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ABSTRACT
The separate roles of quantity and quality of flour proteins

vere studied in relation to breadmaking performence. To determine

the extent to which breadmaking performance is affected by protein
content, the flours of five samples of each of two varieties grown
under the same environment but of different protein centent were

examined. The effect of protein quality on breadmeking quality

of different wheat varieties was studied using five varieties rep;
resenting three classes of wheat. These had similar protein content
and comprised: (1) three varieties of hard red spring wheat, Manitou,
li-h63 A, and Garnet; (2) one soft spring variety, Pitic 62; and (3) .
| one séft winter variety, Talbot.
For each of the two bread wheat variéties used for the first
part of the study,_breadmaking quality, determined by loaf volume,

increased'wiﬁh increasing protein content. The quantitative distrib-.

ution of the proteins among five solubility groups, ana the disc

electrophoretic patterns for each solubility group of each variety
were not affected by protein content.

Comparison of the proteins from the varieties of different classes

showved quantitative differences in solubility distribution, and qual-
1tative differences in the disc électrophoretic patterns. Soft wheat
flours had higher contents of water-soluble, and lower contents of

alcohol and acetic acid soluble'proteins'than those of hard wheat:
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flours. This appears to be the main reason why flours from soft and
hard wheats produced doughs which differed in physical properties.
Significant differences in disc electrophoretic patterns of slechole-
sbluble'(gliadins) proteins were found smong varieties examined. In -
this group, the band with relative mobility of 0.34 present in the
p&ﬁterna for 11-463 A and Menitou might be‘important in breédmaking
qualit&; This band was‘absent in the patterns for Garnet and Pitic 62,
spring varieties of poor breadmasking quality.

In general, the nunber of bands with gliadin group might be
related to the breadmsking performance. Manitou, a variety of ext-
remely good bréadméking quaiity haed the highest number of components
(8) and Pitic 62, poorest breadmaking quality had the lowest number
(5) of vands. The numbef of bands for the other varieties were in-

termedlate as was their breadmaking quality.

iv
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PHYSICAL PROPERTIES OF FLOUR PROTEINS
IN RELATION TO BREADMAKING QUALITY

INTRODUCTION

It is now reasonsbly well established that the breadmaking qual-

ity of flour from ény one type of wheat is directly related to its
protein content (l). Furthermore; it is also known that the slope of
this correlation veries among different wheats (2). For example, if

the breadmsking quality is expressed in terms of loaf volume, high

quality wheat, such as Canédian hard redispring, will have a much

higher Increment of loaf volume per unit of protein than lower qual-

ity bread wheats. Accordingly, the overall effect of flour protein

on breadmaking quality can be divided into two paftiai effects: 1) the

effect of protein conteﬁt; and 2) the effect of protein quality.
Studies of the first factor-protein content, are straighf forward ,

A series of flou;s milled from samples of the same type of wheat, but

of different protein content, sre evaluated by pertinent physical or

baking tests. Studies aimed at relating certain chemical and physical

properties of the proteins - protein quality, to breadmaking quality

are considerably more complex. In addition, there is a possibility of

a strong interaction between the two factors.

As will be seen from the review of the literature which follows,
there have been many attempts to relate chemical and physical pfoper-
ties of the protelns of bread flour to its breadmaking quality. So

far, the subtle qualitative properties of the proteins that determine




baking quality have pot been identified completely,

The present study re-examines the role of quantity and quaiity of
flour protein in breadmsking quality. Two types of wheat samples were
collected for this project. The first group comprises five_samples of
different protein'content of each of two varieties of Canadian hard '
red spring wheat{ Manitou and 11-463 A, All of these were grown to-
gethéf in an experimental field. The variation in protein content
resulted from variability in soil fertility; This grohp of samples
was selected to determine if the nature of proteiné in bregd wheats 1is
affected by protein content.

The second group of samples includes five'varieties of similar
protein content from three different classes: 1) three varieties of
hard red spring wheat class, Manitou, 11-463 A, and Garnet; 2) one
soft spring variety, Pitic 62;and 3) one soft white winter variety,
Talbot .

The fiours‘of these wheats were evaluated by a variety of bread-

making quality tests including the baking tests. Their proteins were

extracted, fractionated and examined by appropriate physical techniques.




REVIEW OF THE LITERATURE

 Introduction

Wheat flour is a complex mixture of many different biological

materials - proteins, carbohydrates, lipids, minerals, vitemins and

enzymes. Many of these are important in determining the ability of
wheat flour to produce food products such as bread, cakes, etc.
.The proteins have received the greatest attention of all the con- .

stituents of wheat flour., Aside from their nutritional importance, it

is well established that the structural properties of bread are, to the
large extent, éetermined by the nature of the proteins of flour (3).
‘Over two hundred years ago, Beccari (L) reported the separation
of gluten from wheat flour; the first plant protein isolated. Aﬁout
sixty years ago, Osborne (S)~found in wheat fléur, four major protein
fractions that differed in solubility. From 7 to 10% of the protein
was soluble in distilled water; this fraction was called albumins.
Another 6 to 10% was soluble in salt solutions, but not in water;

these were called globulins. Two large fractions, called gliadin and

glutenin, were soluble in 70% alcohol and dilute acid, respectively.
‘The latter two fractions comprise the major proteins of gluten and to-

gether they give dough its elastic, plastic and cohesive properties.

With the impetus given by this classic study, many chemists have dev-
oted much attention to the separation, constitution, structure and rh-
eological properties of wheat proteins, and especially the relationship

of these properties to breadmaking quality.
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Their work has been reviewed from time to time in the past (6,7-15).
Most recently, the relationship‘between chemical composition and bread-

making potentialities of wheat flour was reviewed by Pomerantz (16).

Soluble Proteins

The endosperm of the wheat kernel contains from 6 to 15% protein.

From 13 to 22% of this protein is soluble in dilute salt solution (17).

These soluble proteins are the albumins and globulins. Earlier, these

protéins received J;lttle’ attenfion , until Finney ( 18) and Pence et al
(17,19) reported their importancg for the formation 6f satisfactory
doughs and production of high quality bread. Pence et al (17) deter-
mined the cqntents of albumins and globulins of forty flours'and found
that the ratio of albumins to globulins was correlated directly with
baking quality.

Soluble protein is of interest also because many of the enzymes
of flour are in this fraction. Beta-amylase appears to be an albumin,

while one of the proteinases might be a globulin (9). Crude gluten

prepared by the standard washing procedure, contains significant amounts
of so;uble proteins (9,20).

Recently, water-solubles vere found important to gassing power

and proper physical properties of dough (21). Thus , soluble protein
seems to be necessary for optimal baking performance of flours.
Albumins

Albumins are proteins that are soluble in water (5). Pence and

co-~-workers (9,22) found gliadin-like material, and possible some



globulins, in the direct water extracts of wheat flour. However, the
gliadin material is easily predipitated from these extracts by the

addition of salt (23). Globulins can be separated from the albumins

by éialysis against deionized water.
The yield of albumins from extraéts made with salt solutions of
various lonic-strengths, alcohol of various concentrations, and aqueous

solvents of various pH has been discussed by Holme (2&). He found that the

albumin content of the flour represents about 10% of the total flour pro-
tein. Pence and co-workers (17) reported that about 6 to 12% of total

flour protein consists of albumin.

Albumins have been implicated in‘the baking quality of fl&ur. ‘PEnce
(1) attémpted to expiain differences in baking quality of a number of
flours on the basis of'théir albumin content; he was only partially succe
essful.A Cluskey gg_é; (25) found that hardiwheat flour of higher protein
contentvthan sof't wheat fiour, contained the same amount of water-soluble
yroteins; they found ﬁo correlation between albumin content and baking

performance. Maes (26) reported a negative correlation between baking

quali;y.énd rercentage of water-soluble protein.

Purified @lbumins have beeh studied extensively by electrophoresis.

Laws and France (27) showed that similar free-boundary electrophoretic

. patterns were obtained for water extracts from three different flours.

F]

From four to elefen components were detected by various workers in the

albumin fraction by moving boundary and paper electrophoresis (22,23,2&,28,29).




No significant differences were found in starch-gel electrophor-
etic patterns of albumins and globulins (30), while in a later study,

some differences were observed among varieties. Coulson and Sim (32)

studied the electrophoretic patterns of different types of whest.
Distinct differences in albumin composition of durum and bread whest
flours were observed (33).

There have been a number of stﬁdies_on the role of the albumin

fraction in the rheologica; éroperties of dough (25). At the present
time, it is not clear how albuminé affect these properties.

The amino gcid composition of albumins differs greatly from that
of other flour proteins. It has highér tryptophan and lysine conténts,
and a lower amide’nitrogeh content than the other wheat proteins (22,34).

Approximate moleqular weight of albumin was sbout 21,000 by sed-

imentation and 28,000 by osmotic pressure méasurements (22).
Feillet and Nimmo (35) isolated and characterized two albumins

(13A and 13B) from bread wheat flour. Albumin 13B had a relatively

high valine content and no histidine or phenylalanine while albumin
13A chtainéd.all the common amino acids and had a relatively high

content of alanine. Molecular ﬁeights of albumin 13A and albumin 13B

}f ' - were 24,800 and 13,950, respectively, determined by sedimentation -

equilibriunm.




Globulins

There have not been many studies on wheat globulins. Globulin
fractions have been‘obtained, as precipitates, by dialysis of salt
solution extracts of flour against distilled water.

Tﬁe total globulin contents of wheat flour protein range roughly
from 5 to 12% (17).

Siﬁﬁonds (36) fractionated and purified the salt-soluble proteins
by-ion exchange chromatography on DEAE-cellulose. Kéiley‘(37) recently
isolated and characterized a éalt-soluble protein from‘wheat fiour.

This protein had an average molecular weight of 75,000 ag determined by
sedimentation vélbcity. The molecular weight of wheat globulin deter-
mined from theAsedimentation constant, ranged from 2&,090 to over 200,000
(22). o

Three globulin components, alpha, gamma, and deita,:we:? observed
by ultraceﬁtrifugation (22). E;ectrophoretic techniqﬁes have ﬁeen used
to study the homogeheity of wheat globﬁlins and hayenreveaiédéétvleast*
fbur or fi?e me jor componehts ahd a large number of mindr'cbmponents
(22,38,39).

The amino acid composition'of the globulin group_is characteristic-
ally different from the cqmposit;ons of other wheat proteins. It has s
higher arginine content, and lower contents of trypﬁophan.and amide con-
taining amino acids.

The role of the globulin fractipn in the breadmsking quality of




flour has not been delineated. Koenig et al (40) found that better-
quality flours'contain more salt-séluble proteins. However, Mullen

and Smith (41) obtained similer amounts of salt-soluble protein from

weak and strong flours. Flour from which the salt-soluble fraction
was removed had poor breadmeking quality (13). However it was not
possible to determine if fhis deleterious effect was due to removal

of globulins or due to theAeffeqt of added salt ions on the gluten

proteins.




Insoluble Proteins

Gluten

When & piece of dough is kneaded in a stream of water to remove
‘the starch and the water-soluble components, the‘resldue is a yellowish-
grey, elastic material. This residue is proteinacecus in nature and is
commonly called gluten.

| éluten wes‘fifst separated'from flour by an Italian, Beccari (%),
in 1728. Since the work of Osborne (5) at the beginning of the present
century, gluten has been considered to rlay a mnjor role in the bread-
making performance of flour. 'Thle role of gluten has been extensively
reviewed in the literature (h2,h3,hh). |

The asbility of gluten to form & viscoelastic system appears to be
& unique property of»the proteine of this material, which comprise-about
85% of dry gluten. The charactefistic viscoelasticity of glﬁten is att-
'ributed to the peculiar chemical and physical properties of its protein
components.

Glutenin, the major protein component has extremely high molecular
weight and forms the framework structure of gluten (6). Gliadin,‘the
second largest protein component, is considerably lower in molecular
weight than glutenin, and'contrlbutes the viscous component to the rh-
eological behaviour of gluten. Glutamine and asparagine form about 25%
of tne‘amino acids of gluten proteins'(&s). The amide groups of these

two amino acids are essential to the peculiar physical properties of
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gluten beceause they 1ntéract with electronegative oxygen or nitrogen
atoms to form strong hydrogen bonds. In addition to the hydrogen bonds

that are formed by amide (46,47,48) and other functional groups, the:

disulfide bonds play a very prominent role in the functional properties
of gluten. Also closely related, are the sulfhydryl groups. The nunber
of these groups in gluten, &s compared with the soluble proteins, is

low; however their contribution is magnified through their catalytic

effect on the interchenge reactions between disulfide bonds. The

effects of certain oxidizing and sulfhydryl blocking reagents on the

physical properties of gluten have been attributed to the elimination %.

i
i
i
{
i
i
|
i
i
:

of sulfhydryl'grqups from participation in the disulfide interchange
reactioﬁs (h9-57);

It is now generally accepted that the viscoelastic properties of
bread dough result directly from the same propérties of the gluten.
In a bread dough, the physical properties §f gluten aré extensively

modified by‘other flour combonents, added ingredients, and the mech-

anical action of mixing. Wheat starch is essential to the formation

of a satisfactory crumb structure in bread. Other starches do not

have this important property (58,59). Lipids, especially the phos~

pholipids, appear to form an integral part of the gluten structure
(60,61). Enzymes, especially the proteases, if present in the flour,
produce modifications in gluten and other flour components which are

usually deleterious, but at times beneficial, to breadmaking quality

(62,63).
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Of the added ingredients, the Important ones in relation to fun-
ctional properties of gluten are the reducing and oxidizing agents,

salt, and fats. Reducing agents decrease the consistency of dough

through their ability to reduce disulfide bonds (55,56,63,64). The
functional effect of oxidizing agents is opposite to that of reducing
agents (65,66). Salt ions interact with the ionized groups of gluten

and thereby affect their interaction with each other and with water

(67,68,69). Generally this leads to a decrease in dough consistency.
Fat components modify the physical properties of dough through their

ability to complex with starch and gluten, and thereby affect their

i
|
|
|
j

interaction with water. For a“particular bread product, made by a
specific précess, the amounts of all the dough ingredients must be
carefully optimized. -

The rheological properties of dough can also be modified by the

%
|
i
!
|

mechaniecal action of mixing. Changes prdduced by mechanical action

can be beneficial, as in mechanical development of gluten, or detri-

mental, as in dough breakdown by overmixing. At the present, it is
_not entirely certain if the changes that occur in gluten during mech-

anical development are entirely physical resulting from disruption

and reformation of ppncovalént bonds or if chemical reactions are in-
volved also. Cleavage and reformation of covalent bonds through dis-
ulfide interchange (57) and free-radical mechanisms (70,71,72) has been

suggested. So far, these hypotheses have not been substantiated by




uneénivocél experimental evidence.

The literature contains numerous reports of sfudies of physico-
chemical properties of gluten. The aim of most of these studies was
to obtain fundamental information on the structure of gluten proteins
that might be related to the functional properties of the gluten.

MacCalla and co-workers (73,74) investigated the solubility of
gluten in sodium salicylate,solgtions and concluded that gluten is a
complex mixture of proteins which can be fractionated into many compon-
ents.; Bungenberg de Jong (75,76) éuggested‘that gluteﬁ results from
the interaction 6f protein components and the magnitude of this inter-
action varies with pH and‘ionic,stfength.

The solubility of gluten in alkaline and acidic éélutions has been
extensively investigated (76,77,78,79). Dilute acetic écid éblutions of
low ionie strength and aluminiuh lactate-lactic acid bﬁffer of pH 3.1
are suiteble acldic solvents for dissolving'almost all bf the proteins
of glﬁten (80). 'Molecular ﬁeight studies of gluten proteins in these
solvents hgve iﬁdicated‘that not &ll molecules wére cdmpletely disegg-
regated (81,82,83)..

Cook and Alsbefg'(83) found thatVSM urea solution dispersed gluten
proteins éompletely. Molecular weights of gliadin measured in 3M urea
éolution are lower than those in.aluﬁinum lactate buffer (84). However
even in the presence of high éoncentrations of urea, it has not been

possible to obtain the true molecular welght of glutenin.
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In recent years, various eléctrophoretic techniques have been
used to study cereal proteins. The most popular of these has been
starch-gel eléctrophoresis. With this technique, Deschreider'ana
Meaux (85) found twelve components in gluten.

Jones gg,gl (80) used aluminium lactate buffer solution in con-
Junction with moving boundary glectrophoresis to separate glﬁten pro-
teins into foﬁr mgjor and one minor components. Further examination
of the electrophorograms forvfour bread wheats (twé wiﬁh goéd and
two with poor beking qualitieé) showed the samé proteiﬁ patterns.
However, glutens f‘rom_'two durum wheats, examined similarly, showed
quite different electrobherogfams. >By starch-gei electrophbresis,
Elton and Ewart (30,86) detected nineteen compénents in wet gluten
prepared-by'hand washing, and Keminski (87)vdetec£ed twenty-one com-
ponents in similarly-prépared gluten. In 1961, Cluskey et al (25)
separated, by moving boupdary eiectrophoresis, protéinvcomponents of
gluten and water solubles from hard‘and soft wheat fiours. On the
basis of eléctrophofetic mobi;ity they separated the gluten proteins
into five components identified by Greek letters alﬁha,'gééa, gamma
omeé:?gelta.b Hard wheat flours contained more alpha,gamma and omega
components but the same amounts of beta-and gemma, the fast moving
components. They were able to distinguish between hard and.soft bread

wheats on the basis of protein composition, although the differences

were small.
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Laws and France (28) reported that no significant differences could
be detected by moving boundary electrophoresis of wheat gluten proteins

including gliadins derived from different wheats.

Recently it has been reported that polyacrylamide gel is bettér
than starch-gel for the separastion of gluten proteins (88,89). This
technique has been used quite successfully by Chen end Bushuk (96) and
Dronzeﬁ et al (91) in studies of gluten of related species and varieties

of whest.

CM-céliulose has been used quite successfully in iop exéhange
chromatography to sepsrate gluten components (92). Coates and Simm-
onds (93) obtained the six majb; p?ofein fractioné b&-ion‘éxéhange
chromatography‘Qn‘DEAE-cellulosé of flour gxtracts obtained with 0.001M
sodium pYrophosphgte. | |

Studies by electrophoresis and chrometography havéﬂﬁhown that gluten §
is a highly heterogeneous mixtu;e 6f protein components._ However the main !

limiting factor in these'sfudies seems 1o be low solubility of gluten

in the solvents that can be used for the electrophoreéis.’
Recently column chromatograph§'on Sephadex G200 was ﬁsed to sep-

arate flour proteins into éomponents gccording to their molecular

welght or size (94). Results of these studies indicated that the elut-

ion curve did not reflect noncovalent aggregation of protein molecules.




Gliadins and Glutenins

Over fifty years ago, Osborne (5) showed that gluten could be

separated into two fractions, gliadin and glutenin, on the basis of

their solubility. Gliadin is soluble in 70% aqueous ethaﬁol while
glutenin is insoluble in this solvent. Although gliadin.and glut-
enin have similar amino acid éompositions (12,95,96), their physical

properties are quite diffe;ent. Eydrated giiadin is & viscous, high-

1y exteﬁsibie material, while hydrated éiutenin is cohesive and elas-
tic. The'pfoperties 6f these two fractions appear to.be'blended to
give the chaiaéteristic viscoelastic properties of gluten.

Gluten has been fractigﬁated into its protein compohents by a
number'of tecﬁniqués (12,§h;97). Simmonds and Winzor4(98), used CM-
céllulose and lon exchange chromatogréphy to‘fractionate the glutenin
fraction into six components. Better separation of these proteins is

achieved by gel filtration (99,100). This procedure separates molecules

according to their molecﬁléf weight. It was found that glutenin is a

mixture of large'molecules of which molecular weight rénges from 50,000
to 1,000,000 whereas gliédin molecules are considérably smaller and

range from 20,000 to 40,000 in molecular weight (81).

Gliadin showed eight components in starch-gel electrophoresis,
but glutenin 4id not migrate into the gel and remained at the origin

(10;).
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Chemical modification has been used to increase the solubility
of glutenin. Reduction of the S-S5 bonds, followed by starch-gel elec-

trophoresis, showed that glutenin comprised a number of éompénents

identical with gliadin components (102,103). Nielsen et al (104)
reported_that reduction of S-S bonds of glutenin decreased its mole-
cular weight to 20,000. On the other hand, reduction of S-S5 bonds

in purified gliadin had no effect on its molecular weight (105). It

has been postulated (6) that glutenin :consists of long polypeptide
chains 11hkéd together by S-S5 bonds to form large cfosslinked molecules,
whereas in gliadin molecules the S-S5 crosslinks are within each poly-
peptide chain. - The possibility fhat.glutenin comﬁrises gliadin mole-
cules érosslinkgd by S-S5 bonds has béen suggested, however this does

not appear likely since the work of Bilinski end McCornell (106) in-

i
i
{
)
!
i
i
h
|

dicated that biosynthesis of gliadin follows that of glutenin.
Many workers (107,108,109) have suggested that the ratio of

gliadin to glutenin ié important in determining gluten Qualify for

. breadmaking. According to Snydef (109), thé proteins of patent
flours comprised from 60 to 65% gliadin. This was considerably

less than the gliadin content of lower quality flours. However, the

use of gliadin-glutenin ratio as a quality parameter has been abandoned

(13).
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Relationship Between Flour
Protein and Breadmaking Quality

Protein has received the greatest attention of all components of

flour in relation to baking quality. Many years ago, significant pos-

itive correlations between breadmsking quality and either protein (110,

111,112) or gluten céntent (113,llh)vhave been obtained.

" Mallen and Smith (41) found that long-mixing flouré contained
more acid-soluble protein than short-mixing flour. Flours of poorer
ﬁreadmgking quality contained larger quantities of protein that dis-
solved in 3M urea solution (115). Ewart (116) obtained a direct re-
lationship between the quantity of protein that dissolved in 0.1M -
acetic acid solution and breadmaking quality.

Recently, Finney and co-workers (21,117,118) used the reconstit-
ﬁtion technique to examine the role of various componenté of flour in
breadmaking;quality. They found that gliadin,'thé alcohol-soluble
préteins of whéat, forms an inﬁegrél part of gluteh and plays an im-
portant role in déﬁerminiﬁg the breadmaking quality of flouf. Also
water-solubles were essential for production of normal loaves, but
they were not involved in quality differences beﬁween vqrieties of
bread wheat., These ﬁorkers concluded that gluten was the protein
componént that appears to be responsible for quality differences
among varieties.

Finney and Barmore (2) obtained a linear relationship between

protein content and loaf volume over the range of proteins from 8 to
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18%. The variation in the'slope of the loaf volume - rrotein content

regression lines for varietiesz reflected differences-in'protein quality.

Similar linear correlations between loaf volume and protein content
were reported by other workers (119,120).

There have been many attempts to relate breadmaking guality of

" flour to chemical and physical properties of its proteins. Differences
in fractional distribution of proteins among solubility groups‘(91)
end in eléctcophoretic patterns (121,122) have_bcen cbserved beiﬁeen

vafieties_from the same class of wheat.

In 1962, Elton and Ewart'(3o) reportedvsigpificant differences in
thelstarch-gel electrophoretic patterns~fcr gluten éroteins of diff-
erent bfead wheats . Thej attricuted these to reci diffefences in the
proteins. It was suggested that fhe'observed differences might be

-sufficient to account for the differences in breadmaking quality of

‘the wheats examined. Later the same authors (31) showed that both qual-

itative and qnantitative'aifferences existed bctweeh the'starch-gel patt-

erns of the gliadinsrfrom several whcat varieties,b

| Huebner and Rothfus (123) used ion exchange chromafogrépny to ise
olate the gliadins froﬁ Qheaxsof different genetic backgfoucd. They
foﬁnd that,stafch-gel-electrophoretic patterns of the gliadins‘showed
significant differences between ciasses and varietiec of wheat. Var-
ieties of the same class of whcat such as Comanche_and Rec Chief, which

differed greatly in breadmaking quality, showed small, but significant
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differences, in‘the electrophoretic patterns for the gliadins.

Elton and Ewart (124) reduced the glutenin from four wheats,and
separatéd the components on starch-gel. The electrophoretic patterns
_ showed that there were varietal differences. Huebner et al (125) com-
pared the glutenins isblated from five different classes of wheat.
’Elecﬂrophoretic pétterns of ‘the reducgd-alkylatéd glutenins showed
significant differences among varieties of the same class, but thé
greatest differences were among different classes of wheat. Reduced-
aikylated glutenin.from durum wheat contained few or none of the slow
moving components present in the bread wheat glutenins that were ex-
smined. Iee and Wrigley (lé6) could not reléte any specific typé of
chromatograyghic or elecﬁrophgretic pattern with good baking quality.
Iee (89) suggested that the gluten pattern obtained by electrophoresis
on acrylamide gel is a varietal characteristic but is not directly re-
lated to baking qﬁa_lity.

Using starch-gel électrophoresis, Doekes (127) cléssified 80 var-
ieties and selected iines of whegt into 5 main groups having similar
electropherograms.‘ Group I comprised soft winter wheats-with poor
baking qualiéy while Group V included hard red wheat varieties of
relafively good breadmaking quality. Furthermore, Group I varieties
shoved a compact gliadin pattern while Group V displayed a gliadin
pattern in which the components showed a broad rangé of mobilities.

Group II, ITI and IV included varieties with diverse origins, and
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considereble variation in baking quality. Their gliadin patterns were

intermediate between those of Group‘I and V.,

It was logical to assume that differences in amino acid compos -

ition of flour proteins might account for some of the differences in
the baking performance. However, compositions of wheats of widely
different breadmsking quality were found to be essentially the same

(45,128-132).

Glutaminelis the predominant amino acid presént in wheat'proteins,
ané proline is also present in relatively high'amounts'(hs). Together
they make up approximately 50% of‘the amino aéids in gluten proteins
(131). Isoleucine, leucine, phenylalanine, sérine, tyrosine and
valine conténts are relatively high in gluten comparea to other pro-v
teins (131). The soluble proteins generally contain more éystine,
tryptophan, basic amino acids'and glutamic acid than the gluten pro-

teins (13). The albumins contain more cystine and cysteine than the

globulins or gluten proteins.

Glutamic acid and proiine contents have been shown to increase,
while lysine tends to decrease as the protein content of wheat iner-

eases (131). Lawrence et al (133) found that lysiﬁe increased signif-

icantly as the protein content decreased below.13.5%: -However, for
vheats with more than 13.5% protein, there was no significant correl-
ation between lysine and protein contents .

In 1961 Woychik et al (lSh) determined the amino acid compositions
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of six protein components isolated frbm wvheat gluten. While their
compositions were similar, significant.differences'were observed
which indicate the individuality of these proteins.

Bvart (135) compared the smino acid compbsitions of the glutenins
and gliasdins from two strong and two yeak wheats. The compositions
of thé glutenins were similar to thqse of‘the gliadins. There were
minor differences in the amounts of some amino acids. No significant
differerces in composition were observed for varieties of the same class
orvfor strong aﬁd wveek wheats.

| Recently, Tkachuk (45) determined emino acid composition of six
flours which differed widely in their breadmaking quality. The com-
positions for the six flours were essentially the seme.

Miller et al (132) suggested that cystine content of flour protein
is importent in determining the Q§ality of breadmaking. This is supp;
orted by the results of Wdrstmann (136).

| Chen and Bushuk (137) obiained similar amino acid compositions
for single varieties of Tfiticale; fye, durum wheét and bread wheat.
Dronzek et al (91) determined the compositions of flours of three'var;
ieties of deri;ed AABB tetraploid wheéts and their hexaploid parents,
and the Gurum wheat, Stewart 63. Their results showed that the com-
positions of the seven wheats were essentially fhe same .

‘From the foregoing review of the pertinent literature, it is app-
arent that considersble fundamental information on wheat proteins has |

been accumulated. However precise information on the structure of the
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slightly soluble or insoluble proteiﬁs,is still lacking. Since this
group forms a significant fraction of flour protéins, it is.presuméd
that it plays an important role in breadmsking quality. A full under-
standing of the nature of breadmsking quality will require additional

information on the structure of this group of proteins.
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MATERTALS
Samples of one_variety and one experimental line of Canadian hard

red spring wheat used in the first part of the investigation were grown

together on experimental plots in 1967. Variation in protein content
resulted from variable soil fertility. The wheats in this group and
-some of their general agronomic and breadmeking quality_characteris-

~tics are as follows:

Manitou. This variety was developed by_the Ruét Area Pfoject
Group centefed ét the anada_Départment of Agriculture.in w1hnipeg,
Canada. Its parentage was (?hatqher7- Frontena # Thatcher®- Kenya |
Farmer) x 'I;hatcheré- P.I. 170925. It is essentially the same as
Thatchgr bét cpntainsAtwo extra genes for stem rust resistanée, Sré

frqm P.I. 170925 (a red Egyptian wheat) and Sr7 from kEnya Farmer and

a gene for leaf rust resistance from Frontana. This vériety was lic-
ensed in Canada in 1965.and in 1969 formed over U5% of the vheat acreage

of Western Canada. Compared with Thatcher, Manitou has better rust

resistance, gives higher yields, is earlier maturing, and usually
slightly'higher in protein content and therefore better in breadmeking

quality.

11-463 A. The samples of this group are from an experimental Fy
line isolated from the cross (Pembina2~ Bsge) x (Sonora 6l - Tezanus
Pintos Precos x Nainari 60). Bage is a Brazilian soft red spring

variety, Sonora 64 is a short-strawed variety developed in Mexico,
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Tezanus Pintos Precos is an Argéntinan'variety and Nainari 60 was deve
eloped in Mexico. In agronomic characteristics, li-ﬁéé A has consid-
erably shorter straw than‘PEmbina gnd is therefore more responsive to
fertilizer énd higher moisture. ﬁnder similar growing conditions, it
.produces & higher yield thgn Perbina. In breadmaking quality, it is
similar to fembina and has its relatively strong mixing characteristiés.
For optimum loaf volume, it requires aﬁoﬁt SO% more mixing then Manitou.
The field characteristics of the F3 rod rows did not show any evidénce
of segregatioﬁ. |

For the second part of this investigation, three other varieties,
Garnét, Pitic 62 and Talbot vere included with Manitou and 11-463 A.
These were seleéted as ?epreéentatives of classes 65 vheat with widely
different breadmaking qualify.

gégggg; vThis variety was licensed in Canade in 1925 mainly be-
cause of its early maturity.. It was developed by C. E.vSaupders from
a cross between Preston and Riga M. Preston waé produced from a cross
between Ladoga and Red Fife. Ladoga is.aﬁ early Russian variety while
Red Fife, which is considered to be‘the origin of the high breadmaking
quality of Canadian hard'red spring wﬁeats, originally came from Gal-
icia. Gafﬁet is almost‘a week éarlier than Margquis but is‘susceptfﬁle
to leaf and stem rust. It is still grown quite extensively outside
the rust ares, especially in Northern Alberts where early maturity is

important. In 1935 it was classified into Special Garnet Grades be-
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cause ité‘breadmaking quality was inferior to the-standafd variety,

MarQuis.

.~

Pitic 62. This variety was developed in Mexico from the cross

Yaktana 54 x (Norin 10 x Brevor). Its kernéls_are large, dull, light
to very light red, soft and non-vitrecus. It was one of the first
two semidwarf varieties released in Mexico. It was licenséd in Can-

ada in 1969 as a feed wheat. This variety is populgr because of its

high yield under high fertilizer and moisture'regimes. However its
late maturity and low breadmaking quality limits its ;mdduction in

Canada.,

Talbot. This variety is.a soft white winter wheat grown in the
winter wheat areas of 6ntario. Tts parentage vas (Trumbﬁll.- Hope -
Hussar) x F. (of Dawséﬁs G.C.a- Ridit x Cornell 595). .it was licen-
sed in Canada in 1962 because of its sﬁperiority in lodging resistance
éompared with the 1ead;ng soft white vwinter variety, Genesee, grown in -

Ontario at that time.

ForAthis study, Garnet wheat was grown in Aiberta, Pitic 62 in
Manitoba,and Talbot in Ontario in 1968.

Table 1 lists the sampleé used in the present investigation to-

gether with pertinent wheat and flour properties. The flour was milled
on an experimental Buhler mill using an overnight tempering to 16.5%

moisture and a constant milling procedure.
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METHODS-

. Milling and Breadmsking Quality

Approved methods of the Ameriqan Association of Cereal Chemists
(A.A.C.C.) (138) were used for the evaluation of the milling and
bréadmaking quality. A number of procedures not approved by the A.A,
C.C. were also used and these are iﬁdicated below. Analytical data
for wheat and flour are expressed on 13.5 énd 14 .0% moisture basis,
respectively.

‘Starch Damage. The amount of starch damage was determined by

the method Farrend (139) and reported in Farrand units.

Alpha.Amylase Activity. The viscometric method described by

Tipples (140) was used to determine the alpha amylase activity of

the flour.

Bread Losf Volume. Two different baking tests were used; the ,
-"Remix" procedure described by Irvine and McMallan (1h41) and an ex-
perimental procedure based on the Chorleywood Bread Process (1k2).

Fractionation of Flour Proteins

Flour proteins were fractionated by a mgdified Osborne procedure
(5). The procedure used is summarizediin‘Fig. 1. |
Five prétein fractions were obtained by this method; (1) albumins
(vater-soluble proteins); (2) globulins (salt-soluble proteins); (3)
gliadins (alcohol-soluble proteins); (4) glutenins (acetic acid-séluble

proteins); and (5) insoluble residue.
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All extractions were carried out in a cold room (4°C) to minimize
the effects of enzymes or thermal denaturation. All fractions ex-

tracted vere freeze dried and used subsequently in the disc electro-

phoretic experiment. The protein contents of the five fractibns'ﬁere
determined by the Nessler procedure (143).

Disc Electrophoresis

‘The“procedure used was that of Davis (lhh), employing a commercisal

apparatus manufactured by Buchler Instrument Inc. Solvents used to
prepare the gels are shown in Teble 2.

Protein solutions were prepared by dissolving 10 mg of each pro-

tein in 1 ml of 0.1 N acetic acid solution containing 4N dimethylfor-

mamide. Thirty-five ml of this solution was applied to each electro-

phoresis tube. Methyl green dye was used as the visual marker to
ascertain the termination of electrophoresis. _ g"f»’
The separated protein bands were stained with amide black diss-

olved in 7% acetic acid. Unabsorbed dye was removed by electrophor-

esis and the tube photographed.




Table 2 SOLUTIOI‘B FOR FREPARATION OF GELS AND BUFFER
SOLUTIONS FOR DISC ELECTROFHORESIS
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L —

Acrylamide Solutions - - Amount per 1000 ml
. Upper Gel Lower Gel

Acrylamide . ' 10g 30 g

N,N! -methylene bisacrylamide : 08 ¢g 08 g

Catalyst Solution

Ammonium Persulfate - | . 60 mg 60 mg
Riboflavin - ' o 2mg - L mg

Buffer Solution

1 N. Potassium hydroxide 48 m1 o4 ml

Acetic Acid 7 3.65m  53.2m
Temed* S 0.2 ml 0.48 ml

Temed* N,N,N',N' tetromethylethylenediamine

Upper Buffer : o Amount per 1000 ml
Glycine © 105 g

Acetic Acid : 15.25 ml

Lower Buffer

Acetic Acid : 21.5 ml
1N. Potassium hydroxide 60 ml
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RESULTS AND DISCUSSION

The resuits of this study will be ﬁresented in.two sections.
Section I will deal with the effects of quantity of protein obtained
on samples of different protein content of the commercial variety,
Manitou and an expe;i@ental line, 11-463A. Section II will deal with
" the effects of protein qugiity based on results for fiye vafieties.
Two of these variéties Wiii be those discussed in Section I selected
to have comparable protein conteﬁt to the three additional varieties.
Iﬁ order to minimize the number of figures in the thesis, some figures
of Section I will include reSultsvfor the varieties that will Be
discussed in Section II only. To facilitate presentation, most of the

numerical results are tabulated in the appendix to the thesis.
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I. Effect of Flour Protein Content on Breadmaking Quality

Baking Test

Figures 2 and 3 show the relationships between flour protein content
and loaf volume by the remix baking test and by the Chorleywood Baking
Process (CBP), réspectively. These figures show that loaf volume, by
the two baking methods used, increases with increasing protein content.
In the remix baking test (Fig. 2), Manitou showed a linear rélationship
between protein content and loaf volume over a range of 10.5 to 12.5%;
the relationship was curvilinear above 12.5%. For 11-463A, the relation-
ship was essentially linear over the entire rénge of protéin content
examined (11.9 to 15.2%). »The slopes of the linear portion of the curves
for Manitou and for 11-463A were markedly different indicating that the
remix baking test accentuated the qualitative differences between the

two flours.

With the CBP baking test (Fig. 3), a single linear relationship
betweenvloaf volume and protein content was obtained for all the wheats
. examined, although there was considerable scatter. in the points. The
results for Manitou gave a good linear relationship (solid line) over

the entire protein content range.

In general, these results’are in agreement with published results
obtained with other baking tests. Finnéy and Barmore (2), and Fifield
et al. (119) obtained linear relationships between loaf volume and
protein confent (8-18%)for more than 589 samples of wheat using the
A.A.C.C. straighf dough baking test. Results of the present study»
emphasize the known fact that loaf volume is strongly influenced'by

the type of baking test used. The remix test tends to accentuate
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differences between very strong flours, whereas the CBP tends to
minimize the effects of flour strength on loaf volume. These results
will be discussed in greater detail in a later section when the effects

of flour strength (protein quality) are considered.

Besides loaf volume, the protein content influences the results
of many other physical and chemical tests on flour that are related to
breadmaking quality. These will be discussed in the subsections that

follow.

Farinograph Test

Figure 4 shows the farinograph curves for Manitou and 11-463A flours
of different protein content. By this test, Manitou was classified as

a strong wheat and 11-463A as a very strong wheat.

Farinograph absorption increased from 65.4% to 69.2% for‘Manitou,
and from 60.8% to 64.3% for 11-463A with increasing protein content. At
the same protein content, Manitou had higher absorption than 11-463A by
four to five percentage units. The absorption vaiues given below were

extracted from Table 1 (Appendix) for easier reference.

Flour and
Protein Content Absorption
% » %

Manitou
10.5 65.8
11.2 65.4
12.5 ' ‘ 66.0
14.0 66.9

15.6 69.2

Lo
i
t
i
'
1
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Flour and
Protein Content ) Absorption
% %
11-463A |
11.0 | 62.1
11.4 60.8
‘11.8 - 62.0
: 12,7 . 62.5‘
14.2 ' 64.3

Figure 5 shows that development time increases, in a nonlinear
relationship, with protein content. The relationship is essentially
the same for both varieties although there was considerable scatter

especially at higher protein contents,

A linear relationship was obtained between farinograph stability
and flour protein content (Fig. 6). This agrees with published
results which show thaf in general there is definite strengthening of

the farinograph curves with increasing protein content (145, 146).

At constant protein content, the stability values for 11-463A are
approximately 4 min. higher than those for Manitou. The slopes for

the two varieties are essentially the same.

The highest loaf volume by the remix baking test, was 895cc for
Manitou and 688 cc for 11-463A, whilst by the CBP loaf volumes were
1020 cc for Manitou and 900 cc for 11-463A. (Table 2, Appendix). The

loaf volumes for Manitou increased with increasing strength as judged




DEVELOPMENT TIME - min.

Fig.'

10

38

6 MANTOU

- oll-463A
® GARNET
"PITIC 62
4 TALBOT

. A

1z 4 16
FLOUR PROTEIN- % (l4%MB)

Relatlonshlp between farinograph dough development time and
flour protein content.




39

18
14r
} | o
£
E
|
o o MANTOU
o o0 [1-4634
b ® GARNET
o = PiTIC 62
| 4 TALBOT
st -
o
. N i | L
12 14 16
" FLOUR PROTEIN-% (14%M.B.)
_Fig. 6 Rélatiunship between farinogrgph stab;lity and.flour protein A

content.




40

by the farinograph test, but this was not the case for 11-463A. This
relationship is shown more strikingly in~Figs. 7 and'8, where loaf
volumes are plotted égéinst farinograph dough development time. The
relationships for Manitou are essehtially linear. For 11-463A there
does not seem to be any correlation between loaf volume and farinograph
development time. The extensive scatter of points in Figs. 7 and 8 is
attributed to the high experimentél error in the values of development
time. These results indicate that evaluation of wheats on the basis of
the‘farinqgraph curve is only of limited value. The experimental variety
11-463A, which appears much stronger than Manitou by farinograph tesf,
gave considerably lower loaf volumes by the remixvand CBP baking tests
at higher protein contents where the development time was quite long.
These results suggest that the‘strong ﬁheat 11-463A does not perform as
well as Manitou in the remix baking test because the normal 2% min.

lremix time was inadequa;e to dévelop the dough properly. 1In the CBP
baking test'the-doughsvwere mixed to peak developﬁent as judged by the
ﬁixing curve. This is probably the reason why the loaf volume for 11-463A
by remix baking test is much lower than that by the CBP test., The loaf
volumes for 11-463A are relatively low over the entire protein range
wEfesﬁmably because of undermixing. Bushuk et al. (120) Suggested that
the remix baking test should be modified in order to express the optimum

. baking botential of this variety. It was demonstrated by simply increasing
the remix time for_11-463Avfrom 2% min. to about 5 min. (for 147 .protein),

that its baking performance was improved to that of Manitou.
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Extensigraph Test

Figure 9 shows the extensigraph curves for the two sets of flours
used in this study. Farinograph absorptions less four percentage units

and a constant mixing time of 2% min. were used to prepared the doughs

- for this test. The doughs were allowed to relax for 5 min. after mixing

and 15 min. after rounding and shaping before they were stretched. For
Manitou, the extensibility increased with increasing protein content.
The doughs for the experimental variety 11-463A had a much higher
resistance to extension than the Manitou doughs at comparable protein

content.

Extensigraph area is considered to be related to dough strength (147).
With Manitou, this pafameter iﬁcreased with increasing protein content.
For the variety 11-463A, the area was essentially independent of protein
content (Fig. 10). On the other hand, resistance to extension (height)
decreased as the protein content increasedain the case éf Manitou; for

11-463A it was igdependeht of protein (Fig. 11). _ -

For both Manitou and 11-463A, the extensibility increased linearly |
with protein content (Fig. 12). At the same protein content, the values

for 11-463A Were‘higher than for Manitou.

When loaf volume was plotted against extensibility (Fig. 13 and 14),
a linear relationship was obtained for the samples of Manitou with both
baking methods used. The experimental variety 11-463A did not give a
linear relationship, however the loaf volume showed an increasing trend
with increasing extensibility. E#tensigraph extensibility could possibly
be used as an index of breadmaking quality especially for varieties

similar to Manitou.
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Sedimentation Test

The Sedimentation Test is reporteé‘to reflect the effects of both
protein quantity and quality in overall breadmaking quality (138).
Results for Manitou and 11-463A (Table 3, Appendik) showed that the
sedimentation value increased with increasing protein content. This
relationship is essentially linear of the same slope for both varieties
(Fig. 15). Although the two varieties appeared quite different on the
basis of the tests discussed above, especially the baking tests, they

are essentially indistinguishable by the Sedimentation Test.

Wet Gluten

Analytical data related to gluten content are shown in Table 4
(Appendix)., Wet énd dry glutén yields, and gluten protein expressed as
percent éf flour protein, all increased linearly with increasing flour
protein for both varieties. The stronger variety 11-463A had a slightly
higher wet gluten-conﬁent than Manitou of the same proteiﬁ content (Fig,
16). Also the wet»glutén of the stronger variety contained more of the
flour protein than did the Manitou gluten (Fig. 17). These results
indicate that the main difference between 11-463A and Manitou that
might be related to baking quality is that the flour of the former

variety contains more gluten-type protein in relation to total protein

content.
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Amylograph Test and Related Properties

Certain enzymes have a profound influence on the breadmaking
quality of flour. Munz and. Bailey (148) concluded that breakdown of

, dough plasticity and increase of dough mobility can result from the

action of alpha-amylase. Rupp and Bailey (149) showed that'additions
to doughs 'of proteolytic enzymes also decreased the plasticity of
doughs. In addition they showed.that alpha-amylase activity'éf
malted or éproﬁted wheat can completely mésk fhe effects of prdteinésé

under some conditions.

Wheat flour normally contains a variety of enzymes: alpha- and
beta-amylases; protease, lipase; lipoxidase; catalase; and a number -
of different dehydrogenases. of these, amylases play an extremely
important role in breadmaking. While alpha-amylases perform several

functions in breadmaking, the most important is their hydrolytic release

of maltose from starch during sponge and dough fermentation. This sugar
serves as the substrate for yeast enzymes for the production of carbon
dioxide that leavens the dough. Aside from the sugar production needed

for yeast fermentation, alpha-amylases exert an indirect effect on crust

color by releasing éugars during the early stages of baking which then

are available for the melanoidin reaction that causes browning of the
crust. Additionally, alpha-amylase brings about a certain amount of

starch dextrinization, again during the early stages of baking, which

results in an improved grain and softer bread crumb texture.

-

Beta—amylaSe splits off two glucose units or maltose, from the
end of the starch molecules. Thus this enzyme also produces a

fermentable sugar. The amylases therefore are very important in bread-
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making. The determination of amylase activity of wheat or flour is one
of the most important tests in relation to breadmaking quality. Data
related to amylase activity of the samples used in this study are given

in Table 3 (Appendix).

Falling number and amylograph viscosity give an indication of
alpha-amylase activity,while gassing power and diastatic activity
serve as a measure of beta-amylase activity provided that alpha-

amylase activity is relatively low.

The falling number value of Manitou increased, and that of 11-463A
decreased, as the protein content of the flour increased. The lower
the alpha-amylase activity of the flour, the higher is the falling number

reading.

Alpha-amylase activity as measured by the amylograph test showed
the saﬁe trend with protein content (Fig. 18a). This relationship is
shown more clearly in Fig. 18, where alpha-amylase activity,'as measured
by the viscometric procedure of Tipples (140); is plotted against flour
protein content. By two indirect procedures discussed abéve, alpha-
amylase activity of Manitou decreased‘linearly as protein content increased.
On the other hand, it increased parabolically as protein content increased
in the samples of 11-463A. This is borne out by the direct measurement

of alpha-amylase activity (Fig. 18).

As to beta-amylase activity, similar results were obtained to those
obtained for alpha-amylase. Beta-amylase activity as reflected by gassing
power and diastatic activity decreased with increasing flour protein content

for Manitou and increased for 11-463A (Table 3, Appendix).
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Normally flour containé a small amounf of starch that is readily
susceptible to enzyme attack, the so—caiied damaged starch. The rate
of amylolytic activity is, therefore, controlled, to a degree, by the
level of damaged starch. Manitou flours ranged in starch damage from
17 to 247; the extent of damage decreased as flour protein content
increased (Table 3, Appendix). This might Be one reason why Maﬂitou
showed a decrease in amylolyﬁic activity with increasing flour protein

contents.

For the 11-463A flours, the difference in starch damage for the
lowest and the highest proteiﬁ samples was only 2%. Accordingly the
variation in the amount of damaged starch should have little effect on

N

the amylolytic activity of this variety.

It is presumed that as the protein contents of flouf increases
so would its total enzyme activity if the enzyme proteins are synthesized
at the same rate as the storage proteins. This might be one reason why
11-463A flours with higher protein contents had higher amylolytic activities.
However it is more likely to be due to incipient sprouting. With Manitou
flours, the condition of the substrate (degree of damaged starch) seems

to be an important factor in determining the rate of amylolytic action,

In a dough system, alpha- and beta-amylases usually act jbintly
‘and synergistically. Since normal wheat flour normally contains a
sufficient amount of beta-amylase, the alpha-amylase activity appears

to be the critical factor (150).

Figures 19 and 20 show the relationships between gassing power and

diastatic activity and alpha-amylase activity, respectively. Results
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for botﬁ varieties showed that the two-techﬁological parameters are
diregtly'related to alpha-amylase activity. The most interesting feature
of these results is that the slopes of the linear relationships for the
two varieties are quite different. Whether this is due to differences

in the substrate (damaged starch) or the enzyme specificity remains to

be investigated.

Besides amylases, many other enzymes are probably involved in the
functional_propertieé of doughs,_ﬁarticularly proteases (150, 151).
In theuwhéat kernel, the lowest protease activity is in the endosperm
and the highest in the bran (62). However.flour from sound wheat has
very low proteolytic activity and it is not considered important in
baking technology. 1In this study, measurements of proteolytic activity

were not made,

Solubility Distribution of the Flour on a Weight Basis

The flours were fractionated into five solubility groups using a
modified Osborne fractionation (5, 137). The analytical data for the

ten flour samples are given in Table 5 of the Appendix.

Recoveries of the total solids of original flour were between 97.3
and 99.47%. The incomplete recovery is attributed to the losses of small
molecules during dialysis in the separation of the salt-solubles from

the water-soluble components.

Data of Table 5 (Appendix) shows that the amounts of three fractions

comprising gluten (alcohol-soluble, acetic acid-soluble, and residue)
increased with flour protein content. Water- and salt-soluble fractions

showed little change with protein content.
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Protein Content of the Solubility Fractions

The protein contents (N x 5.7) of the various solubility fractions
are given in Table 6, Appendix. The average total protein recovery
for ten samples was 94.7%. Again, the losses of nitrogen could be

attributed to losses of the low molecular weight eompounds, such as

free amino acids and peptides, during dialysis. It is quite possible

that the content of these low molecular weight nitrogenous substances

might be related to breadmaking quality, but this remains to be

investigated.

The water-soluble fractions contained from 50.4 to 60.07% protein

on the total solid basis, while the salt-soluble fractions contained

from 61.6 to 71.3% protein. Alcohol-soluble fractions had the highest
protein content, from 77.6 to 92,1%, while the residue has the lowest

protein content (4.6 to 6.9%). The protein contents of the acetic acid

soluble fractions ranged from 61.5 to 76.4%.

The fact that the protein content for all of the soluble fractions
was considerably less than 100% indicates that relatively large, and

variable, amounts of non-protein materials were extracted by the solvents

used. Although carbohydrate analyses were not made in this study, it is

V1STIIDUTION O TLOUY ProteIns among the Five solubility fractions for Manitou

presumed that most of the non-protein material extracted was carbohydrate

L

1§ (152).

TLg.

Distribution of Proteins in the Solubility Fractions

The distribution of proteins in the five fractions are shown in

Fig. 21 and 22 for Manitou and 11-463A, respectively. All samples contained

relatively low quantities of water (9.5 to 12.6%) and salt (2.9 to 4.3%)
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soluble proteins. Together these proteins made up approximately

15% of the flour protéins.

For Manitou, the water-soluble protein showed a slight decreasing

trend with increasing protein content of the flour (Fig. 21). Also

the sum of water- and salt-soluble proteiﬁs decreased slightly as flour
protein increased (Table 6, Appendix). Alcohol-soluble protein showed

a slight decreasing trend with increasing protein content. On the

other hand, the amount of acetic -acid-soluble protein increased as

flour protein increased. The amount of residue protein remained

&

essentially constant for the five levels of flour protein content. The
sum of the last three fractions,‘which make up the gluten proteins,
) ¢
increased with flour protein content. These results agree with those
of Fig. 17 which showed that the percentage of protein in the wet gluten ‘

increased with protein content,

The solubility distributions of proteins of 11;463A (Fig. 22) for

different protein contents showed similar trends to those obtained for.
Manitou, however the trends are less marked. Again, the most obvious

trend with increasing protein content was the increase in the amount of

acetic acid-soluble proteins (glutenins).

Disc Electrophoretic Results

Disc electrophoresis was used to examine the protein components

in three of the soluble fractions. Only the water-, salt- and alcohol-
soluble fractions can be separated by this technique. The proteins of
the acetic acid-soluble fraction do not migrate into the polyacrylamide

gel presumably because their molecular weights are too high. Fractions
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from the flours with the lowest, intermediate, and highest protein

contents were selected for these experiments.

Water -Soluble Proteins. Figure 23 shows the disc electrophoretic

patterns of the water-soluble proteins (albumigs) of Manitou and 11-463A.
Water-soluble proteins are characterized by intermediate and fast moving
protein bands with relative mobilities (R;) from 0.38 to 0.72. The
patterns for this fraction comprised at least 12 detectable bands, Four
ma jor bands appeared in the Rf.region from 0.58 to 0.72. A band at the
6rigin and a few faint bands in the Rf region from 0 to 0.25‘wererbs¢rved
for ail samples. These bands are probably dﬁe to gliadins and glutenins

present as contaminants,

The patterns for the three Manitou flours of different protein
content were essentially tﬁe same. That is, flour pfotein céntent had
no effect on the electrophoretic patterns of the water-soluble group of
protein components. Similar results were obtained for 11-463A. Also

there was no difference between the patterns for Manitou and 11-463A.

Salt-Soluble Proteins. Disc electrophoretic patterns for salt-soluble
proteins are shown in Fig. 24. Proteins of this fraction migrated. in the
R. range from 0.24 to 0.88. The pafterns are identical for the three

£ : _

flours of different protein content for each variety; that is, protein
content had no effect on the patterns of this group of proteins for the
two varieties examined. Again, as was obtained for the water-soluble

proteins, there were no discernible differences in the patterns for the

two varieties.

The salt-soluble group of proteins contained at least 14 detectable
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components, “The major band had the highest mobility and appeared to
be a doublet. This component is probably purothionin (153). All
extracts showed a-‘dark band at the origin. Presumably, this could be
high molecular weight protein of the glutenin-type which does not
migrate into gel, or it could also be the high molecular-weight

globulin found in some’ flours (38).

Distinct differences were observed between the patterns for the
water~- and the salt-soluble fractions. A number of components in the
Water— and salt-soluble proteins had the same mobility. It is quite
1ikeiy that’the salt-soluble fraction contained some water-soluble

protein due to incomplete separation during dialysis.

Alcohol-Soluble Proteins. Figure 25 shows the disc electrophoretic

patterns of alcohol-soluble group of proteins. The proteins of this
solubility group migrated slowly with mobilities in the Rf range from

0 to 0.35. At least 13 bands were detected. Two faint faster moving

bands were also detected but these are probably albumin or globulin

~

contaminants,

The patterns for this fraction for diffefent protein contents of
one variety were éssentially the same. There were obvious differences
between patterns for Manitou and 11-463A. This will be discussed further
in Section II which deals with qualitative differences inkthe electrophoretic
patterns. for equivalent protein f;actions from varieties that differ

significantly in baking quality.
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IT. Effect of Flour Protein Quality on Bréadmaking Quality

Baking Test

Results with the remix test (see Fig. 2) showed that at constant
protein content Manitou gave a much higher loaf volume than 11-463A.
Talbot, Pitic 62 and Garnet had essentially the same baking quaiity by -
this test as Manitou of the same protein contents. The inferior bread-
making quality of these three varieties can therefore be attributed
primarily to their normally low protein content. High quality wheats such
as Manitou show good baking performance ohly if they contain a sﬁfficiént

level of protein.

The loaf volumes obtained by the CBP baking test are much higher than
those obtained by the remix test for all varieties examined (Fig. 3). 1In
general,'11-463A and the two soft wheats had slightly higher loaf volumes
than Manitou, whiie the loaf volume for Garnet was similar to that for
Manitou at equivalent protein content. Differences in loaf volumes by the
CBP test among five varieties were not as large‘as by the remix test. The
CBP seems to minimize quality differences between flours and actually
producea higher volumes from flours that were considered weakef ér étronger

than Manitou by the farinograph test.

Farinograph Test

It is apparent that differences in farinogram characteristics exist
among varieties, especially between the soft and hard wheats (Fig. 26).
However the differences are decreased when flours from different varieties
are compared at approximately the same protein content (e.g. compare the

curves for Talbot and Manitou). The two soft wheats, Pitic 62 and Talbot,
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showed slightly longer development times and lower stabilities than
Manitou at the same protein level (see Figs. 5 and 6). However varietal
differences in these two parameters at constant protein content were small

when the experimental error was taken into account.

/

Definite differences in stability were obtained between Manitou and
11-463A (Fig. 6); the values for the latter were considerably higher. Garnet,
Pitic 62 and Talbot flours were similar in this property to Manitou flours

of comparable protein content.

It might be of interest to examiﬁe the relationship betweenAdeVeldpment
time and breadmaking performance sinee development of the dough is considered
to be important in baking quality. By the remix test'(Fig. 7) the three
weaker wheats, Garnet, Pitic 62 and Talbot, gave loaf volumes that were only
slightly lower than those for Manitou flours with comparable dough develop-
meet time. Presﬁmably this results from the fact that both loaf volume and
development time depend'strongly on protein content. The variety 11-463A
is quite different.in this respect. By the CBP test (Fig. 8), Pitic 62 and
Talbot gave higher volume whereas Garnet gave lower volumes than Manitou

. \
(see Fig.

3). Variety 11-463A performed better than Manitou for short
development times (at low protein contents) but was inferior to flours of
much longer development time. The extensive scatter of points in Fig. 8 is

probably due to the large experimental error in the determination of

development time,

- Farinograph absorptions were quite different between soft and hard
wheat (see Table 3, Appendix). The absorptions for Pitic 62 and Talbot
were 57.7 and 55.2% respectively, whereas for the two hard wheats of

equivalent protein content the values were higher than 60%. This difference
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could be attributed to differences in starch damage which will be

discussed later.

Extensigraph Test

Very definite varietal differences were observed in extensigraph
properties (Fig. 26). Variety 11-463A had the highest values of exteﬁsi-
gram area and height (Figs. 10 and 11); Manitou and Garnet had similar
values, and Talbot and Pitic 62 were lowest for a comparable protein

level.

In extensibility (Fig. 12), the doughs of 11-463A were considerably
highef than. those of Manitou; Garnet dough was intermediate while the
doughs from Pitic 62 and Talbot flours were the most extensible. This is
probably due partly to differences in the proteins and partly to differences

in the amount of starch damage.

In the relationship between loaf volume and extensibility (Figs. 13

and 14), Garnet was similar to Manitou whereas Pitic 62 and Talbot were

~similar ‘to 11-463A. 1It is not possible to attribute these similarities

and differences to any single specific factor.

Sedimentation Test

Sedimentation value of flour is considered to be indicative of both
the quantity and the quality of its gluten for breadmaking. A single
linear relationship was obtained between the sedimentation value and flour
protein content for samples of the two varieties discussed in Section I,
Manitou and 11-463A (Fig. 15). The values for Pitic 62, Talbot and Garnet

were significantly lower than the values for Manitou and 11-463A of
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equivalent protein content. These results suggest that Garnet, Pitic 62
and Talbot have considerably poorer gluten quality as judged by the
Sedimentation Test. However this was not borne out By baking tests .and

it might be that the low sedimentation values for Pitic 62 and Talbot
result from the extremely low starch damage in these flours (see Table 3,
Appendix). Garnet flour, on the other hand, had high starch damage,
accordingly its low sedimentation value is probably related to its protein

quality.
Wet Gluten

At equivalent flour protein contents, 11-463A, Pitic 62 and Talbot
gave higher yields of wet gluten than Manitou, while Garnet gave the same

yield (Fig. 16). The results obtained for the two soft wheats, Pitic 62

and Talbot, were unexpected as it is commonly believed that soft wheats

are much lower in gluten content than hard red spring wheats. Presumably

this belief arose from the fact that hard red spring wheats are usually

-considerably higher in protein content than soft wheats so that it is not

always possible to make comparisons at the same protein content.

Figure 17 shows that the washed glutens from 11-463A, Pitic 62 and
Talbot contained a somewhat higher‘percentage of the flour proteins than
did the glutens from Manitou flours. Garnet flour, on the other hand,
contained a much lower percentage of the flour protein. These results are
interesting, and are probably related to the dough forming properties of
the flours and/or proteolytic actiyity, but it is not possible to make a
general conclusion on the basis of the small number of samples examined

in the present study.
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Amylograph Test and Related Properties

Talbot and 11-463A had high and the other three varieties had low

- alpha-amylase activities as determined by the amylograph (see Fig. 26).
However alpha-amylase activity, measured by falling number, was higher for
soft wheats Talbot and Pitic 62, than for the three hard wheats. Manitou
had the lowest, and Garnet and 11-463A had similar and higher, alpha-
amylase activities than Manitou. Garnet and Pitic 62 had high alpha-
amylase activities as indicated by falling number and low activities by
the amylograph test. Since these two procedures.are quite similar, it

is difficult to explain the discrepancy in the ranking of the varieties

by two tests.

As mentioned previously, alpha-amylase activity by the viscometric
method showed significant varietal differences (Fig. 18). The soft wheats,
Pitic 62 and Talbot, fitted on the parabolic curve of 11-463A. Manitou

had the lowest activity and the activity of Garnet was intermediate.

Pitic 62 and Talbot had lower beta-amylase activity, as meaéured by
gaésing power and diastatic activity, than did the hard wheats (Figs. 19
and 20). This probably arises from the extremely low degree of starch
damage (Table 3, Appendix) in the flours of the soft wheat varieties.
Pitic 62 had only 3% and Talbot had 4% of damaged starch. Garnet was

similar to 11-463A in these two properties.

It is apparent from these results that amylase activity and related
properties of flour depend on variéty and on environﬁental conditions during
the growing pefiod. Furthermore these properties can be extensively modified
by post harvest factors such as sprouting and processing factors such as

starch damage.
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Solubility Distribution of the Flour on a Weight Basis

The weights of various fractions ahd total recoveries of solids in
the fractionation are given for Garnet, Pitic 62 and Talbot in Table 5

(Appendix) together with the data for Manitou and 11-463A. Recoveries of

the flour solids were 97.0% for Garmet, 97.6% for Pitic 62 and 96.7% for

Talbot. These values are slightly lower than the values obtained for
Manitou and 11-463A flours of comparable protein content. The incomplete
recoveries are attributed to losses of low molecular weight compounds
during dialysis. The amounts of each of the four soluble fractions for

the soft wheats, Pitic 62 and Talbot, were somewhat lower than those for
the three hard wheats., Conversely, larger amounts of residue were obtained

for the soft wheats than for the .hard wheats.

Protein Content of the Solubility Fractions

Table 6v(Appendix)'gives the protein content (N x 5.7) of the five
soiubility fractions for each variety. Total protein recoveries ranged
from 89.4 to 96.5%. In general, soft wheats, Pitic 62 and Talbot, gave
lower protein recoveries than the hard wheats (Tables 5 and 6, Appendix).
These results indicate that a fair.proportion of the low molecular weight
compounds thatvare lost during dialysis are nitrégenous substances. These
substances might be related to breadmaking quality, however this possibility
remains to be investigated. The soft wheats examined in this study had.

much more of the low molecular weight nitrogenous compounds.

Pitic 62 and Talbot had higher protein contents in the water-, salt-
and acetic acid-soluble fractions, and lower contents in the alcohol-soluble

fractions compared to analogous values for Manitou and 11-463A. Garnet,
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a hard red spring wheat, was more similar in this respect to the soft
wheats than to Manitou and 11-463A. The differences in protein content
of the various solubility fractions from hard and soft wheats appear to

be related to the differences in breadmaking quality of these wheats.

Distribution of Proteins in the Solubility Fractions

Figure 27 shows the distribution of proteins in five solubility
fractions for the five varieties at approximately comparablg protein
content. These results showed a definite difference in distribution
patterns for soft and hard wheats. Soft wheats, fitic 62 and Talbot,
had similar distribution patterns. The flours from these wheats contained
more water-soluble, and less alcohol- and acetic acid-soluble proteins.
Garnet appears to be intermediate between the soft wheats and other hard
wheats. All varieties had similar proportions of salt-soluble protein.
The residue protein showed soﬁe variability; soft wheats had a somewhat

higher proportion of their flour protein in this group.

The two soft wheats had similar &istribution patterns; on the other
hand, the three hard wheats showed considerable varietal differences. Of
the latter wheats, 11-463A, the strongest variety (by farinogram) contained
the highest quantity of alcohol-soluble protein and the lowest quantity
of water-soluble protefn. Garnet had the highest quantity of residue
protein. This could be a varietal characteristic that leads to ﬁhe short

highly elastic doughs usually obtained from flour of this wheat variety.

The results of Fig. 27 are consistent with the rheological (farinograph
and extensigraph) properties of doughs of the five varieties. Higher water-

soluble and alcohol-soluble protein contents would give doughs that develop
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quickly and are more extensible whereas higher quantities of the more
insoluble proteins (acetic acid-soluble and residue) would give doughs

that are highly elastic and more difficult to develop in the mixer.

There is a slighi discrepancy between the results of Figs. 16 and
27. Figure 16.showed thét Pitic 62-and Talbot flours contained more
gluten protein than the hard wheat flours. The reverse is indicated by
the results of Fig. 27 although the diffe;ences are not very large. On

the basis of experience with the techniques used to obtain the two types

of data, the results of Fig. 27 are considered more accurate and

dependable. The determination of wet gluten has a relatively high error
(about 8%). This error would be magnified in the calculation of the
fraction of the flour protein that is in the wet gluten (ordinate of

Fig. 17). Further work is required to clarify this discrepancy.

The results of this study showed that the distribution of proteins
among various soluBility groups are significantly different for widely
different ﬁheat’varieties. This type of information could be used to
distinguish soft wheats from hard wheats. Howevef tﬁese differences
become_much less significant when varieties of the same type of wheat
are compared. Accordingly, it is not possible to state conclusively on
the basis of the limited data obtained in this»study if the quantitative,

distribution patterns can be correlated with bfeadmaking quality.

Disc Electrophoretic Results

Water-Soluble Proteins. Figure 28 shows the disc electrophoretic

patterns of the water-soluble proteins of the five varieties used in this

~ study. Each variety had two fast moving major bands and three to five




Disc electrophoretic patterns for the albumins.

1.-Garnet (12.9% Protein) | L .-Manitou (10.5%)
2,-Pitic 62 (10.8%) 5.-11-463 A (11.0%)
3,-Talbot  (11.h%) Sl o
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slower minor bands. FEach pattern showed a number of very faint bands-of

extremely low mobility; these are probabl§ gliadin contaminants. The
patterns for the five varieties showed some quantitative differeﬁces,
especially in the minor bands, but there were no obvious qualitative
differences when the patterns were compared carefully using fluorescent

underlighting.

Salt-Soluble Proteins. Figure 29 shows the disc electrophoretic

patterns for the salt-soluble proteins. These patterns are quite complex,
however a close examination showed that they were all quite similar.

There were obvious quantitative differences in the patterns of Garnet,
Pitic 62 and Talbot. The major band at Rf 0.69 was more distinct in the
pattern for Garnet and tﬁe doublets at Rf 0.33 and 0.35 were stronger in
the pattern for Talbot than in the others. The patterns of Fig. 29 were
obtained by two separate experiments. Garnet, Pitic 62 and Talbot were
examined separately from Manitou and 11-463A. There is a small discrepancy

in mobilities for the two separate experiments.

Alcohol-Soluble Proteins. Figure 30 shows the electrophoretic

patterns for alcohol-soluble proteins. Both quantitative and qualitative
differences were readily apparent in the patterns for the five varieties.

These observations are in general agreement with published results (90, 91).

The major bands of the alcohol-soluble proteins migrate in the Rf
range from 0.12 to 0.34. The number of diséernible bands in this mobility
region was five for Pitic 62, six for Garnet, seven for Talbot and 11-4634A,
and eight for Manitou. All five patternskhad bands with approximate Rf
values of 0.13, 0.20, 0.23, and 0.29. The patterns for all varieties

except that for Manitou had major bands with Rf values of 0.13 and 0.29.




Disc electrophoretic patterns for the globulins.

1,-Ga£net (12,9%‘Protein) h,-manitou (15 .6%)

2.,-Pitic 62 (10.8%) 5.-11-463 A (1k.2%)
3.-Talbot  (11.4%)




Disc electrophoretic patterns for the gliadins.

1.-Garnet (12.9% Protein) k.-Manitou (10.5%)
2.-Pitic 62 (10.8%) ~ 5.-11-463 A (11.0%)
3.-Talbot (11 A1%)
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These two bands comprised the main components of the alcohol-soluble
proteins. They might play an important role in breadmaking performance
but this would have to be confirmed by fractionation and reconstitution

studies. However since all the patterns had these two bands, varietal

. differences in breadmaking quality must arise from other bands if

qualitative differences in the patterns for this group of proteins are

indeed related to baking quality.

Major differences were observed in the higher mobility region.

Manitou had two bands with R_. values of 0,30 and 0.32, Talbot had one

£
at Rf of 0.32, and Garnet and 11-463A had one band at Rf of 0.34., Talbot
showed no bands with mobility higher than 0.29. Accordingly the fast

moving bands might be important in breadmaking quality. For example the

pattern for Garent was very similar to that for Pitic 62 except that the

former showed an additional band with R

£ value of 0.34. Again, this

possibility remains to be confirmed.

The total number of bands in alcohol-soluble group might also be
related to the breadmaking performance., Manitou, a high quality variety,

had eight bands while Talbot, the poorest variety, had only five bands.

The pattern for the experimental variety 11-463A, had seven bands, although

it is quite possible that the band at R, of 0.29 might be a doublet.

f

There were no distinct differences in electrophoretic patterns for
hard and soft wheats. The varietal differences observed could not be

grouped into similar types.

All patterns showed two faint bands in the very high mobility region.
These are considered to be contaminants from the salt-soluble group of

proteins.
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Results presented above indicate that of all the soluble endosperm
proteins that can be studied by gel electrophoresis, only the alcohol-
soluble group or the gliadiné showed the greatest variability among

varieties. However, it does not appear likely that qualitative differences

observed for this group are related to differences in breadmaking quality.
The final answer to this question can only be obtained from studies of

the effects on baking quality of increments of the major components of

the alcohol-soluble groups obtained by very careful fractionation and

reconstitution experiments.

N,

|
|
{
|
|
i




T s TR T PP e e S bt e e T T L T TR

87

SUMMARY AND CONTRIBUTIONS TO KNOWLEDGE

1. The effects of the quantity were studied using five samples of
different protein content of each of two hard red spring varieties,

Manitou, a licenced Canadian variety, 11-463A, an experimental variety

related to Pembina.

2, The loaf volumes obtained with the remix baking test increased,

approximately linearly, with increasing protein content for both varieties.

The slope of the regression line was higher for Manitou and at any protein

content over the range examined the loaf volumes for this variety were
higher than for 11-463A. Extrapolation of the lines to lower protein
content showed that two varieties would give the same loaf volumes at 9.5%
protein. The difference in the functional properties of the two varieties

is attributed to qualitative differences between their proteins.

3. The loaf volumes obtained with the Chorleywood Bread Process (CBP)
baking test increased linearly with protein content for Manitou and were
essentially independent of protein content for 11-463A. TLoaf volumes by

this test were about 20% higher than by the remix test. These results

suggest that with some varieties (and perhaps wheat types) protein content

is not important in relation to loaf volume obtained by CBP.

4. Both varieties showed a regular change in farinograph curve shape

with protein content. By this test 11-463A appeared much stronger than

Manitou. With the exception of the samples with the lowest protein for
the two varieties, farinograph ébsorptions increased directly with protein
content. In the low protein samples, absorption by starch (damaged starch)

appears to be sufficiently high to counteract the effect of protein. The

farinograph test is useful for determining the baking absorption of the
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flour, otherwise it appears to be of limited value for assessing bread-

making quality.

5. The changes in extensigraph curves with protein content did not

show any specific ‘trend. Extensigraph areas for 11-463A were much higher

than for Manitou. For the ten samples of these two varieties, extensi-

graph extensibility was directly correlated with loaf volume.

6. Sedimentation values increased approximately linearly with protein

content. The data for the two varieties gave a good fit for one regression

line.

7. Wet gluten content increased linearly with protein for both varieties.

The values for Manitou were somewhat lower than for 11-463A; this difference
is considered to be partly responsible for the difference in breadmaking

quality between the two varieties.

8. Alpha-amylase activity decreased linearly for Manitou and increased

i
}
{
i
{
{
i
i

parabolically for 11-463A as protein content increased. Similar results

were obtained for beta-amylase activity.

9. The proteins of each flour were fractionated according to solubility

into five fractions. The amounts of the three fractions comprising gluten

(alcohol-soluble, acetic acid-soluble and residue) increased with flour
protein content. The amounts of water- and salt-soluble fractions showed

little change with protein content.

10. The protein content of each soluble fraction was considerably less
than 100%. Significant, and variable according to fraction, amounts of

non~-protein materials were extracted by the solvents used.

11. The sum of water-, salt- and alcohol—soluble.proteins decreased

slightly and the amount of acetic acid-soluble protein increased as flour
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protein increased. The amount of residue protein remained essentially

constant as flour protein varied.

12. For each variety, flour protein content had no effect on the

electrophoretic patterns of the water~, salt-, and alcohol-soluble

groups of proteins. No qualitative varietal difference in electrophoretic
patterns were observed in the water~- and salt-soluble proteins. The
patterns for the alcohol-soluble proteins (gliadins) showed obvious

qualitative differences.

13, - The effect of protein quality on the breadmaking quality of different

wheat varieties was studied using five varieties representing three classes
of wheat: (1) three varieties of hard red spring wheat, Manitou, 11-4634,
pion

and Garnmet; (2) one soft spring Vafiety, Pitic 62; and (3) one soft white !

winter variety, Talbot.

14, High quality wheats such as Manitou show good baking performance
E - only if they contain a'sufficient level of pfotein. Pitic 62 and Talbot ?‘
gave the same loaf volumes as Manitou of the same protein content. In the
CBP baking test, the loaf voluﬁes were much higher than those obtained by

the remix baking test for all varieties examined. Pitic 62 and Talbot

gave higher volumes by this test than Manitou of the same protein.

15. The differences in farinogram characteristics among varieties

(especially between soft and hard wheats) were decreased considerably

{
1

when flours from different varieties were compared at approximately the

same protein content,

16. In the relationship between loaf volume and extensigraph extensibility,
Garnet was similar to Manitou whereas Pitic 62 and Talbot were similar

to 11-463A. It was not possible to attribute these similarities and
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differences to any single specific factor such as protein content.
Presumably the roles of different factors in extensigraph properties

vary with variety.

17. Garnet, Pitic 62 and Talbot had considerably poorer quality than

two hard wheats, Manitou and 11-463A as judged by the Sedimentation Test.

18. Wet gluten contents for Pitic 62, Talbot 'and 11-463A were somewhat
higher than for Manitou at equivalent protein content. The glutens from

11-463A, Pitic 62 and Talbot contained a somewhat higher percentage of the

flour proteins than did the glutens from Manitou flours. Garnet flour,
on the other hand, had the lowest wet gluten content and contained a much
lower percentage of the flour protein in the gluten. The peculiar bread-

~making quality of the variety Garnet might be related to this factor.

19. Amylase activity and related properties of flour are to a certain

extent varietal characteristics as indicated by the results of this study.

20. Total recoveries of the solids in the five fractions were somewhat

lower for the two soft wheats, Pitic 62 and Talbot, than the recoveries
obtained for the hard wheats. Presumably the soft wheats contain greater
quantities of low molecular weight substances which are lost during the

dialysis used to separate the water-solubles from the salt-solubles.

21, Significant differences in protein content of the various solubility
fractions were obtained for hard and soft wheats; these might be related

to differences in breadmaking quality,

22, The flours from soft wheats (Pitic 62 and Talbot) contained more
water-soluble and less alcohol- and acetic acid-soluble proteins than

Manitou and 11-463A. Garnet was intermediate in this respect between the

| soft wheats and other hard wheats. All varieties had similar proportions

of salt-soluble proteins.
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23. The disc electrophoretic patterns for the water- and salt-soluble
proteins of the five varieties were qualitatively similar but showed

some quantitative differences.

24, Disc electrophoretic patterns for the alcohol-soluble proteins showed

both quantitative and qualitative differences for the five varieties. The
patterns for all varieties except that for Manitou had ma jor bands with
Rf values of 0.13 and 0.29. The band at Rf of 0.34 might be related to
varietal differences in breadmaking quality; for example the pattern for

Garnet was very similar to that for Pitic 62 except that the former which

was somewhat better in baking performance showed an additional band with

Rf value of 0,34, g

25. The total number of bands in alcohol-soluble group might also be
related to the breadmaking performance. Manitou, a high quality variety

had eight bands while Talbbt, the poorest variety, had only five bands.

26. There were no distinct differences in electrophoretic patterns for
hard and soft wheats. The varietal differences could not be grouped into

similar types.

27. The present study has shown that protein quantity is the major single

factor that controls breadmaking quality of bread flour. This probably.
applies to flours of the same wheat variety, varieties of the same class

or type, and varieties of different classes. With some wheat types,

(e.g. 11-463A) and breadmaking processes (CBP), the protein content

plays a minor role in breadmaking performance.

28. The major differences among the proteins that were observed that might

be related to functional properties of the flour are quantitative differences

in the distribution of proteins among different solubility groups. For
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similar varieties these differences were quite small. Solubility
distribution of proteins might be useful for differentiating widely
different varieties but would be of limited value for differentiating

similar wvarieties.

29, In the three groups of proteins that could be examined by disc
electrophoresis, discernible qualitative differences were observed in
the alcohol-soluble group. Although these differences do hot‘appear to

be related to differences in breadmaking quality, they are obviously

varietal characteristics and should be useful in studies of inheritance

of proteins in wheat varieties.
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RESULTS OF BAKING TESTS
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5.0/ 3.8

Remix Chorleywood
Flour Loar Work Loaf
Sample . Protein Absorption Volume Absorption Input Volume
% % C.C. % WH/1b/min. ¢.c.
MANITOU:  10.5 61.8 585 63.0 14.0/20.3 Ti0
11.2 61.k 660 6k .0 7.5/11.3 T15
12.5 62.0 790 65.0 10.0/ 9.8 830
14 .0 62.9 860 - 65 .Q 7.5/ 6.8 9o
15.6 65.2 895 66.0 7.5/ 4.8 1020
11-463 A 11.0 58.1 573 62.0 16 ._6/19 8 8o
11.k 56.8. 558 61.0 16.0/18.7 805
11.8 58.0 568 62.0 18.0/24.0 895
12.7 58.5 583 62.0 9.5/11.6 850
1.2 60.3 688 6h.0 1%.0/15.5 900
GARNET 12.9 60.3 790 65 .0 6.0/ 7.0 835
PITIC 62 10.8 53.7 605 59.0 4.0/ 3.0 800
TALBOT 11.4 51.2 638 56.0 865
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