented the precipitation of the glutenin of lowest Mr. This phenomenon

could account for the contrasting ratios of HMW-GS:LMW-GS observed between the

HPLC data obtained from AAS fractions prepared without neutralization (results not

shown) and the densitometry data.

Agreement between densitometry data and HPLC data was only slightly improved

when the I{PLC separations were repeated. Peak areas obtained from IIPLC

chromatograms by integration of neutralized, propanol precipitated AAS-glutenin and

AAI fractions are tabulated in Table 9. An example of an integrated chromatogram is

included in Appendix III-4. The use of normalized peak areas (i.e. o/o of total area) is

reported to improve precision (Scanlon et al, 1989). Based on hydrophobic interaction

chromatography, the o-gliadins are the most hydrophilic of the gliadins and glutenins

(Magnus and Khaq 1992). The ro-gliadins eluted earlier than the HMW-GS and LMW-

GS in the IIPLC separation of the purified AAS fractions. Thus, their contribution to

integrated area was obviated in the I{PLC analysis. FIPLC results should also provide

more accurate results than the densitometric scans, provided that integration specifications

are judiciously chosen and samples are successfully and efficiently extracted, reduced and
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Table 9. Relative Amounts (%) of HMW-GS and LMW-GS and Ratios of HMW-GS to
LMW-GS fdr eeS and AAI Fractions of Glenlea and Katepwa Obtained by FIPLCIt,. )

I Jtl¿

Glenlea Katepwa
Subunit or Region AAS AAI AAS AAI
HMW-GS 2*
HMW-GS 5

HMW-GS 7/7*
HMW-GS 8/9 (ns)

HMW-GS 10

12.4 (r.D, II.7 Q.a)r, 14.8 (0.0)" t3.1 (2.2)d

18.6 (0.38)" 21.8 (0.65)b 26.2 (4.6)" 24.6 (0.2e),

43.0 (2.6)^ 40 4 (0.18)b 29.6 12.+¡"
12.6 (rs.z) 11 6 (1.s) 14.1 1:.-s¡
13 .4 (4.2)n 14.6 12.01^r, i 5.6 (,i.+)¡

29.8 (1.4).

14.4 (o +g)

I8.I (-5.r)"

Total HMW-GS
LMW-GS region

34.8 (0.61)" 34.5 (0.41)^ 35.4 (2.2)^ 30.2 qo.l+;r,

65.2 (0.32)^ 65.5 (0.22)^ 64.6 (t.z)^ 69.810.+r;1,
RatioofHMW.LW.¡z)"0.525(l'35)a0.545(3'89)ao.435(I.62)rr
rl-gliadin (%) in AAS2 13.9 (z.r) n/a zo g (z.r) rVa
r Means of duplicales; CV in parcnlhescs

Values rvith the same letter are not significantly different (o,:0.05); (ns) = no significant differcnce
2 E^luded from calculations of relative amounts of AAS glutenin
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alþlated (Scanlon et al, 1989). In addition, resolution, reproducibility and column

stability are reported to be superior for the Zorbax column used in this study. Hydrolysis

of the bonded silica phase under high temperature and low pH is minimized with the

presence of steric iso-propyl groups (Marchylo et al, 1992b).

The HMW-GSs elute in order of increasing hydrophobicity: 10, 8 (Glenlea) and 9

(Katepwa, Neepawa), 5, 7 (Glenlea) and 7* (Katepwa, Neepawa), and 2* (I(awka et al,

1992; Marchylo et al, 1992a). Subunit 7 of Glenlea is distinguished from subunit 7* of

Katepwa because the HPLC retention times are different, despite the similar relative

mobilities in SDS-PAGE. Comparison of elution times was not possible because of

differences in the conditions used by others.

Same day reproducibility was excellent; no changes in peak retention times or

signal patterns were apparent. Qualitative reproducibility between replicates of different

days was also good, with only a slight shift in the baseline. Coefficients of variation \ryere

generally below 5Yo lor all replicates. HMW-GS 8 in the AAS fraction of Glentea (CV

15.2%) and HMW-GS 10 in the AAS (CV 5.4%) and AAI (CV 5.lo/o) fractions of

Katepwa were the only exceptions. Significant differences in relative amounts of

individual HMW-GSs between the AAS and AAI fractions were found. But the only

consistent difference was for HMW-GS 2* which was present in slightly greater quantity

in the AAS fraction of Glenlea and Katepwa. Subunit 5 was significantly greater in the

AAI fraction of Glenlea but not of Katepwa. Similarly, subunit 7 was significantly greater

in the AAS fraction of Glenlea but not of Katepwa. No quantitative differences for

subunit 8 and 9 were found between fractions or cultivars. Subunit 10 was significantly

greater in the AAI fraction of Katepwa but not of Glenlea. Intercultivar differences were

significant for all HMW-GSs except subunits 8 and 9. Katepwa contained significantly

greater quantities of HMW-GSs 2*, 5 and l0 in both fractions. Glenlea contained a
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significantly larger amount of subunit 7 in both fractions. The ratio of HMW-GS:LMW-

GS was similar for all fractions except the AAI fraction of Katepwa, which was

substantially lower. Significant differences between HMW-GS content or HMW-

GS:LMW-GS ratio were only found between the AAS and AAJ fractions ofKatepwa.

Comparison of the IIPLC data with that obtained from densitometry showed some

similarities and differences. Both methods produce similar distribution patterns for the

HMW-GS contents in both fractions and both varieties. A portion of the rather consistent

variation could be ascribed to the variation in staining intensity of diffFerent bands in SDS-

PAGE. The higher quantity of HMW-GSs 5 and 10 in the AAI fractions observed in the

densitometry data is significant in the I{PLC data for Glenlea but only for subunit 10 of

Katepwa. The significantly higher amount of subunit 2* in the AAS fraction as

determined by HPLC was also apparent in the densitometry data although the difference

was not found to be significant. Quantitative differences in individual HMW-GSs between

the AAS and AAI fraction were inconsistent and not always significant and hence,

precluded conclusions regarding the influence of specific subunits on solubility with any

reasonable certainty. The only consistent observation was that HMW-GS 7 (Glenlea) was

present in greater amounts than 7* (Katepwa). I{PLC data indicated that Katepwa

contained significantly greater amounts of subunits 2* , 5 and 10, but densitometry data did

not support this observation. Subunits 8 and 9 were quantitatively similar for both

varieties and both methods. As for the ratio of HMW-GS:LMW-GS, densitometry

indicated higher ratios for the AAI fractions of both varieties, although this difference was

not statistically significant. However, IIPLC data showed no difference in the ratio

between the AAS and AAI fractions of Glenlea and the AAS fraction of Katepwa. The

ratio was significantly lower for the AAI fraction of Katepwa only. Thus, on the basis of
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the results obtained by HPLC and densitometry the HMW- to LMW-GS ratio could not

explain differences in solublity of glutenin in dilute acetic acid.
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vI. GENERAL DISCUSSION

The objective of this study was to determine, in terms of fundamental molecular

properties, why some wheat glutenin is soluble in 0.05N acetic acid solution while the rest

is insoluble in this solvent. This characteristic of glutenin appears relevant to the

molecular basis of breadmaking quality since Orth and Bushuk (1972) observed that for a

group of 26 wheat cultivars grovin in four locations in western Canada, the amount of the

soluble glutenin in the flour was inversely correlated with loaf volume (an index of baking

quality) whereas the amount of insoluble glutenin was directly correlated.

Consistent with the earlier results of Orth and Bushuk (1972) and more recent

results of Chakraborty and Khan (1988a), the present study showed that the weaker flour

(Katepwa) contained more AAS protein than the stronger flour (Glenlea),8.7Yo and 5.6Yo,

respectively. AIso as reported earlier, Katepwa contained less AAI protein than Glenlea,

29.7% and 34.60/o respectively. Earlier studies interpreted these results as reflecting a

substantive difference in the solubility of glutenin as it was assumed that the preceding

extraction of the flour with 70Yo ethanol solution had removed all of the gliadin and that

the residue, which was further fractionated by extraction with acetic acid solution,

contained mostly glutenin.

Analysis of the AAS protein in the present study by A-PAGE showed that this

fraction contained substantial quantities of gliadin along with glutenin. The amount of

gliadin in this fraction appears to be genotype dependent. The actual values obtained were

4.62% and2.04o/o for Katepwa and Glenlea, respectively. When the amount of protein in

the AAS fraction was adjusted for the gliadin content, the difference in the glutenin
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content of the two AAS fractions was relatively small but the fraction of the weaker

cultivar Katepwa contained slightly more (3.82%) glutenin than the fraction of the

stronger cultivar Glenlea (3.52%). When the amount of glutenin was adjusted for the

content of co-precipitated al-gliadins, this small difference was practically eliminated. On

the basis of the small number of samples (two), the difference between the cultivars was

not statistically significant. Examination of a larger number of wheat cultivars of more

widd diverse quality than that covered by the two samples used in the present study

would be helpful in clarifying what appears to be a discrepancy between the published

results and the results obtained in this study. The implication of the presence of a

genotypically-dependent amount of gliadin in the AAS fraction in the functional properties

of flour will be discussed later.

In the context of the objective of this study, the results showed some interesting,

albeit not large, differences between AAS and AAI glutenin. SDS-PAGE patterns showed

that the two glutenin fractions were the same in terms of presence of bands in the HMW-

and LMW-GS regions. Densitometric analysis of the SDS-PAGE patterns showed only

minor quantitative differences in the relative amounts of the GSs in the AAS and AAI

glutenins. The AAS glutenin contained slightly less subunits 5 and l0 than the AAI

glutenin. It should be recalled that these two subunits are controlled by genes on the lD

chromosome and according to several authors (Orth and Bushuk, 1973c; Payne et al,

1981; Ng and Bushuk, 1988), they are especially important to breadmaking quality of

wheat. Also, the ratio of HMW-GSs:LMW-GSs calculated from the densitometric data,

though not significant, was higher for the AAI fraction than for the AAS fraction for both

cultivars. This data is generally consistent with solubility as the glutenin molecules of

higher molecular mass would be less soluble.
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HPLC comparison of AAS and AAI glutenin showed similar trends to those

obtained by SDS-PAGE and densitometry but there were some substantive differences.

HPLC results showed that the AAS glutenin of both cultivars contained more of subunit

2* than did the AAI glutenin; densitometry of SDS-PAGE patterns did not show this

difference. Differences in the amounts of other HMW-GSs were observed for each

cultivar but these were not consistent when the results for the two cultivars were

compared. Also, the I{PLC ratio of HMW-GSs:LMW-GSs was very similar for the AAS

and AAI fractions for Glenlea; the ratio was higher for the AAI fraction than for the AAS

fraction for Katepwa. The reason for the discrepancy between the HPLC and SDS-

PAGE/densitometry results is not known and warrants further investigation.

In summary, this study has shown that the AAS and AAI glutenins are quite similar

in subunit composition and content. Small diffFerences were observed which appear to be

consistent with the solubility of the two fractions of glutenin but may not be sufficient to

account for the observed difference in solubility in acetic acid solution. It appears

therefore that the previously-reported (Orth and Bushuk, 1972; Gupta and MacRitchie,

1991) explanation of the variability in glutenin solubility based on molecular weight is

plausible. Proof of this hypothesis must await the development of a method for accurate

determination of the molecular weight of polymeric glutenin molecules. Other properties

of glutenin such as concentration of intermolecular disulfide crosslinks, secondary and

tertiary structure, etc. may contribute to its solubility but there is no clear evidence to

support this speculation.

Essentially all of the alcohol-insoluble gliadin was extracted by the 0.05N acetic

acid solution used in the next step of fractionation. The alcohol insolubility of some of the

gliadin is attributed to its strong aggregation with glutenin. Furthermore, it appears that

the proportion of gliadin that is not extracted depends on the genotype. In the present
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study, the AAS fraction of Katepwa, the weaker variety, contained substantially more

gliadin than the same fraction of Glenlea, the extra strong variety.

The genotype specific aggregation of gliadin and glutenin may have implications in

the functional properties of wheat flour doughs during mixing. It is generally believed (see

for example Khan et al, 1989; Lonkhuijsen et al, 1992) that during dough mixing, gliadin

and glutenin aggregate to form the viscoelastic gluten. The time required for this

aggregation (i.e. the dough development time in the mixograph or the farinograph) would

depend on the degree of intrinsic interaction between the two proteins in wheat flour.

Cultivars that have more aggregated gliadin-glutenin in the flour (i.e. a higher gliadin

content in the AAS fraction) would require less mixing for optimum development and vice

versa. This explanation is plausible for the results obtained in the present study for two

diverse wheat cultivars. It remains to be confirmed by similar experiment on a larger

number of wheat cultivars covering a wider range of dough mixing properties.

A possible molecular basis of the large difference in dough mixing properties of the

two cultivars used in this study deserves further comment. The two cultivars have the

same lD HMW-GSs, 5 + 10, which are considered more important to breadmaking

quality than the other HMW-GSs. Also both have the 1A HMW-GS, 2*. They differ in

the 1B HMW-GSs; Glenlea has 7 * 8 whereas Katepwa has 7* + 9. Glenlea contains

relatively more of the subunit 7 than Katepwa. Subunit 8 is similar to subunit 9 but is

slightly higher in molecular mass. The implication of the small difference in HMW-GS

composition in the observed difference in dough properties of the two cultivars studied

remains to be discovered by future research.
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VfI. SUMMARY

l. The present study showed that the weaker flour (Katepwa) contained nlore AAS

protein than the stronger variety (Glenlea). Katepwa also contained less AAI protein than

Glenlea. This varietal difference was in accord with research correlating the fì-actions to

breadmaking quality (Orth and Bushuk,l9'72, and other references cited herein)

2. There were significant intervarietal differences in gliadin content of the AAS fi'action

but the amount of glutenin was similar. When the amount of protein in the AAS fì'action

was corrected for gliadin content and co-precipitated ot-gliadin content, the difference in

the glutenin content of the two AAS fractions was relatively small. Further research with

a Iarger number of wheat cultivars of diverse breadmaking quality would help to clari$r the

discrepancy between published results and the results obtained in this study.

3. Densitometric results showed only minor quantitative differences in the relative

arxounts of the GSs. The AAS fraction contained slightly less HMW-GSs 5 ancl l0 than

the AAI fraction. The ratio of HMW-GSs:LMW-GSs was higher lor the AAI li-action

than for the AAS fraction. I{PLC results showed similar trends but there were soÍre

appreciable differences FIPLC results showed that the AAS glutenin containecl lnore of

subunit 2* than did the AAI glutenin. Also, the ratio of HMW-GSs:LMW-GSs was

similar in both fractions for Glenlea, but higher in the AAS fraction than in the AAI

fraction for Katepwa. The discrepancy in the results obtained between the two rnethocis

warrants further investigation.

4. The proportion of HMW-GS 7 in Glenlea was significantly greater than that of 7* in

Katepwa. This cultivar difference was observed for both AAS and AAI fractions
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5. This study has shown that the AAS and AAI glutenins are quite similar in subunit

composition and content. The small differences observed appear to be consistent with the

solubility of the two fractions but may not be sufficient to account for the observed

difference in solubility in acetic acid solution.

6. The alcohol insolubility of some of the gliadin appears to be genotype-dependent and is

attributed to its strong aggregation with glutenin. Cultivars that have more aggregated

gliadin-glutenin (i.e. higher gliadin content in the AAS fraction) would required less

mixing time for optimum dough development. Similar experiments on a larger number of

wheat cultivars of diverse dough mixing properties would help to confirm this observation.

7. Glenlea and Katepwa have similar HMW-GS compositions. It is plausible that the

larger quantity of subunit 7 and the lesser degree of gliadin-glutenin interactioq as defined

by gliadin content in the AAS fraction, could account for part of the stronger dough

properties of Glenlea. How the small differences in HMW-GS composition, or possible

differences in the LMW-GS composition, can give rise to the large difference in dough

properties remains to be discovered by further research.
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APPENDIX I. Solubility DistributÍon and Recovery from Modified
Osborne Fractionation at 4oC and Room Temperatrrre
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TABLE 4. Percentage Total Protein* ando/o Recovery for Glenlea and Katepwa
Flour Fractions Obtained by Modified Osborne Fractionation at 4oC

Flour
Glenlea Katepwa

o/o of total protein o/o of total protein
Salt-soluble
Alcohol-soluble
Acetic acid-soluble
Residue

15.21t.s¡a

26.81r0.r¡u

13.8 qr.+¡a

39.6 <z.o>u

17.7 1z.t7a

30.69.2¡t
14.51t.qr
34.1 1o.r¡u

Recovery 95.4 96.9
x Values with the same letter within each fraction are not significantly different (cr=0.05)

CV within parentheses

TABLE 5. Percentage Total Protein* andYo Recovery for Glenlea and Katepwa
Flour Fractions Obtained by Modified Osborne Fractionation at Room Temperature

Flour
Glenlea Katepwa

Fraction o/o of total protein Yo of total protein
Salt-soluble
Alcohol-soluble
Acetic acid-soluble
Residue

I 5 .0 1+.0¡u

35.6 6.2¡^
7 .0 ç.+¡"

38.210.s¡"

18.2 1r.r¡u

3 8.0 <o.slr

7.8 g.t¡t
32.2tzstt

Recovery 95.8 96.2
* Values with the same letter within each fraction are not signiñcantly different (a,:0.05)

CV within parentheses
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APPENDIX II. Densitometric Scans of SDS-PAGE
Electrophoregrâms - Replicate 1
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Katepwa - AAS Fr¿ction

Glcnlca - Control Flour

Glenlea -.AAS Fraction

Glcnlea - AAI FractionKatepwa - AAI Fraction
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APPENDIX III. HPLC Chromatogrâms
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