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ABSTRACT

Íhe separate roLes of quantity and quallty of flor¡r ¡roteins

vere stucllecl 1n relatfon to breadmaklng perfornance. To deternine

tbe extent to r¡hlch breadmaklng prformance 1s affectett by proteln

eontent, the floure of flve sanples of each of two vartetLes grovn

under the sane environment but of dlfferent ¡xoteln content vere

exanlned. Tbe effect of protein quality on breaclmaking quallty

of dlfferent wheat varLetfes was studleit uolng flve varLetles rep-

resenting three claesee of wheat. These had slmllar ¡rotein content

and comprlseil: (f) tf,ree varletles of hard rect e¡rring wheat, llanltou,

l-1-h63 A, ancl Gernet; (a) one aoft strrlng varl.ety, Rltie 6a; anA (3)

one eoft r'¡lnter varlety, Talbót.

For eaeh of the two bread wheat varietles used for the flrst

part of the study, breaclnaklng quallty, cletermineil by loaf volume,

inereased'with lncreaslng trrotein eontent. The qr¡antitatlve ctlstrlb-

utlon of the protelns anong five solubillty groups, and the disc

eLectrophoretie ¡ntterns for each solublllty group of each varfety

were not affected by ¡notefn content .

Con¡nrlson of the proteins flom the varfetles of clifferent classes

shot¡ed quantltatlve tllfferences Ín solubl11ty dtstributlon, ancl gual-

ttatlve dlfferences ln the dlsc electrophoretic patterns. Soft wheat

flours hail htgher contents of vater-eoluble, ancl lov¡er contents of

alcohoL ancl acetie acicl soLubl,e protelns than those of hard wheat:

1r1



flours. This appears to be the maln reason vby flotrrs from soft and

harcl vheats produced doughs vhich dlffered ln physical. ¡rotrnrtiee.

Sfgniflcant dlfferences in disc eleetrophorette ¡ntterns of aleohoL-

eölub1e (gLiadlne) protelns were found Ë¡nong varfetfes exa¡rlned, In

tble group, the band with relatfve noblllty of O,3l+ present ln the

patterns for It-l+6J A anct Mar¡ltou might be lrnportant 1n breadmaklng

qualfty. llhis bancl was absent ln the lntterns for Garnet anil PLtLe 62,

s¡rfng varietles of poor breadnaklng quaIlty.

fn general, the number of bands wlth glledln group mtght be

related to the breadrnaking perfornance. Ilanltou, a variety of ert-

remely goocl breaclmaklng quallty hacl the hlghest number of eomponents

(B) and Pitte 62, poorest brea¿lnâking quallty had the lowest number

(:) ofbands. Ìhe number ofbands for the other varLetles were in-

termecltate as lras thelr breadnaklng quallty.

IV
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PFYSTCAL PROTERTI6 OF FI¡UR PNOIETNS

IN REIATION TO BREADMAIfING QUALITY

TI{TNODUCNÏON

It ls no!, reasonably welL estabLlshed that the breadruaklng qual-

lty of flour from any one type of wheat fs dlreetly related to its

proteln content (1). F\rrthermore, f.t ls also known that the slope of

thls correlatlon varl-es among dffferent wbeats (2). For exanpLe, if

the breadnraklng qualtty is expresséd in terns of loaf volume, hlgh

quality wheat, sueh as Canadlan hard reclìspring, will have a ¡nrch

hlgher Lnerement of loaf volume ¡nr unlt of proteln than lower quaÌ-

ity breact wheats, Aceordingly, the overall effect of flour ¡xotein

on breadmeking quallty can be divided lnto tvo ¡nrtfal effects: t) ttre

effect of proteln eontent; and a) tfre effect of proteln qualfty.

Stuctles of the fÍrst faetor-protefn eontent, are stralght forwarel.

A serles of flours mlL1ed from sampl-es of the eame type of wheat, but

of cllfferent ¡roteln content, are evaluated by ¡nrtinent physleal or

baklng tests. Stuclles almed at reLatlng certaf.n chemleal- anct physlcaJ-

pro¡nrties of the-protefns - proteln qnallty, to breaclmaking quallty

are eonslilerably more complex. fn adclltlon, there 1s a possibility of

a strong^lnteractlon betçeen the two factors.

As wlLl be seen from the revlew of the llterature whleh folIows,

there have been many attempts to reLate chemical and physlcal pro¡nr-

tles of the proteins of bread ftour to lts breadnaking qualtty. So

far, the subtle qualitative properties of the protelns that deterrnine

li::t.::!

i .t.._
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baking qualtty have not been ldentlfled eompletely.

The present study re-examlnes the roLe of quantlty ancl quallty of

flour proteln 1n breadmaklng quallty, Two types of wheat samples were

coll-ected for thts proJect. fhe ffrst group comprlses fl.ve sampLes of

different protein content of each of tvo varietl.es of Canadlan hard

recl spring wheat, Manftorr and 1t-h63 A. All of these were grolrn to-

gether fn an experimental fleId. fhe varlatlon ln proteln eontent

resultecl fYom variablllty in so11 ferttlfty. This group of sanples

was seleetedl to deterni.ne if the nature of proteins ln breacl wheate ls

affected by proteln content.

The eeeonil group of samples lncludes five varleties of slmilar

¡rotein content from three different cLasses: 1) three varietles of

hard red spring wheat elass, Manltou, 1L-\63 A, and Garnet; 2) one

soft sprlng variety, Pttlc 62;and 3) one soft whlte r¡lnter varlety,

Talbot.

,ll.',i

The flours. of these wheats were evaluatecl by a variety of bread-

naklng Erallty tests includlng the baking tests. Tlreir proteins were

extracted, fractlonatecl and examLnecl by appropriate physlcal technlgues.

i. ; ..:., :..:r

i:ìl:Il-: : 
r. i. ., -
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REVÏEI^T OF TfiE LT1ERATURE

Inlroductfon

l.lheat fLoûr ls a complex mixture of many dlfferent blologleal

materfals - protelns, earbohydrates, Llpitls, mineraì-s, vitamins and

enz)rmes. l,leny of these are lmportant fn determlnlng the abiJ-ity of

wbeat flour to procluce foodl produets sueb as bread, cakee, etc.

Ihe p.rotelns have reeeived the greatest attentlon of all the con-

stituents of wheat flour. Aside from their nutrltlonal, lnportanee, lt

ts well establ-ished that the structural propertles of bread are, to the

large extent, deternlnecl by the nature of the proteins of flour (J).

'On¡er two hundrecl years ago, Becearl (l+) reported tbe se¡nratlon

of gluten.from r¡heat flour; the first plant protein isoLatecl. About

sfxty years ago, Osborne (5) found in vheat flour, föur maJor proteln

fraetfons that ctifferetl ln solubility. Fronr ? +,o Lofi of the protein

was soluble in dlstilled water; thls fractlon was calted albumÍns.

Another 6 to tOfi was soluble ln sal-t soLutions, but not ln water;

these r¡ere cal-letl globulins. f\ro large fractions, ealred gliadin and

grutenin, were soluble 1n ?0É alcohol antl ctilute acJ.d, respectively.

Tlrè tatter two fraetfons eompriee the maJor protelns of gluten antl to-

gether tb.ey glve itough lts erastlc, plastlc and cohesl.ve propertles.

wlth the lmtrntus given by thls eLassLc study, many chemists have dev-

oted mrch attentlon to the separe,tlon, constitutlon, structure anit rh-

eologleal propertfes of vheat protelna, ancl especlalLy the reLatlonshlp

of these propertles to breadmaklng quallty.
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lhelr r¡ork has been revlewed from tine to tfme ln

Moet recentllr the relatlonshlp between chemleal

maklng ¡ntentlalttles of wbeat flour was revlewedl

the ¡nst (6 r7 -t ) .

composltlon anil breacl-

by Pomerantz (t6).

Soluble Þotefns

Tbe encloe¡nrm of the wheat kernel eontelns f?om 6 to L5fi proteln.

llo¡c 13 
.fo 

225 of thls proteln 1g soluble ln dllute salt solutfon (t?) .

TbeEe solubLe ¡rrotelns are the albunins anrt globullns. Earlfer, these

protetna recelvecl l,{ttle attention, untll Flnney (fB) ana Fence et ?1

(f?rfg) reportecl thelr lmportance for the formatlon of satlsfactory

ctoughs ancl proiluction of hteþ qualfty bread. Fence et al (f?) aeter-

mlned the eontents of albumlns anil globullns of forty flor¡rs and found

that the ratlo of albuming to gS.obuLfus llaÊ eorrelateil dtireetþ wfth

baking quallty.

Soluble ¡roteln ls of lntereet also beeause many of the enzymee

of flour are ln this fractlon. Beta-arry'lase appears to be an albtrmin,

whlle one of the ¡roteÍnaees might be a globuLtu (9). Cbucte gluten

prepared by the stanclaril washlng ¡roceclure, contalns slgnlflcant amounts

of soluble protelns (greO). i

Recent\r, water-solubles were fotrncl lnportant to 6assing polrer

ancl proper physlcal pro¡nrties of dlough (af). nrusr* soluble protein

Beems to be necessary for o¡rbinal baklng perfornanee of flours.

Albunins

A1bu¡nlns are

eo-workera (g rzz)

protelns that are soluble 1n water (5). Fenee ancl

fotrndl gltailln-llke naterfal, antl posstble sone



globullner.ln the cllrect water extracte of vheat flour. However, the

gltaitln naterfaL is easlly ¡neelpltatecl from these extracts by the

ailclltlon of salt (a3). Globullns can be se¡nrateil fron the albumlne

by cltalyeis agalnst delonlzed water.

The yfelcl of albumlns from extracts nade wfth salt solutfoo" of

i.. ¿.-

varloue fonle-gtrengtbsr al.cohor of varl.ous coneentratLone, anil agueous 
,:,;,i.,,,i.
l:r 1: ::-;:

eolvents of varfous prE has been cllecugsed by Holne (al+). Ee fornct that the :,,,,,¡t;.

i.....,,
albunin eontent of the flour represents about Lú of the toteL flour pro- i i¡it,I ''':'r.l'

tel.n. Fenee ancl eo-worters (U) reported that about 6 to L4 of totaL

flour ¡rrotein co¡slsts of albumln.

Albumfne have been lnpllcated fn the baking quality of flour. Fenee

(1h) attemptecl to explaln ttlfferences ln baktng quallty of a number of

flours on the basis of their albunin eontent; he was only ¡nrtla3,ly Bucc-

eseful. Cluakey g! al (¿r) founct that hardl wheat florr of hlgher ¡noteln

content than soft wheat flour, contalnecl the same amount of water-söluble i

protelns; they found no correlatlon between albunin content ancl baklng

perfornânce. l¡aee (a6) reportect a negative correlatlon between baklng

qualfty. ancl ¡nrcentage of vater-so1uble proteln.

furlffecl albunine have been stuclleit extenslvely by electrophoresl.s.

Isws and France (a7) sfrowetl that sinllar f'Tee-bountlary electrophoretic

¡u,tterns were obtainedl for water extraets fron three cllfferent flours.

F?om four to eLeven components Ì¡ere cletectecl by varlous workers ln tbe

älbunin fraetton by novlng boundlary ancl pa¡nr electrophoresfs (eerZ3rel+rZSr3g).
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l{o elgnffleant cllfferenees were founcl 1n starch-gel eleetrophor-

etle patterns of albr¡mlns anct globulfns (3o¡, v¡ht1e ln a 1ater etudy,

some dlfferences r¡ere observed among varf.eties. Couleon and Sfm (3A)

stuitiect tbe eleetrophoretle ¡ntterns of different types of r*heat.

Distlnet clifferences ln albunln composltlon of cturum and breacl vheat

floura ç'ere observeA (33).

Ihere have been a number of etudles on the role of the albumln

fraetlon Ln the rheoLoglcaL properties of ilotrgh (ej), At tbe ¡rresent

tlme, tt 1s not erear how albumlns affeet these propertiee.

The anino aeld eonnposltlon of albumlns dlffers greatLy fuon thEt

of other flour proteins. It has blgher tryptophan ardl 3yslne contents,

and a Ior,¡er amlcle nltrogen content than the other ¡rheat ¡roteins (eZßl+).

Ap¡roxlnrate moleculan weight of albumln was about 2lrOOO by sed-

lmentatton and 28rooo by osnotle pressure measurements (ze).

FetLLet anct l[lmro (35) feofated ancl characterlzedl two alburnins

(f3A ana L3B) fron breail wheat flour. Albunin I3B bad a relatively

hlgh vallne eontent ancl no hlstldlne or phenytalanine whlle albr¡¡uin

I3A co¡talneil all the cormron anrlno acfcls anct had a relatively high

content of alanine. Mo1ecu1ar welgþts of albunln 134 ancl albr¡nln L3B

were 2l+r8oo ancl 13 r95o, respectlve\y, cteterrnined by sedlimentatlon -

. equllibrium.
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Globultne

There have not been nany stuclies on wheat gLobullne. Gl,obulfn

fractlons bave been obtafnecl, as preclpttates, by ctlalyeis of salt

solutlon extrectg of flour agalnst dlstlllecl water.

Tt¡e total gJ.obulln contents of vheat flour ¡roteln range rorghly

fron 5 to L4 (fZ).

Sinmonds (36) fractlonatecl ancl ¡rrrlflecl the saÌt-soluble ¡rotelns

lsol-ateil and characterlzecl a salt-soluble ¡roteln from vheat flour.

Thls proteln hadl an average moleeular velght of 751000 as cletermined by

sedlmentatLon veloclty. fhe nolecular welglrt of r¡heat globulin cleter-

mined fþour the sedi¡oentatÍon eonstant, ranged from 24rOOO to over 2O0r00O

(zz).

Three gJ-obulln eomponents, a1pha, gamna, and delts,, wer: observecl
:

by ultracentrlfugatton (22). Electrophoretie teehnlqaes have been used

to stucly the hornogeneity of wheat globullns anô have reveaied:at'leaet'

four or five naJor components and a large nuriber of mlnor components

(ze ß8 ßg) .

llhe amino aclcl conpoeltlon of the gJ.obulln group Ls cheraeterlstle-

a1ly dlfferent fron the eomposltl.ons of other r.rheat proteins. It has a

hfgher arglnlne content, and lor¡er eontente of tryptophan anil a¡nide eon-

tainlng arnlno aefcls.

The role of the globulln fractl-on 1n the breailmaklng quellty of



I
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flour hae not been dellneatecl. lcoenig et ar. (ho) rouncl that better-

quallty fro¡rs contain more ealt-soÌubLe pt-otelns. Eowever, lrfulLen

anct Smitb (hL) obtafnedl s1m11ar amounts of salt-soluble ¡rroteln from

veak and strong flours. Flour fron vhfeh the salt-soluble fractlon

Has removed had poor breadmaklng quaLlty (r3). However ft r¿as not

possfb.le to deternine lf thfs deleteriors effect r¡ae ilue to removal

of gJ.obuS-Lns or clue to the effect of actttect sart ione on the gruten
:

¡rrotelns.
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Insoluble Proteins

Gluten

hlhen a plece of ctough ls kneaclect ln a strean of water to remove

the stareh anct the l¡ater-soluble components, the reslclue ls a yellor¡lsh- ,1,,.,1,

SeVr el'astlc naterial. Thls resfdue ls proteinaeeor¡s ln nature and is

conmonly called gluten.
l. - jr.".i''t:;'

Gruten was flrst separated fyorn ftour by an rtallan, Beeeari (r+), ...'

tn 1728. Slnce the work of osborne (5) at the begfnning of tbe ¡resent [....,
i:ll' - 

''

eentury, gluten has been eonsfdered to pJ.ay a maJor roLe ln the bread-

rnaking perfornance of flor¡r. Ttrls role of gluten has been extenslve\r

rèvler+edl 1n the llteratrrre (l+erh3rhh).

Ttre ablllty of gluten to forrn a viscoelastlc systen appearg to be

a unique pro¡nrty of the proteins of this naterlal, v¡hlch con¡nlse.about

$rfi ot clry gluten. The characteristl-e vfseoeLastlelty of gluten te ett-

rfbutecl to the peeullar chemLcal anct pbysicel properties of lts ¡xotein

components.

Glutenin, the naJor proteln component, has extremel.y hlgþ molecular ,,,

welght ancl forns the fra¡rework etrueture of gluten (6). Glfadin, the

seconcl largest ¡rroteln component, ls conslderably lower fn molecuLar
i¡rr.,'¡rr'¡

weight than gtutenln, and contrfbutes the vlscoqs componeut to the rh- i.... :

eol.ogfea1behavtotrrofg1uten.Q}u!nn{neandasparaglneformaborrt2!$

of the anfno acicls of gluten protelns (t+f). The amlde groups of tbese i

I

tvo amino aeids are essenttal to the ¡neuliar pþslcal pro¡nrties of
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gluten because they lnteract wfth eleetronegatlve oxygen or nltrogen

atons to form strong byctrogen boncte. fn adclitlon to the hyctrogen bontls

that are for¡ned by amide (l+6 rl+7 ,l+8) and other frrnctlonal gro*pe, the

dieulflde bonds play a very prominent role ln the fi¡nctfonal ¡xo¡rertles

of gluten. Also closeJy related, are the sul-ftyclryl grou¡n. The number

of these groups in gluten, as eompared wfth the soluble protêfns, fs

low; however thelr contributlon 1e magnifledl throrgh their eatalytlc

effect on the f.nterchange reactlons betveen cllsulRlde bonde. Ttre

effects of certaln oxlclfzlng anil eulfhydlryl bloekfng reagents on the

physlcal ¡notrnrtfes of gluten have been attrlbutecl to the eLlnlnetton

of suLftrydryl groups fYon ¡nrtlclpatlon fn the dlsulfl¿te fnterchange

reaetf ons (t+g-Sl) "

It 1e nol¡ generally aceepted that the viseoelastic ¡nroperties of

breail clough result directly from the same propertfes of the gluten.

In a breacl clougtr, the physlcal ¡ro¡nrties of gluten are extensively

nodlflect by other florrr components, adldeil lngredients, and the neeh-

anfcal actlon of mixlng. Wheat stareh ls eseentlal to the fornatlon

of a satlsfactory crr¡mb strueture in breatt. Obher starehee do not

have thfs fmportant pro¡rerty (¡8r¡g). Llplds, especlal-ly the phos-

phollpitls, appear to form an lntegral part of the gluten structure

(6Or6f). Enz¡mee, eslncf.ally the proteases, ff present ln the flotr,

¡roduce nocllffcatlons 1n gluten end other flour components whieh are

usually deleterlous, but at times beneflcfal, to breaclnaklng quallty

(62,63).

tir=,,+;+y,^};g

.i. - ..
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Of the adlcled lngretllents, tbe lnportant onee Ln relatlon to fun-

etlonal pro¡rrties of gluten are the redueing anil oxlcllzing agents,

salt, and fats, Reduclng agents deerease the conslstency of dough

through thelr ablllty to reduce disulflile bonils (55156163,6\). The

fúnetional effect of oxldllztng agente ls opposite to that of reiluclng

agents (6¡166). Salt lons lnteract wlth the lonlzect groups of gluten

and theréby affeet thetr lnteraetlon wlth each otlrer ancl vith water

(6116816g). General\y this leads to a deerease fn clough eonsieteney.

Fat components modif! the physlcal ¡ropertlee of ctough through thelr

abll1ty to complex with etarch anil 6luten, and thereby affeet their

lnteractlon wlth water. For aì:partlcular breacl product, made by a

speelfic proeess, the anounts of all the clough lngrecllents mrst be

careflrl-ly optfmized.

The rheologleal pro¡erties of dough can also be nodifled by the

mechanLeal actlon of nlxing. C?ianges produced by meehanicaL actlon

can be beneffelal, as fn mechanical develo¡ment of gluten, or detri-

mental, as Ln ôough breakdor¡n by overníxing. At the ¡resent, it 1s

not entfrely certafn ff the changes that occur in gluten durlng nech-

anlcaL develolment are entlrely physlcal resul-ting from dlsruptlon

anil reformatfon of noncovaLãnt boncls or 1f chenical reactiong aye in-

volved also. Cleavage andl reformatfon of eovalent bonds through dls-

ulflde lnterchange (57) ancl free-radlfeaL meehanLsms (7Or7tr7Z) has been

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

Y'l'+.¿'a

lt l'"

.. ìl:
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utrequlvocal experlnental evicl€DCê.

The ltterature contslns numerous reporte of studlee of physlco-

cbenlcal prolnrties of gluten. Ttre alm of most of these studies vras

to obtaln fr¡nclenental lnfornatlon on the etrructure of gluten protelns

tbat ni.ght be reLatedt to the functlonat propertles of tbe gluten.

Mae0alla and co-wort<ers (?3171+) lnveatlgatecl the eolubtlfty of

gluten ln sodlun ealfcylate golutions and eoncÌudecl that gluten ts a

conplex mfxture of protelns whlch can be fractlonatecl lnto many compon-

ents. Bungenberg cle ¡one (?5176) suggestedl that gluten resulte from

the fnteractfon of ¡roteln components and the nagnltucle of thls lnter-

actfon varies wtth pE and Lonlc etrengtb.

The solublllty of gluten ln alkallue and aelcllc solutions has been

extensiveþ lnvestigated (t6r77rl|r79). Dllute acetie eeicl sôlutlons of

Low tonlc strength and a}¡¡ninfi¡m lactate-Laetle aeid buffer of pE 1.1

are sultable aclcllc solvents for dlssolvfng almost all of the ¡notelns

of gluten (BO). Moleeular welght studfès of gluten proteins in these

solvents have lncllcatecl.that not a}l moleeuJ-es were eompletely clteegg-

regatect (Brr8er$).

Cook and Alsberg (BJ) founcl that !M urea eolutlon diepereed gtuten

¡rotelns completely. Moleeular vêlghte of gLiaclf.n measuretl ln JM urea

solutton ere lower than thog aiunl¡nr¡n lactate buffer (Bh). However

even in the preÈence of higþ concentrationa of urea, 1t has not been

possible to obtaln the true moleeular welght of glutenfn.
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to

recent yeara, vatrlous electrophorettc teehnlques have been

study cereaL protelns. The most poprlar of these hag been

starch-gel electrophoresis. With this tecbnlqrêr Deschrefcler and

túeaux (85) founct twelve eomponents ln gluten.

Jones et al (BO) uee¿ atumfnlum lactate buffer eolutlon ln con-

Junction wfth movlng bounctary e.lectrophoresle to se¡nrate gluten lro-

telns lnto four maJor and one minor components. tr\rrtlrer examinatfon

of the electrophorograns for for¡r bread wheats (two wfth gooil anil

two wlth poor baklng quaLitles) ehowed the same protef.n ¡ntterns.

Eowever, glutens fYom two durum ryheats, examlned e1n11arLy, showecl

quite cllfferent eJ.ectropherograms. By starch-gel eLeetrophoresls,

Elton and Er,¡art (EOrgg) deteeted nlneteen components fn vet gluten

pre¡nrecl by hancl washlng, and lGninsfi (8t) detectecl twenty-one eom-

ponents ln slnllarly-prepared gÌuten. Ía t96L, Cluskey et aI (e5)

setrraratecl, by novlng bornclary electrophoresls, proteln components of

gluten and water solubles fYom harcl and soft wheat flours. On the

basls of eleetrophoretle moblllty they se¡nratecl the gluten proteins

lnto flve components fclentifled by Greek letters alpha, beta, gamna

-and
omega/deJ.ta. Eard wheat flours eontalned more alpherga¡rnca ancl omega

components but the same amounts of beta,'ancl garmra, the fast movlng

eomponents. TÏrey were able to dlstlngulsh betlreen hard and eofb bread

wheats on the basfs of proteln compositlori, although the cllfferenees

were smaLL.



I¿we andl lbanee (eg) reportect that no significent cllfferences eould

be dletected by novlng bounclary electrophoresfs of vheat glnten protelns

lnelucling g3.ladlns clerlvecl from dlfferent wheats.

Recently tt has been reportecl that polyacryJ-amtcle ge1 fs better ,",',

tban starch-gel for the separatlon of gluten protelns (BBr89). ftris 
:

technlque has been uséct quite Buccesefl¡Lly by C?ren anil Bushut (9O) and

. r. :.:_:.,:

Dronzek et aL (gf) fn studlee of gluten of reLatecl s¡na!-es ancl varietLes i¡,,,i¡1,

of wheat

. Cß{-celluloge hae been used qufte suceesafully 1n fon exchauge

chromatography to se¡nrate ghrten components (92). Coates anct Stmr-

onas (93) obtainecl the slx maJor proteln flaetions by lon exchange

chromatogra¡ùry on DEAE-ee11¡loee of flour extracts obtafned with O.OOl,.IvÍ

eodlum ¡lyroph,os phate .

Studlles by eLectrophoresfs ancl chronatography have 
..shown 

that gluten

ts a hlghly heterogeneous ntxture of ¡rotefn comp,onents. fior¡ever the nain
, '. '..,,tfuniting factor ln these stuclles seens to be low solubtltty of gluten i',r:.,::

arate flour protef.ns tnto cmponents aecordllng to thelr nnoleeular

i,:llt'.-"'''

welght or slze (gh). Reeulte of these Ëtudles lnitlcatecl thst the elut- i,'i;;,:,i

ion curve ttld not refLect noncovalent aggregatton of protein molecules.

tn the solvents that can be usecl for the electrophoresls.f

Recently colunr¡ chromatography on Sephaclex G200 wes usecl to sep-
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Gliadlns and Glutenfns

Over fffby years ago, Oeborne (f) ehowecl that gluten could be

separatecl lnto two fractlons, gllaclln ancl glutenln, on the basis of

tbelr solubfJ.lty. Gllaitln ls sôlub1e Ln 70þ aqueoua ethanoL r¡hlle

glutenln 1e lnso1ub1e ln thls eolvent. Althangh gltadln anct glut-

enln have slnllar ar,rLno acfcl compoeftlons (lZrgr196), thelr physlcal

pro¡nrtles are qulte clffferent. Eydratect glladtn Ls a vf.seous, hlgb-

þ extenslble msterlal, whlle byclretect glutenln ls eoheef.ve anil elas-

tle " fhe ¡nopertles of these two fractlons appear to be bleniled to

glve the characterlstlc vlseoelastlc ¡ro¡nrties of gluten. .

G1uten has been fYaetlonatecl lnto its ¡roteln conponents by a

number of techniques (1ar9ì+r9l), Sinnnonds and lJlnzor (g8), ueed C!if-

cellulose and lon exchange ctrronatograpby to fractlonate the glutenln

flaetion lnto slx eomponents. Better se¡nratlon of these lroteins ls

echfevecl by ge1 flltratfon (99rtOO). This ¡nocedure se¡rarates moLecules

aceording to thelr ¡nolecular welght. It wae found that glutenin Ís a

mlxture of large molecules of nhlch molecular veight ranges from 501000

to 1r0O0rOO0 vbereas.glledln moleeu1es are consLderabþ smaller and

range fbon 2OTOOO to hOrOoO in moleeular welght (8f).

Gltadfn shoved efght components ln etareh-gel electrophoresis,

but glutenin dlcl not nlgrate luto tbe gel and remalneil at the orlgin

(ror) .
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Chemlcal mocllflcatlon hag þeen usecl to lncreaee the solublllty

of glutenin. Reductlon of the S-S bonds, followect by stars¡-geL elec-

trophoresfs, ahowetl that glutenfn conprfsecl a ¡nrmber of eomponents

tclentical with glladln eomponenta (toar103). I{le1een g! af (foh)

reported that reductlon of S-S boncls of glutenln clecreased lts mole-

eulár wefgþt to 201000. On the other hand, recluctlon of S-S boncls

ln ¡urlfted gLiaclln hadl no effect on lts molecuLar weight (fOf). It

has been postulated (6) that glutenlÉ.ìconslsts of long polypepttde

cbains llnked together'by S-S boncls to forn large crossllnked molecules,

whereas 1n gliadln noLeeuLes.the S-S crossllnks are wLthtn eaeh poly-

¡nptlde chain. The posslbilfty that glutenfn comprlses gllattin mole-

cules erosstrfnked by S-S boncls hae been suggestedl, however thle does

not ap¡nar IikeIy sl.nce the work of Blllnski andl tlcCornell (fO6) fn-

cllcatecl that blosynthesls of gllacltn foLlows that of glutenln.

I'lany workers (tO?rtO8rLog) have suggeeted that the ratlo of

glladln to glutenin i'e inportant ln deternlning gluten qual,Íty for

breadmaklng. Aecoritlng to Snyrler lfOf), the protetns of patent

flours cm¡rlsecl rron 6o to 6rú gllaitin. This was eonsfdterabty

less than the glfacìLn content of Lot'er quallty flours. However, the

uee of gllactln-glutenin ratio as a qual.lty para,neter has been abandonecl

(13).

lì:)i;!:.:i i,i.i

[i:,,:¡.,,lil
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Relatlonshlp Bdtween Flour
Protgin and B,readnaklng Qu3llty

Proteln has received the greatest attentlon of.a}J. eomponents of

flor¡r ln relation to baking qualfty. Many yeare ago, signlficant pos-

ltlve correlatlons between breadmekfng quality and elther ¡rotein (ftO,

ljtlrlLA) or gluten content (ff3rfll+) have been obtalnecl.

lú¡lLeu andt gnrlth (hf) round that long-mfxing florrs contafned

more aeLd-soluble proteln than short-mlxing fIour., FLours of poorer

breailnaklng quallty contalned larger quantlttes of protetn that clls-

solvecl ln 3M urea eôIut1on (}}5). E\¿art (ff6) obtainedt a dl-reet re-

tatfonshlp between the quentfty of proteln that dlssolved in O'lÌ'f

acetic aelcl eolutlon and breailnaklng qua3.lty.

Recentþ, Finney and eo-workers (etrtt?rtl8) used the reeonsttt-

ution technlque to examlne the role of various eomponents of fLour ln

breadnaklng qualtty. fhey forncl that glladln, the al,eohoL-soluble

protelns of wheat, forns an lntegral part of gluten ancl p].ays an im-

portant rol-e 1n dteternlning the breaclmaklng quallty of flour. Al-so

l¡ater-solubLes were eeeentlal for procluctLon of noruraL Loaves, but

they were not lnvolved 1n quallty cllfferences between varleties of

bread wheat, fbese workers concludecl that gluten was the protefn

conponent that appears to be responsibLe for quallty dlifferenees

among varletÍes.

Finney ancl Barmore (e) obtalnecl a Llnear relatlonshlp between

proteln content and loaf volume over the range of protelns from B to i::.;, ,',1'
.',
. ,,t
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L8ú. fhe varfatlon ln the slope of tbe loaf volume - proteln content

regressÍon l,lnes for varl.etlee refleetecl dlfferences ln proteln quallty.

Slnllar Ltnear correlatlons between loaf volume and proteln content

were reportedt by other workers (ffgrfaO)

There have been rnany atternpbs to rerate breaclnaklng quarlty of
'

flour to ehemlcaL and pf¡yelcal ¡ro¡nrtles of lts ¡nrotelne. Differencee
l

1n fractfonaL dlstrlbutlon of proteins a¡nong solubfllty eroups (9f) l

ancl fn eLeetrophoretlc ¡ntterns (t¿trJ2Z) have been observedl between 
I

varieties fYon the sa¡r€ class of r¡heat.

Ín L)62, Elton ancl Ebart (30) reportect etgnifllcant cllfferences in 
i
I

erns of the gS.lailins from several wheet varletles.

Er¡ebner and RothfuÉ (123) ueeil ion exchange chromatograpþ to ts-

ol,ate the glladlns from r.¡beats of cllfferent genetlc backgroundl. They

found that etareh-gel electrophoretie ¡ntterns of the gllaillns showedl

slgniflcant cllfferences between classee and varletlee of wheat. Var-

ieties of the sane clase of wheat sueh as Conanehe ancl Rect Chlef, which

ctlffereÉl greatþ ln breadnaklng qrralíty, showeil smarl, but eignificant

:.j.tj..:J:.

starch-geL electrophoretle lntterns. for gluten ¡xotelns of ct1ff-

erent breail wheats. They attrlbutecl these to real ctlfferences 1n the

' lrotefns. It was suggested that the observed dlfferences night be

eufflcient to account for tbe dlfferenees ln breadlmaking quallty of

the wheats exa¡ninecl. Ieter the serue authors (3f ) st¡olred that both qual-
': r:
i...'itatlve ancl quantltative clffferenees exietecl between the starch-gel patt- ,,'
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cllfferences, fn the erectrophoretic lntterns for the gllaclfns.

E1ton and Eþart (fZt+¡ redueed the glutenln from fcnrr wheatsranct

se¡nrated the components on starch-geI. [he e]-ectrophoretic ¡ratterns

showed that there were varletal cllffereneee. Buebner et af (feJ) con- .:

pared the glutenlns isoLatedl from flve cllfferent elaeees of wheat.

Electrophoretlc ¡ntterns of the recluced-alkylatecl glutenins shovecl

slgnlfleant cllfferenees among varletfes of the same class, but the

greatest cllfferences were among dllfferent classes of wheat, Redueeil- i.-,;,,
i::: :' i
ialkylateil glutenin flon durum wheat eontafnecl few or none of the slow

movfng eomponents present 1n the bread wheat glutenlns that were ex-

anlneil. rÆe anct wrfgL ev $j16) cot¡ld not rerate any s¡ncifle type of

cbromatograÉfeor electrophoretlc ¡nttern wlth good baklng qua1lty.

Iæe (Bg) eueeestecl that the gluten ¡nttern obtainecl by electrophoresLs

oll aerylamlde gèl ls a varietal characterlstle but ls not ctirectly re-

latecl to baklng quality.

Uslng stareh-ge1 electrophoresls, Doekes (J2l) cLassfflett BO var-

ietles anil selected llnes of ¡¡heat lnto 5 maln groups havlng slmilar

eJ-ectropherograns. Group r con¡rfsedl eofl wlnter uheats vlth poor

baklng quallty whlLe Group V lncluctecl harcl redl wbeat varieties of

relatlvely goocl breaclmaktng qualtty. tr\rrthermore, Granp I varietles

sholted a compa.ct gllaclln ¡mttern vhile Group v dfsplayect a gliadln

pattern ln .whlch the eomponente showed a broad range of nobllttiee,

Group rrr rrr anct rv lncluclect varletles with dfveree origins, and

19
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conslderable varlatlon ln bakfng quallty. TheÍr gllaclln patterns

lnternedlate between those of Group I anô V.

It was loglcal to assume that differences ln anlno acld eompos-

ltlon of flour ¡rotelns nlght account for some of the dlfferences ln

the baklng ¡nrfornance. Eor.rever, composltfons of r*Ìreats of wfclely

cllfferent breadnaklng qualtty vere foundl to be essentially the same

(h5,ra8-r3e).

Glutanlne ls the ¡xeclonfnant amlno aeld present 1u wheat protelns,

anct pnollne ls albo present ln relatlvely blgh a,mounts (ht). Together

they make up approximately 50í of the anlno acfcle ln gluten ¡notelns

(fSf). Isoleucine, leucfne, phenylalanlne, sertne, t¡rrosine anit

vallne conteat's are relatively hlgb 1n gluten compared to other pro-

teins (f¡f). ÍIhe soluble protelns generally contain more cystine,

tryptophan, basle amlno aclcle ancl glutarrie aeld thaq the gluten pro-

telns (f3). lhe alburnlne contaln more cystlne anct eystelne than the

globulfns or gluten protefns.

Glutem{ e acld ancl ¡rollne eontents t¡ave been ghor¡n to Lncrease,

whlle Jysfne tends to decrease a6 the proteln eontent of wheat lner-

eages (f3f), Isr.¡rence gg ar (f33) founa that lysfne fnereased slgnlf-

tcantly as the ¡nroteln content dlecreased belór+ ,lS.ffu lEor+ever, for

¡¡heats wlth nore than 13,!S proteln, there rras no slgntflcant eorrel-

atlon between þsfne ancl ¡roteln contents.

In 1961 ltoychik et al (fS4) deternlned the anlno acfcl conposltlons
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of sf.x protefn conponente lsolateil frorn wheat gluten. WbLle thelr

composf.tlons Ì¡ere sinrllar, eignlftcant dffferenees were observed

rlhleh lndlcate the lndfviiluallty of theee proteine.

Ewart (fg:) comlnredl ttre amlno aclcl cornpositlons of the glutenfns

and gllaclfns from tvo strong antl tr¡o weak wheats. Th,e composltlons

of the glutenlns were sl.nllar to those of the glfaclins. There r¡ere

mlnor cllfferenees fn the anounts of sone Rrn{no acicls. l{o slgnffleant

differertces Ln composltlon Ìtere observed for varletles of the same class ,',,,

or for strong antl weak wheate

Reeent1y, Tkachuk (h5) Aeternlned am{no aeict conrpositlon of six

flor¡re which dlfferect wlclely 1n their breaômaklng quaLlty. llhe con-

posltlons for tbe slx flours were essentlally the sarte.

MiLler et al (ffa) suggested that eystLne content of flor¡r proteln

ls lmportant ln cletermining the qualfty of breadmaklng. Tt¡ls ls supp-

orted by the regulte of lrlùrstnann (f36). 
_

Chen ancl Bushuk (f]f) obtalnecl slnllar anino acict composftl.ons

for slngle varletles of Tritlceler rÍ€r durtrn vheat ancl breacl wbeat.

Dronzek et al (9f) aeternlnecl the composftlons of floure of three v&r-

leties of tlerfved AABB tetraplolcl vheats and thelr hexaploldl parents,

ancl the clun¡¡r vheat, Stewart 61. Tbelr results showecl that the com-

posltlons of the BeveD wheats were essentlal-Iy the ssme.

From the foregolng revlew of the ¡nrtlnent ltterature, 1t ls app-

arent that conafdlerable funilanentaL informatlon on wheat Brotefns has

been aecumuLatecl. Eowever preciae lnfo¡rnatlon on the etnrcture of the
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srightly solubre or lnsoruble protefuie 1s stlLl lacking. since this

6ror¡p forms a slgnlfleant fraetlon of flour protelns, it is presumecl

that it pJ.ays an lmportant rore ln breadmaklng guarlty. A fi¡Ir uncler-

stancling of the nature of breadnaklng quallty wlII require aitclftlonal

lnformatlon on the structure of thfs group of ¡roteins.

22
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MATERIAI-S

Samples of one varlety and one experimental llne of Canacllan harcl

red spring ltheat ueedl in the ffrst part of the lnvestigatlon Ìrere gro$n

together on experÍmental plots Ln 1967. Variatlon ln proteln content

resulted fYom varlable solÌ fertlllty. The wheats ln this group ancl

some of thetr general agrononic ancl breadlnaklng quallty eharaeterLs-

tics are a6 fol.Lows !

l&nl!or¡., lhis varlety wae ctevelo¡ncl by the Rrrst Area ProJect

Group centered et the canacla Departnent of Agrlcurture ln lllnnlpeg,

Canacla. Its parentage was ($tatcher?- Frontena x fhatchet6- IGoy.

Farner) x fbateher6- P.I . L7( [l25. It 1s esseuttalJ¡¡ the sa¡ne as

Thatcher but eontalns two extra genes for etem nrst resistance, 516

from P.I . ]l7}g2, (a retl Eryptlan wheat) ancl SrJ fYom Kenya Farmer autl

a gene for leaf rust resistance flom trbontana. lthfs variety was 11e-

ensecl ln Canada tn l965.and Ln L9Ø formed or¡er l+5$ of the wheat aereage

of lfestern Canada. Comparecl witb Thatcher, Manltou has better nrst

resistancer gives higher yiercls, ls earller maturfng, ancl usually

. sl-lghtly hlgher in proteln eontent anct therefore better ln breadmakfng

quaLlty.

L1-h63 A. The sanpLes of thls grorp ere from an extrnrlmentaL F3

llne fsorated fron the crosg (r"rttn"2- Base) x (sonora 4r - Tezanus

Ptntos Precos x Nalnarl 6O). Bage ls a Braalllan soft red s¡ring

varlety, Sonora 6h fs a short-strawecl varletjr develo¡nd fn Mexlco,



Tezanue Plntoe Precos Le an Argentinan'variety ancl Nalnari 60 vas clev-

elo¡ncl fn l'îexleo. fn agrononle characteqlstfce, ft-l+63 A hae consfd-

erab\r shorter stralt than Fembina ancl ls therefore more responsive to

fertlllzer ancl htgþer noieture. Under slnilar grorfng conclitlons, lt

produeee a higher ytelct than Fembfna. rn breadlnaking quality, lt ls

slmllar to Þnb1na ancl has lte relatlvely strong mlxing cbaracteristLcs.

For opt,fnun loaf volune, lt regufres about 50ú nore rrlxlng than lbnltou.

llhe ffelcl eharacte¡letfcs of the F3 rod rove illcl not show any evidence

For the seeond ¡nrt of thls lnvestigatlon, three other verfetles,

Garnet, PLtfc 6a an¿l Talbot were fncludleit with ldanltou and 11J+63 A.

Ibeee nere eeleeted ae representatfves of clasaee of vheat wfth wlcle\r

dllfferent breadmaking quality.

@rnet. Tl¡ls varlety wae llcensect ln canecla ln L)ZJ nninly be-

eause of its ear\y naturlty. rt was develo¡nd by C. E. saunders from

a eross betvee¡ Preston anil Rlga M. Preston was ¡noduced from a ero6s

between lailoga anct Reil Fffe. Iecloga fs an earlìf Russlan varlety vhile

Recl Flfe, whlch ls eonsfilerecl to be the orlgln of the hfgþ breaclnaklng

quallty of Canacllan harcl reil s¡rring wheats, orf.glnally ca,ne from Gal-

f.ela. Garnet ls al¡nost a week earller than lfarqule but ts'susce¡rblble

to leaf and stem rust. It fs stt11 gtrovn quite extensively outslde

the rust area, es¡nelal.ly ln Northern Alberta where earJy rnaturfty ls

lm¡nrtant. In 1935 ft vas classlflect lnto S¡nelal Garnet Gracles be-

*****"*""rÐ-rdþ-Ë.tr_:,r&1
.''...'....J:",'

Zr+
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eause lts.breaclnakfng qualfty vae lnferlor to the stanclardl varlety,

Marquls . . ,

E!&j3. Tt¡ts, variety was dleveloped ln !,!exlco from the cro6s

Yaktana 5h x (Norfn 1o x Brevor). rts kernék.are large, rrurr, light

to very l1gbt red, sofb ancl non-vftreoue. ft was one of the ffrst

two semfclwarf varfetles reLeeseil ln !'!exlco. It vae lLcensécl ln Can-

acla ln 1969 as a feecl wheat. Thl.s varfety 1s po¡nrLar because of its

hlgþ yteJ.dl under htgh fertillzer anct moleture reglmee. Eolever fts

late naturity ancl lov breailmaklng quallty llnlte its ¡¡roductlon in

Canacla.

þþg!. Ttrfs varlety ls a soft wbite wLnter wheat grolrn ln the

wLnter wheat areas of Ontarfo, Its parentage vas (Sr-untu:t - Hope -
^Etrssar) x F. (of Dawsons G.c.é- Rldlt x Cornell |¡gr). .It rlas ltcen-

secl ln Canada tn Lg62beeause of lts su¡nrforlty ln loclging resistance

eom¡nred wtth the leacllng soft whfte ¡¡lnter varlety, Genesee, grown 1n

Ontarlo at that tlne.

For this studyr C'arnet wheat was grolra fn A1berta, Pltfc 6Z tn

Manltobaranil Ta1bo+, ln Ontarlo 1n 1968.

TabLe r llsts tbe sampJ-ee used ln the ¡resent lnvestlgation to-
l':

gether wlth pertlnent wheat ancl flour propertlee. Ttre fLor¡r was nlLled i

on an experlmental Buhler mllÌ uslng an overnlgbt tem¡nrlng to Jl6,rú 
:

molsture and a eonstant nlll1ng proeedure.



T
ab

l-e
 I

B
ue

he
I

S
an

pl
e 

W
ei

gh
t

M
A

Iq
IT

qJ

L0
00

 lG
rn

el
 

F
lo

ur
lle

ig
ht

 
Y

le
Ld

6L
.9

6a
.o

62
.L

6z
.l+

6e
.5

63
.,

64
.o

63
.,

$.
e

63
.,

6=
.t

,6
.,

6z
.l+

u-
l+

63
 e

32
.2

33
.6

36
.o

.3
7.

3
38

.3

l+
h.

l
hl

.?
ha

.3
l+

3.
2

45
.1

28
.z

37
.O

3l
+

.0

M
oi

st
ur

e 
C

on
te

nt

-lJ
he

at
 F

lo
¡r

C
IA

A
N

E
E

m
rt

c 
6e

T
A

IB
O

I

73
.,+

?h
.1

7l
+

.6
73

.9
73

.9

7r
.2

7r
.B

75
.L

'll
+

.9
7r

.8

73
.6

?3
.1

71
.1

9.
t

B
.g

8,
8

B
.B

9.
1+

11
.5

12
.O

10
.?

11
.7

10
.l+

P
ro

te
ln

 C
on

te
nt

I'J
he

at
 F

lo
ur

th
.o

13
.7

13
.5

13
.6

L3
.7

L3
.6

13
.5

13
.7

t$
.o

L3
.6

10
.?

12
.2

L3
.'

15
.0

f:6
,,

1l
.g

l_
2.

1
w

,3
f3

.2
15

.2

lh
.o

LL
.7

L2
.3

A
eh

 C
on

te
nt

W
he

at
 F

lo
tr

r

10
.5

11
.2

J2
.5

il+
.0

f:r
.6

IL
.0

lL
.¡

+
11

.8
f.2

.7
Ll

+
.2

J2
.9

10
.8

lL
.\

13
.1

 r
3.

'

12
.8

 1
3.

8

L3
.7

 
1l

+
.l+

1.
?8

r.
72

L.
69

1.
73

t.7
6

2.
0r

L,
97

1"
91

1.
86

r.
97

1.
33

1.
85

L.
73

F
lo

ur
C

ol
or

o.
l+

8
o.

h8
o.

42
0.

37
o.

3g

o.
57

o.
56

o.
r,

o.
55

o.
hg

o.
5o

o.
b?

o.
l+

4

-o
.1 o.
2

o.
5

o.
h

o.
?

o.
h

o.
3

0.
6

1.
0

L.
3

1.
95

8.
a

2.
7

n) o\

.:,
.-

sl
::f

:j
:,1

{
.:i

tì
:,5

1
::'

lll



27

!,ftrIEoDS'

Mlll-1ne ancl BreathÉklns QuaLity

Ap¡rovecl methods of the Anerican Associatlon of Cerea1 Chemlets

(Á,.A.C.C.) (fSg) Ìrere used for the evaluatlon of the milling and

breactnaking quality. A number of proeeilures not aplnovecl by the A.A.

C.C. were aleo usecl anil these are 1néllcatecl belov. AnaS¡rtlcal ctata

for wheat ancl florr are expleseed on 13.5 anct Ll+.úmolsture basls,

respectlve3¡1.

Starch Denage. The amount of stareh clernage was cletermlned by

the rrethocl Farrandl (fEg) and reported ln Farrancl unÍts.

A1pha-A¡qylase Actfvlty. The visconetric nethodt descrlbect by

Tlpples (ft+O¡ was used to ctetermine the alpha anryLase actlvlty of

the flo¡r.

Breacl loaf YqIq@. Two ctlfferent baklng tests were usecl; the

t'Remlxn proceclure clegerlbect by Irvine ancl Mclá¡Lfan (il+f) ancl an ex-

perlmental procedure basecl on the Cborleyrroocl Bread Proeess (fha).

Fractlonatfon of Flot¡I kolelns

Flour ¡rotelns were fractlonateil by a noctiftecl Osborne proeedure

(5), The ¡rocedure used 1s sr¡marlzecl ln Flg. 1. .

Ffve proteln fractlons were obtalnecl by this nethod; (l) albunrns 
,.

(water-soluble ¡roteins); (2) globulins (sa1t-eolubte protetne); (¡)

glladlns (alcohol-soluble protelns); (4) glutenins (acetle aclcl-solubte

protelns); and (5) lneotu¡Ie resLilue.
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ALL extractlons were carriect orrt fn a colcl roon (hoc) to nfnlmlze

the effecte of enzlmes or therraL dtenaturatlon. All' fractlons ex-

tractecl vere freeze drfect ancl useil subsequently ln the illsc electro-

¡froretle ex¡nriment. The ¡roteln contents of the ffve fractions ïere

determlnedl by the Nessler proeedure (fh3).

Dlee Electrophoresie

I'lae proceilu¡e used vas that of Davis (ft+t+¡, eurploylng a coffiefclal

apparatus maut¡facturecl by Br¡ch1er fnstnrnent fnc. Solvents usecl to

Irepare the gels are ehown fn Table 2.

Proteln solutfons were Freparecl by dlesolvlng lo ng of eaòh pro-

teln ln L mL of 0.1 N aeetlc acld solutlon eontalnlng hN dtuethylfor-

na¡nitle. fhlrty-five nL of this solutlon was applledl to each electro-

phoresie tube. Mettryl green clye was used as the vtsuaL narker to

àscertafn the terninatlon of electrophoresls.

The separatecl proteln banils lrere stalnedt with am{cle black cllss-

olvecl ta 7í acetlc acld. unabsorbed clye vag removed by erectrophor-

egfs encl tbe tube photogra¡jhecl.
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Tab1e 2 SOUITIOÎtsFOR IAEPARATION OF GErc e¡¡p BUFEER

SOUATONS FOR DTSC EI,ECTROPHORESIS

Aerylanicle Solutfons

Aerylnrnlite
I[, l{r -nethylene bf saerylamtde

Catalvst SolutLon

Amnonfum Fersulfate
Rfboflavln

Buffer Solutlon

I N. Potaesium hydroxltle
Acetlc Acitl
Teneil*

Temed* N,I{,Ì{r,!lr tetrornethylethv.lenedlanfne

Arnount per 1O0O ml
Up¡er C¡el lor¡er C'eI

-

los 3oe
O.8 g O.8 g

6o ne 6o re
2ng hne

l+8 nf 2b nl
3.65 nl 53.2 ml
o.2 mI O.hB nl

Unner Buffer

Glyclne
Acetic Acicl

Iowe:r Buffer

Acetlc Aefcl
LN. Fotaeslun hydroxide

Anount qer 1009 nl

ll+ .oi g
L'.2' NL

21.5 .ntr

6o nr
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REST]LTS AND DISCUSSION

The results of this study !'ri11 be presented in tvro sections.

Section I will deaL wíth the effects of guantity of proteín obtained

on samples of different protein content of the conrnercial variety,

Manitou and an experimental line, 11-4634. Section II will deal r,¡íth

the effects of protein quality based on resulËs for fíve varieties.

lwo of these varieties r¿í11 be those discussed ín Section I selecËed

to have comparable proteÍn content to the three additional varieties.

In order to minímize the number of figures ín the thesís, some figures

of section r will ínclude results for the varieties that will be

discussed in Sect,ion II on1y. To facilitate presentation, most of the

numerical results are Èabulated in the appendíx to the thesis.

l::.:;l::

l-:,: r.:::
, -:l



I. Effect of Flour Protein Content on U:eadmakÍng Qualitv

Baking Test

FÍgures 2 and 3 show the relationships beËween flour protein conËent

and loaf volume by the remíx bakíng test and by the Chorleywood Baking

Process (CBP), respectiveLy. These fígures show that loaf volume, bY

Ëhe two baking methods used, íncreases wiËh increasing protein contenË.

L.: j.r.:.. .:. 1-.,
1..-..

.,4
JL

In the remix baking Ëest (Fig. 2), Manítou showed a linear relationship 
,,,,,,,,.";-., 

,-t::,

i..,.;:.,:.j,':.,;'
between proËein content and loaf volume over a range of 10.5 to L2,5%; i,'1 r' r:::

. :- l, :i.:

the relationship was curvil-inear above L2.5%. For 11 -463A, the relation- ¡;.:,.,..,j-tr'..:...-.'

ship was essenËially linear over the entire range of protein contenË

examined (1-L.9 to 15.2%). The.slopes of the linear portion of the curves

' for ManiËou and for LL-463A were markedly different indicating ËhaË the

remix bakíng tesË accenËuaËed the qualiÈative differences beËween the

two flours.

lüíth the CBP baking test (Fíg. 3), a single linear relationship

betr¿een Loaf volume and protein content r.ras obtained for all the wheats

examined, although there rrras considerable scaËter. in the points. The

results for ManíËou gave a good linear relaËionship (solíd line) over

Ëhe entire protein content range.

In general, Ëhese results are in agreement with published results

obtained with other baking tests. FÍnney and Barmore (2), and Fifield

et al. (119) obtained Línear relaEionships between loaf volume and

protein content (B-187")for more than 589 sampl-es of wheat using the

A.A.C.C. straíghÈ dough bakíng test. Results of Ëhe present study

emphasíze the known fact that loaf volume is strongly influenced by

Ëhe type of bakíng test used. The remix test iends to accentuate
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REMIX

O MANITOU
tr I l-4634
O GARNET
r PlTlc 62

^ TALBOT

()
()

I

UJ

:)
Jo

lt
ðJ

t4 t6

(4% M B)FLOUR PROTEIN = 
o/o

RelationshiP between
protein content.

loaf volume bY remix bakíng test
Fig.2

and flour
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CHORLEYWOOD

O MANITOU
Er al-465A
O GARNET
¡ PtTtc 62
^ TALBOT

()
()
I

lrl

=3 soo
o
tL

oJ

l2 l4
otfo

t6

(4%M.8.)FLOUR PROTE IN-

Fig. 3 Relationship between loaf volume by drorleyuood baking process
and flour procein content.
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differences between very strong flours, rnrhereas the cBp tends to

minimize Èhe effecÈs of flour strength on loaf volume. These results

wilL be díscussed in greater detail ín a later sectÍon when the effects

of flour strengËh (proteín 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
breadmakíng quality. These will be díscussed ín the subsections that

f o11ow.

Farinograph TesË

Figure 4 shows the farinograph curves for Manitou and 11-463A flours

of dífferent protein content. By this test., Manítou was classified as

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

Farinograph absorptÍon increased from 65.4/. to 69.27" for Manitou,

and from 60.87" to 64.3% for LL-463A with increasing protein contenË. At

the same proteín content, ManiLou had higher absorptÍon Ëhan ll-463A by

four to five percenËage unit.s. The absorption values given below were

extracted from Table I (Appendix) for easíer reference.

Flour and
ProËeÍn Content.

fo

Manitou

10.5

1,L.2

L2.5

14.0

1s. 6

Absorption
"/.

6s.8

6s.4

66.0

66.9

,u'''



36

l¡ì1i.:.:ì,:3

I ii ì :.il;ì . .

il-4634

and

MAt'llTOU

Fig. lr Farf.nograph curves and protein eontents for Manitou n-h63 A.
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Flour and
Protein Content

%

11 -463A

11.0

LT.4

11.8

' L2.7

L4.2

Absorpt Íon
%

62.t

60. B

62.0

62.5

64.3

Fígure 5 shor,¡s that development time increases, ín a nonlinear

relat,ionship, with proËein content. The relationship is essentíally

the same for both varíeties although there was considerable scatter

especially aË higher proteín contenËs.

A linear relatíonship was obtained between farÍnograph stability

and flour protein content (Fig. 6). This agrees wírh published

results which show ËhaË ín general there is defÍnite strengtheníng of

Ëhe farÍnograph curves wiËh increasÍng proteÍn content (145, L46) .

AË constant protein content, Ëhe stability values for 11 -463A are

approximateLy 4 min. higher than Ëhose 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 rLr463A, whirst by Ëhe cBp loaf volumes were

1020 cc for Manitou and 900 cc for 11-463A" (Table 2, Appendíx). The

loaf volumes for Manitou increased with íncreasing strength as judged
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by the farinograPh test, but thís was not the case for 1I-463A. This

relatíonship is sho\4rn more strikingly in Figs. 7 anð, B, where loaf
volumes are plotted agaínst farinograph dough development time. The

relationships for Manitou are essentially 1ínear. For 11-463A there

does not seem to be any correlatíon between loaf volume and farínograph

development time. The extensive scatter of points in FÍgs. 7 and g is
attributed to the hígh experimental error in the values of development

time. These results indicate that evaluatíon of wheats on the basis of
the farinograph curve is only of IÍmited value. The experímental variety
11-4634, which appears much stronger than Manitou by farinograph test,
gave considerably lower loaf volumes by t,he remix and CBp bakíng tesËs

at higher protein contents where the development time was quíte rong.

These results suggesË that the strong wheat LI-463Adoes not perform as

well as Manitou in the remix baking test because the normal 2l min.

remix Ëime was inadequate to devel0p the dough properly. rn the cBp

baking test the.doughs. hrere mixed to peak development as judged by the

mixing curve. This is probably the reason why the loaf volume for ll-463A
by remíx baking test is much lower Ëhan Èhat by the cBp test. The loaf
volumes for 11'463A are relatively lor¿ over the entÍre protein range

presumably because of undermixing. Bushuk et a1. (120) suggesËed that
the remix baking test should be modified in ord.er to express the optÍmum

baking poÈential of this variety. rt r¿as demonstrated by simply increasing
the remix Ëime for Lr-463A from 2| mÍn. to about 5 min. (for l4%.protein),
that its baking performance \¡ras improved to thaÈ of ManiÈou.

i:::.

t:.
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DEVELOPIÆNT TIHE -min.

RelationshiP between
and farinograPh dough

Loaf i¡olum€ by Chorleyeood baking Process
develoPrnent time

Fig. I
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Extensigraph Test

Figure 9 shows the exËensígraph curves for the Ë\.ro sets of flours

used ín this study. Farinograph absorptions Less four percentage units

and a constanË míxing time of 2l min. were used'to prepared the doughs

for thís tes!. The doughs lîIere allowed to relax for 5 mín. after míxing

and 15 mín. after rounding and shaping before they were stretched. For

Manitou, the exËensibility increased with increasing protein content.

The doughs for the experímental variety LL-463A had a much higher

resisËance to extension than the ManiÈou doughs aL comparable protein

cont,ent.

Extensigraph area ís considered to be relaËed to dough strength (L47).

I^Iíth Manitou, thÍs parameter increased r"¡ith increasing protein content.

For the varíety LL-463A, Ëhe area hras essentially independent of protein

content (Fig. 10). On Ëhe other hand, resisËance to exËension (height)

decreased as the protein contenË increased"in the case of Manitou 3 fot
11-4634 it was independenr of proËein (Fig. 11).

For both Manitou and 11-463A, the exËensibílity increased línearly i,,,,,: ,:ì.ì;.i,
1..-t,1.' !':t'',,',

with protein content (FÍg. L2). At the same protein cont.ent, the values 1,,:: :, :,: ,...1
t .:.... 'f i 

. 
-:.'r.:_.:: :.:r.r..

for 11 -463A were higher Ëhan for Manítou. i':::::.t:':::':':':j

I{hen troaf volume was plotted against extensibílÍry (Fie. 13 and 14),

a linear rel-atÍonshíp was obtaÍned for Ëhe samples of Manitou with both

baking methods used. The experimental varíety 11-463A díd not gíve a

1ínear relationship, however the loaf voLume showed an increasing trend

wiÈh increasing extensibÍlity. Extensigraph extensibility could possibly

be used as an index of breadmaking quality especially for varíeties

sÍmilar to Manitou.



il-463A

MANITOU

Fig' -9' Þ<tenslgraph eurves andl protein eontents for Manttou and L1-h63 A.
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Sedimentatíon Test

The Sedimentation Test is reported to reflecË the effects of both

protein quantity and qualiçy in overall breadmakíng quality (l3g).

Results for Manirou and LL-463A (Table 3, Appendix) showed thar the

sedimentation value increased with incùeasing protein content. This

relationship is essentially linear of the same slope for both varietÍes
(Fig. 15). Although Ëhe two varietíes appeared quite differenr on the

basis of Ëhe tests díscussed above, especially the baking tesËs, they

are essentially indÍstínguishable by the sedimentation Test.

I¡rIet Gluten

Analytical data r.elated to glut.en content are shor,rm in TabLe 4

(Appendix). hleË and dry gluten yields, and gl-uten proteÍn expressed as

percenÈ of flour protein, all increased 1ínearly with increasing flour
protein for both varietíes. The stronger varíety 11 -463A had a slíghtLy

higher hlet gluten- content than Manitou of the same protein content (Fig.

16). Also the wet 81uËen of the stronger varieËy contained more of the

flour protein than did the Manirou gluten (Fig. L7). These resul_ts

Índícat,e that the main difference between LL-4.63A and Manitou Ëhat

might be related to baking quality is that the flour of the former

variety conËains more gluten-t)pe prot,ein in rel-ation to total- protein

content
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Certain enzJ¡mes have a profound influence on the breadmaking

quality of flour. Munz and. Bailey (la8) concluded that breakdown of

dough plasticity and íncrease of dough mobility can result from the

action of al-pha-amyLase. Rupp and Baíl-ey (L49) showed that addítions

to doughs 'of proteol-ytic enz)¡mes also decreased the plasticíty of

doughs. In additíon they showed that alpha-amylase activity of

malted or sprouËed wheat can completely mask the effect.s of proteÍnase

under some iond.itÍons

I,Jheat flour normally contains a variety of enzymes: aLpha- and

beËa-amylases; proËease, f.ipase; f-ipoxídase; catalase; and a number

of dífferent dehydrogenases. O¡ these, amylases play an extremely

ímportanÈ role in breadmaking. trltrile alpha-amylases perform several

functions in breadmaking, the most important is their hydrolytic release

of maltose from starch during sportge and dough fermentation. ThÍs sugar

serves as the substrate for yeast, enzJ¡mes for the production of carbon

dioxide that leavens the dough. Aside from the sugar product,ion needed

for yeast fermentatÍon, alpha-amylases exert an indirect effecË on crust

col-or by releasing sugars during the early stages of baking which then

are available for the melanoidin reactíon that causes browning of the

crust. Addítionally, al-pha-amylase brings about a certain amount of

starch dextrinizaËÍon, again during the early stages of bakíng, which

resul-ts in an improved grain and softer bread crumb t,exture.

Be ta -amylase

end of the starch

fermentable sugar.

splits off two glucose units or maltose, from Ëhe

molecules. Thus this enzyme also produces a

The amylases Ëherefore are very importanË in bread-

l'::...,:l
.r:. . -.

l. .:...1..
.:1..ì



55

making. The determination of amylase actÍvity of wheat or flour ís one

of the most important tesËs in relation to breadmaking quality. Data

related t.o amylase activíty of the samples used in this study are given

in Table 3 (Appendix).

Falling number and amylograph viscosity give an indication of

alpha-amylase activÍtyrwhÍle gassing power and diastatic activity

serve as a measure of beta-amylase actíviËy provided that alpha-

amylase acËivíty ís reLat,ively 1ow.

The faIIíng number value of Manitou íncreased, and that of LL-463A

decreased, as the proËein content of the flour increased. The l_ower

the alpha-amyLase activity of the flour, the higher is the fallíng number

reading.

Alpha-amyl-ase activÍty às measured by Ëhe amylograph test showed

the same trend l^rith proteín 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) ¡ ís plotted agaínsË flour

proteÍn content. By Èwo indírecË procedures discussed above, alpha-

amylase actívity of Manitou decreased linearly as protein contenË increased.

On the other hand, it. increased paraboLically as protein contenL increased

in the samples of 11 -463A. This is borne out by the direct measurement

of alpha-amylase acriviry (Fie. 18).

As to beta-amylase activiËy, similar resulËs were obtained to those

obtained for a1-pha-amylase. Beta-amylase activity as reflecÈed by gassing

poI^ter and diastatíc actívity decreased r¿ith increasÍng flour protein conËent

for ManÍtou and increased for 11-463A (Table 3, Appendix)"
li:rJl.'i.rir

t-..'"..:':.
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Flg' 18a Amylograph eurves and protein contents for Manltotr ancl 11-b63 A.
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In a dough system, alpha- and

and synergisticalLy. Since normal

sufficient amount of beta-amyIase,

to be the crirícal facËor (150).

damage for Ëhe

Accordíngly the

1íttle effect on
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Normally flour contains a sma1l amount of sËarch that is readily
susceptible to enz)¡me attack, the "o-""iL"d damaged starch. The rate
of amylolytic activity is, therefore, conËrolled, Ëo a degree, by the

level of damaged starch. Manítou flours ranged in starch damage from

L7 to 24%; the extent of damage decreased as flour protein content

increased (Table 3, Appendix). This might be one reason why Manitou

showed a decrease in amylolytic activity with increasíng flour protein

contents.

For the 11-4634 flours, the difference in starch

lowest and the híghest prot,ein samples was onLy 2%.

variation in the amount of damaged starch shouLd have

the amylolytic activity of thís variety.

' It is presumed that as the protein content,s of flour increases

so would its total enz)¡me activit.y Íf the enz)¡me proteins are synthesized

at the same rate as the storage proteins. Thís might be one reason why

LL-463A flours û7ith higher protein contents had higher amylolytic actívÍties.
Ilowever it is more likely to be due to íncipient sprouting. ilíth Manitou

flours, the condition of the substrate (degree of damaged starch) seems

to be an important factor in determining the rate of amylolytic actíon.

ti
:
i

j

ì:l

. Figures 19 and 20 show the relatÍonships

dÍastatic activity and aLpha-amylase activity,

beËa-amylases usually act jointly

wheat flour normally contaj.ns a

the alpha-amylase activity appears

bethreen gassing power and

respectively. Results
:
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for both varÍeties showed Ëhat Ëhe two technological parameters are

dírectly related to alpha-amylase activity. The most interesting feature

of these results Ís that the slopes of the linear rejlationships for the

Ëwo varieties are quite different. !ùhether this is due to differences

in the substrate (damaged starch) or the enz)¡me specificÍty remains to

be investígated

Besides .*r*""", many other enz)¡mes are probably involved in the

functÍonal properties of doughs, parËicuLarly proËeases (L50, 151).

rn the wheat kernel, Ëhe lowest protease acËivity is in the endosperm

and the highest ín the bran (62) . Ho¡nrever flour from sound wheat has

very low proteolytic activíty and it is not. considered Ímportant in

baking technology. In this stu.dy, measurements of proteolytic acËivíty

rùere noË made.

Solubility Dístribution of the Flour on a_!feight_Basis

The fl-ours r¡rere fractionated into five solubí1ity groups usíng a

modifíed osborne fracËionaËion (5, l-37). The analyËical dara for rhe

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

Recoveries of Ëhe total solids of original flour were between 97.3

and 99.4%, The incomplete recovery is attributed Ëo the Losses of small

molecules durÍng dialysis in the separaËíon of the salt-solub1es from

the water-soluble components.

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

comprising gluten (alcohol-solubLe, acetic acid-solub1e, and residue)

increased hríttt flour proËein content. ülater- and salt-soluble fractÍons

showed 1ittle change \diËh protein content.

i.:.: .:;:

i.'t',)
i".l

I



The Proteín contents (N x 5.7) oÍ. the various solubilÍty fractÍons
are given in Tabl_e 6, Appendix. The average total protein recovery

for ten samples was 94.77". Agaín, the losses of nitrogen could, be

attribuÈed to losses of the row moLecular weight compounds, such as

free amino acíds and peptídes, during diaLysís. rt is quite possible

that the content of these 1ow molecular weíght nitrogenous substances

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

investigated.

The water-soluble fractions contained from 50.4 to 60.O% protein
on the iotat solid basis, whíle the sal-t-solubIe fracËions contaÍned

from 61.6 to 7L.37" proteín. AlcohoL-soIuble fractíons had the highest
proteín content, from 77.6 to 92.L%, while the resÍdue has the lowest

Protein content (4.6 to 6,97"). The protein contents of the acetic acíd

soluble fracrions ranged from 61.5 to 76.4%.

The fact that the protein content for all of the soluble fractions
was consíderably less than 1007" Índicates that rel-aËively rarge, and

variable, amounts of non-protein material-s r^rere extracted by the solvents
used. Although carbohydraËe analyses ï¡rere not made in this study, iË is
presumed that most of the non-protein material extracted rras carbohydrate

(ls2).

il_ity Fractíons

The distríbutÍon of proteins in the fíve fractions are shor,,m in
FÍg' 21 and 22 fot Manitou and 11 -463A, respectively. All samples contained

relatÍvely low quanEíties of vrate t (g.5 to L2.67.) and salt (2.9 to 4.3,/.)
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soluble proteins. Together these proteins made up approximaËely

L5% of. the flour proteíns.

For ManÍtou, the rÁIater-soluble protein showed a slight decreasíng

trend with íncreasing protein content of the flour (Fig. 2I). Also

the sum of waËer- and salt-solubl-e proteins decreased slightly as flour

protein increased (Table 6, Appendix). ALcohol--soluble protein showed

a slight decreasing trend wiËh increasíng protein conËent. On the

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

flour protein íncreased. The amount, of resÍdue proteín remained

essential-Iy constanL for the five leveLs of flour protein content,. The

sum of the last three fractions, which make up the g1uËen proteins,

increased üríÈh flour protein content. These results agree rvíth those

of Fíg. 17 which showed that the percenËage of protein ín Ëhe r4ret gluËen

increased with protein content.

The solubilíty distríbutions of proreins of 11 -463A (Fie. 22) for

dÍfferent proËein cgntents showed similar Ërends to Ëhose obtained for

Manitou, however the trends are less marked. Again, the most obvious

trend with íncreasing proËein content was the increase in the amount of

acetic acid-soluble proËeins (glutenins).

Diec Electrophoretic Resul-ts

Disc electrophoresis was uLed to examíne the protein components

ín three of Ëhe soLuble fractíons. 0n1y Èhe r¡rater-, salt.- and alcohol-

soluble fractíons can be separated by this technique. The proteins of

Ëhe acetíc acid-soLuble fraction do not migrate into the polyacrylamide

geL presumably because their molecular weights are t.oo high. Fractions



from the flours with the lowest, Íntermediate, and híghest proEein

conËenEs were selected for these experíments.

I^later-Soluble hoteíns. Figure 23 shows the disc electrophoreÈic

patËerns of the I^raËer-soluble proteins (aLbumins) of ManiËou and 11-463A.

tr{ater-soluble proteins are characterÍzed by intermediate and fasË moving

proteín bands wiËh reLative mobilities (nr) from 0.38 to 0.72. The

patterns for this fract.ion comprísed at least, 12 detectable bands. Four

major bands appeared Ín the R. region from 0.58 to 0.72. A band at thet
origín and a few faint bands ín Ëhe R, region from 0 to 0.25,r¿ere observed

for all samples. These bands are probably due to glÍadins and glutenins

present as cont¿rmínants

The patterns for the three Manitou flours of different protein

content I¡lere essenËially the same. That ís, flour protein contenË had

no effecË on the el-ectrophoretic patterns of the r¡rater-soluble group of

proteÍn components. Similar results r¿ere obtained for 11-4634. AIso

Ëhere r¡tas no dífference between the pat.Ëerns for Manitou and 11 -463A.

Sá1t:9o1ub1e ProteÍns. Disc electrophoretic patterns for saLt-sol-uble

proteins are shown in'Fig , 24. Proteíns of this fraction migrated in the

R, range from 0.24 to 0.88. The patterns are ídentical for Èhe Ëhree

flours of dífferent protein cont.ent for each variety; that ís, protein

content, had no effect on the patterns of this group of proteins for the

two varietíes examíned. Again, as r^ras obt,ained for the Ìnra¡er-soluble

proteins, Ëhere ï^7ere no discernible differences in the patterns for the

two varieËies.

The salt-soluble group of proËeíns contained at least 14 detectable

66



+

, 
l;)

F
lg

" 
2J

 
D

ls
c 

el
-e

ct
ro

ph
or

et
lc

 ¡
nt

te
rn

s 
fo

r 
tb

e 
al

bu
m

ln
s 

of
 M

an
lto

u 
an

d 
1t

-4
63

 A
"

2

l4
an

lto
n

I 2 3

ffi
€

3

r(
}

P
ro

te
in

(É
)

10
.5

12
 "'

rr
.6

0.
2

4

'';
:t;

;::
 ;,:

';.
''',

,

lr-
l+

63
 A

 
P

ro
te

ln
(É

)
h 

- 
lr,

o
5 

72
 "

'l
6 

- 
1l

+
,2

5

t"
6

0"
8

ffi

î.0

o^
ì n



.w .' 
'.'

.,:
.

-1
ü ä F
lg

. 2
h

.'

D
ls

c 
el

ec
tr

ot
rù

or
et

lc
 p

at
te

rn
s 

fo
r 

th
e 

þI
ob

ul
ln

s

t"
la

nl
to

u 
ho

te
rn

(É
) 

If-
l+

63
 n

W
ffi

r

23 I 
10

.5
 

k
2 

- 
72

.5
 

5
3 

- 
Lr

,6
 

6

fY
om

 l¡
fa

nL
to

u 
an

d 
11

-l+
63

 A
"

5
:.

É
_ tr
\

\-
/

ho
te

ln
($

)
l"]

. 
0

r2
.7

 
ä

ll+
.2



69

components. The major band had the highest mobility and appeared Ëo

be a doublet. This component is probably purothionin (153). All

extracts showed a dark band at the origin" Fresumably, this could be

high molecular weÍght prorein of the glulenin-type which does not

migrate into gel, or it could also be the hígh molecular-weight

globulin found in some flours (38).

Distinct differences were observed b.etr^reen the patterns for the

water- and the salt-soluble fractions. A number of componenËs in the

r^rater- and salt-soluble proteins had the same mobility. rt is quite

1ike1-y that the salt.-soluble fraction contained some r¡raEer-soluble

protein due to incomplete separation during dialysis.

Alcohol-Soluble Pr:oteins. Figure 25 shows the disc electrophoretic

patterns of alcohol-soluble group of proteins. The proteins of this

solubility group migrated slowly with mobÍlities in the R, range from

0 to 0"35. At least 13 bands were det.ected. Two faint faster moving

bands rvere also detected but these are probably albumin or globulin

contaminants. \

The patterns for Ëhis fraction for different protein contents of

one varÍety r^/ere essentially the same. There were obvious differences

betr^reen patterns for Manitou and 11-4634. This will be discussed further

ín Section II which deals with qualitative differences in the electrophoretic

patterns for equivalent protein fractions from varieties that differ

significantly in baking quality.
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II. Effect of Flour Protein 1íty on Breadmakí ualit

Bakíng Test

Results with the remíx test (see Fig. 2) showed that at consrant

proËein cont.ent Manítou gave a much hígher loaf volume than 11 -463A.

Talbot, Pitic 62 and Garnet had essentially the same baking quality by

this test as Manitou of the same protein contents. The inferior bread-

making qualíty of these three variet.ies can Ëherefore be aËtríbuted

primaríly to their normally Iow protein content. High quality wheats such

as Manitou shor¿ good baking performance only if they contaín a sufficient
level of protein.

The loaf volumes obtained by the CBP baking test are much higher than

those obtained by the remix Ëest for all varietÍes examined (Fig. 3). rn

general ' LL'463A and the tI,ro sof t wheats had slightly higher loaf vol-umes

than Manitou, while the loaf volume for Garnet, r,¡as similar to that for
Manitou at equivalenË protein contenË. Differences in loaf volumes by the

CBP test among five varieties úIere not as large as by the remix test. The

CBP seems lo minimize quality differences between flours and actually
produced higher volumes from flours that ï^rere considered weaker or stronger

than l"taniËou by the farinograph test.

Farinograph Test

It is apparent that differences ín farinogram characterisÈícs exist
among varieties, especially between the soft and hard wheats (Fig. 26).

Hornrever the differences are decreased r+hen 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 slíghc1y longer development times and lor¿er stabilitíes than

Manitou at Ëhe same protein level (see Figs. 5 and 6) . However varietal

differences in these Ëwo parameters at consËant protein content were smalL

when the experímental error was taken into account.

Definite differences in stabilÍty were obtaíned beËw""r, t'trr,it'ou and

1-1-4634 (Fie. 6); the values for the latter ürere considerably higher. Garnet,

PiËic 62 and Talbot flours were similar in this property to Manitou flours

of comparable protein content.

1,,-, ,r',:r','

IË might be oi interesË to examíne the relatíonship between developmenË r.:';i:":1 ::

Ëime and breadmaking performance since development, of the dough is considered 
l

to be ímportant in baking qualíty. By rhe remix resr (Fig. 7) rhe three j

i

weaker wheats, Garnet, Pitic 62 and, Talbot, gave loaf volumes that were only j

slíghtly lor¿er than those for Manit.ou flours with comparabl.e dough develop- 
Iment time. Presumably this resulLs from the fact that both loaf voLume and i ,

:

l

development time depend sËrongly on protein conËent. The variety 11-463A 
i
I

Ís quite differenË in thís respect. By the CBP tesr (Fíe. B), piËic 62 and, :

Talbot gave higher volume whereas Garnet gave lower volumes than Manitou. \ ,.t,,,,,'ii,,,::,,

(see FÍg. 3). variety LL-463A pêrformed beÈter than Manítou for short t , , ,

: :: :t:::::: ::..

development Ëímes (at low protein contents) but was inferior to flours of 1,r,':.,',',,,'¡1

much longer development time. The extensÍve scatter of poinËs in Fig. I ís

probably due Ëo the large experímental error in the determínation of
:iil: .r :r,::j; ...
. :i...:: .j : :developmenË Ëime 

¡:.r:.1:.;,:;,,;,..¡,,t-r" . ì

Farínograph absorptions were quit,e different between soft and hard

wheaË (see Table 3, Appendix). The absorptions for Piric 62 and Talbor

were 57.7 and 55.27" respectively, whereas for the two hard wheats of
,' .equivalent protein cont.ent the values ürere higher. than 607.. ThÍs difference : : .,,
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could be attributed to differences in starch damage which will be

discussed later.

Extensigraph Test

Very defíniËe varietal dÍfferences were observed in exËensigraph

propertíes (FÍg. 26). Variety LL-463Ãhad the hÍghesÈ values of extensi-

gram area and height (Figs. 10 and 11); Manitou and Garnet had similar

values, and Talbot and PiËic 62 were lowest for a comparable proËein

level-

In extensibilíty (Fíg. L2) , Ëhe doughs of 11 -463A vrere considerably

higher Ëhan those of Manitou; Garnet dough was Íntermediate while the

doughs from Pitic 62 and. Talbot flours were the most extensÍble. Thís is

probably due partly to differences ín Ëhe proteins and partly to differences

in the amounË of starch damage.

In the relationship beËween loaf volumei and extensibí1íty (Figs. 13

and 14), Garnet l¡ras símílar Ëo Manitou whereas Pitic 62 and Talbot were

'similar tto l-1 -463A. It is not possible to attríbute these similariËies

and dífferences to any single specific factor

SedÍmentation Test

Sedimentation value of flour is considered Ëo be indicative of both

the quantíËy and the quality of iËs gluten for breadmaking. A single

linear relationshÍp was obtained beËween the sedimentaËion value and fLour

proteín contenË for samples of the two varieties discussed in Section I,

Manitou and 11-463A (Fíg. 15). The values for Piric 62, Talbot and GarneË

were significantly lower than Èhe values for Manitou and 11-463A of
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equivalenË protein content. These results suggest that Garnet, pític 62

and Talbot have considerably poorer g1-uten qualÍty as judged by the

Sedimentation Test. However this \¡ras noË borne out by baking tests and

it might be that the Iow sedimentation values for Pitic 62 and Talbot

result from the extremely low starch damage in Ëhese flours (see Table 3,

Appendix). Garnet flour, on the other hand, had high starch damage,

accordingly íts lor¿ sedímentaËion value is probably related to íts protein

qual í ty.

trrlet Gluten

At equívalent flour protein contents, 11-4634, Pític 62 and. Talbot

gave hÍgher yields of wet gluten than }4aniËou, while Garnet gave the same

yield (Fig. 16). The resulËs obtained for the two soft rn¡heats, pitic 62

and Talbot, ïnlere unexpected as it is conrnonly believed that soft Tjrheats

are much lower in gluten content than hard red sprÍng wheats. presumably

this belíef arose from the fact that hard red spríng wheats are usually

consíderably higher in protein conËent than soft wheats so that it ís not

always possibre to make comparísons at the same protein content.

Figure 17 shows that the washed gluËens from 11 -463A, pitic 62 and.

Talbot contaíned a somewhat higher.percentage of the flour proteins than

did the glutens from Manitou flours. Garnet f1our, on the other hand,

contained a much lower percentage of Ëhe flour protein. These resulËs are

interesting, and are probably related to the dough forming properties of

the flours and/or proteolytic activíÈy, but it is not possible to make a

general conclusíon on the basís of the small number of samples examined

in the present study.
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Amylograph Test and Related plopertíes

Ta1bot and l-1 -463A had high and the other three varíeties had 1or¿

alpha-amylase activíties as determíned by the amylograph (see FÍg . 26).

However alpha-amylase activity, measured by fal1Íng number, \4ras higher for

soft wheats Talbot and PÍtic 62, than for the Ëhree hard wheats. ManiËou

had the lowest, and GarneË and 11-463A had símilar and higher, alpha-

am¡zlase activitíes than lulanitou. Garnet and piËic 62 lnad high alpha-

amylase activÍtíes as indicated by fa11íng number and low activíties by

the amyl,ograph test. since these two procedures are quite similar, it

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

by two tesËs.

As mentioned prevÍously, alpha-amylase activíty by the viscometric

method showed significant varietal differences (Fig. 18). The soft wheaËs,

PiËic 62 and Talbot, fitËed on the parabolic curve of 11 -463A, Manitou

had the lowest activity and the activity of Garnet r,ras intermediat.e.

Pitic 62 and Tal-bot had l-ower beta-amylase actívity, as measured by

gassing pov¡er and diasËatic actívity, than did the hard r¿heats (Figs. 19

and 20). Thís probably aríses from the extremely low degree of starch

damage (Table 3, Appendíx) in the flours of Ëhe soft r¿heat varietíes.

Pitic 62 l:,ad only 37" and Talbot had 4% of. damaged starch. Garner was

similar to 11 -463A in these tr^ro properties.

It is apparent from these results ËhaË amylase activity and related

properties of flour depend on variety and on environmental conditions during

the growing period. Furthermore these properties can be extensively modifíed

by post harvest factors such as sprouting and processing factors such as

starch damage.
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Sol-ubility Distríbution of the Flour on a Inleight-Þasis

The weíghts of varíous fractions aird total recoveries of solids ín

the fractionation are given for Garnet,, Pitic 62 and Talbot in TabLe 5

(Appendix) together wíËh the data for ManíËou and L1--463A. RecoverÍes of

the flour solids were 97.O% Lor GarneË, 97.6% f.or Pític 62 and 96.7% f.or

Tal-bot. These values are slightly 1-ower than the values obtained for

Manitou and lL-463A flours of comparable protein content. The incomplete

recoveríes are attributed to losses of low moLecular weíght compounds

during dialysis. The amounts of each of the four soluble fractions for

the soft wheats, PíËíc 62 and Tal-bot, \Árere somewhaË lower Ëhan those for

the three hard wheaËs. Conversely, larger amounËs of residue lrere obtained

for the soft wheats than for the hard wtreats.

Protein ConËent of the Solubí1íty Fractions

Tabl-e 6 (Appendix) gíves the protein content (N x 5.7) of. the five

solubílíty fractíons for each variety. Total proteÍn recoveríes ranged

from 89.4 to 96.5%. In general, soft wheats, Pític 62 and, Talbot, gave

lor¿er proËein recoveries than the hard wheats (Tables 5 and 6, Appendix).

These result.s indicate that a fair proportion of the low molecular weíght

compounds that are lost during dialysis are ,rítràg"rrous substances. These

substances might be reLated to breadmaking quality, however this possibility

remaíns Ëo be investÍgated. The soft r,rheats examined in this study had.

much more of the low molecular weight nitrogenous compounds.

Pitic 62 and Talbot had higher protein contents in the T,rater-, saLt

and acetic acid-soluble fractions, and lower content.s Ín the alcohol-soluble ',

fractions compared to analogous values for Manitou and 11-463A. Garnet,- :::.,:i,.,,,,:,,,.r
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a hard red spring wheat, I4/as more simíIar in thís respect to the soft

wheats than to Manitou and 11 -463A. The differences in protein content

of the various solubilíty fractíons from hard and soft vrheats appear to

be related to the differences ín breadmaking quality of these wheaËs.

Distributíon of ProteÍns in the Solubilit Fractions

Figure 27 shows the distribution of proteins in five solubility

fractions for the fíve varieties at approximaËeIy comparable protein

contenË. These results showed a defíníte difference in distribution

Patterns for soft and hard r¿heats. Soft wheats, pitic 62 and. Talbot,

had simílar disËribution patterns. The flours from these wheats contained

more I^Ìater-soluble, and less al.cohol- and acetic acid-soluble proteins.

GarneË appears to be ínËermediaËe between the sofË wheaÈs and other hard

wheats. All varieËies had similar proportions of salt-solubIe prot.ein.

The residue protein showed some variability; soft wheats had a somewhat

higher proporËíon of their flour protein in this group.

The two soft wheats had similar dístribution paËterns; on the oËher

hand, the three hard wheats showed considerabl-e varietal differences. Of

the latter wheats, LL-463A, the strongesË varÍety (by farinogram) contained

the highest quantity of alcohol-sol-uble protein and the lowest quantity

of water-soluble protein. Garnet had the highest quantity of residue

protein. Thís could be a varieÈal characteristic that leads to the short

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

The results of Fig. 27 are consistent with the

ánd extensigraph) properÈies of doughs of the five

soluble and alcohol-soluble protein contents wouLd

rheological (farinograph

varieties. Higher hrater-

give doughs that develop
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quíckly and are more extensíble hrhereas. higher quantit.ies of the more

insoluble proLeins (acetic acid-soluble and residue) r.rould give doughs

that are highly elastíc and more dífficult to develop in Lhe mixer.

There ís a slíght discrepancy between the resuLts of Figs. 16 and

27 . Figure 16 showed that PiËi c 62 and. Talbot flours contained more

gluten proteín than the hard r+heat flours. The reverse is indicaËed by

the results of Fig. 27 arthough the differences are not very large. on

the basis of experience r¿ith the techniques used to obtain the Ëwo types

of dat.a, the result,s of Fig. 27 are considered more accurate and

dependable. The determinatíon of wet g1-uten has. a relatívely high error

(about B%). this error r¿ould be magnified ín the. calculatíon of the

fraction of the flour protein lhat is ín the wet gluten (ordinate of

Fig. L7). Further work ís required to clarify thís discrepancy.

The results of this study showed that the distribution of proteins

among various solubÍ1ity groups are signíficantly different for widely

dífferent fheat varieËies. This type of ínformatíon could be used to

distínguish soft wheats from hard wheat,s. However these dífferences

become much less sÍgnificant when varíeties of the same type of wheat

are compared. Accordingly, ít is not possÍble to sËat,e conclusively on

Ëhe basis of the limited daËa, obtained in thÍs study if the quanËitatíve

distríbution patterns can be correlated with bieadmaking quality.

Disc Electrophoretic ResulËs

hlater-Solub1e Proteíns. Figure 28 shows the disc electrophoretic

Patterns of the v.Tater-soluble proteins of the five varieËies used in this

study. Each variety had two fast moving major bands and Lhree to five
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slor./er minor bands. Each pattern showed a number of very f aint bands of

extremely low mobility; these are probably gliadin contaminants' The

patterns for the fÍve varieties showed some quantitative differences,

especially in the minor bands, but there hTeÏe no obvious qualitative

differences when the patterns I{ere compared carefully using fluorescent

underlighting.

Salt-Soluble Proteíns. Fígure 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 aftd Talbot. The major band at Ut 0.69 was more dÍstinct in the

pattern for Garnet and the doublets at *t 0.33 and 0.35 were stronger in

the pattern for Talbot than in the oËhers. The patterns of Fig' 29 were

obtained by Cwo separate experiments. Garnet, Pitic 62 and Talbot were

examined separately from Manitou and 11-4634. There is a smal1 discrepancy

in mobilities for the tvlo separate experiments'

Alcohol-Solub1e Proteins. Figure 30 shows the electrophoretic

patterns for alcohol-soluble proteins' Both quantitative and qualitative

differences lfere readily aPparent in the paËterns for the five varíeties'

These observations are in general agreemenË \.,7iËh published results (90, 91) '

The major bands of the alcohol-soluble proteins migrate in the R,

range from 0.12 to 0.34. The number of discernÍble bands in this mobility

region was five for Pitic 62' six for Garnet, seven for Talbot and 11-4634,

and eight for l"lanitou. A1l five patterns had bands h'ith approximate Rt

values of 0.13, 0.20, 0.23, and 0,29. The patterns for all varieties

except that for Manitou had major bands wíth R, values of 0.13 and 0,29.
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These two bands comprised Èhe main components of the alcohol-soluble

proteins. They mighË play an ímportant role in breadmaking performance

but thís would have to be confirmed by fractionation and reconstitution

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

differences in breadmaking quality must aríse from other bands if

qualitative differences ín the patterns for this group of proteins are

indeed related to baking quality.

Major differences ü/ere observed ín the higher mobí1ity region.

Manítou had two bands with R, values of 0.30 and 0.32, Talbot had one

at R, of 0.32, and Garnet and 11-463A had. one band ar R, of 0.34, Talbot

showed no bands with mobility higher than 0.29, Accord.ingly the fast

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

pattern for Garent vlas very similar Ëo that for PíLic 62 except that the

former showed an additional band with R, value or 0.34. Again, thÍs

possibí1íty remains to be confirmed

The total number of bands in alcohol-sol-uble group mÍght also be

relaËed to the breadmakÍng performance. ManíËou, a high qualíty variety,

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

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

it is quiÈe possible thar the band at R, of 0.29 mighr be a doublet.

There were no distinct differences in electrophoretic patterns for

hard and soft r,lheats. The varietal differences observed could not be

grouped into similar types

All patterns showed two faint bands in the very high mobílity region.

These are consídered to be contaminants from the salt-soluble group of

prot.eíns
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Results presented above indicate that of all the soluble endosperm

proteíns that can be studied by gel electrophoresis, only the alcohol-

soluble group or the gliadíns showed the greatest varíability among

varieties. Hol¡rever, it does not appear likely that qualitative differences

observed for this group are related to differences ín breadmaking qualiLy. '

The final ansv/er Ëo this question can only be obtained from studíes of

the effects on bakíng quality of íncrements of the major components of 
i,.the aliohol-soluble groups obtained by very careful fracËionaÈion and 
it':..

.

reconstitution experiments. i

l
ì.-. .:. .1

: .:'.: _.



SINfi"ÍARY AND COMRIBUTIONS TO KNOWLEDGE

1. The effects of the quantiËy were studÍed using five samples of

different protein contenL of each of two hard red sprÍng varieties,

Manítou, a licenced Canadian variety, LL-463A, an experimental varÍety

relaËed to Pembina.

2. The loaf volumes obtained r¡rith the remixåaking test increased,

approxímately 1inearly, wíth increasíng proteín content for both varieËíes.

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

content over the range examined the loaf voLumes for thís variety were

higher than for 11-4634. ExËrapolation of the lines to lower protein

contenË showed that'tt¿o varieties r.rould give the same loaf volumes at 9.5%

protein. The dífference in the functional propert.ies of the Ëwo varietÍes

is atÈríbuted to qualitative differences betr,reen their prot,eins.

3" The loaf volumes obtained with Ëhe Chorleywood Bread process (CBp)

baking tesL íncreased linearly with protein contenË for Manitou and were

essentially índependent of proteín contenÉ for 11 -463A. Loaf volumes by

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

suggesË that with some varieties (and perhaps wheat types) protein contenË

is noË important in relation to l"oaf volume obtained by cBp.

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

with protein content. By this Ëest IL-463A appeared much stronger than

Manitou. I4lith the exception of the sarnples with the lowest. proteín for

the two varÍeties, farinograph absorptions increased directly with protein

content, In the lovr protein samples, absorption by starch (damaged starch)

aPpears to be sufficiently high to counteract the effecÈ of protein. The

farinograph test is useful for determiníng the baking absorptÍon of the

B7
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flour' otheil,¡ise it appears t.o be of limíted value for assessing bread-

makíng quality.

5. The changes in extensigraph curves with protein conËent 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 extensibí1ity r¿as directry correlated vüith loaf volume.

6" Sedimentatíon values increased approximately línearly with protein

content. The dat,a for the tr,ro varietíes gave a good fit for one regression

line.

7. I,r/et gluten conten.t increased linearly with protein for boÈh varieÈies.

The values for Manítou hrere somewhat lower than for 11 -463A; this difference

is considered to be partly responsible for Ëhe dÍfference in breadmaking

quality between the two varieties

I' Alpha-amylase activíty decreased linearly for ManiËou and increased

parabolically for 11-4634 as protein content increased. Similar results

were obtained for beta-amylase acËívity.

9- The proteíns of each flour vrere fractionaËed according to solubility 
ì

l

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

(alcohol-so1ubIe, acetic acid-soluble and residue) increased wÍth flour

protein contenË. The amounts of water- and salt-soluble fracÈions showed

little change wiËh protein conËent.

10. The protein ðontent of each soluble fraction was considerably less 
i"i"r:r':l

than 1007". Significant, and variable accord.ing 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-so1uble proteÍn increased as flour
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.:protein increased. The amount of residue protein remained essentially
constant as flour prot.ein varied.

L2. For each variety, flour protein conËenË had no effect on the

electrophoretic pat.t.erns of the r^rater-, salt-, and alcohol-soruble
':grouPs of proteins. No qualitative varietal difference in elect.rophoretic ,.,,,

PatËerns were observed in the v¡ater- and salt-soluble proteins. The

patËerns for the alcohol-soluble proteins (gliadins)showed obvious

qualitative differences : :

',t.'

13' The effect of proËein qualiËy on the breadmaking guality of differenË 
,,,.,,.:
: '','wheat varieËies was studied using five variet,ies represenËing Ëhree classes 
),of wheaË: (1) three varieËies of hard red spríng wheat, Manitou, 11-463A, 
i

i

.'
and Garner; (2) one sofr spring variety, pitic 62; and (3) one soft white i

winter variety, Talbot.
l

L4' High quality wheats such as l4anítou show good bakíng performance 
i

i' only íf Ëhey conLaín a sufficient level of protein. pitic 62 and, Talbot 
1

lgave the same loaf volumes as Manítou of the same protein content. rn the 
.

CBPbakingteSt,the1oafvo1umesI¡7eremuchhigherthanthoseobtainedby
i: .. .the remix baking test for all varietíes examined. pitÍc 62 and Talbot I.li,,,

gave higher volumes by this test than ManiËou of the same protein, i l..
it,t:ì'

15' The differences in farinogram characËeristics among varieties 
i(especially between soft and hard wheats) were decreased considerably

when f lours from different varíeties were compared aÈ approximately the ,,,,,:
i.,rr::r.;i

same proteÍn content,.

L6" rn the relationship beËween loaf vol-ume and extensigraph exËensibíIity,
Garnet was similar to ManiËou whereas Pític 62 and, TaLbot r¿ere similar
to 11 -463A. rt r¿as not possible to attribute these similarities and

i
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differences to any síngl-e specífic factor such as proËein content.

Presumably the roles of different factors in extensÍgraph properties

vary wiLh variety.

L7. Garnet, Pitíc 62 and Talbot had considerably poorer quality than

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

18. [Iet gluten contents for PiËic 62, TaLbot and LL-463A were somewhat

higher than for ManÍtou aL equivalent protein content. The glutens from

LL-463A' Pitic 62 and' Ta1bot contaíned a somewhat higher percentage of the

flour proteins than did the glutens from ManÍËou flours. Garnet flour,
on the other hand, had the lowesÈ wet gluten content and conËained a much

lower percenËage of the flour protein in the gluten. The peculiar bread-

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

flour are t.o a certain

the resulËs of this study.

20. Total recoveries of the soLids in the five fractions were somernrhaË

lower for the two sof E r,zheats, Pític 62 and Talbot, than Ëhe recoveríes

obtaÍned for the hard wheats. Presumably Ëhe sofË wheats contain greater

quantities of low molecular weight substances which are lost during the

dialysÍs used to separate Ëhe r¿ater-solubles from the salt-solubIes.

L9. Amylase actívity and related properties

extent varíeta1 characterisËícs as indicated

2L. Signifícant differences in protein content

fractions were obtained for hard and soft v¡heaËs

to differences in breadmaking quality.

of

by

of the various solubility

; these might be related

22. The flours from soft wheats (PitÍc 62 and. Talbot) contained more

waËer-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 wheaÈs, All varieËies had similar proporËions

of salË-soluble proteins



23. The disc electrophoretíc

proteíns of the five varieties

some quantitatíve differences.

25. The total number of bands in alcohol-soluble

related to the breadmaking performance. Manit.ou,

had eíght bands while Talbot, Ëhe poorest variety,

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

both quantitaËive and qualitative differences for the five varietÍes. The

patterns for all varíeties except that for Manítou had major bands with

R, values of 0.13 and 0.29. The band ar R, of 0.34 might be related to

varíetaL differences ín breadmaking quality; for example'the paËËern for

Garnet LTas very sÍmilar to Ëhat for PÍtic 62 except thaË the former which

was somewhat better in baking performance showed an additional band with

R, value of 0.34.

9L

patterns for the r^rater- and salt-soluble

were qualítatively simílar but showed

group might also be

a high quality variery

had only five bands.

26. There r4lere no distinct differences in electrophoretic paËterns for

hard and soft I"7heats. The varietal differences could not be grouped inËo

similar types

27. The presenË sËudy has shown that protein quantÍty is the major single

factor that controls breadmaking quality of bread flour. ThÍs probably.

applies to flours of the same rr¡heat. varíet.y, varieties of the same class

or Ëype, and varietÍes of different classes. I,rlíth some r+heat types,

(e.g. ]-l'463L) and breadmaking processes (cBp), rhe protein conLent

plays a minor role in breadmaking performance,

be

in

The major differences among the proteins that were observed

related to functÍonal properties of the flour are quantitative

the distríbutíon of proteins among different solubility groups

Ehar migbt

differences

. For

28.



similar varíeties these differences r¡rere quite sma11. Solubility
distribution of proteíns míght be useful for differentiating widely

different varieties but r¿ould be of limited value for dÍfferentiating
similar varietÍes.

29. rn the three groups of proteins that could be examined by disc

electrophoresís, discernibl-e qualítative differences \¡rere observed ín

the alcohol-soluble group. Although these dífferences do not appear to

be relatdd to dífferences in breadmaking qualíty, they are obviously

varietal characterÍstics and should be useful in studíes of inherÍtance

of proËeins in wheat varÍeËies.

ot

i.-.
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