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Study of reJ.ationships betrleen gluLenin subunit composition and

breadmaking quality requires a precise practical procedure for eslima-

tion of moLecular weights (t¡lis) of the subunits. A modified method of

polyacrylamide gel electrophoresis in the presence of sodium dodecyl

sulfa!e (SDS-PÀGE) rlas developed to inprove the resolution of high

molecular rleight (HMll) glutenin subunits by using a combínation of

(a) high total concentration of acrylamide and bisacrylamide, (b) low

concenlration of cross-Iinks between bisacryJ.amide and acrylamide,

(c) los conslant current, and (d) long running time,

Ì.!olecular rleights of glutenin subunits of the riheat cul.tivar

(cv. ) Marquis were estimated by the modified SDS-PÀcE using character-

ized proteins from other sources as MW markers, The I'larquis subunits

were then used as secondary slandard reference proteins for determina-

tion of subunit MI,ls of other wheat varieties. Slatistical analysis of

replicate data for cv. Neepawa shoned that the precision of the pro-

posed method for estimating MWs rlas better than 1.5%. The main advan-

tages of this proposed procedure arel (a) the reference proteins are

handled in exactly the same way as the unkno!¡n wheat proteins, (b) the

reference proteins are similar to the unknotin proteins in chemical and

physical properties, (c) the entire range of MWs is covered by a large

number of reference proteins, and (d) the source of reference pro!eins



is inexpensive.

The reLationship between HMlr subunits of glutenin and breadmaking

quality was investigated using the data for 25 varieties of the 1983

Uniform Quality Nursery (UQN). Pre).iminary study showed no differ-

ences in the HM!,l subunit patterns of wholewheat mea1, flour, or

extracted glutenin, Àccordingly, flour was used as the slarting

material for rou!ine analysis of whea! varieties by SDS-PAGE. Molecu-

lar mass in kilodaltons (kD) r'as adopted ro identify each subunit for

nomenclature and statistical analysis purposes.

Thirteen different HMI,¡ glutenin subunits, 1{ith Mvis in the range

from 90,0 lo 14'1 ,4 kD, Ìrere identified from the SDS-PÀGE patterns of

the 26 varieties, Each variety had four or five of these HMt¡ subu-

nits. High quality varieties had a predominance of specÍfic subunits.

Subunits 128.1 and 91.6 were significantly correlated to good bread-

rnaking quality rrhereas subunir 90.0 was significantly correlated to

poor breadmak i ng quality.

Stepwise multip).e regression analysis was used to develop seven

prediction equa!ions for breadmaking criteria, dough development time,

nixing toS.erance index, extensibility (E), maximum resistance (R),

ratio of R and E, baking strenglh index, and loaf volune per unit pro-

tein, based on presence or absence of specific HMW glutenin subunits.

The prediction equations vere tested uith data for a separate set of

eight varieties of the 1985 Bread Wheat Cooperative Test. The equa-

tion for ULv using eight HMf{ glutenin subunits in lhe MI,t range from

96,3 to 147.4 (r2 = 0.659; P < 0.01) gave predicted ULv values that

agreed with actual values within a 95% confidence limit, The pre-

diction equations had hiqh predictive power for all quality parameters



except E, which indicated that factors other than glutenin contribute

substant ially to E.

The findings of the present study would be usefu] in developing

an early-generation test for screening varieties in breeding programsf

and in further research on the contribution of HMI.Ì gl.ulenin subunits

to breadmak ing quaLity.
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T. i NTRODUCT] ON

Wheat is the world's largest crop (Canada Grains Council, 1986)

and provides almost 20% of the !otaI food calories and. proteins for

the human race (Bushuk, 1982). For t+heat exporting countries, such

as Àustralia, Canada and the U.S.À., it contributes substantially to

the gross nalional product. The major class of wheat is used in the

forn of breadi breadmaking quality is the key criterion of the commer-

cial vaLue of the crop.

It is generaÌly accepted that it is the properties of the pro-

teins presen! in wheat flour lhat dictat,e the wheat's suitability for

processing into bread. These properties are coLlectively responsib).e

for the so-caLl.ed "protein quality" for breadmaking. It is nor¡ well

established tha! gl.utenin, a fraction of flour protein according to

lhe 0sborne (1907) classificaLion, contribuLes significantly to pro-

lein quality and is mainly responsibLe for the intervarietal differ-
ences in breadnaking potential (Orth and Bushuk, 1973bi Payne

et aL., 1980b). GLutenin comprises about 45% of the total endosperm

protein and is made up of at least 15 polypeptide subunits obtained

after reduction of its disulfide bonds (Khan and Bushuk, 1978). In

order to assist the plant breeder in the deveLopnent of new wheat

varieties of improved breadmaking quality, it is essential to under-

stand much more of lhe biochemistry and genetics of glutenin proteins

and their subunits, RecentIy, attention has become focused on lhe

relationship be¡r.reen high rnolecular ueight (HMI,i) subunits of gJ.utenin

and breadmaking quality (eayne qE al., 1980b). '

The objective of this thesis projecl is to investigate further

and in grealer detail possible inter-rel.ationship(s) betrieen the com-



position of the HMl,l glutenin subuníts and breadmaking quality of a

nunber of wheat varieties grown in I,|estern Canada. The research plan

comprises the following sub-projects:

(1) Ðetermination of lhe breadmaking quality ot 26 1983 Uniform Qual-

íty Nursery (Ugtl) Canadian grown varie!ies riith a broad range in

qual i ty.

(2) Development of a practical procedure for separating HMW glutenin

subunits using polyacrylamide ge1 electrophoresis in the presence

of sodiurn dodecyl sulfate (sDS-PÀcE).

(3) Developmenl of an appropriate nomenclâture for HMFI glutenín subu-

nits.
(4) Investigation of the relationships between certain HMti gtutenin

subunits and technological criteria for the 26 UQN varieties.

(5) Development of prediction equations using the HMI,¡ gl.utenin subunit

composition to predict certain t.echnological parameters.

(6) Testing of the predictive power of the developed prediction egua-

tions by using selected wheat cultivars.

The results of this study are presented and discussed in this

thesis.



I I . LI TERÀTURE REVT EI.¡

À. Introduction

The main objective of this thesis project is to extend knowledge

about the relationships between g).utenins Inrore specifica]1y high

molecular weight (HMtl) glutenin subunitsl and breadmaking quality of

bread wheats. Therefore, !his literature review will cover in some

delail those publications lhat are pertinent to the subject of glute-

nins and breadmaking guality, including such areas as the classifica-

tion and preparative procedures of glutenin, and its slructure. Since

the main purpose of this study is to obtain infornation on the role of

glutenin in breadmaking quality, the literature on the role of glute-

nin, and especially the HMt,l subunits of glulenin in breadmaking qual-

ity wilI receive special emphasis.

B. Definition and Preparative Procedures of Glutenin

The classical scientific fractionation of t{heat pro¡eins was

first reporled by Osborne (1907). He classified wheat proteins into

four major fractions based on their differential solubility by sequen-

tial solvent exlraction:

1. albumins---exlractabLe in water;

2. globulins---extrac!abIe in sal ine;

3, gliadins---extractable in 70% to 90% aqueous alcohol;

4. 9).utenins---extractable in dilute aqueous acid or alkali.

The 0sborne-type extraction for preparinq glulenin, however, has

some drawbacks since it is known that not aIl the gluLenin is

extracted by dilute acid or alkali (Kasarda g! âL., 1976). Because of



this, many different preparations have been suggested in !he

literature for preparing glutenin. The fol).oving wiII review some of

the mosl commonly used preparative methods.

Jones qL aI. (1959) developed two nethods .for 
preparing qlutenin.

For both neLhods, they !irst defatted flour l¡ith tiater-saturated n-bu-

tanol and then prepared a gluten baLl by washing the dough in

0.1% NaCl solu!ion. In one of the methods. they then dispersed the

washed gluten in 70% (v/vl ethanol to solubilize the gliadins. The

suspension Has then centrifuged and the resídual prolein rlas defined

as glulenin. Their second method involved dispersing the washed gluten

in 0.01 M acetic acid and then adding ethanol to nake the dispersion

70% (v/v) in ethanol. The pH of the dispersion was then adjusted to

6.5 l,lith 2 N NaOH. The protein that precipitated at 0o to AoC and sep-

arated by cenlrifugation was defined as glutenin.

Woychik et a1. (1964) prepared glulenin by a procedure sinilar to

the second method of Jones gL a]. (1959). They dispersed wet glulen in

0.01 N acetic acid, then added ethanol to make the dispersion

70% fu/vl in ethanol and adjusted the pH to 6.7 with 1N NaoH, The

precipitate was separated by centrifugation, redissoLved in dilute

acetic acid and reprecipitated. The final precipitate Has their gIu!e-

nin.

Eriart ('1972a) developed a procedure for preparing glutenin that

tias similar lo the first method of Jones et ä1. (1959). He classified

as glutenin the tolal residue after sequential extraction of flour

with 0.04 M NäCl and 70% elhanol .

Meredith and i,lren (1965) extracted the protein of fLour using the

strongly-dissociative ÀUc solvent (0,1 M acetic acid, 3 M urea, and



0.01 M cetyltrimethylammonium bromide); 95% of the total prolein of

flour was extracted by this solvent, They then separated the flour

proteins in the ÀUC extract by gel chronatography on a 2.3 x 43 cm

column of Sephadex G-200, and obtained four.najor peaks which they

cLassified on the basis of elution volume. Proleins tha! eluted at

85 nl , at 85 to 145 m], at 145 to 180 rnl , and at 180 ml and beyond

were considered !o be, respectively, glutenins, gliadins, albumins,

and non-prote in substa nc e s.

Shogren et a1. (1969) solubilized gluten proteins in 0.005 N lac-

tic acid and precipitated glutenins by the addition of 0.1 N Na2CO3.

They reported lhat, as the pH increased, the solubility of glutenins

decreased.

Huebner (1970) used 0,2 M acetic acíd to chromatograph proteins

in 0.1 M acelic acid extracts of wheat flour on Sephadex G-l00. He

reported lhal three distinct peaks and an intermedíate cut bet$een

peaks one and trto were obtained. The four fractions corresponded to

glutenins, ür-gliadins, gliadins, and albumins or globulins, respec-

tively.

orth and Bushuk (1973a) prepared their glutenin by pH precipita-

tion and purified it with ion exchanger. They dispersed gluLen in ÀUC,

centrifuged !he nixture, and decanted lhe supernatant. The superna-

tant was then mixed r¡ith ethanol to 70% (v/vl and its pH tias adjusted

to 6.4 by 1 N NaoH. The resuJ.!ing precipitate (glutenin) was allowed

to settle overnight at 2cC and then rlas separated by centrifugation.

The precipitated glulenin Has dispersed Ín 0.01 M acetic ¿cid, dia-

lyzed against distilled water for 5 days and then lyophilized to give

the so-calLed "crude glutenin". The crude glutenin (0.2 9) rras puri-



fied by dispersion into 50 ml AUC solvent containing 0.1 g of sulfoe-

thyl-Sephadex ion-exchanger and centrifuged. The supernatant was dia-

lyzed agaínst water and }yophi).ized lo yield "purified gluLenin". The

yield of "purified glutenin" was about 10% of the total protein.

Wasik and Bushuk (1974 ) published a prepara!ion procedure for

glutenin based on stepwise precipitations with ammonium sulfate from

ÀUC extracts of flour. The precipitate obtained from the first addi-

tion of anmonium sulfa!e was dissolved in ÀUC and re-precipitated Hith

a second equal addition of ammonium sulfate to yield "purified glute-

nin". The yield from lhis method was higher lhan the yield of Orth and

Bushuk (1973a); 27% versus 10%, respectively.

Danno gL ê] (1974) compared the effecliveness of several solubi-

lizing agents for flour proteins. The nost effective agenls rlere

sodium dodecyl sulfate (SDS) and ÀUC. They reported 79% extraction of

protein from flour wilh 0.5% SDS at pH 5.8 and only 72% extraction

with AUC. They aLso reported that adding ß-mercaptoelhanol or mercuric

chloride to the 0.5% SDS solution resulted in almost complete extrac-

tion of proteins.

Bietz and I4all (1975) solubilized glutenins (residue proteins

after saLt and alcohol extractions) in severaL soLvents: (a) acetic

acid, (b) acetic acid-mercuric chtoride, and (c) acetic

acid-ß-mercap!oethanol. The fractions from the acetic acid and acetic

acid-mercuric chLoride exlracts çere further purified by the pH pre-

cipitation outlined by Jones et al. (1959). Bietz and l,rall (1975) con-

cluded lhat a series of solvents was required for a cotnplete extrac-

tion of glutenins and that a pH precipitation should be used for

preparal i on of purified glutenins.



More recently, GraveLand et a1. (1979 and 1982) developed a novel

procedure for extracting glutenins from wheat flour. They used

1.5% SDS to separale flour proteins into SDS-soIubl.e and SDS-insoluble

fractions, The SDS-insolubLe fraction was resuspended in r¡ater and

separated into water-insoLuble proteins (gel proteins or glute-

nins I ), starch and glycoprotein.

By adding 70% ethanol to the SDS soluble fraction and chromato-

graphing lhe supernatan!, glutenins III, gliadins and albumins $ere

obtained. The residue was dispersed in water resulting in a supernâ-

tan! consisting of pentosans and globu).ins, and a second residue. This

residue Has extracted !rith 5 M urea to yield a supernatant designated

gJ.utenins II and a third residue which, with the aid of SDS and chro-

matography, separated into glutelins I, II, IIl and Iv.

Às can be seen the term "glutenin" has been used to refer to

qui!e different groups of wheat proteins lhan lha! first described by

0sborne (1907). Perhaps, as Lasztity (1984) pointed out, the names of

the researchers who developed the method of preparation of glutenin

should be used as a suffix (e.9., "glutenin prepared by the Orth and

Bushuk method" ) and only the prolein prepared according to Osborne's

(1907) procedure should be cal.Ied "91utenin".

C. Studies of the Structure of Glutenin

Numerous physico-chernical studies have been carried out to eluci-

date the structure of glutenin and its relationship to functionality

in breadmaking. Wu and Dimler (1963a, b) reported that a very high

proportion of glutamine rtas present in the amino acid conpbsitions of

glutenin---about one in every three âmino acids. the presence of very
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bonding betveen polypeptides. 0n the other hand, there were rela-

tively low proportions of amino acids in glutenin capable of carrying

a net positive charge at acidic pH (e.9., arginine, Iysine, and histi-

dine). Thus, ionic interactions betr+een polypeptides are unIikeIy,

Wu and Dimler (1964) investigated the structural properties of

glutenin by using viscosity, sedimentation velocity ullracentrifuga-

tion, ultraviolet difference spectraf and optical rotaLory dispersion

studies. Based on their findings, they concluded that glulenin moL-

ecules were highLy asymmetric. Subsequently l,ru and Cluskey (1955)

reported that glutenin had a low a-helix content in urea solution but

a somewhat higher content in hydrochloric acid solution. Cluskey and

r,lu (1966), using the same technique (opÈical rotatory dispersion) on

gliadin and glutenin in aluminum-lactate buffer, found that gliadin

had a higher proportion of a-helix than did glutenin. Àddition of urea

produced a decrease in a-helicity of gJ.ulenin. They postulated that

tbe secondary structure of glutenin was a mixture of random coil and

a-helix, r.¡ith the randorn coil being !he predominant structure.

Pence and olcott (1952) were possibly the first group lo suggest

that glutenin was made up of polypeptide chains and joined logether by

disulfide bonds. this conclusion was based on resul.ts of their experi-

mental investigation of the effect of reducing agents on rhe viscosity

of gluten,

It is known that addition of reducing agents increases the solu-

bility of glutenin. Becklrith and Wa11 (1956) investigated redox reac-

tions of glutenin, and observed â drastic decrease in viscosity right

after addition of a reducinq aqent. This was follotied, upon subsequent
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viscosity rlas attributed to the cleavage of inter-polypeþlide disul-

fide bonds ånd the slight increase r¡as attributed to either unfolding

of polypeptide chains after slolrer reductíon of inlra-polypeptide

disutfide bonds or to non-covalenl aggregalion of the products. Oxida-

tion of reduced glutenin at a concentration of 5% (w/vl gave a product

that r¡as similar to native glutenin in viscosity, moLecular weight,

and elasticity. Based on these findings, Becklrith and liaIl (1966)

concluded that Ít is essential for intra- and inter-polypeptide .disul-

fide bonds to be present in an appropriate ratio in order to produce

the visco-elasLic properties of glutenin necessary for optimurn func-

tionality in !he breadrnaking process.

Ewart (1972a) and Stevens (1973) attemp!ed to use specific chemi-

caL reagents to differen!iate between inler- and intra-subunit disul-

fide bonds present in glulenin, Their results indicated that a Iarge

number of inter-subunit disulfide bonds are presenl in glutenin. How-

ever, Kasarda et aI. (1975) pointed out that the interpretatión of

Er+art (1972a) and Stevens (1973) resuLts was based on the assumption

that inter-subunit disulfide bonds were reactive and that intra-subu-

nit disuLfide bonds were not reactive; lhis may not be the case.

Dalek-Zawistowska È a1. (1975) conducted a very novel experi-

nen!. They dispersed gluten in acetic acíd and subjected it to gel

filtration chromatography on Sephadex G-200, They obtained ttio peaks,

glutenin (excluded) and gliðdin (included) peaks. Rechromatography of

the glutenin peak again yielded two peaks, the second peak eluting at

the same position as the gliadin peak in the first chronalography.

The anino acid co,nposition of the t$o "91iadin" fractions, however,
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riere different. When the protein from the gliadin peak obtained from

the glutenin peak by rechromatography was radioactiveJ.y LabeLled and

incubated wilh unlabelled proteins from the glutenin peak and sub-

jected to ge1 f iltra',ion chromatography again, . lhey found radioactiv-

ity in the glutenin peak. On the basis of their results, they postu-

lated that in solution glulenins existed in an equilibrium betneen a

high molecular weight protein and low molecuLar rleight proteins by way

of aggregat ion and disaggregarion.

More recently, Schofield and Baianu (1982) used cross-polarisa-

tion carbon-13 nuclear nagnetic resonance (NMR) lechniques to study

wheat proteÍn structures. In their experinents, a glutenin-enriched

fraction gave sharp resonance peaks in the region of the NMR spectrum

corresponding to aliphatic and aronatic amino acid side chains. The

gliadin-enriched fraclion gave broad peaks in this region. On the

basis of this evidence, they suggested that the po).ypeptides in the

gliadin-enriched fraction are much more tightly f oJ.ded than lhose in

the glulenin-enriched fraction. Further, they pos!ulated that a much

greater leveI of hydrophobic interactions exists between side chains

in the gliadin-enriched fraction than in the glutenin-enriched frac-

tion. Their findings indicated that hydrophobic interactions may not

be that important in glutenin quaternary structure as some nodels have

suggested. (uodels of the structure of glutenin proteins rlilI be dis-

cussed in lhe laLter part of this section.)

Àpart from studying glutenin struclure, a number of researchers

have carried out investigations on the moLecular weight of glutenin

and iLs subunits.

Jones gL ef, (1961) used the analytical ultracentrifuge !o obtain
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a weight-average rnolecular mass of glutenin r.'hich r,as 2 to 3 miLLion

dal!ons, Their preparations contained smalL molecules with rnolecular

nâss of about 50,000 daLtons. They dissolved glutenin in híghly disso-

ciating soLvents such as aluminum lactate and . guanidine thiocyana!e,

and obtained very stable mol.ecular t'eights in these soLvents. They

concluded that the large molecules l,lere not aggregated particles but

l,|ere true molecuLes.

Bietz and }raIl (1972) sLudied the nolecular weight distribution

of components of reduced gliadin and glutenin proLeins using scdium

dodecyl sulfate-polyacrylamide gel electrophoresis (SÐs-PÀcE), They

found that glutenin was conprised of about 15 subunits wíth molecular

nasses ranging frorn 11,000 to 133,000 daltons. 0rth and Bushuk

(1973b) reported approximately the sane number of subunits for reduced

glutenin of bread wheats deterrnined by SDS-PÀGE,

Bietz and l,lall (19i3) reported addiLional information on glutenin

subunits. They found that 62% of reduced and aJ.kylaled glutenin was

soluble in 70% ethanol . This fraction, analyzed by SDS-PÀcE, consisted

mainly of gliadin-like subunits with molecular masses of 44,000 and

36,000 daLtons. Ho$ever, the amino acid conpositions of these subunits

were definite).y different from those of gliadin proteins.

In addition to the physico-chemical sludies of glutenin, a nurnber

of studies on its uLtrastructure by electron microscopy have been

reported. Seckinger and I{olf (1970) obtained transnission electron

micrographs of parLicles and surface dispersions of proteins from boLh

hard and soft wheats. ParticLe diameters of 20 to 80 Àngstroms !¿ere

obtained fron a purified glutenin fracLion, represenling molecular

nasses between 17,000 and 216,000 daltons. The gJ.utenln fraction, how-
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ever, did not form discrete particles.

The transmission electron microscope was used by Simmonds (1972)

to demonstrate the presence of residual structures such as endoptasmic

reliculum and amyloplast membranes in mature endosperm cells. He con-

cluded lhat a proportion of the glutenin fraction originated fron the

endoplasmic reticulum. This inleresting speculation has not been con-

firmed. The renainder of the glutenin was thought to originate from

(a) the high molecular weight protein fraction in the endosperm of

developing and mature tlheat grain (Bushuk and l,lrigLey, 1971), and

(b) t¡re assocíation of protein and lipid molecules when lrater r'as

added !o flour during dough formation (simnonds and t,trigley, 1972).

craharì q! a1. ( 1962 ) , Buttrose (1963 ) , and Jenn ings et a1. ( 1963 )

demonstraled by using transmission electron microscopy that storage

proteins in wheal endosperm $ere deposited in protein bodies wi¡hin

lipoprotein membranes. The nunber and size of these protein bodies

increased throughout grain development. This increase corresponded

with an increase in the amount of acetic acid soluble glutenin (Jen-

nings et al,, 1963; Jennings and Morton, 1963a,b; Jennings, 1968).

The protein bodies fuse togelher duríng grain desiccation so that it
has not been possible to isolate discrele prolein bodies from wheat

f lour.

Bernardin and Kasarda (1973a, b) used scanning and transmission

elect.ron microscopy !o study liheat endosperm proteins and observed

!hat storage proteins (gliadins and glulenins) were deposited in a

Iaminar form in protein bodies. Upon hydration, the laminar structure

was converted to a sheeted structure. I,lhen subjected to stress, as in

dough mixing, these sheets rup!ured forning fibrillar webs of proLeins



IJ

which consisted of fibriLs ranging in diameter from fifty to several

thousand Àngstrom un i ts.

Àlthough numerous studies have focused on glutenin structure. it

is stí11 not possible lo assign a definite rnolecular structure !o this

protein. À number of different models have been proposed for glutenin

based on the data available in the literalure. The following section

rlill review some of the more popular models.

the most common view of the structure of glutenin is that it con-

sists of subunits cross-Iinked by inter-polypeptide disulfide bonds

resulting in a high nolecular mass of up to millions of daltons. How-

everf one may ask whether the inter- or intra-polypeptide disulfide

bonds are the major bonds that contribute !o the high molecuLar

weight of glutenin, or whether some other interacLions,/bonds are also

involved.

Ewart (1968) presented the first model of glulenin molecules

which was based on resuLts obtained from the analysis of the number of

disulfide bonds in glutenin in his earlier study (Rednan' and

Et,lart, 1967a, b). He proposed that glutenin was a linear nolecule that

consisted of polypeptide chains attached one to another by inter-poly-

pepride chain disulfide bonds. Ewart ( 1972a) rvas unsuccessful in

explaining the rheological properties of dough based on the linear

model, He later (nwart, 19?2b) proposed a more complex concatenated

structure for glutenin. In this model, extensively folded polypeptide

chains are joined by two inter-chain disulfide bonds to each of the

neighboring poÌypeptides. À further modification of the c_oncatenated

structure of gtulenin vas proposed by Greenwood and Erlart (1975). This

modification included unbranched molecules !tith a variable number of
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polypeptide chains---not necessarily of the same type---joined

logether by disulfide bonds to form huge nolecules with a linear-un-

branched configuration. Greenwood and Ewart (1975) postulated that the

elastic characteristic of gluLenin aríses fron strong secondary forces

at regions of interaclion called nodes. This hypothesis was subseq-

uently modified (Ewart, 197?) by reducing emphasis on these regions of

interaction and increasing ernphasis on a concept of sequential buildup

of secondary forces to account for the unique elasticity in dough. In

â recent report¡ Ewart (1979) reconciled this model of glutenin !,;ith

his earLier linear model (for glutenin) on the assump!ion that one

disulfide bond, not two, joins adjacent chains.

Contrarily, Kasarda et al. (19i6) proposed that there are no

inter-polypeptide disul.fide bonds in glulenin, but thal alL of the

disulfide bonds are the intra-polypeptíde type. Secondary forces, such

as hydrogen bonds and ionic and hydrophobic interactions, play a major

role in forming insoluble glutenin. The authors pointed out that

intra-polypeptide disulfide bonds constrain the subunits of gluLenin

into a specific conformation necessary for lhe aggregation. This spe-

cific conformation allorvs specific secondary forces to interact

strongly betr¡een adjacent subunits to give the functionaL aggregate.

The subunits have a globu).ar shape and interact r+ith each other to

give fibríl structures. This view was based on the observation of the

reversible âggregation of À-gliadin, depending on pH and ionic

strength, to form particles with molecular masses of several mill.ion

daltons (Bernardin et al., 1967; Kasarda et a1., 1967). ,

Ànother nodel was proposed by Lasztity g! {, (1970 and 19'12,

cited in Lasztity, 1984). in lhis model, which is basically the sane
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as that of E$art (1979), polypeptide chains are joined by one disuL-

fide bond and the molecules essentially have a linear structure,

RecentIy, a slightly modified modeL was advanced by Graveland

e! al. (1985). They classified $heôt glutenins into five molecular

forms, namely glutenins I, IIa, IIb, IIIa and IIIb. Glutenin I is SDS-

insoluble wilh an apparent molecular weight of.2 x 107 or more and is

formed from SDS-soluble glulenins IIa and IIb, whicb are linked

througb constituent high moJ.ecuJ.ar weight (HMI,I) À subunits. Glutenins

IIa and iIb have average molecular weights of I x 105 and several mil-

lion, respectively. GluLenin IIa comprises three HMI,I À subunits and

four glutenin IIia molecules, whereas glutenin IIb is a linear polyner

of glutenin IIa nolecules, Glutenins IIIa and IIIb have average molec-

ular weighLs of 1,2 x 105 and 4.8 x 105, respectively, Glutenin IIIa

consists of low molecular weight subunits (s and C), r,lhereas gluLenin

IIIb is formed from four glutenin IIIa nolecules linked by disulfirie

bonds, In this nodel, HMl,? À subunits act as a backbone J.inked by

head-to-tail interchain disulfide bonds to forn a linear cbain for the

structure of glutenins I and II.
À model for so-called functionaL glutenin was proposed by Khan

and Bushuk (1978 and 1979) and Bushuk et al. (1980). In this model.,

the glutenin conplex is formed by both inter- and intra-polypeptide

disulfide bonds, and secondary forces such as hydrogen bonds and ionic

and hydrophobic interactio¡s. Bâsed on their invesligations, the

authors postulated tha! tno types of molecules are involved in forming

lhe complex, namely glulenin i (subunits with molecular mass of 68,000

dal.lons or less) and gLutenin II (subunits with higher than 68,000

daltons). clutenins I and II are joined by at least one in!er-polypep-
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tide disuLfide bond. The glutenin I subunits are held by secondary

forces through protein-protein interactíons, protein-lipid interac-

tions and protein-carbohydrale interactions. These subunits account

for the viscous fIow.0n the other hand, the glutenin II subunits con-

tribute the elasticity Ín dough through disulfide cross-linkages

betÌreen polypept ide-cha i ns.

D. Glutenin and Breadmakino Oualitv

Since lhe turn of the century, i! has been conmon knowledge thal

high protein wheats produced better bread (i.e. , higher loaf volume).

It Has shorin by Àitken and Geddes (1938 and 1939) that the breadmaking

quality factor was in the gluten. The next major milestone rlas the

work of Finney and Barmore (1948) who showed that breadmaking poten-

tial depended directly on protein content.

Protein con!ent itself is a product of various factors acting in

concert, Given the same environmenlal conditions, some cultivars have

the genetic capacity to produce grain !lith higher protein content than

other cullivars. And for grain of any given cultivar, the protein con-

tent depends strongly on environnental conditions during grorith. Àddi-

tionally, for most wheat cultivars, although not aI1, higher prolein

content is normally correLated wilh lower yie1d.

Finney and Barmore (1948) showed that loaf volume (in an opti-

mized baking lest) and protein content had a linear re).ationshíp

rlithin the limits of protein content encountered, i.e. , 8% to 18%.

When loaf volune lras pLotted against protein content for samples of

the same or similar wheat varieties, lhe slope of the regr'ession line

varied among varieties. Varieties that had high breadmaking potential
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$ere characterized by high slope values. This work was confirmed by

Bushuk gL aÌ. ( 1969 ) .

Since the first report of the linear relationship between loaf

volume and protein content by Finney ând Barmore (1948), many cereal

chemists have devoted considerable effor! to the search for the funda-

mental reasons for the variation in the slope of the regression line

for the relationship betlieen loaf voLume and protein content among

wheat varieties. This variation of !he slope refl.ects the so-ca1l.ed

"protein quality" of çhea!. This protein qualiry is primarity ä geno-

typic trait of a variety.

One of the first reports on glutenin and breadmaking quality was

from Poneranz (1965). He found lhat poor breadmaking cultivars con-

tained a greater proportion of proteins extractable with 3 M urea

solution (albumins, gtobulins, gJ.iadins, and soluble glutenins) than

did good breadmaking cultivars, or conversely¡ that the good breadmak-

ing cultivars contained a hígher proportion of urea-unextractable pro-

!eins (mosÈIy insolubte gluLenins), These results were later confirmed

by baking sludies on reconstítuLed flours (Shogren et aI. , 1969) .

Hoseney gL q!. (1959) studied the role of various protein frac-

tions in breadmaking quality. They fraclionated gliadin and glutenin

with 70% ethanoL from gluten. Experiments on reconstituted flours

showed that glutenin fractions governed the nixing requiremen! of a

wheat fLour and that gliadin fractions controlled the Loaf-volume

potential of a wheat fLour. It should be pointed out, however, that

Hoseney et a1. (1969) used two samples for their reconsti,tuted experi-

ments, one pure flour from a single variety and one mixed flour from

nany composited varieties. Thus, their !indinqs are inconclusive inso-
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far as interpreling differences in breadmaking quality in terms of

intervarieLal dif ferences in gliadin proteins.

Huebner ('19?0) studied the salting'oul (precipitation) response

of glutenins from eleven wheat cu]!ivars with different qualities of

breadmaking. The salting-out response suggested lhal the protein qual-

ity was related to the sensitivity of its glutenin to changes in ionic

strength. Glutenins f rorn good breadmaking cultivars had steep precipi-

tation curves. Huebner (1970) suggested that glutenins of good bread

quality cul!ívars had a greater proportion of high molecular weight

glulenins and were therefore more easily salted out of solution.

Lee and MacRítchie (1971) used lhe mixograph and the alveograph

to study the effect of flour protein fractions on rheological proper-

ties of dough. Flour was sequentially extracted with water, 2 M urea,

4 M urea and 0.1 N NaOH, when the fraction extracted by 2 M urea

(gliadins and solubl.e glutenins) rlas added to a base flour, the nixing

stability ças decreased and doughs were weaker and more exlensible. 0n

the other hand, the fractions extracted t{ilb 4 M urea and NaOH (mainly

qlutenins) increased mixing stability and produced stronger doughs.

The first comprehensive study of lhe relationship between prolein

fractions obtained by the 0sborne solubility fraclionation and bread-

makinq quality r¡as reported by Orth and Bushuk (1912) and 0rth

et al. (1972). The flour proteins of 26 wheat cultivars of diverse

baking quality gror+n in four Iocations ín Western Canada were frac-

tionated. They found that loaf volume (used as an index of breadmaking

quality) rias inversely related to the proportion of the -acetic acid

soLuble glutenin and directly related to the proportion of the insolu-

ble glutenin (residue protein). Furthernore, these relationships were
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not dependent on environment. Thus they suggested that these relâtion-

ships couLd be considered to be one of the inherited properties

( intervarietal characterÍstics) determining breadmaking quaLity. Orth

and Bushuk (1972) concluded that, at constant protein content, glute-

nin was responsibJ.e for the differences in breadmakíng quality belrreen

varieties of bread riheat.

Orth et al, (1973) used scanning electron microscopy (SEM) to

demonstrate the re).ationship betHeen the ultrastruclure of glutenin

and breadmaking quality. They observed that freeze-dried gì.utenin from

lwo hard red spring wheat cultivars and a synthetic hexaptoid (all of

good breadmaking quaLity) consisted of fibrous structures with long

and thick strands. In contrast, glutenin from trlo poor breadmaking

quality fLours, durum whea! and rTe, consisted of broad ribbon-like

and short rod-like structures, respectively. Glutenin from an inlerrne-

diate breadmaking qua).ily flour, a triticaLe derived from durum and

rye parents, consisLed of both ribbon- and rod-Like structures, Fur-

ther work, however, is required !o delermine the exact relationship

be!l.teen molecular structure and uLtrastructure of gLu!enin as seen in

lhe SEM, and their relationship to breadmaking quality.

Huebner and Wall (976l, used agarose gel filtration coLumns

(Sepharose 2B and 4B) to fractionate glutenin from cultivars of div-

erse breadmaking guality into lrlo fractions, I and II. They found that

fraction I rlas a high nolecular weight (HMW) fraction and fraction iI
a Lorr molecular weight (lt'tW) fraction of glutenin. The glutenin I and

Ii fractions differed only slightLy in amino acid compósition and in

SÐS-PAGE band patterns of their subunits, Holiever, the ratio of gl.ute-

nin I to glutenin II rlas generally higher for good breadmaking culti-



20

vars. These observalions also agreed lrith orth and Bushuk (1972) who

found tha! the good breadmaking cultivars contained the highest

amounts of unextracted protein (insoluble glutenin or residue pro-

tein). Huebner and l¡a11 (1976) postulâted lha! a sufficient total

amount of protein and suitable proportions of the two glutenin frac-

tions rlere essentiaL for a good baking flour.

Àrakawa and Yonezawa (19?5) and Àraka$a 9! 1I. (1977) studied the

relation between flour quality and aggregation behavior of glulenin'

They found that the aggregation behavior of gluLenin depended on its

polypeptide composition. They used gel filtration (Sephadex G-100) to

fractionate gluten proteins inlo glutenins and gliadins. Glulenins

were further fractionated on a Sephadex G-150 column to obtain three

fractions, I, II and IIi. They found that strong mixing flour was rich

in fraclion II and gave a high value of. lto/C (t+here Tro was the tur-

bidify at 10 ninutes of reaction time and C Has the protein concentra-

tion). In contrast, the weak mixing flour was found to be poor in

fraction II and had a low vaLue of. 1:o/C,

Booth and tlelvin (1979) studied the effect on breadrnaking quality

of interchanging flour components of a Canadian hard red spring wheat

(9ood breadmaking quality) with lhose of a European wheat (e.9.,

"Ì'faris Huntsman", poor breadmaking quality). They found that the key

component which controls the breadmaking quality rlas in the gluten,

but not in the starch or the rlater-soluble fraction. "Maris Huntsman"

had a rnuch lower proportion of protein insolubLe in Lactic acid solu-

tion (residue protein) than did the Canadian wheat. : This finding

agrees, in general, rlith the report by Orth and Bushuk (1972). Booth

and MeIvin (1979) found no inprovement in loaf volume when protein
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levels r¡ere increased with residue protein obtained from "Maris Hunts-

rìan". Ànother study done on good and poor quality ÀusÈralian r,rheats

gave similar results (MacRitchie, 1978).

E. Studies of Hiqh MoLecular Weiqht (Hì,fll) Subunits of Glutenin and

Breadmak i nq Ouali tv

Àpart from showing that glutenin is ân important protein compo-

nent in breadrnaking, a great deal of research has focused on a more

precise issue, namely the relationship between !he subunit composition

of glutenin and breadmaking quality. Bietz and wall (1972) used

SDS-PÀGE to show some quantitative differences in the subunit composi-

tion of reduced glutenin from good and poor breadmaking varieties,

Horrever, the actual re).alionship between these differences and bread-

making quality was not clear, Similarly, resul!s reported by Orth and

Bushuk (1973b) indicated there !,as no apparent relationship betrleen

the SDS-PAGE band patterns of the reduced glutenin and breadmaking

quality; t,¡heats with essentially the sane SDS-PAGE patlerns had sub-

stantially different breadmaking gualities. These negalive findings

nay be due to the fact thal the SDS-PÀGE technique was only in its
early stages of development.

Subsequently, a great anount of work was done in the PIan! Breed-

ing institute of Cambridge, U.K. showing a very strong relationship

betrveen the composition of Hl'fi,¡ glutenin subunits and breadmaking qual-

i tv.

Payne et al. (1979) found trro HMI{ glutenin subunits 
-present 

in

the variety "Maris Widgeon" (good breadmaking quality) but not in the

variety "Maris Ranger" (unsuitable for breadmaking) by SDS-PÀcE,



22

These trro varieties t,tere crossedr and after several genera!ions a

proqeny of good breadrnaking quaJ.ity was selected and naned "ì'laris

Freenan". Only one of the trlo HM}l glutenin subunits present in "Maris

Widgeon" was found in "Maris Freeman". This HMW glutenin subunit r,as

termed glulenin subunit 1 which had a molecular nass of about 145,000

daÌ!ons, In the same study, Payne et al. (1979) screened 67 varieties

for the presence of glutenin subunit 1 and found it in 31% of the

varieties. I{hen the reLalive amount of glutenin subunit 1 of these

varieties r,ras correlated to their breadnaking quality according !o the

SDs-sedinen!ation test (Àxford e! 41.' 1978), they found a significant

correlation betr¡een the trlo (r = 0.72i p < 0.001). Similar results

r¡ere also reported by Burnouf and Bouriquet (1980). They found the

breadmaking quality of a stock of 47 gene!ically related varieties was

correlated wi!h two HMI4 subunits of glutenin (122,000 and 108'000 dal-

lons),

In another study, Payne and Corfield (1979) fractionaLed 12

q).utenin subunits wi!h noLecular masses ranging from about 31 ,000 to

136,000 daltons, They divided lhese subunits into three groups, À, B

and C. Group A subuni!s had approximabe nolecular masses of 136,000,

12'l ,OOO, 105,000, and 95,000; group B, 5'1 ,000, 46,800, 43,900' and

42,000; and group c, 35'500, 34,500' 33,000, and 31,500 daltons. it

seemed lhe elasticity of glutenin was due to at least lhese 12 subu-

nits.

In subsequent studies (Payne e! al', 1980a), 12 HMH subunits were

resolved from 7 varieties and had nominaL molecular masses of between

95,000 and 145,000 daltons. They numbered these HMl,] subunits from

1 to 12. Then a year laLer, Payne qL al. (1981a) found a feri nore
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subunits fron other varieties t+ith moLecular tleights between those of

subunits 6 to 9. They numbered these new subunits 13 to 15. In lheir

studies (Payne et aL., 1980b, 1981a), they deLermined that (a) subunit

l was coded for by genes on chromosome 1À and {b) subunits 5 and 10

were coded for by lD, Furlhermore, subunits 5 and 10 had a stronger

relationship to breadmaking quality than subunit 1. I.¡hen all three

subunits were present, the mean sedimentation voLume was 66.1 mI;

those rith only subunit 1 and lacking subunils 5 and 10 had a mean

volume of 48.? m1 ; and those with subunils 5 and 10 and lacking subu-

nit t had a rnean volune of 51.8 ml . These differences were significant

(p . 0.001) and indicaled that an additive effect may play a role.

RecentIy, Branlard and Dardevet (1985) carried out a more exten-

sive study on the relalionship between breadmaking qualities and HMI.I

subunits from 70 wheat cultivars, They used simple correla!ions to

find the relationships betrieen HMl,l subunits and several. flour quality

characteristics: the Chopin Àlveograph strength (W), tenacity (P),

srlelting (G) and extensibility (t), the ZeIeny sedinentation volume

(z\ and the Pelshenke swelling time (Pe). They used the nomenclalure

of Payne et al, (1980a, 1981b) to assign numbers to the subunits. ÀlI

these characteristics were correlated [¡ith at leas! 4 subunits,

excluding subunils 6 and 8. These two subunils were not correlated

significantly r+ith any of the characteristics. They found that charac-

teristics I,|, P¡ Z and Pe were positively corre).ated to subunits 5 and

10, and negatively to subunits 2 and 12. Subunit 9 tlas correlated

positively to i.l, P, and zi subunits '1 and 2* were coirelated posi-

tively 1{ilh G and W, respectively. Furthernore, they used a stepeise

regression analysis to predict each of lhe flour quality characteris-
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tics in terms of Hlt{ll glutenin subunits. They reported that 40% of the

variation in tl, 41% of the varialion in Z and 46% of the variation in

Pe was explained by eight, seven and six subunits, respectively.

The revieti of the literature presented above clearly indicales

that HMI4 glutenin subuniLs have certain definite relationships to spe-

cific flour quality characleristics. The uL!im¡te qoal of !he previous

sludies performed was !o improve wheat quaLity, namely to improve the

breadmakíng quality. The present study lras designed to extend that

work by adding rnore precise infornration aboui the relalionships

betlieen Hl'lll glutenin subunils of wheats grown in Western Canada and

their breadmaking gualities,
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III. MÀTERIÀLS ÀND I'IETHoDS

À. Materials

1. v¡heat Samoles

The main sel of r¡heat samples used for this study rras the 1983

Uniform ouality Hursery (UQN) t,,ith 25 varieties. Their pedigrees and

origins are presented in Table '1 . The 1983 UQN r+as grown at four

locations in l.lestern Canada: the teLhbridge, Regina, Saskatoon and

Srtift Curren! Researcb SLations, Agriculture Canada, and samples were

provided by Dr. À.8. Campbell of the llinnipeg Research Station, Àgri-

culture Canada.

Grain of the Canadian hard red spring cultivar (cv. ) Marquis was

from the LC.C. (International Àssociation for CereaL Science and

Technology) Standard Samp1e (for wheat variety identification by

g).iadin electrophoresis) maintained in the Departmen! of PLant Sci-

ence, University of Manitoba. Grain of the British cv. Holdfast rras

provided by Dr. P. Payne of the PLant Breeding lnstitute, Cambridge;

of the cerman cv. Diplomat by Dr. B. Frelzdorff of the Federal

Research Institute for CereaI and Potato Processing, Detnold, FRG; and

of the ÀustraLian cv. Halberd by Dr. C,}¡. Wrigley of the CSIR0 l,¡heat

Research Unit, Sydney, Australia,

Five wheat samples of Èhe 1985 Central Bread Wheat Cooperative

Test Here provided by the Grain Research Laboratory, Canadian Grain

Commission. These t.rere cvs. Marquis, Neepawar Sinton, BeniLo and

Col.umbus. Three wheat samples of the '1985 I,¡estern Bread l.lhe¡t Coopera-

tive Test were provided by the Winnipeg Research Station, Àgriculture

Canada. These were cvs. Katepwa, Leader and Lâncer. Pedigrees and
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Table 1. 1983 Uniform Quality Nursery varieties

No. Variety Cross/ledigree and Origin

1 Cypress Rescue/chinook, Ca na da

2 Neepawa Thatcher*7/Fr oñtana/ hhalchey * 6/
Kenya Fa rnre r/3 /Thatchert 2//
Frontana/Thatcher, Ca na da

3 Kenya Àustral.ia 4SCS,/Kenya '1 17À, Kenya
321.8T.1.8.1

4 CoLumbus Neepawa*6/RL 4137, Canada

5 Cook ww31/timgalen, Àustralia

6 Tobari/Romany Tobari 66=Tezanos Pintos Precoz/
Sonora 64À, Mexico

, Roman Y=Colota¡a -261/ /51/
Yaktana 54À, Xenya

? Neelkant sib HD1220/KAL*3/ /NÀc, Mexico

8 Veeryr #4 CM33027-F- 12M- 1Y- 10M- 1Y-3M- 1Y-0M,
Mexico

9 Veeryt #5 CM33027-F-15M-500Y-0M, Mexico

10 Nacozari 76 î?PP/PL//1C, ttexico

11 Veery l # 1 CM33027-F-8M-1Y-8M-1Y-2M-0Y,
Mex i co

12 Veeryr #2 CM3302 7-F- 12M- 1Y-4M-2Y-2t'f-0Y,
Mexico

13 veeryt #3 cM33027-F-12M-1y-6M-0y, Mexico

14 Bobwhite sib tu//rn¡,/ss/z/wOp"S", Mexicc

15 Hork-Ymh x Kal-Bb Hopps/Robir//Kalyan, Mexico

16 Veeryl sib Mexico

lveery Kvz/Bu:Ho"s"//nxr,//øn, uexico l
KVZ = Kavkaz ¡ USSR
BvHo = ïR/3/LR 64htia ss//tnia 66//zz, uexíco
KÀL = Kalyansona, India
BB = B1uebi rd, Mexico
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Table 1. Cont.

No. Variety Cross/Pedigree and Origin

1'1 Gl I-Ausr r r 61- 15t //cno/no/3/
Rm "S", I'lexíco

18 pavon 76 vct4//c\o"s"/7c/3/r[,/ss, uexíco

19 Oxley Penjamo 62/cabo 56*4//tezanos
Pintos Precoz /naínarí 60/4/
Le.rma Ro jo*2rlH orin 10/zte'vor 14/
3/Àndes*3, Àustral ia

20 Olympic naldwin/Quadrat, Àustralia

21 Halberd ScimiÈar/xenya c6042//Bobin/3/
Insignia-49, Australia

22 Condor carstens vt/'l/oankowes/carslens v
/? /wjarka, Ge rma ny

23 Chile Unknown, Tunisia

24 Hy 334 piric 62lÀcEF-12s//s 5713-232,
Canada

25 IÀS 5 Unknown, Brazil

26 SUN 43À Unknown, Australia
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origins of these two sets of samples are presented in Tabte 2.

Four varíeties of the '1 981 UQN, cvs, Tesopaco, Neepatla, James and

GIen).ea, used in the study of differences between high moLecular

weight (UUW) subunits of glutenin of varíeti.es of widely different

baking quality, were provided as flour by Dr. A.B. Campbell of the

Winnipeg Research Station, Àgriculture Canada,

2. Reaqents and Chemicals

Primary standard reference proteins (Tab1e 3), glycine, Tris

Itris(hydroxymethyl )aminomethane], glyceroL, potassium hydroxide, Coo-

nassie BrilIiant BLue G-250 and Coomassie Brillant BLue R-250 rlere

purchased from Sigma Chenícal Company, St, Louis, I'lissouri, U.S.À,,

Àcrylamide, bisacrylamide (N,N'-methyLene-bisacrylamide) and sodium

dodecyJ. sulfate (SDS) were of electrophoretic Arade and were obtained

fron Bio-Rad, Richmond, California, U.S.À. Àll other chemicals used

rlere of analytical reagent grade. Distilled deionized water was used

in aIl experiments.

B. PreÞaration of ComDosite Samnles and Millino

Samples of each variety of the 1983 UQN from the four Locations

were blended to form a uniform single samp).e after checking the puríty

of each sample by electrophoresis. Four hundred g of grain from each

location was used to give a composite of 1600 9. The grain of variety

5 (cv. Cook) fron the Regina location was discarded because it rias a

nixture of several varieties (see Iv-À). Àccordingly, 533.3 9 from

each of the other three locations of variety 5 çere used'to give a

lotal of 1500 g,

For milling, the wheat Has lempered fo 15.5% moisture content by
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Table 2. Cultivars from the 1985 Bread l,lheat Cooperative Test

Cult i var Pedigree and 0rigin

Marquis Hard Red Calculta/Red Fife, Canada

Neepa Ì¡a Thatcher*7/Fr ontana/ fthatche r * 6/Kenya Farmer
/3 /Thatcher * 2 / /r r ontana /tha tcher, Canada

sinton Manitou/3/Thatcher*6/Kenya Farner//Lee*6/
Kenya Farmer, Ca na da

Benito Heepawa/3/nr4 255* 4/ A¡ianiEou/c 1 7 0 9 0 , canada

columbus Neepawa*6/n14137, Ca na da

Katepwa lleepawa*6/n12938/3,/tleepawa*6//c,t.8154/2*
Froncor, canada (RL2938=tee*2/Kenya Farner )

Leader Fortuna/Chr i s, Canada

Lancer Tur k ey/Cheye n ne / /uope/Zxcneyen n e , U. s. À.
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Table 3. Primary standard reference proteins

Protein MW x 10-3

carbon ic a nhydra se

albumin, egg

albumi n, bovi ne

phosphorylase B

ß-galaclosidase

nyos i n

29,0

45.0

66.0

97.4

115.0

205. 0
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blending in appropriate amounts of Í,ater and allowing to stand for

24 hr aE 21oC. The grain of the UoN samples was rnilled into straight-

grade f ).our on a Buh).er pneumatic laboratory miÌ1. The flour t{as

rebolled lhrough a 70 GG (235u) screen and blended before use. Grain

of Diplomat, Hal.berd, Holdfast and the varieties of the Cooperative

Test were milled on a Brabender Quadromat Junior mill because of lhe

small sample size. Wholetlheat meal samples vere prepared on a Udy

Cyclone miIl (Udy Ànalyzer Co., Colorado, U.S.À. ).

C. Polyacrylamide GeI Electrophoresis ÛrH 3.1)

Polyacrylamide gel eleclrophoresis (PAGE) rias done on a vertical

apparatus as described by Sapirstein (1984). The procedure rras that of

Sapirstein and Bushuk (1985), with some minor modifications, based on

the originaÌ procedure of Bushuk and zillman (1978).

1. Gliadin Extraction

For electrophoresis, 10 9 of grain was ground on the Udy cyclone

ni]l. This anount was considered to be a representative sample of the

larger sample available. Then 100 mg of each ground product tias trans-

ferred into a 1.5 ml microcentrifuge tube and extracted Hith 200 ul of

70% ethanol by rnixing briefly on a vortex nixer. The nixture nas left
to sland at roon terìperature for at least 15 min. The contents Ì.lere

then cenlrifuged for 2 nin at 10,000 x 9 at room temperature using a

tabletop Beckman Microfuge B cenlrifuge. Àfter centrifugation, an

aliquot of the clear supernatant (100 uI) was diluted eith 2 tines its

volume of extracl dilution solution and stored in a seaLed vial in a

refrigerator until used. The extract dilution solution consisted of

elecLrode buffer (see the following section, III-C-2) containing
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40% n/v sucrose and 0.5% ri/v rnethyl green dye.

2. Electrophoresis

The apparatus constructed in the taboratory according to Sapir-

sLein (1984) uses 100 ml of gel solution to form a slab

15x20x0.3 cnr (t¡xHxT). Detailed recipes for the ge1 solulion and elec-

trode buffer are presented in Table 4,

The gel solution conprised 0,25% 'a/v aluminium lactate adjusled

to pH 3.1 with lactic acid (electrode buffer) , 6% n/v acrylanide,

0.3% w/v bisacrylamide, 0,1% w/v L-ascorbic acid, and 0.0015% w/v ter-

rous sulfate hept,ahydrare, The gel was polymerized by addition of

0,015% v/v hydrogen peroxide. After polynerizatíon, the apparatus rlas

oriented in the vertical position and !ank reservoirs were each fiLled

riith 250 ml of electrode buffer.

GlÍadin extracls (10 uI/slot) were applied (11 stots/ge). slab)

t,tith a micro-pipetLe. The loaded gel was subjected to elec!rophoresis

for approximately 4 hr at a constant current of 60 mÀ and at 20oC.

Electrophoresis was terminated when the second marker dye band of

melhyl green rnigrated to the end of the gel.

3. Gel Staininq and PhoLoqraÞhv

Gels rlere stained overnight in a gel slaining solution containing

1% w/v Coomassie BriIIíant Blue R-250 (dissolved in 10 mL of 95% elha-

noI and filtered) in 240 rnl of. 12% ('t/vl trichloracetic acid (TCÀ)

rrith gentle shaking on a Junior Orbit shaker. The gels were destained

for approxinately 4 hr in 12% TCÀ rlith gentle shaking. ,The gels were

then photographed using Kodak Technical Pan 24'15 fiIm. Prints were

developed with Hc110 developer used at a dilution of one part devel-
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Table 4. Recipes for gel and electrode buffer solutions for PÀcE

Àmount requi red for
100 nI f inal vol.urne

GeI solu! i on
Àcrylarnide 6.0 S
Bi sacrylarnide 0.3 S
L-ascorbic acid 0.1 g
Ferrous sulfate heptahydrate 0,0015 9
Hydrogen peroxidel, 3% 0.5 nI

Electrode buf f er solution
Àluminium lactale 0.25 9
Lactic acid to pH 3,1

rPractical grade (3%) of hydrogen peroxide was purchased
at a local pharmacy.
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oper !o 9 parts r,rater to oblain a medium degree of contrast,

D. Preoara I i on of Glutenin

Glutenin was prepared by the differential solubility method of

Payne gL a1. (1979), with some minor nodifications. EÍght 9 of whole-

wheat neal were defatted with 200 ml. of n-hexane by stirring for '1 hr

at room temperature. The suspension was then fillered on a Buchner

funnel through WhaLnan No. 1 filter paper. The residue vas re-sus-

pended with another volume (200 nL) of n-hexane for t hr and filtered

as above. The final residue was air-dried at room temperature until

solvent odor was no Ionger detectable (overnight).

To remove the soluble proteins, the dried residue flas stirred

rrith 400 ml of 0.5 M Nact for 1.5 hr ãt AoC, and centrifuged at

30,100 x g for 20 rnin at 4oC. The pellet $as re-suspended in 400 mI of

distiLled deionized Hater â! 4oC and re-centrifugated as above.

Gliadin t{as extracted from the residue 1,¡ith 400 ml of 70% (vrlv) etha-

nol at 4oc with stirring for 4 hr at 4oc. The nixture t,las centrifuged

at 30,100 x g for 20 min at 4oc. The pe).let was re-dispersed into

another 400 mI of 70% lv/vl ethanol and re-centrifuged as above. The

final pel1et rras frozen and freeze-dried. The freeze-dried product

(hereafter referred to as exträcted glutenin) r+as stored at -20oC for

f uture use.

E. Sodium Dodecyl Sulfate Polyacrylanide cel Electrop[or¡¡is

( SDs-PAGE )

SDS-PÀGEr was done on an tKB 2001 Electrophoresis Unit. The pro-

1 À practical. routine procedure is presented in Àppendix 1.
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cedure tras that of Payne gL el. (19?9 and 19804), with sotne ninor mod-

ifications, based on the original procedure of Laemnli (1970)'

'f . Glutenin Solutions for SDs-PÀGE

Glutenin solutions for SDS-PAGE were prepdred by suspending 40 mg

of wholewheat meal or fIour, or 6 mg of extracted glutenin (see sec-

tion III-D) in 1ml buffer sotution. The buffer solu!ion comprised

0.063 tf rris,/Hcl at pH 6.8, 2% (v/vl sDs, 5% (v,/v) ß-mercaploethanol,

10% (v/v\ glycerol, and 0.01% (wrlv) Pyronin Y. Each mixture was

allowed to stand at room temperature for 2 hr !¡ith occasional shaking

on a vortex mixer, then healed for 2.5 min in a boiling water bath and

allowed !o cool to room temperature. The suspension was allowed to

settle and an aliquo! of the clear top layer t.,as used as the experi-

nental. gluten in protein extract.

À solution of reference proteins (Table 3) was prepared similarly

by dissolving 3 mg of the protein nixture in 1ml of the buffer.

In the early part of this study, the anount of protein solulion

that t+as loaded into each slot rras 15'0 uL for extracts of wholewheat

meal and flour, 10.0 uI for extracted glutenin, and 5.0 ¡rl for the

reference proteins. Subsequently, i! ras found tha! slightly better

resoh:tion Hâs obtained by adjusting the voLume of extract according

to the originaJ. proLein content of the wheat. Àccordíngly, for rou-

tíne analysis by SDS-PÀGE' 7.5 yl was the extract volume for uheats

grown in Canada and 10.0 uI for cvs. Diplomat, Halberd, and Holdfasl'

Furthernore, preliminary experiments (see section Iv-B) showed

t.hat the glutenin patterns of each variety from wholewheat meal, flour

and the extracted glutenin prepâration trere qualitatively identical
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(see section IV-B). Àccordingly, glutenin solutions for SDS-PÀGE were

rout inely prepared from flour.

2, Electrophoresis

The LKB 2001 Eleclrophoresis Unit can acconrnodate 2 gels for each

run. The size of each geI is 14x16x0.15 cn (wxHxT).

The separating 9e1 solulion comprised 0.375 M TriS/HCI buffer

solution at pH 8.8 and 17.33% (w/v) acrylamide and bisacrylamide. The

concentration of bisacrylamide was 0,45% of the total acrylamide and

bisacryLamíde. The gel solution was deaerated, then 0.1% (w/vl SDS Has

added, followed by addition of 0,025% (w/vl ammonium persulfate and

0,05% (v/v\ TEMED (N,N,N',N'tetrameÈhy1 ethylene diamine). The mix-

ture was immediateJ.y poured into the electrophorèsis unit to a height

of 14 cm and allowed to polyrnerize.

The slacking geI solution contained 0.125 M Tris/HCl buffer solu-

tion at pH 6.8 and 3,03% (w/v\ acrylamide and bisacrylarnide. The con-

centrâ!ion of bisacrylamide was 1.43% of the totaL of acrylarnide and

bisacrylamide. The get solution r¡as deaerated, 0,1% lw/v\ SDS rras then

added, followed by addition of. 0.0375% lv/v) amnonium persulfate and

0,075% (v/v) TEMED, then immediately poured into the electrophoresis

apparatus to a heíght of 1cm; the 15-place slot former was inserted

and the solution alloped to polymerize.

Electrode buffer solution (pH 8.3) comprised 0.025 ¡,1 Tris,

0,192 l¡i glycine and 0.1% (w/v) SDS. The gel, usuaLly loaded Hith 13

samples (outer slots rlere not used), was subjected to eLectrophoresis

f.or 22 hr at 200C at a constant current of 5 ml (per geJ.) for the

first 2 hr, followed by 18 hr at 10 mA and finally for 2 hr at 15 mA.



The eLectrode buffer lras circulated continuousLy during

electrophoresis. Atler 22 hr, the tracking dye, Pyronin Yr runs off

the gel. It t,ras included in the sample extract solution to facilitate

addition of the otherwise colorless solution to the slot.

3. Ge1 Stainino and Photoqraphy

GeI staining solution rlas prepared according lo Blakesley and

Boezi (1977). The solution ìias prepared as foLlows: One g of Coomassie

Brilliant BIue G-250 was dissolved in 500 ml H20; !his was then nixed

with 500 m] of 2 N H2so4 (54.5 rnl conc. H2s0a in 1000 ml Hzo). The

nixture r¡as allowed to stand for at leas! 4 hr anC then filtered

through l,lhatman No. 1 filter paper; 110 ml of 10 N KoH rlas ad<ìed lo

the filtrate. FinaIIy TCÀ r{as added to a final concentration of 12%

(w/vl . The resulting solution was filtered through l,lhatman No. 1 fiì-
ter paFer and stored in a dark bottle.

Gels were stained overnight tiilh gentle shaking. The geJ.s were

then rinsed with distil-led deionized !rater, and photographed immedi-

ately !hrough an orange filter using Kodak Technical Pan 2415 f ilrn.

Prints were developed with HC110 developer used at a dilution of one

par! devel.oper to 9 parts water to obtain a medium degree of contrast.

F. Estimation of Relative Molecular l,leiqht for Hiqh Molecular Weiqht

(HMl¡) Subunits of GLutenin fron SDS-PÀcE

The procedure for eslinating the molecular i¡eights (ltl,¡s) of

glulenin subunits of r,rheat sanples was according lo the originaJ.

method of lleber and Osborn ( 1969) with some nodifications.- The rela-

tive mobilities (Rm) of the primary standard reference protein bands

were calcuLated using the mobility of the snallest protein (carbonic
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anhydrase) as the front marker (instead of the tracking dye band as in

the standard procedure). Mobilities were determined from the photo-

graph of the stained ge1. This obviated errors, due to shrinkage or

swelling of the geIs, in mobilitíes measured di.reclJ.y on the gels. Rm

was calculated as follows:

protein migration (cn),/carbonic anhydrase migration (cm).

Tllo different re).ationships were examined lo obtain the Mli vs.

nobility calibration curve of the primary standard reference proteins

(see section iV-E-1). In addition to the commonly-used plot of

log MW vs. Rm, â pLot of log Mti vs. Log Rm was examined and found to

give a better regression Iine than the conmonly-used relationship.

0n the basis of the experience gained in this study, it nas

decided that the subunits of a reference wheat variety would be more

suiLable as llW narkers lhan the proteins from other sources. The

glutenin subunit of Ml,l 34,600 of the historical whea! variety Marquis

uas adopted as the front marker for calculating Rm values (see

IV-E-2), and for estimaLing MWs of the HMw glutenin subunits of all.

q,heat varieties studied in this thesis project. The experinentaL

mobilities were measured from lhe photograph of the stained gel. Rm

rlas then calculated as followsl

protein migration (cm)/migration of subunit 34,600 (cm).

À calibration curve based on the Marquis gtulenin marker proteins

was derived from the relationship of lo9 I'fF¡ ând log Rm for 13 major

glutenin subunits. 1n !he analysis of experimental sampl.es, three

slo!s (tr¡o outer and centre) r.,ere used for lhe refeienòe protein

(cv. Marquis) to check for unifornity of the geL The mobilities of

lhe subuniLs in lhe centre slo! were used to develop the regression
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equation for estimating MI,ls of the subunits of experimental varieties

anaLyzed in a particular geI.

G. Technoloqical Tests

1. Prote i n Content

Total nitrogen of flour or wholewheat meal was determined by the

macro-Kjeldahl method (method 46-12, AÀCC 1983). Protein content rlas

obtained by multiplying lhe nitrogen content by the conversion factor

5.7 accordi ng to Tkachuk (1969).

2. Test We i qht

Test weight was determined on a dochage-free sample using an

Ohaus Test l,leight Àpparatus with a 0.5 Iiter conlainer. The total

weight in kg of tr,ro measured 0.5 liter (i.e., 1 liter) containers of

grain was multiplied by 100 to obtain the equivalen! kilograms per

hectoliter. The average of three measurements !,as reported on an "as

is" moisture basis,

3, Grain Hardness

The hardness of a grain was deterníned by the grinding time test

according to KosmoLak (1978). The grinding time Has the tine required

to grind 5 g of wheat to meal in a burr rnill. The harder the grain,

the shorter the grinding time in seconds.

4. Moisture Conlent of Grain and Flour

The moisture content of i¡hole grain sampJ.es h¡as deternined

according to the ÀÀCC standard method (nethod 44-11, ÀÀCC 1983), using

an electronic noisture meter (Canadian Àviation Electronics ttd. modet
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CÀE 919). The noisture content of the flour vas determined according

to the ÀACC standard method (method 44-15A, ÀÀCC '1983) using a Braben-

der Rapid Moisture Tester.

5. Àsh Content of Flour

Ash content of flour was determined according to the AÀCC stan-

dard method (method 08-01, ÀAcC 1983) in which the flour t,las inciner-

ated at 560 oc.

5. Sedinentat i on VaIue

Sedimentation test value lras determined according to the AACC

standard meLhod (nethod 56-60, ÀÀCC 1983).

7. Fallino Number value

The FaLling Number Value was determined according to fhe ÀÀCC

standard method (method 56-818, ÀACC 1983) using the singJ.e sampJ.e

apparatus from the FaIIing Number Co. of Srveden.

8. Àmyloqraph Test

Àmylograms l,'ere obtained according to the AÀCC standard melhod

for 65 g of flour (nethod 22-10, ÀÀCC 1983) using a Brabender visco-a-

mylograph.

9. Wet Glulen Content

F]our t4et gluten content t,tas determined according to the I.C.C.

slandard nethod 137 (ICC, 1982) using Lhe Falling Number Co, cluto-

mâtic 2'1 00. 
l

10. Far i noqraph Test

Farinograns were obtained according to the ÀÀCC stândard nethod
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(method 54-21, AACC 1983) using 50 9 of f ).our.

11. ExtensoqraÞh Test

Extensograms were obtained according to Holas and Tipples (1978)

using a Brabender Extensograph. The doughs were mixed in the farino-

graph mixer to lhe farinograph dough development time. Doughs were

strelched at 45 min and 135 min; data will be reported only for tbe

135 min curves. Àreas under the curves were measured with a polar

compensaLion planirneter (sokkiska Ltd. of Tokyo).

12. Bakinq Test

a. Renix Bakinq Test

The renix baking test was according to Kilborn and Tipples (1981)

for 100 g of fÌour. volumes of the resulting ]oaves were measured

using a pup-loaf volumeter (HationaL Mfg. Co. ),

b. Bakinq Strenoth Index

The baking streng!h index was deternrined according to Tipples and

Kilborn (1974),

H. Stâtisticâ1 Ànalvses

Hhere required, data were analyzed by standard statistical rneLh-

ods, À Student t-test for comparing differences betl{een tr'o mean val-

ues r.las used according to I'fendenhaLl (1979).

For the statistical comparison of glutenin subunit patterns, 1

and 0 were used to indicate presence and âbsence of a subunit, respec-

tively. lpata designated as 1 and 0 are considered as indicator or

binary variables (NeLer and llasserman, 1974]l ,l CorreLation analyses
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betireen technological data, between HM!,l glutenin subunits, and between

technological dat.â and HMl4 gl.utenin subunits riere carried out. The

analyses were executed on the University of t'fanitoba's ÀmdahI 58i0

compuler system using the Statistical Ànalysis .system (SÀS, 1985) pro-

gram package with procedure CORR (correlation anaLysis).

To generate a prediction equalion of a dependent variable (a

technological parameter) using independent varíables (HMl,l glutenin

subunits), lhe STEPWISE (stepwise muJ.tipIe regression) procedure from

SÀS (1985) was used rlith the maximum r2 improvemen! option to selec",

lhe best set of independent variables for the prediction equation,

Using this particuLar prediction equation rrrÍth the selected indepen-

den! variables to predict another set of data, the REG (linear regres-

sion) procedure from SÀS (1985) was used with the option of 95% confi-

dence Linit for an individual predicted value.
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Results of this study are presented and discussed in nine sec-

!ions. Section À deals with resul.ts of experiments in which polyacry-

lamÍde gel electrophoresis (PÀcE) of gliadin proteins rras used to

check the identity and purity of the sampJ.es of the 26 varieties of

the '1 983 Uniform Quality ttursery (UgH) grorln at four locations. Sec-

tion B reports results of experiments with polyacrylamide geI electro-

phoresis in the presence of sodium dodecyl sulfate (sDs-PAGE) designed

and carried out to deLermine if varietal patterns are affected by the

naLure of the starting material (wholewheat rneal, flour, or extracted

glutenin) used to prepare the protein solution for electrophoresis.

Results of experiments carried out to check lhe effect, if any, of the

location of gror¡!h on SDS-PÀGE patterns are presented in section C.

Section D deals with results of lechnologicaJ. tests made on var-

ietal sanples obtained by compositing the grain from different Loca-

tions. Test val.ues presented in this section were subsequently used

for statistical correlations r¡ilh high molecular weigh! (ttt'tw) gtutenin

subunit composition. Sections E and F deal $ith details of routine

SDS-PAGE method and nonenclaLure. Results of the determination of HMI.¡

glutenin subunit composition for the 26 UQN varieties are presented in

section G. The data presented ín lhis section form the main part of

the lhes i s project.

Results of statistical analyses of HMI,¡ glutenin subunit patterns

and technological !est data are presented and discussed in section H.

The final section, I, presents prediction equations, based on HMI,¡

glulenin subunit composition, for predictíng breadmaking quality. The

prediction equations are tested using appropriate data for eight



varieties of the 1985 Bread Wheat Cooperative Test.

À. Identification of Grain Samples of Each Variety from Different

Locations bv Polvacrvlamide Gel Electrophoresis

In order to have sufficient grain for the entire study, it was

necessary to combine the samples from the four locations for each

variety. Before this could be done, it was necessary to verify the

identity of each location sample, It is known fron past experience

that samples may be admixed or misslabeled during harvesting and pack-

aging for shipment lo the laboratory.

Accordingly each of the 104 grain samples of the UQN (26

varieties grolrn at four locations) tvas analyzed by PÀGE according to

Sapirstein and Bushuk (1985). PÀcE has recenlIy been adopted by the

International Àssociation for Cereal Science and TechnoLogy (I.c,C. )

as one of the teo standard reference methods for identification of

wheat var iet ies.

By way of example, Figure 1 shows results for two varieties,

cook (5) and tobari/nomany (6). The PAGE electrophoregram for lhe

Regina (R) sample of variety 5 showed rhal this sample conlained grain

of anolher, unknown variety (note arrows indicating foreígn gliadins).

Àccordingly, this sampJ.e pas no! used in preparing the composite sam-

ple. The four location elec!rophoregrams for variety 6 were identical

âs rere the patterns for the other 24 varieties (see Àppendix II). The

]eveI of admixture (1 sample in 104) is not considered serious from

the practical point of view. }rhile this preliminary study involved a

subslantial amoun! of work, it tlas considered essential to ènsure that

each varietal composite r'as as pure as practically possible.



Figure 1 , GLiadin electrophoregrans for samples of varieties 5 (Cook)

and 5 (Tobari/nomany) from four locations, and the Marquis

reference sample,

Letters represent Ì.f, Marquis; t, Lelhbridge location;

R, Regina; S, Saskatoon; SC, St{,ift Current. Foreign

gliadins in sample R of varie!y 5 are indicated by

a r rolts.
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B, SDS-PÀGE PaLterns for Glutenins from }¡holer¡heat Mea1, FIour, and

Extracted GLutenin

By r.,ay of preliminary experinents, it was necessary to determine

the best starting material for preparing the glutenín solution for

SDS-PÀcE. Preparation of gJ.utenin by the Osborne ('1907) solubility

procedure was considered impractical as a routine procedure for ana-

lyzing a large number of samples. Àccordingly, experimen!s !rere car-

ried out to develop a sinpler, more rapid procedure.

Three different starting materials (wholewheat meal, flour, and

extracted glutenin) were exanined for four varietÍes of widely differ-

ent breadmaking quality (clenIea, James, Neepawa, and Tesopaco). clen-

lea is a Canadian utility wheat with very strong dough mixing charac-

teristics, Tesopaco is a soft wheat, Janes has medium quality and

Neepawa possesses good breadmaking quality.

The modified SDS-PÀGE procedure developed in the present study

(high concentration of acry).anide and bisacrylanide, 1ow degree of

cross-linkaging, Iow constant current, and long running time) yielded

high resolution of glutenin subunits, especially for the ).ow mobility

subunits (high molecular rleight subuníts). Results for the !hree

sÈarting malerials of the four varieties are shown in Figure 2. No

intravarietal dífferences rrere found in lhe HMtl glutenin region

(region of prime rel-evance in this study). Furthermore, the lanes for

extracted gtutenin (E) gave bands that are not as dense as the same

bands in the oLher tr¡o lanes; some bands were rnissing in the high

mobility region of the electrophoregran for this starting m-aterial. it

appears that some protein conponents are lost in the preparation of

extracted glulenin, but this loss did not affect the HMll glutenin



Figure 2. SDS-PÀcE pa!!erns of four varieties and three s!arting

ma ler ials .

First rot{: T, Tesopacoi N, Neepawai G, GlenLea;

and J, James. Second row: W, wholewheat meal;

F, flour; and E, extracted gl.uten in.
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subun i t region.

The evidence presented here indicates lha! wholewheat neal or

flour could be used directly for preparing the glulenin extract for

SDS-PAGE without going through the tedious steps of fractionating

glutenin, Àccordingly, the remaining studies used flour as the start-

ing naterial for alI SDS-PÀGE analyses.

C. Effec! of Environment on SDS-PAGE Patterns

In section À of this chapter, í! was confirmed that growth loca-

!ion did not affect the PÀcE palterns of gliadin proteins. Thal is'

the PAGE electrophoregram is a true genotypic fingerprint. For the

purpose of the present study, it was necessary to confirm that the

SDS-PÀGE patterns of glutenin proteins ltere also genotype specific

(no! affected by growth environrnent ) .

Six varieties o! the 1983 UQN were selected based on prelirninary

studies of their baking quality (not presented here), Three of these

six varieties were hard white wheats (riith baking quality decreasing

in the order no.26 > no. 19 > no. 21), one rlas a soft while gheat

(no. 23) and t!,o !,ere hard red wheals (no. l and no. 2). Figure 3

sholls the SDS-PÀGE patterns of these six varieties grown at four loca-

tions. No intravarietal differences were observed, Accordingly, it was

concluded tha! glutenin subunít patterns are genelically conLrolled

and are not affecLed by environmental conditions. These findings are

in general agreement tiith published information (orth and Bushuk,

1973b; Payne et a1.., '1 984).

Based on the resulls for the six varieties presented in this sec-

tion, it is reasonably safe to presume the same conclusion would apply



bt

Figure 3. SDS-PÀGE patterns of samples of six varieties, each grown

at four locat ions.

Top rolr: variety numbers (see Table 1). Second row

(Locations)! S, Saskat.oon; R, Regina; L, Lethbridge¡

and SC, Sriift Currenl.
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to the other 20 varieties in the UQN. Àccordingly, each sample of the

1983 UQN varietÍes was conposited from the four locations as described

in section B of chapter III. The renaining studies in this thesis

project tlere done using the conposited samples of the 1983 UQN

variet ies.

D. Technoloq ical Tesls

This section presents and discusses, where necessàry, results of

a wide variety of so-called technologicaL tests thât are used in the

assessment of breadmaking quality of wheat. These tests were done for

two main reasons. First, it was essential to ascertain that the

varieties selected for the study did indeed span the presumed wide

range of breadmaking qualiLy. Second, SDS-PÀGE patterns were statisti-
cally correlated with characteristics (technological tests) reLated to

breadmak ing qual i ty.

The technological test results are presented in four sections.

Section l deals with whoLe wheat grain, section 2 with fLour, section

3 t+ith the rheological characteristics of dough, and section 4 r{ith

baking,

The data for all lhe technological tests are tabulated Ín TabLe 5

and correlation coefficients bett{een tests are presented in TabIe 5.

Hereafter, discussion of lhese !ests refers to these two tables. It
should be pointed out that not all significant correla!ion coeffi-

cients are relevant to the present atuay. Thus, only those coeffi-

cients that are considered relevant are discussed. 
l

1. Results of Tests on Whole wheat Grain

Hectoliter weights (Ht,J) for the 26 varieties ranged from
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72.9 kg per hl to 81.0 k9 per hl. The value for the working standard

variety Neepawa (No. 2) rras 78.5 k9 per hI. Àccording to guide).ines

for the Bread I,{heat Cooperative Test, varieties with hectoliter

weights tha! are 3.0 k9 or more higher than the value for Neepawa are

rated as excellent in terms of this characteristic, Other ratings are!

very good, +1.6 to 2.9 kg¡ good, 0 to +1.5 kg; and poor, -2.0 kg or

lower. The data of TabÌe 5 show that the UQN varieties cover a wide

range of hectoliter weights from poor to very good compared t,'ith Nee-

pat.¡a. This is consistent !,ith the original objective of having a set

of experimental samples that covered a broad range of characteristícs

reLated Èo baking quality.

Protein content (GP) values covered a fairly narrotr range

(13.2% - 15.5%) , again supporting the suitabiLity of the samples for

the study. Protein conten! of wheat depends strongly on environnentaL

factors (cIGI , 1983). In a study such as this, Hhere the emphasis is

on intervarietal differences, it is preferable to Iargely minimize or

completely eLiminate environmental effects. The range of protein con-

tent for the samples in Table 5 is consistent t¡ith published data on

inheritance of protein content in wheat (cIGI , 1993).

Falling Humber (f'N) and flour yield (Fy) values showed normal.

variability. These characteristics are not directly relevant to gluLe-

nin subunit cornposition but the Falling Number Value is reLevant to

breadmaking in that it is a measure of the û-amylase activity ín the

grain. The range of FN values in Table S (230 sec - 495 sec) indi-

cates that !he grain samples had not suffered any significant dônage

due to pre-harvest sprouting (i.e., high a-amylase activity or lo$ FN

values).
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Grain hardness values measured by grinding tirne (Cf) indicate

that the sarnples cover the normal range of hardness from soft to hard.

Consistent !¡ith conmon knowledge, the resulls of lhis study shor+ed

that flour yield (from the Buhler experimental .mill) is highly signif-
icanlly correlated with grain hardness (r = -0.679***).

Flour protein content (Fp) was in general about 0,7% Ior,er !han

grain protein content (cP) due to the removaL of the aleurone layer

and germ portion of the !,heat kernel. The ash content of flour is also

used as an index of ni11in9 quality. In general, minerals (main com-

ponent of fLour ash) are concentrated in the aleurone ).ayer of the

llheat kernel, During mil1ing, the aleurone layer together with nucel-

lar epidermis, seed coat and pericarp form a by-product which the

nil.l.er calls bran (Hoseney, 1986). Flour rlith a high ash content nor-

nally is presumed to contain an abnormalÌy high amount of fine bran

particles. Conmercial hard wheat flours of straight grade generaJ.ly

have ash conlents ranging from 0.41 to 0,49% (Ziegler and creer,

1971), Àtthough ash content does not necessariLy affect the breadmak-

ing performance of a flour per êg, it does affect the consumer accept-

ability of the bread. Flour !¡ilh high ash content produces a loaf of

darker crumb color (Pratt, 1971). in the samples used in lhe present

study, the ash content ranged from 0.38 to 0.49%. Flours t¡ith ash

content in this range woul.d be quite acceptabJ.e from a commercial

poi nl of view,

2. Results of Technoloqical Tests on FLours

The sedinentation test was developed by Zeleny (1947) for esti-

nating the so-called "baking slrength" of rrheats. The test measures



58

lhe volume of the sediment of a flour that has been allowed to snell

in aqueous lactic acid and lhen lo settle for a given length of time.

Generally, the values fal.I in the range of 10 to 20 cc for very weak

wheats to 70 cc or more for very strong t4heat.s. The sedimentation

values for the sampLes ín this study (fron 30 Eo'72 cc) covered a wide

range of baking slrength or quaLity. SedÍmentalion vaLues (Sv) depend

on several factors, the main ones being protein conlenl and protein

quality. Fowler and De La Roche (1975) reported a highly significant

correlation betireen sedimentatíon value and protein content for a

group of sirnilar varieties in the Breâd l,lheat Cooperative Test. On

the other hand, Orth et al. (19721 did not find any correlation

bete¡een these tlro variables for a group of wideLy different varieties.

The correlation obtained in the present study (Table 6) was similar to

thal obtained by 0rth et al. (1972l, , Nevertheless, the sedimentation

value tlas highly significantly correlated with loaf volune

(r = 0.720***).

Amylograph viscosity (ÀV) values, another test for a-amy).ase

activity, were consistent with Falling Nunber Values, again indicaling

that the samples hâd not suffered sprouting damage. }iet gluten content

of flour is strongly related to its protein content. But, Ín so-call.ed

high quality bread flours nore of the flour proteín is recovered as

gluten. Às expected wet gluten content was highly significantly cor-

reIäled with flour protein content (¡ = Q.lgl***). Hol,tever, it did

not correlate well with baking strength index (BSl ) (r = -0.376) nor

r¿iLh remix loaf volume (Lv) (r = -0.062). Thus, r¿et gluten content

appears to be a good indicator of protein content or quantityr but not

necessarily a predictor of breadmaking quality for the particular
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group of varieties used in this study.

3. Rheoloqical Tesls

The farinograph test is used widely for evaluating the dough mix-

íng properlies and t,tôler absorption of wheat flour. À broad range of

farÍnogram types is represented by the 26 sanpi.es used (Figures

4 - 6),

Several different parameters derived from the farinogram are used

as indices of flour quality. Dough development time (DT) is lhe rnixing

time from the first additÍon of l4ater to the maximum consistency. DT

is an index of lhe "strength" of the dough; the longer the DT, lhe

stronger the dough. The range of DT values for the 26 varíeties was

from 2.0 to 11.0 min, which is considerably greater than that encoun-

tered for commercial bread flours (4.0 - 7.0 nin). Of the various

technologicaJ. tests discussed so far DT T,as rnost strongly correlated

with Sedimentation value (r = 0.502**)

Ànother fLour quality paraneter derived from the farinogram ís

the nixing toLerance index (ur¡ ). It is the difference, in Brabender

Units (8.U.), between the top of the curve a! maximum consistency anC

the top of the curve 5 nín after the maximum. This paraneter gives an

indication of the ability of the dough to rrithstand overmixing. Doughs

liith a high MTt nust be mixed preciseLy, while those lrith a lo$ MTI

have a good tolerance to mixing and can be overmixed wilhout causing

rnajor problems, ì,lTI is related to the "strength" of the doughi ín this

sludy lhe correlation coefficient betrlreen MTI a.nd DT rras

r = -0.725***. The range of the I'|TI values for lhe 26 varieties in

Table 5 tlas 5 to 70 8.U..
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t'igure 4. Farinograms of varieties 1 to 9.

Curve no. corresponds to variety no. lisled in TabIe 1.





Figure 5. Farinograms of varietíes 10 to 18.

Curve no. corresponds to variety no. listed in TabIe 1.
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Figure 6. Farinograms of varieties 19 to 26.

Curve no. corresponds to variety no. listed in Table 1.
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Farinograph absorption (FÀ) is the amount of eater t_ha! must be

added in the Farinograph test !o give a dough with a maximum consis-

tency at 500 B.U. The varieties used in this study covered a wide

range of FA (54.0 lo 64.1%1. FA Has correlated rlith flour protein

(r = 0.389*) and highty significantly correlated with remix loaf vol-

ume (r = 0.731***). These observations are generally consistent $ith

published data (Fopler and De La Roche, 1975).

The extensograph test is used to measure the physical state of

bread dough during lhe period between mixing and baking. The ínstru-

ment measures the resistance of a specially shaped piece of dough to

extension, and its extensibility. These paraneters are obtained

directly from the exlensograph curve (extensogram). The maximum

resislance (n) is the height of the curve at its highest poinl in Bra-

bender Unils (8.U. ) and the extensibility (E) is the length of the

curve in millimeters from the start of stretching until the dough

breaks. The area under the curve (À) is related to the energy needed

to stretch a piece of dough to the breaking point. À dough with the

required À value for optimun baking performance must also have the

right bal.ance between R and E (Shuey, 1975). This is expressed in

terms of the R/E ratio, r,rith doughs of strong lrheat varieties having a

high R/E value and doughs of weak varieties a low vaLue. Extensograrns

for t.he 26 varieties (Figures 7 - 9) gave a wide range of R, E, A and

n/n values (rable s),

0f the various statistícâl correlations that $ere calculated

(Table 6) the following were significant: cT versus Fy

(r = -0.679***); FP versus GP (r = 0.916***); ÀV versus FN

(r = 0.731***); I,¡G versus Fp (r = 0.757***) DT versus SV



Figure 7. Extensograms of varielies 1 to 9.

Curve no. corresponds lo variety no. Iisted in Table 1.
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Figure 8. Extensograms of varieties 10 to 18.

Curve no. corresponds to variety no. listed in Table 1.
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Figure 9. Extensograms of varielies 19 to 26.

Curve no. corresponds to variety no, listed in Table 1,





73

(r = 0.602**); DT versus FÀ (r = 0.523**)t IjTI versus FA

(r = -0.582**); UTI versus DT (r = -0.725***)i E versus DT

(r = -0.485*); E versus MTi (r = 0.688**r,)i R versus Sv

(r = 0.724***)i R versus I,lG (r = -0.410*)t R versus DT (r = 0.910***)i

R versus MTI (r = -9,522***l; R/E versus SV (r = 0.503**)¡ R/E versus

WG 1r = -9.459*); n/S versus DT (r = 0.922***l; R/E versus MTI

(r = -0.741'r**)i R/E versus E (r = -0.631***) i R/E versus R

(r = 0.940***)i À versus SV (r = 0.878***)i A versus DT

(r = 0.705***); À versus R (r = g,g7¡***); À versus R/E

(r = 0.658***). Detaited discussion of these significant correlations

is ouLside the subject of this thesis.

4. Bak ino Tests

The alL-inclusive test of breadmaking quality is the baking tèst,

The renix baking test is the one that is conmonly used to assess Cana-

dian bread wheats (Irvine and McMullan. 1960). Figures 10 to 12 are

photographs of ex!,ernal and internal loaf characteristics for the 25

varieties investigated. The range of loaf volumes (Lv) $as 420 to

975 cc (Table 5).

Statístical analyses (Table 5) showed that LV is hi9h1y signifi-
cantly correlated tiilh Sv (r = ¡.729***); !rith FÀ (r = 0.731***); l,lith

DT (r = 0.728*** ) ; and wi !h MTI (r = -0.664*** ) .

It is h'eII documented in the literature (Chapter II-D) that loaf

volume is directly relaLed !o the protein content of the flour, In

studying the contribution of protein qualíty to breadmaking quality,

it is necessary to normã1ize the LV vaLues to a constant protein con-

tent. This can be done in several ways, 0rLh and Bushuk (1972) used



Figure 10. Photographs of experirnental Loaves showing external and

internal. characteristics of varieties l to 9.

Loaf no. corresponds to varieÈy no. ]isted in Table 1.





Figure 11. Photographs of experinenLal Ioaves shorling externaL and

internal characteristics of varieties 10 to 18.

Loaf no. corresponds to variety no. 1ísted in Table 1.
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Figure 12. Photographs of experimental loaves sbot.¡ing external and

internal characteristics of varieties 19 to 26.

Loaf no, corresponds to variety no. listed in Table 1.
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the loaf volume per unit protein (ULV) and Tipples and Kil-born (1974)

used the baking strengfh index (BSI). The lrlo parameters are cal.cu-

lated as follows:

vLv = Lv/(% of flour protein)

Bsi = (rv x 100)/l(% of ftour prorein x 70) - 5Bl

The equation for BSI t,las developed from a Iinear regression analysis

of 116 samples for remix loaf voLume vs. flour protein content (Tip-

ples and xiJ.born, 1974). The values 70 and 58 in the calcuLâtion are

the slope and the intercept of the regression equalion, respectively.

BSI is expressed as a percent.

Statistical analyses (Table 5) showed that ULV and BSI are highly

significantJ.y correlated with extensograph naximum resistance (R)

(r = 0.716*** and 0.715***, respectively). Maximum resisLance in the

extensograph test is related to the elastic modulus of dough which in

turn depends on the amount and the nature of glutenin in the flour
(Hoseney, 1986; Khan and Bushuk, 1978; Schofield and Booth, 1983). On

the other hand, there is good evidence that dough extensibility

depends more strongly on the gliadin than on the glutenin component.

The indirect evidence for the interrelationship between glutenin and

loaf volume presented above is consistent l,lith published information

(see chapLer II-D) and accentuates the practical significance of this

research.

Results of the technoJ.ogical tests presented and briefJ.y dis-

cussed in !his chapter show that the wheat varieties selected for this

study cover a wide range of breadmaking quatity. The range is consid-

erably broader than tha! encountered for commercial flours used for

bread production. I! r+ould appear lhat the varielies should be highly
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suitable for the intended research objeclive---to investigate the

relationship betHeen HMW glutenin subuni!s and breadmaking quality.

E, Estimation of Relative Molecular I.¡eiqhts for HMl,¡ Subunits of

GLuten in fron SDS-PÀGE

'1 . Primarv Standard Reference Proteins

The final step in the prelÍminary part of this thesis project is

the deterninatíon of the mol.ecular rreights (Mt¡s) of glutenin subunits

of the wheat variety Marquis. The glutenin of this variety rlill be

used subseguently as the reference markers in the determination of

subunit I'ft?s of the experirnental varieties.

Molecular weights of glutenin subunits of the Hheat cv. Marquis

were determined by the standard procedure using primary standard ref-

erence proteins of knotrn MW !o develop a primary calibration curve.

Marquis was selected as !he reference cultivar because of ils exten-

sive use in wheat breeding programs and because it is already used

widely as the reference in cultivar identification by gliadin electro-

phoresis (Bushuk and ZiJ.lman, 1978; Sapirstein and Bushuk, 1985). It
shouLd be noted that the MWs that are obtained by SDS-PAGE are rela-

tíve lo the Mlls of the markers. For this reason, the t'fi,¡ is sometime

referred to as reLative nolecular rnass (Bunce et a1., 1985).

For the primary calibration curve, the rel.ative mobiJ.ity (nm) of

each of the primary standard reference proteins was calculated using

the nobility of the smalÌest protein (carbonic anhydrase) as the front

tnarker as described in chapter III section F. To oblain the tf9¡ vs.

mobility calibration curve, trro differen! relationships, Iog Mtt versus

Rm and log MW versus log Rm were examined (Fig. 13). The regression



Fr gure tJ. Relat ionship between

1oq MI,l vs. ).og Rm f or

1og MW vs, Rm (relative mobi).ity)

pr imary reference proteins.
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line for the log MW vs. log Rm pLot was slightly better t-han for lhe

conventional pJ.ot (r2 = 0.99 and r2 = 0.94, respectively). Àccord-

ingly, the regression equation for 1og }.fi,t vs. Iog Rm rras used to esti-
nate the MI,ls of ì.larquis subunits (for subsequenl use as the secondary

standard Mtl reference) and of the subunils of other wheat cultivars.

The purely mathemalical treatment of lo9 Rm did not introduce any

additional error over that inherent in Rm since t.he MWs of subunits

were calcuLated from the regression equation and not measured directly

fron lhe cal i brat ion curve,

2. Secondarv Standard Reference Proteins

Figure 14 sho!¡s SDS-PÀGE patterns of cv. Marquis glutenin and the

prirnary standard reference protein mixture. The major Marquis subu-

nits, which wÍlI be used as the secondary standard reference proteins,

are identified and their Mtls indicated. The Rm vaLues of the Marquis

subunits were calculated rela!ive to the mobility of carbonic anhy-

drase. The Mlls indicaled in the figure are average values of six sepa-

rate runs. Standard deviations for each subunit are shown also. The

range of precision for the resuLts in Figure 14 is 0,88% Eo 3,2'l%

( So,/mean x 100%) .

For the secondary calíbration curve, the Rm of each of the Mar-

quis glutenin subunits (Fig, 14) was calculated using the mobility of

the subunit of MW 34,600 as the front marker. If the front marker

subunit is present in the experimental variety, it would serve as an

additional check on the precision of the electrophoretic run. In fact

this subunit rras present ín aIl varieties analyzed in the presenl

study.
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Figure 14. SDS-PÀcE patterns for primarl standard reference proteins

and glutenin subunits of cv, I'farquis. SD, slandard devia-

tion (n = 6).

Coincidentally, a cv. Marquis subunit had the same

MW as Èhe 97.4 kD primary reference protein even

though it was at a distinctly dÍfferent position on

the electrophoregram. The MI,l of this subunit was

the average of six separate experiments, each with

its respective regression equalion established

from the primary reference proteins.
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3. Estimation of Relalive Molecular lteiqht

Four separate analyses of Neepawa glutenin were nade to check the

reproducibility of subunit patterns and to determine the reproducibi).-

ity of Mt? values by using lhe proposed nethod of using cv. Marquis

subunits (as reference proteins) to oblain the workÍng calibration

curve. In each analysis, glutenins of cv. Marquis and the experinenLal

t.,heat variety (cv. Neepawa) were run !ogether. For each Marquis pât-

tern, the Rm values were deLermined relative to the posilion of the

34,600 subunit (front marker) in the sane pattern. Then, the regres-

sion equation for log Mg¡ vs. 1og Rm rlâs determined for data of each

analysis. This regression equation t{as then used to estimate lhe MHs

of the HMl,l glutenin subunits of the experimental variety (i.e., Nee-

pawa). The MI,ls for t.he experimental variety from the four separate

runs riere averaged (table 7)r, The four ¡'flls for each subunit so

obtained differed by less than 1.5%.

0n the basis of these resul!s, it was concLuded that the

cv. Marquis glutenin subunit pâttern can be used rlith sufficient pre-

cision to warrant its use as â reference for delermination of MI,ls of

"glutenin" subuniLs of other wheat cultivars,

The glutenin subunits of Ìtarquis are being proposed as the stan-

dard reference proteins for determining the MI,ls of gluLenin subunits

of other r¿heat cultivars. In laboratoriès in other countries, local

cul.tivars can be used as standards after calibration againsl

cv. Marguis, Figure 15 shows the SDS-PÀGE patterns of lhe Àuslralian

cv. Halberd, Sritish cv. Holdfast, cernan cv. DipIomat,. and Canadian

cv. Neepâwa. The Mlls of lheir HMI,I glutenin subunits were determined

using Marquis as lhe reference and are indicated on Èhe right hand
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Table 7. Molecular weight and slandard deviation (n=4) for HMI,I glute-

nin subunits of cv. Neepawa

Mw(x10-3) 136.6 12'1 ,8 115.0 96.5 91 ,1

sD 1.4 0.9 0.4 0.3 0.5
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Figure 15. SDS-PÀGE patterns. Lanes 1 and 6 = Marquis, 2 = Neepar¿a,

3 = Holdfast, 4 = Halberd, 5 = ÐipLomat. MI,ls of Marguis

subunits listed on left, other cultivar HMW glutenin subu-

nits Iisted on right.
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side of the figure. Five of the tü.,fl,l glutenin subunits of cv. Holdfas!

(Fi9, 'f 5, Iane 3) are probabLy subunits 1, 5, 't, I and 11 according to

Payne et ÀI. (1980a). The subunits l and I have MWs of 145,000 and

105f000, respectÍvely, determined by SÐS-PÀGE by Payne gl È!. (1980a).

These values compare well with 147,000 and 101,100 obtained in the

present study. The agreement between the tt¿o sets of MI,¡ values is con-

sidered to be quile good in view of the overall precision of the

SDS-PAGE method (Bunce et a],, 1985). It should be noted that MI,¡ vaL-

ues obtained in the present study apply only to lhe gel syslem used;

other conditions would reguire a separate cal.ibration.

F. Routine Method for Determination and Nonenclature of HMI¡ Glutenin

Subun i ts

The proposed routine method based on using glutenin subuni!s of

Marquis as reference proteins for deternination of Mt,ls of glutenin

subunits of other wheat cultivars by SDS-PÀGE has several practical

advantages. The reference proteins are sinilar to the unknolrn proteins

in chemical and physical structure, the entire range of MI,ls is covered

by a large number of reference proteins, and the source of reference

proteins is inexpensÍve.

The subject of nonenclature of glutenin subunits deserves com-

nent. Currently, most published reports use lhe nonenclature proposed

by Payne gl q!. (1980a and 198 1b) for Hl'{sl glutenin subunits in which

the subunits are identified by nurnbers beginning with 1 for the larg-

est subunit. However, it should be pointed out that some confusion nay

arise by using this numerical nomenclature. For example, Payne and

co-workers, identified 12 bands (1 to 12) according !o lheir relalive
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electrophoreLic mobilities on SDS-PÀcE (1980a) of seven çheat

varieties. In the following year, they found a feç more bands in pat-

terns of different varieties (Payne et aI., 1981b) and thus the order

of these bands by decreasing MW becane: 1, 2, .2t, 3, 4t 5, 6, 'l , 1L
14, 15, 16, 17,18, 19,8t 9, 10, and 12. They deleted subunit 11

because of problems in discriminating subunils 10, '1 1, and 12. It
appears that this nomenclature is not a system that can readily accom-

modate new subunits rrithou! confusion. Furthermore, a different num-

bering system was used by Moonen et al. (1983). Àccordingly I propose

that glulenin subunits be identified by their SDS-pAGE t'!I.¡ as shown in

Figure 15. This nomenclature is preferred because it t,liLl obviate the

difficulties encountered rlith the "closed" sysLems referred to above.

Hereinafler, lhe subunits will be identified by their MW in kilodal-

tons.

Àlthough it appears that SDS-PÀcE overestimates the MI,l (Bunce

et al, , 1985) , the systen for estimating MI,ls of subunits proposed in

this thesis is valid since the MI,¡s are obtained reLative to character-

ized reference proteins. À11 the MW vaLues can be subsequentJ.y cor-

rected when the exact values for some of the subunils are determined

from compl.ete amino acid sequencing.

G. HMW Glutenin Subunits of the 26 1q83 IrôN v¡ripiipc

1. Determination of RelaLive MolecuIar l,leiqhts

The l'{¡ls of the HMW g}utenin subunits of the 26 varieties were

determined by SDS-PAGE using the method described above. SDS-PÀGE

electrophoregrams of the 26 varieties are shown in Figs. 16 and 1?,

The MWs of the reference proLeins (uarguis glutenin subunils) are



F i gure 16. SDS-PÀGE patterns of 1983 UQN varieties 1 to 13.

M = cv. Marquis; lane no. corresponds to variety no.

as listed in Table 1. MI,ls of Marguis subunits listed

on left, HMI¡ glutenin subunit region shos'n on right.
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Figure 17. SDS-PÀGE patt.erns of

M = cv. Marquis; Iane

as Listed in Table 1.

on Ieft, HMI,I glutenin

1983 UQN varieties 14 Eo 25,

no. corresponds to variety no.

MWs of Marquis subuniLs Iisted

subuní! region shown on right.
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listed on the Iefr hand side, The relative mobiJ.ity (Rm) of_ each subu-

nit for each of the 26 varieties rlas determined relaLive to the posi-

tion of subunit 34.6 of Marquis in the same pattern. Then M}¡s of the

subunits of t,he UQN varieties were deterrnined using the regression

equation for ).og MW vs. Iog Rm obtained for Marquis in each pattern

(each analysis). SDS-PAGE data were rep).icated three tines.

The pattern for each variety contäined more than 15 bands of

glutenin subunits. Àccordingly, it was necessary to define the HMW

glutenin subunit range for the purpose of the present study. Accord-

ing !o Payne et a!, (1980a), the Ht'lW range was fron subunit 1 to subu-

nlt 12, which have MHs of 145.0 and 95.0 kilodaLtons (kD), respec-

tively. It was impossible to use their nomenclature to labeL the

subunits in the present study since it would be necessary to have the

same set of varieties used by Payne gL ¿!. (1980a and 1981b). The MW

range of 90.0 to 147.4 kD was adopted to deLineate lhe HMll glutenin

subunit region for the 26 varieties used in the present study (as

indicated on the right hand side of Figs. 15 and 17). This range

includes all the subunits which Payne et aL. (1980a and 1981b)

referred to as HMI.I gLutenin subuni!s.

Às discussed in section F of thÍs chapter, the nomenclature pro-

posed by Payne et aI. (1980a and 1981b) presents problerns in namÍng

"neti" subunits. In !he present study, relative nolecular i¡eights wil).

be used to idenrify subunits. To do this, Ít rlas first necessâry to

determine whether the dÍfference in MW of some closely spaced bands

was statistica).ly significant, Using the range of M!¡s for the HMI,I

gJ.utenin subunil region indicated above, the 26 varieties contained a

total of 13 different HMW glutenin subunits. Their average titWs are
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tabulated in Table 8. The nunber of observations (N) of each subunit

ras the total number for the subunil in all 26 varieties, multiplied

by three (no. of replicates). The standard deviation and t-test values

are aLso included.

It is clear that all 13 subunits are statistically different from

each other, 0n the basis of this evidence, it was concluded that the

set of varieties investigated contained 13 different HMW gluLenin

subunits as deternined by SDS-PÀGE. Àccordingly, it is justified to

use these subunits for further sLudies.

2. Intervarieial Relationships Between HMtil Glutenin Subunits

Table 9 shows the distribution of the HMW glutenin subunits from

SDS-PAGE for the 26 varieties (presence is indicated by a dash). None

of the varieties contained all 13 subunits. Most varieties contained

4 or 5 subunits. These observations are in general agreement r+íth

published dala of Payne gL al. (1981b). The present study showed that

subunit 114.7 occurred in highest frequency (59,2%) while subu-

nits 141,0 and 121.1 occurred onJ.y once each in the 26 varieties. For

this reason lhese two subuniLs nere not considered in furlher analyses

because their recurrence was too lori (3.8% frequency) to justify

relating !hem to intravarietal variability of breadmaking quality.

It should be poínted out that certain absence/presence patterns

of subunits occurred with respect to specific other subunits. For

examplef subunits 128.1 and 90.0 never occurred together in the same

variety; the same was true for subunits 147.4 and 135.8, except for

variety 24 which had boLh of the subunits 147,4 and 135.8. On the

other hand, subunit.s 128.1 and 91.6 always appeared together in the
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Table 8. Mean and standard deviation (SD) of noLecular !¡eights of HM}l

glutenin subunits of the 25 1983 UQN varie!ies

Meanr sD N t

14't .4 r 1 .6 33
5.'12***'141.0 É 1.6 3

5.51***
135.8 t 1.3 45

5 ,62** *
133.1 ! 1.5 15

12.26***
128,1 r 1.3 48

9.26***
121 .1 r 0.6 3

1 1 . 13***
114,7 I ',1 .0 54

3.09**
113.5 ! 1.1 9

17.37***
105.5 ! 1,2 21

17.57***
100.2 r 0.7 21

17.66***
96.3 i 0.8 33

24.34***
91 .6 r 0.9 48

9.14***
90.0 I 0.6 30

rMean moIecuLar weight, },fvlx10- 3.

N, number of observations.
!, Student t-test betr,leen trlo means (MendenhaIl, 1979),
**,***, Significant at 1% and 0.1%, respectively.
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sarne variety. Perhaps this resuLts from gene linkages as described by

Payne et a1. (1981b), Furthermore, varieties 9, 1fand 13 had identi-

cal HMI,I gLutenin patterns, whereas varíeties I and 12 had the same

patterns but differed from the characleristic pattern of the olher

three varieties. These five varieties are all. selections of the

var í ety veery (Table 1).

Some researchers have atLempted to guantify the amount of protein

present in each band. Payne gL àL. (1981b) used a spectrophotometrie

tnethod to estimaLe the relative intensities of the subunit bands,

i.e., the relative amount of dye bound by the subunits. This approach

sould be helpful for obtaining infornation on interactions betrleen

quantitative and qualitative aspects of certain subunits to breadrnak-

ing quality. Quantification, however, comnands lwo provisosl (1) an

accurale and sensitive instrunen! for measuring band intensity, and

(2) an assumption tha! sinilar amount of protein enters the geI for

each variety. The latter information is diffieult to obtain with pres-

ent technology.

BranLard and Dardevet (1985) used densi!omeLric ana).ysis to

deternine the protein content in a particular band. The quantity of

proteins present in the band was obtained by muttiplying the relative

concentration by the glutenin content of the fLour. The gLutenin frac-

tion ilas prepared by a micronethod according to Bourde! qL al. (19i2).

0f course, this approach assumes !hat simiLar proporlions of proteins

of alI sheat varieties examined entered the get.

Glutenin subunit band intensity has also been determi¡ed by vis-

ual rating. ÐuCros (1987) rated the intensity of HM9l gluLenin bands on

a scale of 1 to 4 where I indicaled no band present, 2 was a faint
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band, 3 l'las a medium-stained band, and 4 t4as a strongly-stained band.

The author observed 16 HMr{ glutenin bands in the group of durum culti-
vars that she examíned. However, on).y nine bands were used for analy-

sis since the other seven bands were always rated 2 (faint). This

introduced confusion as to ehether the faínt bands were due to low

protein conten! of the cultivars that were examined or if the bands

were indeed mÍnor constituents of the HMW glutenin subunits.

In the present study, lhe relationship between HMW glutenin subu-

nits and breadmaking quality was based on presence and/or absence of

specific subunits that tiere delected by SDS-pÀcE. Intensity of the

band was not part of the analysis, Sinple correlation was used first
to determine inler-subunit relationships for the 26 varieties,

Table 10 gives the correlation coefficients between the 11 subu-

nits in the MW range from 147,4 to 90.0. Às mentioned above, subu-

nits '1 28.1 and 91.6 always appeared together and, as rias expected, the

correlation coefficient of the subunits Has perfect (r = 1.000), On

the other hand, subunits 128.1 and 90.0 never appeared together

(r = -1.000), and Iikewise for subunits 91 .5 and 90.0 (r = -1.000).

There riere also sone subunits positively or negatively correLated to

each other at significant levels.

The number in brackets (see footnote 3) under Subuni! in Table 10

is the identity of subunit according to the nomenclature of payne

e! al. (1980a and 1981a, b). It was impossible in the present study to

be sure that Payne's identity of the subunits and the identity of

subunils in the present sÈudy, as presented in Tab).e 10, were identi-

cal, Às discussed before, it r,rould be necessary to have the appropri-

ate set of varieties used by Payne and coworkers in order to make
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accurate cross-identification. The iden!íty of subunits by payne and

co-workers were matched l{ith the ídentity of subunits in ihe present

study, as reported in Table 10, to the best of the author's ability,
as gleaned from the Lilerature and aided with the SDS-pÀcE patlern of

cv. Holdfast (Fig. 15) run along with cv. Marquis. Àssuming that the

match-up of lhe subunit numbers by Payne et a1. (1980a and 1981a, b)

and the identities of the subunits reported in the present study

(Table 10) tdas correct. then subunits 135,8, 128,1, 91.5 and 90,0

would be the same subunits reported by Payne q! {. (1980a, 198'1a, b)

as their numbers 2, 5, 10, and 12, respeclively.

H. Statistical ReLationships Between HMW Glutenin Subunits and Techno-

loqical Characteristics of the 26 Varieties

The technological characteristics of Èhe r+heat varieties used in

the present study were presented in Table 5. In section D of this

chapter, !hese technological characteristics were discussed and their

relationships !o each other were reported. It l{as pointed out that not

alL of the characteristics that rlere significantly correlated rlith

each other were reLevant to the thesis project,

The reLationships between fhe 11 HMW glutenin subunits of the 26

varieties and these !echnologicaJ. characteristics are presented in

Table 11. Àgain not a1Ì significant correLations are rel.evant to the

rnaín objective of this thesis project. For example, subunit 105.S was

significanlly correlated with arnylograph viscosity (Àv). ÀmyLograph

viscosity is a measurenent obtained from the amylograph which measures

o-amylase activíty through the viscosity of a flour sJ.urry, and vis-

cosity measurement fron the amylograph most likely wouLd not relate !o
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HMi,¡ glutenin subuni! but rather to the slarch componen! in-lhe flour.

Furthermore, it can be seen from TabIe 11 that of the technological

tests for grains and flours, the HMt? glulenin subunits were only

related !o the rheological (farinograph and exlensograph) and remix

baking tests. Thus, based on the vårieties used in the present study,

HMW glutenin subunits cannot be used to predict nany of the lechno-

logical tests used in this study; the exceptions are the farinograph,

extensograph and baking tesls,

The parameters derived from farinogram are farinograph absorption

(FA), dough developmen! tirne (DT), and mixing tolerance index (urt ),

whereas those derived from extensogram are extensibility (E), maximum

resisEance (R), and area under the curve (A). ÀlL these parameters

were discussed fully in section D of this chapter. Each parameter

except for FÀ and A (Table 11) correLated significantly Ìrith at least

four subunits; FA and A did not correLate $ith any of the subuni!s.

Furtherrnore, not every subunit correlated l.lith at Ieas! one parameteri

only subunits 128,1, 100.2, 96.3, 91.6 and 90.0 did. Subunits 128.1

and 91.6 correlated to the strength of the flour, as based on rela-

tionships between DT and subunit 128,1 (r = 0.579**), MTI and subu-

nit 128.1 (r = -0.565**), DT and subunit 91.6 (r = 0.5?9**), and MTI

and subunit 91.6 (r = -0.555**). The coefficients between DT and

subunit 128,1, and DT and subunit 91.6 were the sâme, as expected,

since subunits 128.1 and 91.6 were perfectly correlated (TabJ.e 10,

r = 1.000). if, as suspected, subunit 128.1 is indeed subunit 5, and

subunit 91.6 is subunit 10 of payne et al. (1981a, b), then the

resuLts of this study are in agreement rrith Branlard and Dardevet

(1985). They reported that subunits 5 and 10 (equivalent to subu-
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nits 128.1 and 91.6 in the present study) Here significa-nt).y corre-

laled rlith dough strength as measured by the Chopin Àlveograph,

Payne et al. (1981a) reported that subunits 2 and 12 (subu-

nits 135.8 and 90.0 in lhis study) were associated with poor breadmak-

ing quality. The results obtained in the present study also indicated

a similar !rend. Subunit 90.0 correlated significantty with DT (neg-

ative correlation) and MTI (positive correlation), r = -0.579rt* and

0.565**, respectively. Às discussed in section D, a weak dough gives a

shorter DT and a higher MTI . But in the set of the varieLies used in

the present study, subunil 135.8 did not correlate with any of these

parameters.

The results discussed above are supported by correlations between

Htfi,¡ subunil composition and extensograph parameters. Subunit 100.2 was

significantly correlated positively to extensibilily (E) and ne9-

atively to maximum resistance (R), r = 0.548** and -0.525**¡ respec-

tively. Likewise, subunit 90.0 Has aLso correlated to E and R,

r = 0.561** and -0.526**, respectiveJ.y. This is in general agreement

with publíshed data by Branlard and Dardevet (1985). They reporled

that their subunit 12 (subunit 90.0 in the present study) was signifi-
cantly correlated to tenacity measured from the Chopin Àtveograph

(r = -0.338**). Tenacity measurenent Ís related to the measuremen! of

resistance of dough to defornation, which yields similar infornation

to naximum resistance (R) of dough measured from ex!ensograph, These

results indicale that subunits 100.2 and 90,0 are related lo poor

rheologicaL properties of extensograph parameters of doúgh, for the

set of varieties used in the present study.

0n the other hand, the correlation coefficients of subunits '128.1
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and 91.6 to E and R showed that these two subunits were_ definitely

associated $ith good rheological proper!ies of dough as measured by

extensograph paraneters. These findings are also in general agreement

with the published data of BranLard and Dardevet (1985).

Às mentioned in section D of this chapter, lhe renix baking test

is the aIl-incLusive breadmaking quality test for Canadian bread

nheats. If any of the HMW glutenin subunits are reLated to breadmaking

quality, those subunits should, ;, definition, correlate with loaf

volume (lV). indeed, the subunits significantJ.y correlated to parane-

ters fron farinograph and extensograph were also significantly corre-

lated !rith tv (Table 11). Às nentioned before, Lv is affecte<! by pro-

tein content of the flour, therefore it would be more appropriate to

use the baking strength index (BSI) or loaf volume per unit protein

(U¡,V) for examining !he relationship between HMW gLutenin subunits and

breadmaking quality in qualitative lerns than to use LV. The subu-

nits 128.1 and 91.5 showed strong positive correlations to these trlo

criLeria whereas subunit 90.0 was negalively correlated. The subu-

nít 100.2 r¡as neither correlated to BSI nor ULv (r = -0.35S and

-0.357, respectively). These fíndings are in general agreement with

published data by Payne el al. (1981a) and Branlard and Dardevet

(1985). They reported that their subunits 5 and 10 (equiva).ent to

subuní!s 128,1 and 96,6, respectively, in the present study) were con-

tribulors to good breadnraking quality, whereas their subunit 12 (subu-

nit 90.0 in this study) contributed !o poor breadnaking quality,

Based on the above findings, one can conclude that subuní!s

128,1, 91.6, and 90.0 are important to breadmakinq quality; the first
ttro contribute positively and the third, negatively.



109

I. Reqression Equations for Predictinq Breadmakinq OuaLity on the

Basis of HMW Glutenin Subunit Composition

The uLtimate objective of a sludy of HMW glutenin subunits and

breadnaking quality is to be able to predicl 
.the breadmaking guality

from the composition of HMW glutenin, Thus, it was necessary lo gener-

ate an equation to predict breadmaking quality from HMI.I g).utenin subu-

nit composition. The following section will deat with a!tempts to 9en-

erate equations from HMl,l glutenin subuníts to predict breadmaking

criteria.

Steptlise multiple regression technique l{as used to generate equô-

tions for predicting certain breadmaking quality criteria based on HMt.l

subunit composition. All 11 HMf,l subunits from t.he 26 varieties were

used in stepr+ise multiple regression analysis as independent vari-

ables. DT, and MTI from farinograph, E, R and R/E from extensograph,

and BSI and ULV from renix baking test were each used as dependent

variables in the regression analysis,

In the previous section (H), díscussion focused on reLationships

of individual subunits to breadmaking quality criteria. Horlever, nost

likeIy some subunits have additive or antagonistic effects. If so,

stepwise nultiple regression technÍque shouLd reveal the combined

effects of subunits. TabIe 12 presents prediction equations from the

11 HMr,l glutenin subuniLs (the independent variables) for seven techno-

logical tests of breadmaking quality. The coefficient of determina-

tion (r2) and lhe probability of F values are al.so included.

It can be seen that aIt r2 values were significant. below the 1%

level (see last colurnn, Prob > F). Furthernore, not alL of the 11

subunits Here selected for any one of the prediclion equations. Às
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mentioned before, some subunits were present or absent to-gether rrith

another subunit (Table 10, r with perfect correlation). These subu-

nits would not both be selected into a prediction equation by the

steprrise mulliple regression analysis. For exa.mpJ.e, within each pair,

subunits 128.1 and 9'1 ,6, subunits 128.1 and 90.0, subunits 91.6 and

90.0, onLy one subunit was selected for the predicLion equation.

The range of r2 values for the seven predicLion equations was

0.565 for DT to 0.738 for MTI . This neans that 56,5'Á of. the variation

for DT is explained by six subunits and 73.8% of lhe variation for MTI

is explained by nine subunits. For the ULv, 66.9% of the variation is

explained by eight subunits in the range of Mr,ls f rorn 96.3 to 147.4 kD.

Às an example, the prediction equation of ULV is as follows:

ULv = 4.96 + 42.96 (105.5) + 21 ,48 (100.2) + 22.87 (128.1) +

18.10 (114,1) + 14.54 (95.3) + 7.?9 (133.'1 ) +

2.41 (147,4) - 10.03 (113.5)

To use this equation, the MW shown in brackets is replaced by the num-

ber 1 (one) if the subunit is present and by 0 (zero) if the subunit

is absent in fhe SDS-PÀGE pattern for a specific variety.

The predictive power of the equalions generated by stepwise mul-

tipLe regression analyses r{as tested by comparing predicted and actual

values for a separate set of eight different wheat varieties from 1985

Bread v¡heat Cooperative Test. The SDS-PAGE patterns of these

varieties are shown in Figure 18 r'ith the HMI,¡ glutenin subunit region

delineated. Their HMI.¡ gJ.utenin conposition rith their relative molec-

ular weighls are presented in Table 13. It is importan! to point out

that all eight cultivars were considered relatively good breadmaking

varieLies since they were seLecled into the final stage of lhe Cooper-



Figure 18. SDS-PÀcE patterns of 1985 Bread Wheat Cooperative Test cul-

t ivars.

M = cv. Marquis; C1 = cv. Marquis, C2 = cv, Neepawa,

C3 = cv. Sinton, C4 = cv. Benito, C5 = cv. Columbus,

H1 = cv, Katepwa, !f2 = cv. Leader, !13 = cv. Lancer;

C = Cenlral region, I.l = tlestern region,

Ml,ls of cv. Marquis subunits Listed on left,
HMI.¡ glutenin subunit region Iisted on right.
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Table 13. Pattern of HMH glutenin subunits from 1985 Bread Wheat Coop-

erative Test cultivars

sM}tl c1 c2 c3 c4 c5 I,¡1 l¡2 I,¡32

1Á.1 L

141.0

135.8

133.1

t ¿ó. t

121 ,1

114.1

113.5

105.5

100.2

96. 3

91.6

90.0

rsubunit t{ilh t'll,l x 10-3.
2Variety no. corresponds to varie!y no. listed in Fig. 18.
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ative Test for bread wheat varieties. Their technological data were

obtained from the data published in the ninutes of the 1985 rneeting of

the Expert Committee in Grain Qualify (nnonymous, 1986)

The first five parameters in the Table 12,. DT, MTI , E, R, R/8,

r,lere tested against their respective predictive equations. The main

thrust of the thesis project ['as to exanine the relationship between

HMtl glutenin subunit composition and breadmaking quality. Ànd, as

indicated before, the all-inclusive test for breadmaking quaJ.ity is

the baking lest (BSI and ULv). For this reason, the results for ihe

five parameters, DT, MTI , E, R, and R/E, are presented in Appendix

TII.

The quality criteria DT and R were predicted within 95% confi-

dence Iimits for the eigh! varieties. 0ne of the eight varieties was

predicted outside of the 95% confidence limit for MTI , two varieties

were outside the 95% confidence ]init for n/E, and al1 eight varieties

t.,ere outside the limit for n (lppendix III, Table 18).

As rnentioned in section D part 4 of this chapter, gJ.iadin con-

tributes to extensibility (E) and glutenin to elasticily, Thus, il
was not surprising that the prediction of E from the glulenin subunit

cornposition was outside the 95% confidence limit.

Àctual BSI values were obtained from the data published in the

minutes of the 1986 meeting of the Expert Committee in Grain Quality

(Ànonymous, 1986) and ULv was calculated from lhe dala published in

the same minules. The HMr{ glulenin subunil patterns of the eight cul-

tivars were used to calcuLate the predicted vaLues for BSI and ULV

q'ith the equations generated from lhe däta for the 26 UQN varieties.

The predicted and actual values are presented in Tables 14 (UtV) and



116

'15 (BSI). À1I predicted values are r{ithin the 95% confidence limit.
HoHever, it should be emphasízed thaf the resuLts obtained here can

not be generalized for all bread rrheats since the prediction equations

tlere generated from data for a Iimited number of varieties (26). By

way of extension of this study, it would be useful to apply the pre-

diction equations to a large group of varieties covering a much wider

range of breadmaking qual i ty,



TabIe 14. Predicted UtV of 1985 Bread Wheat Cooperative Test cultivars

from the slepwise nultiple regression equation

95% Conf idence i nterval

Variety no. Predicted value Àctual valuel LoHe r Uppe r

c1

L¿

LJ

c4

c5

I,¡1

w2

}¡3

48.0

46.0

46. 0

45. 0

46. 0

46.0

qd q

54.5

62.9

60. s

60. s

60. s

60.s

60.s

73.4

73.4

53.9

55. 0

56. 5

b4. ¡

68.3

67 .2

55. 3

72,8

77,9

75.0

75.0

75.0

75.0

75.0

92,3

92.3

!values calculated from resul!s obtained from the minutes of the
1986 meeting of lhe Expert Committee in Grain Quality
(¡nonymous, 1986).



Table 15. Predicted BSI of 1985 Bread Wheat Cooperative Test cultivars

fron the stepwise mu).tipIe regression equation

Variety no. Predicted vaLue ÀctuaI valuel tower

95% Confidence interval

Upper

c1

c2

UJ

c4

c5

I,¡1

w¿

}l3

96. 0

92.0

92.0

92.0

92.0

r,tl Ê

tt t.)

9't .'1

oo 1

101.4

ot <

104.0

102.3

oo 2

110.7

13.1

70.3

70.3

70.3

70.3

70. 3

83.3

83.3

118.3

I tJ. /

113.7

tt5. /

ttJ./

'1 13.7

139.8

139.8

rVaLues obtained from the rninules of fhe 1986 meeting of the
Expert Committee in Grain Quality (Anonymous, 1986).
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V. GENERÀL DISCUSS]ON

Wheat flour proteins have long occupied the atten¡ion of cereal

scientists. The ability of wheat flour lo form a dough which can be

baked into a lasty loaf of bread depends mostly on the proteins. 0f

course, other flour constituents, such as carbohydrates and lipids,

and added ingredients, and the righ! processing alI contribule to the

quality of the finaL produc!, bread.

There are tHo aspects of flour proteins that are imporlant to

breadmaking characteristics of flour: protein content and protein

quaJ.ity. Protein content can be determined precisely by several dif-
ferent methods of analysis. Protein content of Hheat mainly depends on

agronomic and environmental factors, such as soil nitrogen, soil mois-

ture, and temperature during the growing season (Bushuk, 1984i CIcI ,

1983 ) .

Protein quaJ.ity is related to the type and number of protein mol-

ecules that constitute the total flour proteíns. These are mainly

inherited characleristics. Ho!¡ever I they can aLso be affected by

abnormal environnental conditions, such as Cisease, high tempera!ure

duríng naturation, rlet harvest conditions, and inproper postharvest

storage (¡ushuk, 1984). Protein quality generally refers to the combi-

nation of chemical and physical proper!ies that colleclively contrib-

ute to lhe desirable quality of the end product. In the case of

bread, high quality generally means large loaf vol.ume and good crumb

texture,

Flour proteins are comprised of a group of many components with

widely different amino acid composilions and sequences and hence dif-

ferent secondary, tertiary and quaternary slructures. wheat endosperm
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contains a t.tide variety of non-storage proteins and over 100 storage-

protein components (Payne et a1., 1984). The storage proteins form the

major porLion of the protein of g).ulen---the viscoelastic substance

responsible for the breadmaking ability of Hbeat. Storage proteins are

generally classified into lrlo groups of proleins, the gliadins and the

glutenins. It has been shorln that insoluble glutenin is direc!ly pro-

portional to the loaf volume (0rth and Bushuk, 1912], . Furthermore,

Payne et {. (1979) demonstrated that high molecular weight (HMll)

subunits of glutenin correlate with breadmaking quality of EngLish

bread wheat varieties. Thus, information on the relationship between

HMI,I glutenin subunits and breadmaking quali!y rlould be useful in

developing an early-generation test for screening bread wheat

varielies in breeding programs. With these considerations in mind,

the present research was undertaken to explore further possible rela-

lionships betr,een HMll glutenin subunits and breadmaking quality using

26 varieties of diverse breadnaking quality grown in four locations of

I.¡estern Canada.

Às the first step in the research, it l,las necessary !o verify the

identity of samples fron each of the four locations. This variety

identification was nade by polyacrylamide gel electrophoresis (PÀcE),

an internationally accepted nethod for the purpose. All but one sample

showed the expected intravarietal uniformity of electrophoregrarns.

Results for the Regina location sample of the variely Cook indicaled

tha! this sample contained an admixture of one or more unknown

varieties. The admixed sample was discarded.

Large and obvious differences were observed anong the g).iadin

eleclrophoregrams of lhe 26 UQN varieties, indicating the group of
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varieties Has highly suilable for the purpose of the present study.

The next step ín this study was the deve3.opmen! of the technique

of polyacrylamide gel eleclrophoresis in the presence of sodium dode-

cy1 sulfate (SDS-PÀGE) for routine analysis of .a Large number of whea!

samples of different varieties. Àt the outset, i! Has necessary to

deternine what starting malerials should be used as lhe source of HMll

glutenin: namely, wholewheat meal, flour or extracted glutenin. ÀIt

three were assayed for each of four varieties, It r{as found thal there

were no qualitative differences (there r;ere some differences in inten-

sity of some of the bands) in the SDS-PAGE patterns of the Hl'$l glute-

nin region within any one variety from the lhree di fferen! starting

materiaLs. Thus, it r+as decided that flour would be used as starting

ma!eriaLs for SDS-PÀGE studies for the present study. This finding is

of benefit to breeding programs because it showed that i! is not nec-

essary to prepare extracted glutenin as the first sLep in determining

the HM}l glutenin subunit cornposition.

Next, six of the 26 varieties of the 1983 UQN were selected,

based on their broad spectrum of breadmaking quality, for the test set

up to investigate possible environmental effects on the HMI,| glu!enin

patlerns. No qualilative differences in the subunit palterns of !he

samples from the four Locations for each variety were observed. These

findings rJere consislent Hilh published information by 0rth and Bushuk

(1973b) and confirmed lhe generally held view that the SDS-PÀGE pat-

tern, like the g).iadin electrophoregram, is a fingerprint of the geno-

type (variety).

The findings from the above studies all Ìed to the conclusion

that the grain of each variety trom the four locations could be compo-
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sited to provide the requíred larger sample for further study.

TechnologicaJ. tests on the 26 varieties selected for this study

showed they indeed exhibited a broad range of breadmaking quality.

The results of the technological tests deserve some general comments.

Às other ínvestigators had reported, so also the results of this study

bore out that lhe harder the wheat, the higher the yield of flour upon

mil1inq, and the better the coLor. InterestingLy, the present study

showed that the sedimentatíon value (Sv) was highly significanlly cor-

related to Loaf volume (Lv) but not !o proiein content; similar

resuLts were published by Orth et a1. (1972). The correlation between

Sv and protein conlent indicates that SV is relaLed to the slrength of

the flour prolein rather than proLein quantity.

Resul!s of rheological studies further suggested the notion that

Sv measures the strength of the flour. Both farinograph dough develop-

ment time ând extensograph maximum resislance r,lere significantly cor-

relâtêd t{ith SV.

To further perfect the SDS-PÀGE method for the present studyr it
l.¡as necessary to have a set of standard proleins suitable for the

study and readily availabLe at nominal cost. It wouLd be beneficial

if lhe standard proteins had physical and chenical properties similar

to those of the unknown proteins under invesligation. In addition, the

standard proteins should have a wide range of moLecular weighls (Mws),

similar to that of glutenin subuniLs. Presently, it is not possibJ.e

to obtain this type of standard reference proteins from commercial

suppliers. Thus, lhe 14 glutenin subunits of the wheat cv. Marquis

liere adopled as lhe reference proteins, after their Mlls t,tere carefully

deternined by convenlional SDS-PÀcE analysis, The new procedure based
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on the use of Marquis g).utenin subunits gave highly reproducibJ.e

results. MWs of two subunits of cv. Holdfast determined previously

(Payne et al., 1980a) were confirmed by results of the present study.

Ànother point !hat required clarificalion was the nomencLature of

glutenin subunits. Currently, most published reporls use Lhe nomenc-

J.ature proposed by Payne gL 1!. (1980a and 1981b) for HMI,I glutenin

subunits. In this nomenclature, glutenin subunils are identified by

number, initially in chronological order riith No. 1 beíng assigned to

the largest subunit. The prob).em with this "closed" system is that the

chronological numbering was disrupted uhen nerl subunils were discov-

ered with Ì.llls betHeen those of aJ-ready numbered subuniLs. To minimize

confusion as "ne!r" glulenin subunits are discovered in new Hheat

varieties, it is proposed that the Mll value in kilodaltons (kD) deter-

nined by SDS-PÀGE be used as the identity of each subunit. This system

has been used throughout this thesis. This is a completely "open" sys-

tem and new subunils can be added as they are discovered rlithou! any

difficulty. Àtthough it has been shol{,n that ltll4s estimated by SDS-pÀcE

appear to be overestimated (Bunce et al., 1985), the proposed nomenc-

Lature woul.d sti1l be meaningful since all MWs are obtained relative

!o the standard proteins. The MW values can be subsequently corrected

when the exact values for some of the subunits are determined from

complete anino ac id sequences.

The methodology gave good results when applied for anal.ysis of

the selecled varieties. From the 26 varielies, thirteen different HMW

glutenin subunits were identified by SDS-PÀGE and were within the MI,l

range of 90.0 lo 147.4 kD, The range of Mtts agrees well with published

dala of Payne et al. (1980a). Only 11 of lhe HMI,I glurenin subunits
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t,tere subjected to further analyses since the other ttlo subunits

(141.0 kD and 121.'1 kD) occurred only once in alt the 26 várieties. It
was al.so observed that certain pairs of subunils always occurred in

landem. This probably results fron Iinked genes as described by Payne

el aI. (1981b). There T¡ere sone subunits that were never found

together.

To analyze lhe relationship betrreen HMl,l glutenin subunits and

breadmaking quality, the aulhor used 1 to denote lhe presence and 0 to

denote the absence of a subunit for statisLical purposes. Differences

in intensity of bands rlere not considered in this analysis.

First, simple correLations were carr ied out to deter¡rine the

relationships belr{een HMl,t glutenin subunits. It $as found lhat subu-

nits 128.1 and 91.6 uere perfectly positively correlated. They always

occurred togelher. 0n the other hand, subunits 128.1 and 90.0 riere

perfectly negaLively correlated. These never occurred together. Subu-

nits 128.1, 91 ,6, and 90.0 are probably lhe same as subunits 5, 10,

and 12¡ respectively, of Payne qL 1!. (1980a and 1981a,b).

The next step in the thesis project Has to carry out statistical

analyses of HMtl glutenin subunits and technological characteristics of

the Hheats and their products. It t+as found that subunits 128' 1 and

91.6 riere each significantly correla!ed to farinograph MTI and DT.

These findings $ere in generaÌ agreenent wilh published data by Bran-

Iard and Dardevet (1985). Subunit 90.0 was found to be associated with

poor breadmaking quality as measured by loaf volume (LV). Subu-

nits 128.1 and 91.6 r,rere positively significantly correlated to both

ULv and BSI, rrhereas subunit 90.0 was negatively significantly corre-

lated to both of these quality indices, These findings are in general
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âgreenent rrith results pubLished by BranLard and Dardevet (1985) and

Payne gL aI. (1981a).

The main objective of the presen! study was lo develop equations

lhat rrould predict various breadmaking quality indices from the HMI,I

glutenin subunit composition, Stepwise mu).tiple regression !echnique

was applied to generate such equations. ÀLl 11 HMll glutenin subunits

of the 26 varieties were used in the analysis. First, it was found

that subunits other lhan subunits 128.1 , 91 ,6, and 90.0, were impor-

tant to breadmaking quality. Seven equations with DT, MTI , E, R, R/E,

BSI , and ULV as lhe dependent variables, were developed based on rele-

vant subunits from the total of 11 subunits as independent variables.

Each equation contained, at most, nine subunits.

The equations Íere then tested t¡ith a separate se! of eight dif-
ferent cultivars (1985 Bread l,lheat Cooperative Test cultivars). None

of the predicled values for extensograph extensibility, E, feLl within

the 95% confidence lini! even though lhe r2 for this particulâr pre-

diction equa!ion was significanl at the 1% IeveI. It Has not surpris-

ing to obtain these resutts since extensibility (E), as found by other

investigators (Hoseney, 1986; Khan and Bushuk, 1978; Schofield and

Booth, 1983), is slrongly dependent on gl.iadin proteins and the pres-

ent prediction equation was developed by using glutenin subunits only.

One of the eighl predicted vâIues for MTI and two of the eight pre-

dicted vaLues for n/ø were outside the 95% confidence Limit. Pre-

dicted values for DT, R, BSI , and ULV aIl agreed with actual values

rçithin the 95% confidence Limit. It should be emphasized, however,

that the results obtained here could not be generalized since the pre-

diction equations were generated from a limited number of varielies
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(26l, . It çould be very usefuL to apply the prediction equations to a

group of varieties covering a much vlider range of breadrnaking quality.

Although sone progress has been made by the present study, there

is stí1I roon for further studies ín the understanding of the role of

HMI,I glutenin subunits in breadmaking quality. The present study added

some ner., information to this understanding. Moreover, the present

study showed that HMW glutenin subunit compositíon has some potential

for predicting the breadnaking quality of varieties in rlheat breeding

pr09rams.
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VI . CONTRIBUTTONS TO KNOWLEDGE

The najor conLributions lo knowtedge resulting fron ihe present

study are as folLossr

(1) The SDS-PÀGE procedure modified for the present study gave a high

resolution of the high molecular weight (HMl,l) glutenin subunits.

Modifications included: (a) higher concentration of acrylamide

and bisacrylamide, (b) lorrer cross-Iinking of acrylamide,

(c) Lower constant current, and (d) longer running tirne.

(,21 For the same variety, there were no differences in the SDS-PAGE

patterns of the HMI,I glutenin subunit region from three different

starting materials; wholelrheat meaI, flou::, and extracled glule-

nin. Accordingly, flour can be used to obtain the SDS-PÀGE pat-

terns of the HMl,t subunits lhat are characteristic of the wheat

var iety.

(3) Fourteen subunits of the glutenin of the variety Marquis were

proposed for use as the reference proteins for routine analysis

of whea! glutenin by SDS-PÀGE, The main advantages of this propo-

sal are¡ (a) the reference proteins are processed in exactly the

same l{ay as the unknot,tn wheat proteins, (b) the reference and

unknot,ln proteins are siniLar in physical and chenical properties,

(c) the reference proteins cover the same molecular weight (Mfi)

range as the unknown wheat proteins, and (d) the reference pro-

teins are available at lorl cos!.

(4) The methodology developed in this study gave excellent reproduci-

bility of the MI,rs of glutenin subunits.

(5) On the basis of the resuLls of this study, it was recommended

that molecular mass in kilodaltons (kD) be used to identify the
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HMH subunits for nonenclature ând statistical analysis purposes.

This nomenclature is open and rlill accommodate, without confu-

sion, nerl subunits as they are discovered.

(6) Thirteen different HMW glutenin subunits.(Mlis ranging from 90.0

to f4i.4 kD), were identified in the SDS-PAGE patterns of the 26

varieties of tbe 1983 Uniform Quality Nursery (UON). Each varieLy

contained four or five of the 13 HMW glutenin subunits.

(7) Correlation anaJ.ysis showed that subunits 128.1 and 91.6 had the

greatest positive influence on breadmaking quality, whereas subu-

nlt 90.0 had the greatest negative infLuence.

(8) StepHise multiple regression technique revealed that otber HMÍ,¡

glutenin subunits also contributed lo breadnaking gualily.

(9) Seven prediction equations, Hith r2 values significant at the 1%

LeveÌ, lrere generated through the stepwise muLtiple regression

technique using the HMv¡ glutenin subunit compositions of the 26

varieties as the predictors for dough development time (nt), mix-

ing tolerance index (t'tTI ), exrensibility (E), maximun resistance

(n), ratio of R and E, baking strength index (BSI), and loaf vol-

ume per unit protein (Ulv).

(10) The prediction equations t.tere tested ['ith data for a separate set

of eight different cul!ivars from the 1985 Bread Wheat Coopera-

tive Test. The prediction equations had high predictive power

for all quality parameters except extensograph extensibility (E).

Predicted ULV agreed nith actual vaLues riithin a 95% confidence

limit. The prediction equalion for E gave poor predictions indi-

cating that factors other than gLutenin contribute substantially

to this characteris!ic.
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ÀPPENDI CES



APPENDIX I. SDS-PÀGE Procedure for Rou!ine

on the tKB 2001 Vertical

Analysi s of llhea! Protein

Elec t rophor es i s Unit
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1. Chemicals

Tri s (hydroxymethyl ) ami nomethane
Sodium dodecyl sulfate
Àcrylarnide
Bisacrylamide
l,te rc apt o-e t ha n ol
Àmmon Í u¡n persulfate
Coomass ie Brilliant Blue G-250
N, N, N' ,N'tetranethyL eLhylene diamine
Pyron i n Y

Glycerol
HCl
HzS0¡
KOH
Trichloroacet ic ac id
( electrophoret ic or analylical grade)

1 .1 stock solutions

Tris
sDs

ME

TEMED

stôck soln E ME no, of sampL e s

TCA

À. Àcrylamide 35% w/v (250 mI).
B. Bisacrylamiàe 2% vt /v (100 ml ) .
c. 1 M Tris, pH 8.8 (adjust !,ith Hcl; 250 mI).
D. '1 M Tris, ptt 6.8 (adjust with HcL; 250 rnL).
E. Sample buffer sLock solnl 20 nl glycerol , 12.5 mI soln D,

24,1 nI distÍlled water, 4 9 SDS (so).id) and 20 mq of
Pyron i n Y.

F , 10% w/v sDS (200 ml ) .
c, 1% w/v ammonium persulfäte (10 ml).

Solns À to D should be stored in dark bottles at
refrigerator r"emperature for no longer than 2 weeks. Solns E and
F can be stored at room temperature for a coupJ.e of months. Soln
G should be nade fresh daily. Àll slock solutions except soln G

rlere filtered lhrough Whatrnan No. 1 filter paper before
storage.

2. Pr oc edur e

2. 1 Sample preparat ion
Extracting buffer: inmediately before use, mix up stock
soln E, UE and distilled water in the proportions beLow:

Di s! i lLed r'ater

6.0 mL
12.0 rnl

0,45 mL 9
0.90 nI 18

2,55 ml
5.10 nI

Suspend 40 m9 of flour in 1 ml extracting buffer, Each
flour-buffer mixture is allorred !o stand at room temperature for
2 hr with occasional shaking. They are then heated for 2.5 min in
a boiling water bath and allowed to cool to room tenperature.
The flour suspension is allor+ed to settl.e and an aliquot of the



clear top layer is used as the experimental protein extract. '1 ,5
to 10.0 uI of protein extract solution is Ioaded into each slot
in the gel.

2.2 GeL preparation (for two gels)

Separating-gel solution: Mix 49.3 m1 soln À, 3.88 tnl soln B,
31 ,6 ml soln C , and 5.67 mI distilled water 'together, then
degas. Àfter degassing, add 1.0 mì soln F, 2.5 ml soln G' and 50
yl TEI'IED, then irnmediately and gently pour half inlo lhe 9e1
cassettes to a height of 14 cn each. Overlay the gel nixture
with water and aLlow to polymerize 1.5 to 2 hr.

Stacking-ge1 solutionr Mix 1.71 nI soLn À, 0.433 ml soln B,
2.5 m] soln D, and 14.4 ml distilled !,aler together, then degas.
Àfler degassing, add 0,2 mI soln F, 0.75 nI soln G, and 15 ¡1
TEMED, then immedialely and gently pour into the geI cassettes to
a height of 1cm each. Insêrt slot forners into the 9eI casseltes.
overlay the gel míxture with water and aIIoH to polynerize t hr.

Notei Before pouring stacking-ge1 solution, drain off free water
from the separatíng 9e1 and rinse with sone stacking-gel
solution. Then pour the stacking-gel solution to about 1cn above
the separat ing gel.

2.3 Electrophoresis

ELectrophoresis buffer: Àdd 12.114 I of Tris, 57.6538 g of
glycine and 40 nI of soln F and make up 4 liters with
ãiltlirea wateri pH should be 8.3 (if necessary adjust r'ith Hcl).

Electrophorese for 2 hr at a conslant current of 5 nÀ (per
gel), foLlowed by 18 hr at 10 mÀ and finally for 2 hr at 15 nÀ.
it¡e electrode buffers are circulaled continuously during
electrophoresis a! 20oC.

Notes! If running tHo ge1s, the currents should be doubled. By

the end of the running time, the tracking dye will have run off
the gel.

2,4 GeI staining

Preparat ion of sLaining solution:
(1) Mix 19 of Coomassie BrilIiant Blue G-250 in 500 ml

Haterr then add 500 ml 2 N HzSO¿' mix well and allot{ to
stand at least 4 hr;

(2) f il.ler, and to 900 m1 of lhe filtrate add 100 rn1 10N KoH;
(3) then add 140 ml of 100% (Vv) TcÀ to the 1 }iter of dye

solution and again filter through Whatnan No. 1 paper.
Store in a dark bottle.

Gels are slained overnight in the staining solulion,
rinsed with distilled waLer, and lhen pholographed (immediately
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ãfler rinsing) through an orange filter.
Note! To make 2 N HzSO¡, ditute 54.99 nI conc. HzSO¡ to i I

liith distilled l.¡ateri to make 10 N KoH, dissolve
56.11 g of KOH and make up to 100 ml with distiLled
llater.
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ÀPPENDIX IL GIiadin Electrophoregrans of 1983 UQN Varieties
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Figure 19. Gliadin electrophoregrans for sampJ.es of varieties 1 to 4

and 7 to 10 of four loca!ions and the l.larquis reference

samples.

Letlers represent M, Marquis; L, tethbridge Ioca¡ion;

R, Reginai S, SaskaLoon; SC, Sh'ift Current.

See Table 1 for identity of varieties.



M L R S SCM L R S.SCM
,:::l::;:j.::5: . : : -: .4.
M':..L:-Ë,.'S..SG M, L, ff S..SG M

78
MLBSSCMLRSSCM

9 10.

M L R SSCM L R $SCM



146

Figure 20. Gl.iadin electrophoregrams for sampLes of varieties '1 1 to 18

of four locations and the Marquis reference sanpLes.

Letters represent M, I'farquisi L, Lethbridge location;

R, Regina; S, Saskatooni SC, S1lift Current.

See Table 1 for identity of varieties.
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Figure 21. Gliadin electrophoregrams for sanples of varie!ies 19 Eo 26

of four Locations and the Marquis reference samp).es.

LeLters represent M, Marquis; L, Lethbridge locationi

R, Regina; S, Saskatooni SC, Strift Current.

See TabIe l for identity of varielies.
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ÀPPENDi X III. Àdditional Tables for Predicted Criteria of 1985 Bread

I,iheat Cooperative Test Cul!ivars fron Stepl,lise Multiple

Regress i on Equations



Table 16. Predicted DT of 1985 Bread liheal Cooperative Test cullivars

from the stepwise multiple regression equation

95% Conf idence interval

Variety no. Predicted value ÀctuaI valuel

c1

c3

c4

c5

I,ì1

tl2

I,¡3

4.50

5.25

5. 50

4,75

5. 00

5.75

6,19

1 .29

t ao

1 ,29

1)A

7 ,29

9.31

o 2l

2,13

3,29

3.29

3,29

3,29

3,29

4 .12

4 .12

10.25

11,29

11 .29

11.29

11.29

11.29

14.51

14.51

lvalues obtained from the minutes of the .1986 meeting of
the Exper! Conmittee in Grain Quality {Ànonymous, 1986).



Table '17. Predicted MTI of 1985 Breàd Wheat Cooperative Test cuLtivars

from !he stepriise rnultiple regression equation

95% Confidence interval

Variety no. Predicted value Àctual valuel Lol¡er Upper

c1

c2

c3

c4

}I1

vl¿

l¡3

¿J.ó

18.4

18.4

'18.4

18.4

18.4

22.1

¿¿. I

0.3

-4,7

-4,7

-L 1

-4.7

-4 .7

-1 .6

-'t .6

47 ,4

41.5

¡.1 6

41.5

41 .5

41.5

51.9

51.9

50.0*

40.0

25.0

30.0

35.0

25.0

30.0

30.0

IValues obtained from the minutes of the 1986 meeting of
the Expert Committee in Grain Quality (lnonymous, 1986).
*0uLside of the 95% confidence interval,



Table 18. Predicted E of 1985 Bread Hheat Cooperalive Test cultivârs

from the stepwise muJ.tiple regression equation

Variety no. Predicted val.ue Àclual valuer Loner

95% Conf idence interval

Upper

c1

c2

c3

c4

c5

r.¡ 1

H2

¡,13

175.8

158.7

158.7

158.7

158.7

158.7

185.4

'185.4

230. 0

230. 0

225,0

235.0

205.0

230. 0

240.0

240.0

135,2

118.5

118.5

118.s

118.5

'1 18.5

138.7

138.7

216.3

198.9

198.9

198.9

I OO O

100 0

232.0

232.0

rvalues obta ined fronr
the Expert CommitLee

lhe minutes of the 1986 meeting of
in Grain Quality (Ànonymous, 1986).



Table 19. Predicted R of 1985 Bread Wheat Cooperative Test cultivars

from the stepwise multiple regression equation

95% Con f idence interval

Variely no. Predicted value Àctual valuel Lover Uppe!

c1

c2

c3

LT

c5

l^l I

tÃ2

Ir/ J

704.5

704.5

704.5

704.5

704.5

704.5

840.7

840.7

355.0

425.0

430.0

405.0

355.0

480.0

455.0

s15.0

330.6

330.5

330.6

330.6

330.6

330.5

359.5

359.6

1078.5

1078.5

1078.5

'í078.5

1078.5

1078.5

1321.8

1321.8

lvalues obta ined f ron
the Expert Commi ttee

the ninules of the 1986 meeting of
in Grain Quality (Ànonymous, 1986).



TabIe 20. Predicted R/E of 1985 Bread I,¡heat Cooperative Tes! cultivars

from the stept,ise multip).e reqression equation

Variely no, Predicted value Àctual valuet Lor{e r

95% Con f idence interval

Upper

c1

c2

c3

c4

c5

I,r1

ir2

I,¡3

3.9

4.5

4.5

4.5

4.5

4.5

¿q

4.5

lo

1.9

1 .'l '\

1,'t*

1.9

2.2

t.J

1.9

1.9

1.9

1.9

1.9

lo

lo

6.5

7.1

7.1

7,1

7.1

7,1

lvaLues obtained from the ninutes of the 1986 neeting of
the Expert Committee in Graín Quality (anonymous, 1986).
*Outside the 95% confidence interval.


