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APP],ICATTOI{ OF 'II{E CHOPN{ Äf,VSOGRAET TO THE STIJDY OF

STRUCTTTIAT RIIT.IìLATTON I}T DOUGT

¿BSTRACT

,A method, analogotr.s to that used for erbensograph, was developed

for the study of struetural relaxation in bromated and unbromated dougþs

using the physicat dough testing instn$lent, th-e Chopin alvengraph.

A mathermtieal analysis of the alveogram, including a consideration

of the geometry of alveograph bubbles lvas carried out to establish a

fundamental measuremeat by which groups of alveogralns nay be alalysed

for the construction of relaxation curv'eso This analysis revealed that

the pressure within a dougþ bubble is direetly related to the thiciaress

of the nrembrane of the dough bubbleu The pressurê measuroment, referred

to a constant sample deformation i,Ê, â constant membrane thiclcaess,

r.,vas forlnd to be a fundamental measurement suitable for tbe eonstruction

of relaxatíon curves obtained fr"om alveograrns under a wide variety of

condit ions o

Several other standarcl measlì.rements ineltrding the al-veogran

1¡aximume square root of the volume r area under the alveogram eurvo e

orbensibÍIity and the work function wore examined under a wid.e

varÍety of condftionso $nly ono of these 1teasurementsn the

exbensibilityu could. be applied to the stucly of struetural

relaxation in d.oughs"
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The physicai- properbies of bread. dough aro becoming inereasingly

important as a criterion of flour quality" The elastoviseous properties

of d.ough are utilized to assess flour abscrption, baking strength and

optimum flour imp::overnent, ltrqualry significant Ís the fact that

information about the molecular structure of dougþ rnay be obtained by

a study of its physical propertieso

l\ variety of mechanical- dough testing machines have been designed.

primarÍJ-y to evaluate ffour o-u,allty" one of these instrumentso the

extensographu measures the resultant of numerous dougb properbies by

reeording a load.-extension curve of a sari-ple of douEh which is stretched to the

breaking point' Early investigators eompared tho lengt.lr, maximi-un heighù

anal aïea of the load"'oxtension curves to deterrni.ne the baking strength

of different flourso llowever little basie knor,vlodge coul_d be obtainecl

from these cu.rves because the mechanical properbies rneasured by the

apparatus were not defined in meaningfut fundamental units,
Þmpsteru Hl}mka and winkl-er {?) have clevised a more basic

method of u,sing the extonsograph to stud.y the physiear changes taking

place in doughs" This method has introduced. the foll-owing ner,v eoncepts

into dough chemlstry.

(a) 3. constarrt sample deformation was introd.uced. as a conmoïr

basls of comparison for all samples"

(¡) ¿ reac-bion time was permitted for the reaction between

d.ough and other reagents used,

{e) fne äough was given structural aetlvation in order to make

it possibLe to measure the effect of the reagent,

(a) a rest periocì rvas provided durÍng whieh the d.ough was

NruRODUCTION



allowed to {rTel-aÍñ.

Theso terms vrill be more fully defined in the texb of the thesfs and

it is sufficient at this point 'oo state that the ehange in physical

propertÍes of bromated and rmbromated dougþs wero surnmarized. in the

form of a structural relaxatÍon curve which v¿as then described by its

specifie constantso

fne object of this research is to investigate the possibility of

using another physical d.ough testirig rnachÍne o the Chopin alveographo

for the stucly of the structura.l relaxation pmcess in bromated and

unbromated. dougþs" This apparatus rneasures dough properties by recr:lrd.ing

th.e pressure roquired fr:r the extension of a smafl- sample of dough blcr,¡¡:r

into the shape of a bubble " There are two fundamental d.ifferences betv¡een

the alveogra.ph and theoctensograph, These are (a) the erùensograph stretches

the dough in one direclion r,vhereas the alveograph stretches the d^ough in two

C.irections {¡) the extensograph stretches the dough at a constant rate which

is ind.ependent of the resistance of the dough to stretching, whereas tho

rate aL r¡rhich tfre al-ieograph bubble expands and stretches the clough must be

affected by the :¡esistance of the dougb. to stretching. The alveographu

unlilçe most physical d.oupgr testing machineso is imitative of the actual

bread¡raking processo The tl¡o dirnensional deformation of dough to form a

surface is comparable to the fennentation in bread d.ough in whieh the

tiberated carbon clioxide causes small bubbles 'bo be blown thmugh 'bb.e d.ough

st ruet ure

'llhe stand.ard measur,:ments made on the alveograph by early investigators

includfng Chopin (6), Scott Blair (f?) an¿. ?otel (U) and others represenbed

a eomplex g3oup oferiables and are not significant in obtaining any

fu¡damontal information in relation to molecular dougþ

-? -



struetureo Because of the differenees between the alveograph and the

extensograph it is reasonable to expeet that tho alveograph will bring

out cerbain aspoets in the study of the struetural relaxation in dough

that cannot be obserred v¡ith a si¡lilar stud5r on the extensograph,

A:najor parb of this thesis r,r¡ill be d.evoted. tc a study of tho

fac'bors involvod Ín applying the method of Donrpster and co-workers

to the Chopin alveograph" A comprohensive examination will be made

of, the concli'tions neeessary for a eonstant' samplo d.eformation, reaetion

time, rest period and. struetural activation in relation to the problems

'bhey present as appliecl to the alveograph" The remainder of this thesis

w1ll present a variety of illustrative results of struetural relaxation

studies in doughs based. on the alveograÞh"

-7 -



Formentation in bread ean be describeil as the transformation

of a dough from a homogenous mass to a light heterogeneous sponge-liko

materlalu In this process the doup;h is transformed into a cellular or

pouous structure which is brought about by tho yeast through the liberation

of carbon dioxide gas into the celLs. The carbon dloxíde gas exerts a

.pïessure which inflates the d.ough by blowing many small bubbles,not of

u¡iform size or d.ist ríbut ionu throughout it s st ruct ure e

Realizing the ¡.eed for a machine to stud.y this phenomenon, Chr:pin {6)

invented an appaïatr¡.s callecl the alveograph" 'Ihis apparatus prrrvfdos

a mech.anical test on dough which corresponds, in a general way, to the

deformation which it would undergo in forrring a 3.oaf 
"

i{n operational descrlptfon of the alveograph is provid.ed by

Chopin (6), A small clough sam-ple is turned dov¡n into a thin membrane

on the alveograph. Air is foreed under the sample eausing the rue¡lbrane

to be inftated into tho shape of a bubble, The pressure chan€es taking

plaee during the expansion untit the bubble r"r-rptures are recorded on a

kyilographu A detailed description of the pressure*time curve (atveogram)

obtainedo a¡:ng v,'ith a futl cliscussion of the apparatus, will be given

r¡ndor the section entitted *tMaterial-s and Methodstr"

J\ surmnarry of the proeedure followed by Chopin for preparing test

samples is relatecl hereu Three hu:rdred and fifty gm" of flour is placed

in a rni.xer which turns at the rate of 50 revolutions per ninute at a

-4-
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temperaturo of 20o0u The dough is mixed for 20 minutes, placed

in a cylindrical mold and rested for 20 minutes at 20oC, It ls

dj-vj.ded into eight soparate samples and tested irrrned.iately.

Tn ordor to facilitate the dough mixing for test sarnples on ths

alveographo Chopin invented a dougþ nixing machine' This maehine was

designed in sueh a tyay such that the force exerted. in mixí*ng the dough

is registered. b¡¡ a recording device' Th|s fOree rÍas assumod to be

a function of the relative plasticlty of tho dough and changes prog],os-

sively durlng long mfxing perlods" After the cloWh is mixed suffÍciently

it is extrudod through a narrovú slot 6 nm, wideo The extrud.ecl dough is

then read.y to be cut Ínto an aÞproprÍate size usecl for the test samlrlesu

ch_opin d.eseribes a method for caleulating the speciffc energy

of d-eformatlon'[V" ]fe assumed that the total amount of r,vorlç d'one from

the starb of the bçbble to the final rupi;ure eoul-d be represonted by:

lvhere dV is an infinij;esimal- increase in vohxne

P = pressure of air Ínside the bubble

at that instant

V = final vclume

T = tt¡O1,k dOne

Chopin asslmed i;hat the specifie energy of doforrnation along vrith

the cr>effÍcient of extensisn were sufficíent to characterize the

viscoelastic properties of the flour" Chopin carried out an j:rvestigation

with different flours in,¡¡hieh he deterroined the cq:efficient of e:*':nsion

and the sperific Ènej:gy of d-efor-mation' He founcl that the specific

energy of doformation varied considerably depending on the nature of the wheat'

v
f

'l=l
o
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C-hopin proposed that a simple relation existed. between the

ability r,vhich a flour pcssesses of being stretched into a thin

membra¡e and the specifÍc loaf voh:rne when this floilr is baked. i¡to

bread o

During the course of his investigation Chopin d.ete:ynined the

Ntenacityr{ and ¡ùcoeffÍclent of extensionlr of the dough using the

alveograph" The maximum pressure (in 'mm" 1120) vras assuned to be

proportional to the tenacity of the dorrgþ' Tne surface area of the

membrane at the tfure of rupture was taken as a measure of the eo-

officÍent of extension of the d.ough represented by Í. The volume of air was

represented by V, A nu¡iber of experiments were carried out to measure

the tenacity of the d.ough (p in rnm" H20) and Eu the coeffieient of

e:cbension l¡hlch lvas assuÍred to be proportional to V" A simple rel-ation-

was found betr¡leen the loaf volurire and the cosfficient of extension E.

-6 -

v¡here Vo =

Y -Vo = KW

This relation is a very general ono as shoum by the graphs plotted"

These graphs did not show a very good relationshÍp" The equation

implies that the differenee between the specific volu¡ne of the bread

r,vhich may be obtained. with a flour, and the inftial specific volume

of thÍs flour dough is proporbional to the square root of the eo-

efficient of extsnslon of this dougþ.

V

K

inÍt ial volurne of dough

fÍnal loaf vok¡ne

= a constant



Chopin fc¡und that the amount of r,vater absorbod by a dough was

proportional to the tsnacity F, such that a small value of F indicates

that a flour has a low absorption, whereas a large value of F indicates

a flour rvith a high absoqrtlono

BaÍ}oy and le Vesconte {J) extended 0hopín8s work by carrying out

the foli-owing llnes of researeh with ths alveoglaph {a) ttre offeet of

proi-onged meehaniealuræatmonù in mixing tne d.ough (b) increasing the

pr"oportion of water in the d.oug;h (c) adding stareh to the flour

(d) varying the hydrogen lon concentration of the d.ough (e) treating

the flour r¡¡fth chlorine (f ) adding flour improvere (e) fermenting

with yeast {h) correlating extensibility read.lngs with the results

of baking tests of several flour sampleso

The dough samples hlore prepared. in the follolving mannetz a )JO gn'

dough l¡as inixed for eight minutes using a salt concentration of

Io4 gm" saLt 'per 100 gm. offlLour. The clough to¡as then rolled to a

thiclsess of 18 mmo and let stand for 25 rninutes" Test pieees were then

iaken frorn this dor¡gh and tested. in ihe alvoograph kept at a temperatu-::e

af 25oC, ft was found by these investigatÍons that the extensíbility

of the dough lvas d.ocreased appreeiably by inereasing the time of mixíng

from eight minutes to sÍx'been minutes and continued. to decrease l'rith

a longer perÍod of mixing"

The effect of extensibility by varying the absorpt ion from 59d1"

ø 61t. r,vas ínvestigated" Bailey and 1e Vesconte found that a dough of

6lf";*sorptlon was too soft to be handled. easily and results obtain.ed-

shovrecl a large varlation" The extensibility was found to increase up

to an absorption of 6+{" a'i., r,vhich poi:rt further Íncrea.se in absorptíon

gradually redueed the readings"

-'l -



Stareh was found to have a pronounced effect on the extensibility

of the clough. The erbensibility of the d.ough was found. to diminish

with incroasing starch concentration.

Balley and I-e Veseonte measu-red the effect of pI{ on aough

extensibílity" The d.ough u¡as found to be lnost extensible at a trti{

of 6,I and. the extensibility was lowet€d for a. pIi belolv J or above

Pm lc

Tþe effee'o of certai.¡ ehemical reagents on the e:rtensibilfty was

studied and. it was found thatcaleium aeÍd phosphate imprcved the

extenstbil-ity i.n ørery case0 phosphoric acid lvas noticeably detrimental

to e:etensibilit¡' and calcium sulfate, cale Íum peroxide and magaesiurrL

su.l-fate lolvered the oxtenslb il5.ty"

Bai.Iey and Le Veseonte assumecl that fsrmentatÍon would decreaso

extensibility due to the fact that the hydrogen ion coneentratlon

inereased during the fertnentatlon process" ,A.fter carrying out an

investigation using clifferent fe:rnentation periods the assumirtion

appeared to be correcii sinco tho extensibÍlity decreased vuith incroased

fermentation timeo

Scott B1air and Fotel {fT) ¿escrÍbe the physical signifÍeanee of

certain properties neasured by the ChopÍn alveograph. These investÍgators

gave their viev¡s as to v¡hat oecurs when a bubble ls blown from a small-

pai;ty of dough" The air pressure r"equÍred to blot¡¡ tho bubbl"e ls obtained

by the displaeoment of alr by a rising water column and this prêssure

is applied at a regular but deere¡sing rate' Scott Blair and Potel

state that although the pressure appears to pass through a maxjrnum thore

i-s no reason- to believe thatitro stÍ€ss per unit arsa does not continue

to rise up to the final rupture' ït has been experimentally shown that

o
-O



the viscosity of flour falls with rising stress (structural vÍseosity)

but rises wÍth increasing d"eformation {18), Scott Blair states that

the varfation of vlscosity cluring the production of the bubble is

complex but at the point of final rupture the viscosity may be d.efined

as tÌle moaentary shearing stress d.Ívid.ed by the rate of ehange of

non*recoverable d.efornation" ÀccordingLy, the valuo of pressure .F

could be correlated with the viscosity of the dough. Since the tytrre

r:f absorption of a dough determines the viscosity of a dough, lt can

be assumed that the value of Pu being related to viseosity, is a

measure of the water=ab sorbÍng capacity of the flour"

These investigators gÍve an account of the significance of the

square root of the volume (G) of the bu.bble' Seott Blair and Potel

divíde the total deformation irto tvro parbs (a) reeoverable deformration

(Cu) ana {b) non-recoverable deformaùion {Cy¡)"frg is defined as tire

ratÍo of the shearing stress S to the shear modulus ?Û.

where /?u = rnodulus

? = 'i""ositY
Therefore the lov¡er the modulus the larger the value of¿fl for a

given stress, Also the h.igher the viscosity, the larger the stress

under a fixed. rate of d.eforuationu Consoquentlyn the higher the

viscosii;yo the great,er the proportion of elastie to total d.efornution"

Therefore a higp vafue ofq and a lowa' are the most significant

factors in produeing a high value of G. Hdion and Seott Blair (12)
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Âitleen, Ffsher and A-nderson il) ärade a stucly of the typo of

alveograms obtained from various tylies of v¡heat flours" Troy

experimented mainly v¡ith trt¡o series of vrheat, namely a serÍes that

variecl urirlely in both protein content and balcÍng strength and a

series of wheat that was ossentíally the same in these respectso

Tosts lyere also mad.e r¡ith the extensograph and farinograph but these

results are not includ.ed in this revieur,

The tests wero carried ou.t usfng a fixed. absorptÍon (+B/")"

Dough containing I gm" sali per 100 gn, flour (,L1,5f. merlsture basis)

was mÍxed for 6 rnlnutes fn the Petrj,n oxtraetor" The dough was

extruded and eut into 5 dises of ur:.iform sizeo l'he dises were

rested ih a constant temperaüur"e {,25"C") oven for 20 mÍnutes and.

then tested. on the alveograph. Three measurements n¡ere taken from

each alveograrûe maxj:num height (cm,)o naximum length tcm") luhich

measllres extensibilÍty of the doughu and. the area under the eurvou

fhe total v'¡ork W in ergs was computed from the relation 4_x C_ë:ï
a

where K is a constant (manorneter eomeetíon ee¡efficient)u C a vnlime

assoeiated r¡r¡ith tire volu¡e nf liquid. in the gasoineter, S the area

uncler the eurve u L the length of the eurtre in em" The orror for the

average of five replicate euflres was found to be t 0,o emo for an

average length of 11 cmo and t O,OZ om, for an average tength of 8"5 cm*

After earrying out nttnerous tests with the alveograph it was found

that as tho protein eontent inereases there Ís a regular increase in

length of the alveogran tvom'l.2 to 12.4 cmn and a regular decr"oase

in hoight from l0'0 to 7'9 clllo The work l,¡I, was found- to incroase from

125 to 428 units, Those investigators stated tbat the extensibitity

of the alveograrn is closely i:elated to protein content"



Bennott and Coptroek (5) describe a nevü teehnique by whÍeh the

0hopin alveograph may be utilÍzeä for oetecting the effect of improvers in

flour" Tforking on tho assumption that the character of the d.ough tnay

be changod. by manipulation of the dough they developod a new type of

moulding technique 1n order to bring out the effect of improvers on

flour d.ough irsing the alveograph"

T-'hÍs technlque may bo sunnarizecl in the following manner: the

flour is made into a d.ough using I g¡n" salt per 100 gm" flour'

The dougÈ is mixed for seyen minutes" The dough is placed- in a

constant telrperatuTe ovon at, 26,'lo1" fox 3 hours" Four 20 gno

balls are weighed and each ball is moulded by giving tt 40

revolutions Ín 12 see" on a sÐecial mould'ing unit v¡hieh consists of

a smooth block of wood, a small nail, a biseuit eutter and- a glass

fr:¡nol. The mould,ed ball is flattened into a disc to a thiclcnoss

of 0"5 cÍie The discs are placed on a shelf in a eonstant tempeÏature

eabinet for 20 mlnutes before testÍng"

Several irnprovers were testerl usÍng the new mould-ing technique

and times indieated. These improvers include potassirm bromate,

ascorbic aeid, nitrogen trichlorÍde (agene), chlorÍ-ne dioxíÓe (Dyox)"

Fotassium bromate samples tested. by the standard method' ln concentration

of 0" OOZof.o 0.004%, 0"006f showed very titti-e dÍfferentiation betr¡,¡een

the curveso Howeveru doughs treated with 0"001/"u 0"006/", 0'002%

l¡romate shornred large d.ifferenees in heigbts of alveogram curves v'rhen

subjected to the revised mould.ing technique*

-L2 -
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Tho effect of 1\gene and. Dyox w¿s noted after tostlng d'oughs treated

r¡¡tth these chemicals by both mothods" Tt was found. that r¡nder the stand.ard

method doughs ireated lrrith f¡gene and Dyox tend to Ínerease the heigþt and-

shorben the length of the alveogrants" Do¿ghs treated by the mould'ing

techníque gave the same type of eurve as the standard method only to a moro

pronounced. degree" Ascorbic acid shows little effect on the flour tvith

the stanclard proeeclureo Holvevern the eu-rv'es are progressivoly higher

with inerease in concentration of aseorbie ae id v'rhen the d'oughs were

subJeeted to the moulding teehniqueo

Bennett and Ooppoelc investigatod the relation between time and'

mould.ing in curvos obtained on bromal,ed dough. It wa-s found' that the

bromate effect is noticeablo only if a restÍng period before

moulding is allc¡lved" Consequehtlyu doughs whieh do not have a resting

period and are not subjeeted to moulding do not shol'i the bromate

effeet, 'Ihese curves showed thaL the longer tho resting

period. before noulding the greater is the brornate effeet"

Ba.lcing tosts were also performed to show the effeet of potassir'un

bromate on breado It vuas fou¡.d. that the greater -bhe concentration

of bromate the greater the sizo of the loafo

Iljstorlcal accounts of the alveograph and. its operation are

givon b-r, A. J" Amos ancl D" il'[. Kentdones (f5), G' 1'lI. Se'ltt glair (tl)

and. C. H. Bailey ( 4). The accounts given by the above namecl clo not

add any nelv information to the work t'hat has aþ"eady been done in this

fietd and thereforo only mentÍon is made of them" A review of the

history of tho alveograph is also glven by a bulletin entitl-ed TrA Review

of Nlei;hod.s for Deternining the Quality of Ï'lheat and Flour for Breadnakfnggr

edited by the Agrieultral Experiment Station, Kansas State Cotlege(16)"



A series of papers have been publishecì concerning another

empirically desÍgned- dough testing instrument called. the Brabender

erri;ensographu The work dono by Denqostern Hlprkau A:rd.erson and ïlinkler

{?, B) on this instruunent is, as will be seen latero perbinent to the

lnvestigation to be carried out ruith the alveograph"

The erbensograph measulresthe resultant of a variety of physieal

dou.gh properties by recordi-ng a load.æxtension aurve or orbensogram as the

sample of dough is stretched at a eonstant rateo The time d.ependent

structural changes which take place in d.orrgh are demohstrated by the

olçtensograms. For exampleu a shorb high extensogram is typícal of a

freshly mixed Cough stretched soon after mÍxing" On the other handu

a lcng l.ow extensogram is tncical of a trrested?r dough¡ in?,u a dough whieh

has beerr given a long perlod of time between niixing and testing"

Dernpster e_t__ql_" {?) have clevisecl a method by which the tirne

d.epenclent ehanges in bromated and. rrnbromated doughs can be observed.o

These changes are examined by plotting the load, record.ed on

extensograms for a eonstant sample deformation, vs" rest periocl" The

eu.r.re obtained is a gr:aphic representation of the relaxation process

which talçes place in dougbs and is therefore called a structural

relaxation curve"

The most significant faetors which are neeessary to obtain the

relaxa.tion cu-rves are : (a) a reactlon timeu i"eou the time between mixing

and shaping the doughs, {¡) structural activation in shapÍng and

rotling bhe dough on the extensograph, {c) a rest perlodo i.e, the timo

between shaplng and sbretching the dough on theoctensograph.

-14-



The method d.eveloped by Dempster gLgI" for the construcf ion

of reLaxation cuwes will serve as a basis from which a method. will

be developed for the structuraf re]axatlon s'cud.y of bromated and.

unbromated cloughs using the alveograph.

- 15 -



The materials used in this stu.d.y eonsisted. of one commercfally

milled flour from a blend of Ganadian spring lvheats grades I and 2"

Tlre absorption of this flourluas 6t"Zf., This absorption, on a

14/" moisture basise wâs determined by the farinograph uslng a dough

consfsteney of !40 farinograph unitso 'Ihe ash eontent was 0.4-4!.u

The proteÍn eontent was flo0f. as determined 1ry the KJeldahl method. t16)

record.ecl as n'itrogen. x 5o? and co,rrected to a L4iß moisture basiso

The principle ur:d.erlying the use of the alveograph involves

the inflatfon of a d.ough membrane by air pressure into a spherícal

bubble and the recording of the prossure ehanges taking place

during the inflatíon of this bulrble"

Figure I shows a photograph of the Chopin al-veograph" For

purposes of illustration this apparatus can be d.ivided. essentially

into threo major parLs:

(a) A dough press in which a patty of dough is prossed to a

thichess of 0,21 em, ThÍs press acts as a r0bubble platformì¡ or Ín

other u¡ord.s, a platform from which the d.ough membrano is lnflated

into a bubble, The photograph shows a bubble ernerging from the center

of the dough presso A squeeze bulb on the }eft hand side of the

press is used. to ralse the patt¡r off the surfaee of tho base

plate before expansion beginsu

ib) A gLass buretto g 1000 cc" capacity, from which air is

d-lsplaced. by water to cause the expansion of the d.ough membrane"

This part of the apparatus appsars directly behind. the dough press

-16
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The Chopfn Alveograph:
and

Fig, I

a test dough ls being expanded into a bubble
tho alveogÞm recordod"



in the photograph, f\lro metal pfllars hol-d the burette in position

and sr-rpporbo on a platfo:rnu a lvater bottle directly above the burette"

ì'fater flows from the water bottle into the bottom of the-ourette

through a rubber tubo forcing the air frr¡m the burette. This bu.retto

is ealibrated 1n unfts of square root of vohunoo

{e) The pressuïe record.ing uni.t, at the right in the photographu

dra.vrs a pressure exbensiorl curvo of the bubble blowing processo

f¡ operatlonu a patty of dough is placed on the oiled base plate

of the dough press, ,A larger circular clamp is then plaeed over the

d.ough patty and serewed d.own untit the dough attains a thickness of

0"25 cm. The upper surface of this cla:np consÍsts of a removable

brass clise held in plaee by an annular scr€riro lillhen the screw arld disc

are renoved after the elamp has besn serev¡ed d.orvn, the d.ough patty

is ready for the expansfon jnto a bubbl-e" The hand.le {shovrn belos¡ the

cabi:oet door Ín the photograph) controls'bhe water flow into the

burette a¡d, the air flov.r to the d.ough bubblo. Norrnally the

hand.le is in position (1), Iülren Ln thís nosj-tfon the vuater in

the burette is adjusted. to zero reading by varying the heigbt of

the water bottle" This lever Ís then turned to position {2)" The

ruater bottle is placed on the braelcet above the burstte' fhe

meehanism of the revolving drun ( rÍght hand^ síde of diagram) is

engagedo 1,4tren -bhe hand.te is turned. to position {1)

-r0 -



{opposÍ.te posÍtion (1)) ttre water rises in the burotte causing air

to be forced under the mernbrane which ís inflated. into a bubble.

The pressure exbension eurv'e is recordod on tho drum lvhich is set

into motion by releasing a bralce the instant the haldle is turned. to

¡-rosiÍion {7). It'Ihen the rnenrbrane n4rturesl the prc)cess is ended. and

the hand.Ie is turnedqrickty to positÍon i4), Tho volume of the water

in the burette, which istakon as equal to the volume of the bubbleu

is record.ed."

Figure 2 shows a typical pressure-exbensÍon cur,ne or alveogram

obtained frorr a test made on the alveographo Cortain definite measure-

ments con-nocted with this cu-rve have been reporbed in the literature.

These measurements have been used as indiees of flour auality"

In tr'ig" 2 ï Bt glves the length of the alveogram v¡hich is taken

as a measuro of the erbensibility of the dough, The maximr¡n height

of the curve ABu is taken as the initial tensile strength of the

d.ough" The height CD, is taken as the tensile strength at the tínp of

rupture" 'Ihe work fi:¡ction, derived. from the expansion of the membrane,

is d.etermined from a ealculation of the area under the cur¡re" The

r¡¡ork funetfon is also hroum as tha specific energy of d.efornation

of the dough and the square root of the vohmte as the coeffíeienl: of

e:cbension of the ctough"

ITolv that the operation of the ai-veograph has beon d.escribed a

revielv of previous methods of using this apparatus will be given,

This review of methods will serr6 as a star"ùing point from which a

methocl that ean be applied to the brornabe stud.y wi.ll be d.eveloped"

- 'tg
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Fig. 2

Some standard measurements
mad.e on a typical alveogram"



The first mothod adopted for use on this instrument was given

by Chopin (6)" Amos {2) iras deseribed a method of usÍng the

alveograph which was, for all intents and. purposos, a summary of

that used by Chopin ancÌ which has beeome ]anown as the sta¡dard method.o

A d.escription of this method. is now given: a dough is mixed fror,r 2I0

gm. of flour using a salt concentratfon of I gm. salt per IO0 gm.

flour, A strlp of dough is extruded through the slit of the petrin

extraetorn tÌre dough is cut into sections r,vhich are rr:lled into

standard thickness {method. of rolling not me:nbioned) and cut Ínto

discs' tr'our dises are made from each d.ough and placod in a eonstant

temperature cablnet at 2!o6, for 20 minutes, The discs are

tested on the alveograph in the rÌanner described prevlousJ-y,

Bennett and Coppoek {5) revised this $andard method fn such a

way rlhat the effect of bread improvers such as potassium bro¡rate

eould. be stud-ied qualitativel-ir by using the Chopin alveograph"

Previous to their work the offect of bread improvers could not be

shown on the alveograph surïres using the standard^ methodo Curves

obtained. from bromatod douglrs showed little or no differentation

from those obtaÍned from unbrornated d.oughs" Consequently, using the

standard method., a stud.y of the bromate effect coulir not be nade,

The moulded method consisted of malcÍng a d.ough using I/. salt

concentration (flour weight) and a rnixing time {using the Petrin

extraetor) of seven minutes" The clough is removed from the mixor

and plaeed Ín a consiant temperature eabinet Ìcepi; at 26,?o0" for a

7 hour perÍod.o Àt the end. of this period four 20 gm, d.ough balls

-2l.*
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30 p pm. (mou lded )

Fig" ,

Alveograms showing the effect
of potassiun bromat-o on doughs treated
by the rrmould.edtr and standard. methods"

5O pp m. (stondord)

Omin.

Fig. 4

A set of alveograms given rest
periods of 0, 7, 5 and I0 min" showing

structural relaxation after a I hr. roactlon time"
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are scaled off and weighecl" Each d.ough ball 1s moulded. by

giving it 40 revolutions in 12 seeô orr a speeially constructed.

moulding unlt. The dough ball is flattenod beti'veen ùr¡o o j-lod

glass plates to a thickness of 0"5 crn,' Th.e patty thus formed is all-owed

a rest period of twenty minutes" Figure I shol,vs the effect of

the mould.ocl technique compared. with the standard teehniqueu The

upllor eurre was obtained. from a dough containing 70 pop"flo i{8r01

and treated by the moulded method" The lower curve i,uas obiained

from a dough containing 50 p,porrto IßrOT treated by the standard method.

lfre investfgations with bromate made by Bennett and Coppock

can best be u:nd.erstood from a study of the basic rheologÍeal coneepts

introcluced by Denipster, lllynlca- and. flinkler {?)" They have founcl,

using the Brabonder extensograph for the bronate effect in dougho

a trreaction timeÌ! must be allowed.. This factor may be

defj.ned as tha tine lvhich elapses l¡eti,r¡een roixing and rnoui-d.ing

the dough, A reaction time is necessary so that the bromate will have

an opportunity to react v¿Íth the doughu since it has been shown that

the bromate effect is latent. l'uctherroore, the clough must be mild.3-y

nr;anlpulated by rolling or roundÍng to show the bromate effeet, ThÍs

rnanipulation has been called st::uctural activation by Dempster g^!_q-l,

Afier the dcru3h has been aetivated it is allov¡ed tolrrestü a certain time

before testing" This time is called a rest 1:erio<l and is defined as the

time between moul-d.ing and testing the dough. Dough assumes an activated-

or higher energy state after rnoulding. The time d.ependent physical changesu

lvhich take place as the d.ough returns from a hÍghty activated state to a

more stable stata of lower energye are grouped r.¡rder the tefln of structural

relaxation of the dough,
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The :nould.ed method of Bennett and Coppock shov,¡s tho bromate

effect for a flour r¡¡der one set of cond.itfons, namely at a reaetion

tirne of three hours and. a rest pericd of twenty minutes. To s-bud.y

the structural relaxation of dough clue to the brorriate offect it
is necessary to test samples of dough at a variety of rest periocls

and reactÍon times, conse,luently, a methoct whÍeh r¡¿ill provid.e for a

variety of reactíon times and rest periods Ís need.ed. for the study

of the bromate effect on the alveograph,

Dempstor, Hl]mka and And.erson (B) devised. a method.n which

includes the above requirements, to study the bromate effect using1he

Brabend.er extensograÞh, :L method analogous to this has been adapted for
use with tho alveograph" The method provides for essentiatry three

main factors {a) a reaction time (b) structural aetÍvation of dough

and (c) a rest period. certain mod.ifications had to be made for
these three factors to 'oe utirized for the bromaje stud.y r,vith the

alveograph* These changes include (a) revtsed mould.ing n-rethod

(b) mooification of alveograph a¡paratus (c) u. stud.y of activation of
dough,

No signifieant ehanges had. to be mad.e in referenee to the reaction

time given to any particular dough sarnple" The reaction times used in
the extensograph method were adopted for use v,¡ith -bhe alveograph"

Hor,veveru the apparatus used. for aciivation of the dough sarnpres

had to be modified. The ¿pp3¿¡us usecl. by Benn-ett and. Coppock eonsisted

of a grass fur¡eel und.er which the d.ougli was impaleci by e smalr nair"
This fun¡el rotated on a wood. surfaeo around the circumferenee of a

circular cooicio eutter" Doughs given toolong rest neriods became



soft and sticþ and could. not be :rounded. unifornly beeause they

luoultl become attached to the side of the glass funnel in the moulclÍng

process. To obtain the greatest unfformity in mould.ing for

dough und.or all cond.itions, the design for the rou:nding apparatus used

on the Brabender ertensograph was ad.op1;od.,

rl photograph of the moulding apparatus used is given in Fig, 5.

Tlre apleatus consists of a small rne'bal box ! cilo b¡r J em" open at

both ends enclosed. in a. metal ring 8.? cn. in d.iameter. I'he d.ough

ball 1s tethered to a small nail at tire center of a large rnetal ring

{insid.e dia:neter 12"8 cm, and. oubside diameter 16"6 cmn), The metal

box eo"uipped with a 700 gA. Iid is placed. over the dough ball and. the

box rotates withÍn the large metal ringo The plate on rrhich the ring

Ís plaeecl, is kent af, J)oÇ," by ireat cond.uction through the metal from

a heated water bath" .4.11 other parts of the rnoulding apparatus are

tem'oerature controlled ab 70oC, in a constant temperature cabinet"

It was for:¡d that d.oughs given long rest periods (30-45 minutes)

beearne very exbensiblen blowin.g very large bubbles when tested. on

the alveographo The glass .burette provided r,vj-th the alveograirh did.

not have a large enough capacity to measure the volurne of these

bubblesu For this reason a plastic water tight cy1-incler with a

capacity ofe2000 ceô rvas substitutecl for the glass burette" fhis

p1-astic cylind.er is large enough to rneasura the volume of any size

bubbles of prae'bical interest that ean be inflatect on the alveogra.ph"

llhe orígina'i r"Ia'i;er resewoir (capacityg¡-OO0 cc") had tc¡ be replaced.

by a 2 quarb jar of capacitys20O0 cc"

-25
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A photograph

Fig" 5

tho moulding apparatus showing netal boxu weighted
lfd, and. metal rÍng"



To develop a suitable method to study the bromate effect

on dough with the alveograph it is nocessary that no other form of

activation take place other than the noulding proeess" Consequentlyu

exporinonts were carried out to d.etermine v,rhether any activation

was causecl from turning dor,vn a patty of 0,5 cm, thielcness to a th.ickress

of 0,2J cm, in the clough press" This investigation was carried out

in the following manner: 100 gm, of flour was mixed for J minutes in

the GRL mixer (fl). Twenty gmo v,rere then sealod off o moulded anrl pressed

into a patty 0o! cm. thiek' The patty was thon given a rest period.

of ono hour" During this períod the structural activation due to the

mixing and moulding -process had time to be, for all practieal purposese

complotely dlssipated" 'l'he same procedu::e rvas carried out for other

dougb samples gÍving them secondary rest periods of 0r 9r 5 a-nd. l0 mln.

1n the dough pross of the alveograph before testing"

Figure 4 shows a set of eurves obtained for the dough samples

given seeond.ary rest Þeriod.s" The lov¡ curves are tFpical of a very

relaxed. dougþ, This point is further emphasizecL bSr the fact that the

0e Vu 5 anð. 10 min. eur\res are very close together showing that the

activation of the dough caused ìr¡r monl.ding has been d.issipated"

A seconcìary rest period of 7 min. in the d.ough press was adopted.*

This rest period rvas chosen because ttO minuterr rest period gave a

sfightly higþer curire whieh indieatos a slight activation, and. for

longer rest periocls of 5 and 10 min, the heights of the curvos were

very simila:r: to that of tlna j mln. rest period. Thus no appreciable

ac'bivation l'¡as noted for secondary rest periods of J min. or longer,



The secondary rost period given to the d.ough Ís included in the

initfal rest period (ttre period betlveen moulding and testing the sample),

The thiekness of bhe d.ough patty v¡as reduced from 0"! cm, to

0,25 cm" to reduce furbher any activation effeet in the d.ough when the

pattSr u¡as turned. down in the presso

Having mado the adjustments Just mentfoned the method for using

the alveograph for the stud.y of the bromate effect on dough may bo

described,

One hundred gm" of flour are doughed using f/. maCf by weight" The

dough ingrodients {temperature cond.itionod at }0o9.) are míxed in a

specÍally constructed GRL mj-xer {fr) for exaetly J minutes" The dough is

removed. from the mixer and placed in a constant temperature {r0o0,}

hurnidity cabinet for a reaction time of 0, Iu 21 7 or 4 hr" Doughs

are given a ilOn hr" reaction time in which ease they are actÍvated and.

then tested j¡urecliately after the appropriate rest period on the

alveograph. lLfter the reaetion time has elapsed one 20 €n" sample

is sealecl off the dough, weighed a¡d. mould.edu givi:rg the d.ough ]0

revolutions in 12 secu on a specially designed mould.lng unit. The

dough is then flatt;eneo, to a thiclmess of 0"25 omo ön an oil-ed metal

plate for 10 seconds by a large metal plate. It mu.st be remembered

that the aetual thicl¡ness of the dough patty Ís greater than 0,25 cmo

due to the fact that although the dough may be initíally pressed to

a i;hiclmess of 0"25 cm, when the plate is removed, the dough rrspringsu

back assuming a larger thiekness. The patty is now placed in the
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hrimÍdity cabi:rot v¡here it is given a rest period or 5, ?o 10, zo,
j0 or 45 min"

T\.uo ralnutes aro allolved botrveen the end of the reaction tirne a¡cl

the bogÍnning of the nould.ing of the dough" Tho rest periocl begias

righrS after the dough is flattened into a patty. The d.ough pa-bty is
removed frora thecabinst a'ù the end of the rest period, placod Ín the

al-veog;raph apparatus and turned. down r5o a thiclmess of 0. ZJ crn, Three

minutes latsr it is tested on the alveograph which Ís kept at a eonstant

temperature of ]0o0"

-29
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One of the maín objee-bives in this researcil is to d.ete:rnine

r¡¡hoj;her tho alveograph is suitable for the stucly of struetural relax-

atÍon in bromated a¡d unbroma'bed d.oughs by a method. analogous to that

developecl by Dempster g! -gl (l) for the exi;ensogralh, It Ís necessary

-br: shor,u that a gronp of alveogranr,s nay be ccmpa.':ed. to each other at

a constant sample defozrnation"

This sectfon of the thesis is d.evoted to a mathematieal analysis

of the dough bubble, a study of the expansion process and the sienif*

icance of the pressuro recorded on an alveograrnu ÂJr investigation

of these factors lrrill disclose whether or not a group of alveograms

may be ccmpared to each other at constant sample deformatfon,

The lirst facÌ;or whj-ch rnust be considered. in this analysis is

the geometry of the alveograph bubbl-eo Tö understand the expansion

of a dough bubble it is imperatlve to lcrow the dimensÍons of

different sizes of dough bubbles rrvhieh can be inflated on the

alveographo Tlrese dfmensions inelr:de the vol-umes and areas of

dough bubbles"

The seeond s'oep Ís to examine more cl-osely the actual process of

expansÍon of the doWh mentbrane on the alveograph" This examj.nation

will inelude such. variaÌrles as ihe ehange in volune and the area of the

dougþ bubi:Ie with time. Frorn an investigation of the varlatlon of

tho volu-¡¿e and area of a dough bubble with tÍmeo a calculation of the

variation of d.ough membrane thiclaress d.uring the expanslon proeess can

bo obtained, lhe variation of membrane thickness is an important

faetor rrvhich mu.st be con.sidered Ín the pressure ehangos which talce



place during bubbl-e expansiono

,/\n alveogram Ís a gra.ohical representation of tho pressure changes

takí-ng place in the expansion of a d.ough membrane. Because the

pressure is a fundamental rnoasurement mad.e on the alveograph, it is

neeessary to d.etermine its exact signi.ficance in relation to the

otÌrer variables which include volume and area of the bubble but

rûore espeeially the thicl:ness of dottgh membrane and the time variable.

The stud.y of the geometry of the alveograph bubble, the bubble

e:epansion ,Ðrocess and i;he pressure variation during expansion sefl¡es

as a basis for the construetion of relaxatlon curves r,vhich lvill be

deseribed in the concluding portion of this seetiono

a1

The alveograph bubble starts frorn a dise of dough 2"5 mrn." i¡. thieknoss

and 5o5o crrru ín d.iameter' Äs the bubble is raised., its height above the

plate inereases but the base renains the same sinee Ít is fixed by the

climensions of the apparatu,s. The alveograph bubblo is actually a par4:

of a sphere or in other words a spheríeal seetíonu

Figure 6 shows four spheres on a constant base plate which illustrate

the geome'brical configurations as a bubble j-s blor¡rn on the alveograph from

the early stage of the process when a small sph.erical section is above

the base plate to a later stage when a large spherical- section protrud.es

above the base plate" 'Ihe dlagram shows that a sna]l spherical sectioh

above the base plate i.s part of a sphere having a large raclius, As the size

of the spherieal section above the base plate increases, the raclii

Geornetry' of i;he ./Ilveograph Bubble
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of corresÐonding spheros becomes snaller and smaller unt il the

radius of the sphere beecmes equal to the rad.ius of the base plateo

The radius then begins to increase again for larger spherÍcal

sections above the base plaie"

The radius is a funadmental measu.remenr| 1n the eal-eulation of

volunes and areas of spheres and spherical sections. However the

radius of a sphere cannot be measured direetly and. consecluently it

is better expressed in terms of the other geometrieal factors

which may be measured direc'c1y as illustrated in Fig, 7, From

-17 -

this diagram the beight of the spheri-caI sectlon above tho alyoo-

graph base plate 1s represented by 4. The perpendicular distanee

of the base plate to the centre of the sphero is represented by

r - X" fhe radius of the base plate J,J2/2 em" Therefore by use

of trythagorasî thoorem we have the follo'wing relation"

12 =( $12 o {r - x)2

For eaeh distance ë. ehosen arbi'brarily a correspond.ing radius

can bo ealculated" The heigb,ts of the spherical seetions were chosen

i;o i¡d-ude alL sizes of bubbles which are of praetical interest in

reference to the alveograph. TÂe correspondfng z'adli for these 4.

values lvere founcl to be ln the ïange of fzum 2.? to ?.9 cm" By

choosing arbitrary heÍgiits of spherical sections the corresponcling
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A diagram showing the geometrical consideration
necessary for the ealculation of the radius of
a sphere from the height of a spherical section
above the alveograph base Plate"
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sphere radii have been calculabed and r,vill be used in the evaluatÍon

of areas and volumes of s¡:hereso

Tabte I gives values ftlr heighì;s of spherical sections v¡hich

have corresponcling radj.i ranging frorn 2 "'l"l crn, to ?"8? cm" TLre

botal volunes and areas correspondlng to these raclii are given in

Table f. These areas and vohunes rvere calculated frorn tho formulae:

(1) s-4fir'2

whoro S = total area of a sPhere

(e) v = 4/var7

where V = total volume of the bubble

The evaluation of the area and. volu.rne of a dough bubble which has

been inflated. on the alveograph may be described. by referring to

Fig" 6" In i:his flgure the section of the sphere atrove the base

plate (so]Íd line) represents the d.ough bubble' The other secÙion

of the sphere (aotte¿ lines) is shorvn belorv the base plate" A r¡ihole

series of bubbles of varying sizos are thus built up on a constant

base plate.

There are tr,vo methods which must be u.sed to calcu.i-ate the area

and volr-i¡re of a bubble na:ilely; {a) for bubbl-es having a radius

smaller than the rdiw of the base plate, the area and volume may be

calculated clirectly, ib) tor bubbles having a radÍus larger than

the radius of the base plate the areas and volgmes are obtained.

by subtraeting the area or volurne of the spheri-cal sec'cion below

"15 -



Total Á.reas, Volumes and Radii of Spheres Corresponding to
SpherÍcal Êjeetions of Constant Base and Varying Heights.
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.Areas, Vr:Iumes and Raoií of Srnall- 'Spherical Seetions of Constant Base
and Varying HeigÌrt"
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Height of
Seetion = X

TABI,E IÏ
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the base prate from the total area or volume of the sphere. T?rs

following describes the calculations of the volumes and aroas of
spherieal lrubbles using the two methods.

Table rr glves the values for the heights of the spherical

sections and the corresponding racl-ií of the spheres for each sectiono

the values for these areas and vori¡nes of the sinall sphericar

sections are given in tbis ùable.

The volume of small spherical sections, Table rr col-rmn {4,) ,

is obtained. from the fo:snula gÍven in the I{and.book of physies

and Ohenj-stry { 14) 
"

1/, Æ. , nV* = '/6 '¡l (X' + 1a'1

-iö*

The area of a snall

by the forrnula:

v;here

Ss = 2 îí rX

where Ss = area of s¡rall spherical see.bion

r = rad.ius of sphere

X = height of snberical section.

The radÍus of a sphero eannot be directly detertnined and consequentl3.

it is redefined in terms of the length of the base of the spherieal

sectic¡n and the height of the spherical section" !Ìxpressing r in.

terms of these factors the follor¡¡ing exprossion for the area of the

V" = voJ-i:rne of small spherical seeticln

a = rad.ius of the base of the segment 
"

sphorical sectiono Tab]e IIu coturnn {J) ís given



spherical section is obtained:

ss = fi/A {+ x2 + c2)

where Ss = tire area of tho small spherieal section

C = the length of base of spherical sectÍon"

The values of the areas of small spherical sections are given

1n Table III" Colt¡nn (f) of the table gives the radii of sphores

betv,¡een the range of 2,'l"l em. to 1"B"l em" The areas of small spherical

sections and the total areas of the spheres corresponding to these

radii are given in colwms {2) and {7) ot the table. The area of the

large spherical section s¡ (area of a brrbbre) ís given in cotumn {4)

of the table" fhe area of a bubble or large slrherical section is

obtained by subtraeting the area of t.be smal-I spherical sectfon S*

from the total a.rea of tho sphere S" Ttrus S" * S - Ss"

Table IV gives the volume of large snherical sections" Colunm {1}

gives the radif of spheres from 2"'l"l cm, to ?oB? em" Ttre total

volumos V of the spheres and- the volumes of the srnall spherical

sections V" eorrospondlng to these radíi are shorun in eolumns {2i

ancl {9) of this Tabl-oo The volumes of the ]-arge sphorieal sections

(volunes of bubbles)vrith corresponding rad.ii fron z"'l'l to 1"8'l c'm,

are given fn colunn {4)"

The volume of a large spherica.l seetion is obtainod by subtraeting

the volune of a small spherieal section from the total volume of a sphore

iue"V"=V-Ts,

''¡9 *



TABÏ.8 TIT

;4.roa of Largo Spherical Sections of Radius Z,'l,7 em, to 7"8? cm.
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T,AB],8 TT

Vslume of l-arge Spherical Seetions of Rad'ius

Rad.ius of
Sphore = r
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Iariatlon in_Iqi-ume, Area -qn_cl Dough Membrane Th:!_ckness-

During the ltrxpanslo_n of a Doug4 tsqbble in.jb_he_Alve_ogJ'_qp]r.

The variables lnvolvod in the process of expansion of a dough membrane

include volume of a bubbleu area of a bubbleo the thicimess of the tlough

membrane and time" This section will consid.er tirnedepencl.ent changes that

take place r¡¡ith these varlables during this process and how the relation-

shíp betrieen timeu volume and area of the dough bubble may be utilized

to deterntine the membrane thiclçness at any instant during the erpansion

process o

Ðne of tlie most important of these r.elationships is the volurne

of the dough bubble vs" time, The most praeticaJ- way of measuring

the vol-une of the bubbl-e is by measuring the amorurt of air dis-

placod by the water in the cylinder d.uring the expansion processo

ït Ís reasonablo to assrune that tho volume of air dÍsplaeed is

equal to the volume of lva.ter whieh enters the plastic eylindern

To 'reri-fy this relationship the actual pressure changes taking

place cluring the expansion process must be c<¡nsidered (a) using a

rnembrane in the alveograph apparatus (U) no'b using a menrbrane Ín

the alveograph ap aratuso

¡\ clifferenee between the volume of air and volurne of r¡,iater

rrray arise from tho eompression of air v¿ithin the clough bubble"

This aÍr ccmpression equals the atmospherie pressure plus the

afr pressu::e vrrithin tho bubble" l-he estimated niaximwn pressure

r,viihin the bubble which can be record.ed in an alveogram is

eo"uivalent to 159 mm" IIr0 or I1.l mm, Hgo Theyefore the total

maximum pressure isx'l 40 + LL"'l ='l 5L"l Ínm" ITgo
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Now taking for oxample a volurne of rrvater of 100 rnl. the volume of

the bub'ole corresponding to this will be

loo x ffi", = !8"4 ce"

Thus for the maximum case there is only a difference of t'6t" tn

the two readings" For the tnajority of alveograrns the differenee will

be one half or less of the value for tire nÊ'ximuifl easeo This treatment

'bhus shows tha'b for all practical purposes the volçrne of the bubble

may be taken as equai to the volume of t¡¡ater entoring the cJrlincler"

The rate of flolv r¡rith and v;ithout a dough patty in' the apparatus

was tested to ascertain lvhether the baclc air pressu.fe caused- by the

membrane had an appreeialrle effec-b on the rate of i'vater flow' Dougþ

patties u-sed for tesf,ing-i;ire r¡¡aber t-,-,r* "rfth a nembrane üIere given

long and short rest periods {reeording ìri,gb a¡1d low pressu1es on

the kyniograph ) "

The me.i;hod. used to obtain the val-ues for volume and tine for the

graph is clescribed as follows: Sfx stop watches are startecl instanta¡eously

r,rrhen 'bhe u¡âber begins to flor,v in the buretteo One watch is stopped' after

eaeh lO0 cc. water has floired into the burette' In this vray the timo

1n seeonds is reeorclod for every I00 ec" $IatÈr which flows into the burette

up to a value of 800 ce, llolrrnetjme values t4Iere reeorded for three

arbÍtrarily chosen rates of flov¡ namoly 25"Te 19.0 and- 14"B ml"/sec.

l\ graph (ni.g" B) vras made for the three rates of low mentionecl*

Examinatinn of the plots reveals a linear relationship passing through

the origin ind.icating that the rate of flcw is d.ireetly proportÍonal t<:

time in this range" The open cirele ptots on the grapb show the rate of
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flolr¡ r,yithout a meÍrbrane a¡d the closed circle dots show the rate of

flow r,vith a membrane, The d.ifference, as shovün by the graphu between

rate of flow v¡ith a¡d. without a membrane is negligible'

Therefore it has been proved. through dÍrect caleulation of the

air eompression and. experimental r"esults obtained on the resistanee

of a dough membrane to air flow with the alveograph that the volume

of water record.ed. at any time during the erpansion proeess may be

used as a neasure of the volume of 'Lhe bubble"

TLre area of a lcubble at any specifÍc time can be d.eterminod.

by plotting the areas of the bubbles ¿lready calculatecl against

the volumes of the dough bubbles' Then lanowing the volurne of a

d.ough bubbl-e at any ti¡n: the area can be found. by reading it from

the plot of volume vse area of bubblo" 'lhis plot is shown fn Fig, ?,

It is notv possible tc construct a graph of area vs. time

(Fig, 10) fnrm which the area of the bubble at any specifie time

¡,vill be obtained direetly" 'l'his relatÍon is impor-tant for eal-

culating the thÍckness of the dough mombrane at any tine cì.uring

the expansion,

An alveogram is a recorù of the resistance offered by a dough

nembrane during tho erpansion of a cìough bubble, From fÍrst

prineiples it can be assumed that this resistance Ís a funetion

not only of the pressllre built up within the bubble but also of

the thickness of the dough nembraneo Ii is therefore necossarv

i.n alveogram analysis to be able to calculate the thiclmess of a

dough membrane ai any time cluring the expansion proeess and to

refer the pressure to unit thickrress,
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This varfable is d.erbe:ruined accord.ing to the following manner;

An arbÍtrary distanco is sei-ected along the base of the alveogram"

Ihis d.istance corresponds to a d.efinite tinre which can be determinedn

lmowing the velocfty of the rovolving kyrnograph drum. Referring to

the area vs" time plot Fig" 10, the area of the bubble eorrespond.ing

to this parbieular time can be read from the graph"

The volume of the original dough patty before expansÍon

divid.ed by the area of the bubble at the specific time usoclu gives

the thielmess of the menbrane at that particular tirne. The volumo

of the dough patty before expansion can be found from the rolation:

y=1"2h

rf = îí * {åJ.å)2 * 0 oZJ = 5-94 cm,1

where T = volune of patty

r = radlus of patty

h = height of patty

Therefore the thiclaress of a dough mernbrane at time ìrtn =

---_* 5294 - - -area of bubble at 'bime ¡îtr!

Table V sumruarizes all data of area, volume and thiclmess of

d.ough menlbranes rnade in this section for the three rates of flov,r

i,e" 25,1e 19.0 and 14.9 ml",/sec, Column {1) gives the arbftrarily

ehoson distances along tho base of the alveogram a¡d column (2)

gives the time Ín seeonds corresponding to these d.ístances" Colurnns

(7) ana t4) give the areas and volumes of dough bubbles" Colunn t5)

gives the thiclcaess of d.ougþ ¡nembrane in rm.o
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TABLE \T

J\rea, Volume and Thichress of Tiough Bubbles
i\lvoogram Base T,engths from 0"118 to

Üistanee i\long Baso
of ÀI¡¡eogrurn 'Iime

OlIo

0" r18
o"2g 5
o '59l" 1.0

T,l.Ì
2,76
2"95
4..22
5,73
5 "'ð9
'l .26
B,+6
ö"02

_4,9 _

25 nl"1see r.

0o2 sec"
0"5
T

¿

7
4
f,

"l
o

10
L¿
l4
1E

l9_rg "rl",/_p9-qs

0"2
0,,
I
¿

7
4
q

I
ô

10
L2
14
L5

t3'B ellgg*"
0u2
015
1
¿

7
4

5
I
9

l0
J-¿

L4
15

Area of Ðough \fol-uroe of
Bubb1e Dcueh Bubble

Gllis

aO
¿1)

v2
42
51
1V
Qnvl

Lo7
L72
L5"l
't?0

190
2l_B

228

Corresponding to
o oÕ, cmo

0, tl6
0.29 5
o 

"591.10
L,1"1
2.16
2,9 5
4,22
5.7'
5"Bg
1.26
O6¿$þ

ÕrÕ,

Ornr 
1

5
L2
25

5o
"15

100
125
L',l5
225
250
700
750
115

Thiclaeess of
Dough lvlerobrane

f0Ïr1ç

2,L2
. c/
l-oU0
1" 41
1.04
0, B1
0.68
n rO
u o?0
0.45
o"7B
0 "v5
Q.7L
0 "2,1
0,26

2'.1

10
3'.1

45
69

B5

r07
12B
L42
L57
L"IB
L87

O"IIB
o.2g 5
0"59
1" 10
L"l,l
2"16
2,9 5
4,22
5 "71
5 "Bg'l '26
C1 "4b
B,B1

4
1

L'I
?g

55
'15
94

L7L
r?o
189
229
265
287

2 *20
. aô
Lø7 a
l"6l
L.72
0"9 g

0" Bl
0.7 0
0,56
0.46
0"42
0. rB
0.v7
0 "72

26
Áo¿\)

,4
45
ç,4

6a
'tt
91

t0?
I1?
Ltl
L43
L95

2
6

14
2g
44
rO)\)
'17

LL'I
L72
1L1
L',l'l
201
22L

2,28
2"L2
L"l5
L"1?
l,l-0
0,97
o" Bl
0.6i-
o "56
0,51
0"45
0 "42n zôU. ?O
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It is now possible to draw a gralh of thiclmess of membrane vs. time

Fig" 11, F::om this graph, the thiclcress of a dough membrane can be

determÍned for any arbitrarlly chosen timeo

!þ9 Sicnificqnge- o-f ffegsurg in tþe Expans-.iog gL

e nq ueþ__P*Sgr_e i_+_ ile rAlJgqgrepL

l\n alveogrart measures the pressure changes taking place during

the expansion of a dougþ bubble. Since the pressure is a funda:nental

measurement made on the alveograph it ie necessary to investigate the

significance of the pressure in relation to the geomotry of the

alveograph bubbl.e duriÌrg the expansion processu

It is now possible to refer the pressure within the bubble to unit

thiclcoess at any tÍme cluring the expansion processo A¡.l ord'inary

alveogram can be transformed in terms of resis-bance of tho clougþ

(pressuye/unit thÍclmess) p/¿ vs" ÈÍme" The 
.transforrnation 

of an

alvoogram is done in the follolving r,vay; the pressures are recorded-

fmnL tho alveografi for the distances along the base used in tÌre cal-

culation of the membrane 'bhiclçr:ess" T{nor,ving the thic}crress of membrane

correspond.j:rg to these distances the resistance {fr1 **y be dete:rLined."

Figure 12 shows the resistanss vs" time plot for rest periocls of 5u 'l u

10 and. 20 min, under the conditions of I hr" reaetion time and 0 p.p'mu

KBr01,

Examination of the resistance vso time plot reveals that the

resÍstance caused by the doqh membrane rises eontinually until

nembrane rupture, The ,olot clearly shov,rs that the maxirnun displayed.

on an ordinary alveogram has r-o significant meaningo
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The resistanee r.'s. ti:ne plot does no'i; revea-i vuhetheL: this set of

curues is a fainfl-y of curves. ft is necessary to test these curves

to aseerbain lvhether or not they bolong to one famity in order to 'oe

able to make a further analysis of alveogralnso

Certain standard plots were tried but ilte only sign-ificant plot

v¡hich could be used to establish whe'bher a set of alveograms

belonged to one fa-mily of curves was the resistance x time vs*

time relationship" Figure 17 sholus this plot for 0 p,p.m" IGrO,

ancl I hr" reaction time ancl the partiall-y straight line plots

obtained suggest there Ís a very approxirnate reciprocal relation-

ship between the resistance and the tirneo

ft lvas decided to substitute the area of the bubble for the

'bime factor, such that resista-nce ï area would be plotted against

areae for two reasons: (1) the time factor does not take Ínto

consid.eration bhe original area of the dough Þatty before expansion

talces plaee while the resistance x area vs" Lreâ plot accounts for

tire original area of the clough patty shown by a definite intercept on

the x-axis, (Z) fne rate of cnange in area of the bubble is more

fundamental to the ex*oansÍon process than time d.ue to the fact the

area is inversely propor"bional to the thiclc¡less of the membrane.

Sigure 14 shov'¡s a set of cu-rr¡es plottecl for I hr" reaction tirne

and 0 pupollu I{8r0, and the linearity of these plots reveals thai;

those curves all belong to one d.efinite faml3-y. The transfonnatioits

mad.e on efoeograrn curves cover a range of 0"59 t,o B"Bl em, along

-5V-
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the base of the alveogr6rn" This range sufficiently eovers the most

unportant section of the alveogram and for all praetical pu:rposes

the rernainder of the curve may be neglected,

The linearity of those plots holds over a large portion of the

eurvo urith the exception of the short range in the vicinity of the

interceptu i"e"e ât the beginling of the expansíon Ðrocess. This

deviation from linearity might be attributed- to trvo faetors:

{a) Tho first stages of expansion are not rmiform and it rnight be

assumed. that a syrrnotrical spherical section is not in'nnediately formed.

at i;he beginning of eqpansion which might cause a deviation in the

linearity of the curvesÐ

{¡) In the sband.arcl procedure a few ec" of air are Ínjected under

the patty to raiss it off -bhe baso plate so that when expaasÍon begins

the ra'bt¡r uri-]-l not stick to the ¡."] ot*tu. This factor might cause

a slight variation in the true pressure and eonsequently cause a

small initial d.eviatÍon in. bhe linearity of the plots.

t{n understanding of the significance of the slope of these plots

is necessary in making a fundarnental al-veogram analysis" The slope

may be oxpressed as æEÞ]s4-qe-rç ql.og or simpty as resistance 13¡"
aïea o

Thus it rnay be si;ated. that the pressure measured. at any point

along tire straight line plots is referrecl to uirit tìrickness or in

other words the resistance causecl by I cm"z of dough membranen I flmo

in thtekness" In the special case llhero d. = I the slope may bo

determined direetly in terms of pressure.

-)þ -



For the purpose of constructing a relaxation curre it Ís necessary

to measure 'bhe resistaneu Ç .t on-L¡r one point on the straight lÍnoo

plots. This arbltrarily chosen point corresÐonds to a corbaÍn

d.efinlte thickness of d.oupJt membrane ano all curves are analysed

at this thlclmess, This may be ehosen in two ways:

{f) It niay be chosen so that it i,vitl be equal to irnity in r¡rhich

case the resistance rray be designated directly in terms of pressureo

(Z) A constant thich:ress rrd¡r may ìre choseno .A- constant value

of the-bhiclcress v,¡i1l not affect the relative rnagnÍtudes of the

pressures recorded and. thus for practical ;ourposes the resÍstance

may be measured clirectly at a fixed membrane thickness,

It is nov¡ possible to construct relaxation curves clireetly from

alveograms by a me'bhod analogous to the methoci used. by liempster et- _ql.

{?) for extenÊogran analysis. A con-stant membrane thic}rness of

O"'l 4 nnn" e corresponding to a dlstanco of 2 emo along the base of

an alveograme trvas arbitrarily chosen fo:: alveogram analysis. The

pressure record.ed at this deformation is measured along the arc

of the }c1n:rograph direc'uly in'i;erms of the height of the al-veogram

{ffi'n,), 1o obbain a s'bruej:ural relaxation curve 'bhe pressure values

obtained from a set of alveograms are plotted. against rest period.n

- 5'l



This thesis may bo divided. ossentfally into two main sectiongo

The first section involvos tho mathematieal- analysis of tho alvoogram

l-eading u1tÍmatei-y to a method. by which groups of alveograrûs earl be

analysed." Tho second. soetion involves the application of the method

of analysis to alveograms obtalned u.nder a wide varlety of conditions"

The conditions under whieh doughs wero tested includ.e roaetion

times of 0o Lu 2, l and 4 hr,, rest periods of 5, ?o 10, 20u ]0 and

45 min,, bromate eoncentrations of 0, f0 and 70 Þ"Pnlllo and rates of

fl-ow of l4,Be lg.0 and 2l ml,o/secu i{ wide seleetion of

alveograms vlas thus obtained whieh eould be used for testing the

validf.ty of the method. of analysis under tnany different sets of

cond.it fons n

Since the method. for analysis of alveogråms has already been

described Ín the prevfous section it is now pÕssible to showu from a

wlde selection of alvoograrns, that the stud.y of the s'bructural

relaxation of bmmated and unbromated doughs ean be cayried out in

an analogous manner to that cleveloped. by Denipster et ql i:r the analysis

of extensograms, The applicabÍIity of the method pmposed by Dentpeter

et aL to the alveograph is demonstratod by {a) proving the vatidÍty

of the straigþt line resistance le area vso area plots under varied

eondltions {b) tne construetÍon of structural relaxation curves and

their hytrlerbolic charactorizationu

EKFEE4\,/TEIilIAI, Af,lrEoffiAlq pATA
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Sets of alveograms
reaction times and

Fig " i.5

for a variety of rest periods and
0 p.p.m. potassium bmmate.
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An exa:nination of alveograns treated under many different conditions

v¡ill also be carried out to detennine the signifieance of the standard

measurements which havo been made on an alveogramo These measurementg

Ínci-ud.e tho alveogram maxirnurnu the square root of the volune of the d.ough

bubble, extensibitity (l-ength of an alveogram)o area under the alveogram eurve

and the work functíon"

S! n¿gþural ReI qxqLlqn jlg_Þ-aornAt e_d grld ünlrornated Deggbq

-6r -

of Cond.itions. It has beea shown ín the previous section that the

resistance that a dough bubble offers to extension is inversoly

proportional to the area of the bubble, The investigatlon of the

strueturaL relaxatfon process in dough is ea:ried. out und.er many

different eonditions inelud.ing variatíons in rost period.o reaction

timo ano bromate concentration. It is therefore necessary to tost

the valídity of the p]-ot of resistanee:c area vso âToâe showing

that tho resistance¿__!__ under a wide variety of conditions by
area

determinfng the goodness of fit of points on the grapho

Figures 15, 16, L'l , 1B show sets of alveograrns and tho cor:responding

resistance lc area vso area transforl'nations for d.ough samples treated

under the foll-owing condítions, 0 and 10 p"pom. KBrQlo 0, 2 and 4 hr"

roaction tjmee and. 5,'1 , 10, 20 and 10 mino rest periodsu Tho trans-

fo:snatÍons cover the most important part of the alveogran eurve {from 0,8

to B"B cm" along the base of tho aLveogra:ir) and for all practteal

purposes the rest of the eurve may be neglectedu

¿ln analysis of the data shouIs that all the graphs are linear with

all points very close to the cutnres proving definitely that the aroa

Stud,y of the Resistance x itroa vso .r{rea Fl-ot Under a Wfd.e Variet
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of the bubble is inversely proportíonal to the resistanee ru:der a wid.e

variety of eonditions" A direct consequence of this relationship is
that a group of alveograms belongs to a d.efinite family of curves for
a wÍd.e soleetion of conditÍons" It ean now be safely asswned that a

set of alveograms are eomparable to one anothsr at a constant sample

defo:rnat ion,

Struc_tural Relaxatþn C_r¿rv'es, The establishment of the fact that

a set of alveograns are comparable at a constart sa:nple extension makes

it possible to study the stru-ctural rela:rat ion pmeess in brornated

and. rurbromated doughs" The method usod for this stud.y is analogous to
that used. by Dempster gt_g! {l) for the extensograph and has been

described in a previous section"

Doughs were given reaction times of 0u 2 and 4 hr", rost perlods

of 5s ?u 10'' 20,to and 4, min' and brcmato concentrations of 0u l0 and

J0 p.p"m, potassium bromate, The resistanee was measured. d.irectly in
te::ns of alveogram height (mm,) at a constant sanple e:cbension cor-

responding to a base length of 2 em, along the alveograrné

Struetural rel-axation curv'es ürerre construeted in whieh the ::est

period. lvas plotted against resistance for the various sets of conditions

mentloned" The d.ata wore selected in such a rÞ.nner as to show tho

structural relaxation process in brornated and unbromated doughs for a

wid.e variety of conditions, Figure 19 shov¡s the structural relaxation

curvos for 0u 1o 2 and 4 hr" roaetion times and 0, I0 and. JO poporïre

potassium brornate u

These plots shou¡ that for 0 poporlro 'ootassíum bromate there is

very litille d.ifferontiatíon between the 0, 2 and 4 hr. reaction tfme cuïrü'oso

-6+ -
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However for doughs treatod with 10 and 10 p6p.mø potassium bromate

it is found that doughs increase ln their resistanee to extension

as the reaetion time and bromato coneentratÍon increase"

More quantltative information about the effeet of potassium

bromate dough may be obtained by the characterization of relaxation

curves as suggBsted by Dempstor g!*"r_ {ro) in the arralysis of oxtensografiso

The equation of an equilateral hyperboLa referred to its asyrn:ptotes

as axes ean be used to eharae'berizo structural relaxation curveso The

oquation of an eqìrjiatoral hyperbolau refemed to its as¡mptotos as

axos, and having as asymptotes the line t = 0 and. R - RjL = 0 is

t(n-n¿) *e= o tr)
A more useful form of this ecluatÍon is:

Rt=Ra!+G {z}

v¡here R = rosistance to oxtension of a dough at a rest period t"

R-{ = thu asynrptotie resistonee (the resistance approached at

infÍnite rest period)

C = the rolaxation consta¡rt

Two constants are thus necessary to deflne rolaxatÍon eurvesu namely

the aspptotie reslsta¡eo RO and the relaxation eonstant C, Equatfon (2)

shows that a plot of resistance x rest period. vs" resistance fs linoar"

Tho intereept at the axls gives the relaxation constant C and the slope

gives the asyrnptotic resistane" RA"

The experjmental data were therefore plotted as the produet of

resistance x rest period vsn rest period. to obtain the rate constant C

and the slopo gives the asynptotic resistanee R^"

-66



Ffguro 20 shorvs a set of plots of resistance le rest period vs. rest

period. for 0, 10 and. 70 p"pomo potassium bromate. RegressÍon lines were

calculated. for these data and. are shown as solid lines on the plots,

These liìnes are extrapol-ated. {dashecl lines) to ttre ordinate alceso The

intercept giving the relaxation constant 0 was calculated from the

Tegression equations"

The progressive changes -baking place in the dough as a rosult of the

bromate reaetion ean be followed by plotting the reLaxation eonstants

against reaction t1¡nss as shown in Fig, 2l where relaxatÍon eonstants are

plotted for reaction times of 0u ln 2u J and 4 hr, and 0, 10, and. 70 pop"liro

potassiun bromate"

The relaxation constant gives a measure of the tirne takon for a

dough to nrelaxtr sueh that a dough giving a high relaxation constant

fs very slow to relax whereas if a 1ow relaxatÍon constant is reeorded.

the dough relaxos rapfdly" Fígure 2l shows that the rate of relaxation

for the 0 p,p,nu potassii.nn bromate eurve is quite rapid and increases

¡¡¡ith i¡crease in reaetion time as illustrated by tho negative slopo"

For l-0 and ]0 pop,lTlo potassium bromate the relaxation rate is prog;ressivoly

slor,ver and the time taken for the d.ough to r¡rela.:cs increases as the

reactÍon time increasoso

The most significant conclusion that can be drawn from this bromate

study with the alveograph is the fae-b that the alveogram a¡alysisu whieh

ineludes the cc¡nstruetion of relaxation curves and. thoir hy¡lerbolic

charaeterization, ean be treated. in a strÍetly analogous ûtannor to the

-61
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analysis of extensograms proposed by Denrpster çt_AI" A furbher stud.y v'rould

have to be mad.e to determine the advantages or clisadvantages of the one

instrument over the other"

Sigaifieanee of Othsr Alveogram Constants

Yar iat io_n o f_Po_gg4_Memb rqne TLi c\4ggs a! Alvgee rqm Max i.4gq u JFe rhap s

the most lmportant standard measuïement n;ade with tbe alveograph is the

maximum helght on an alveograrn, This Íteasurement u deseribed. by Chopfn as

indicatÍng the tensile strength of a doughn is used extensively in

routine dough testing with the alveograph for the d'eterminatlon of

breadrnaking qu,alitY of fJ-our"

Becauso of the importance which has been placed on tho alveogram

maximum, an o.nalysis of data was carried out to determine the variatlon of

thiclsross of dough bubbles at the alveogram ma:rimrrn'

the variation of d.ough msmbrano thiclmess at the alvoo6iram maxirntxn

was examined for sets of alveograrns obtained frorn dotlgh samples subjected

to a wi¿e varioty of conditions i¡eludÍng different bromato eoneentrationso

reactÍon times, rest periods and flow 1ii'nes" Tab1es VI, YIf and VIÏI

il-Iustra.te the varlation in dough menbrane thielcress of d.ough bubbl-es at

alveogra-n: maxiJnum for bromate concentrations of 0, 10 and' J0 p"p'm"

IGr01, reaction times of 0u l, 2u and 4 hr., rest Beriods of 5, ?, 10u

200 ,Ou 45 min. and flor,v times of 25"T mL,/socor L9"0 mJ-"/sec' and'

14uB ml,/sec" Col-u1¿n (I) in each table gives the rest porioÔ for

tnd.ivÍdrul alveograms and colunrns (e) to i5) eive reaction tÍmes for

sets of alveograms'
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Tab1e VT

VarfaÈion of DoWh Membrane Thiehess at .Alveogram Ma,qjmum
r¡rÍth a Ï'1or¡¿ Ttme of 25"I mL"/see,

0 þop,Tao KBr0t)

Rest Period
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t0

45

0 Hr,

mlno

0"68
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1,04
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1. 04

r. 04
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Illïl1o

0"Bl

0.Bl-

0"81

l" 04

1"04

l,04

0.81

0"81

0" 81

1" 04

1,04

l" 04

0,68

0,6B

0"9 2

0,92

o,g2

0"9 2

O.B1

0"81

0" 81

0"92

o'92

0,81

0. 81

0,92

1,04

1" 04

0"68

0.68

0" g0

0"80
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Table VII

Variation of Dougb Membrane ThÍclaaess ¿t Àlveogram lfiaxlmum
with a Fl-or¡r Time of 19 o0 ml"/see,

0 p,p"m' IiBrO7

Rest Period.

min,

,l

t0

20

,0

+2

o oÐ "tllo IGr07
J

6

I
10

20

30

45

D .Jl "I11. lßr07)

5

I
IO

o^

70

45

0 Hr,

Iftfllo

0. Bl

0. Bl

o,gg

t" 06

r"06

L"06

t_0

I Hr,

lïllll o

0.81

0, Bl

0"61

o,gg

L.72

L,V2

2 Hr.

lltï'tl 0

0"?0

0.? 0

0.gg

L"72

L"72

L.72

0,gg

rì Qq

ar OO

o "gg

L,12

L"72

10

4 TIr*

lllfßo

U"ÕI

0,81

0,gg

L.72

L"t2

L,72

o. Bl

0"Bt

o,8t

^oo

L"t2

L"72

0.86

0 "86

0.86

o.g2

0,92

0 "92

0,? 0

0,8L

0"81

aì oo

L.72

L,92

0. Bt

0"Bl-

L"72

L"72

0"?0

0.? 0

O" BI

o"g?

0 
"gg

0,7 0

0"?0

o,gg

0 "gg

0"? 0

0.? 0
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Table VIII

VarÍation of Dough l,{embrane Thiclatess at A}veograph lUaximurt
v¡ith a Tlow Time of l4"B ml'/seco

0 p,p"m, Ißr07

Rest Period.

mln'

q

,l

10

20

70

45

l0 o,'0,m, KBr0z/
6

,l

t0

20

7o

45

]0 p.p,m. Ißr07

5

,l

IO

20

10

4,5

0 Hr.

IfllTlo

0,7 0

0"? 0

O.BI

0,g t
o,gv

0,?3

1 Hr.

IlllÏlo

0..12

0,"1 2

o"Bl

l. L0

1" 10

1,10

2 Hro

lïl[Ie

0,61

0"61

0"Bl

0 "97

0 "91

0,97

0 "61

0.61

0.61

o,g3

o "gv

o "97

4 Hr"

ïtìnlo

0,12

0,'12

o,8l-

1.02

1" 02

1,02

0 
""16

o 
""16

0,"16

1" 10

1" l0

l"L0

0.61

0"61

0.'l 4

o "97

a.g7

r"l0

0.15

0""19

O,'l 5

0"97

0,97

0,97

0.61

0.61

0.61

o "Bl

r.l0
1"10

0,6r

u"bl

0"Bl

O.BI

o,97)

O"l6

0".16

O"'16

o"g7

0.61

u"b I



These results shov¡ that the rnaxÍmurn variations in mernbrane thiclness

aro: 0,68 to l.o4 mmo (raule vI), 0,70 ta L"J2 rnn" (ta¡te TII), and. 0,61

to l"O4 mm. {ta¡Ie VIII)" Á. signifieant eoncl-uslon that maybe drawn

from these results is that there is a large variation fn tho membrane

thielcnees at the alveogram ma:rlmum for alveograms selected for a wido

varÍety of eondltions" Consequently abeogram maxima cannot be usod

as a basis of measur.ement for relaxation curveso

The data also show that the variations in membrane thich'ress increase

as the flot¡¡ tlme inereasoso ft is noted. that the pressure variations,

resui-tÍng from choosing the alveogram maxÍmum instead of a constant

membrane thieknesse êÍo quite large.

The Sigrificance of the Square Root of the Volune and the Extensibi-i-ity

-'14 -

The square root of the volume and the oxtensibÍlity of an alveograrn

have boen used by Chopin and other lnvestigators to determlne flour

qualÍty" These two standarcl measurernents are related. to one another in

that as the vohune of a d.ough bubble inereases the extensibility of

an alveogram j-:acreasesô Ear1y invesùigators wrongly asswned. that

the square root of the volume was also proportional to the surfaee area

of the bubble, From first principles it can be shown that a more

eolrplex function exists between theso two factors, The so.uare root of

the volume 1s represented bV a 7/2 porver of the radius and the surfaee

area of a bubble by a seeoncÌ povrer,

The extensibility and the square root of the volume lvere examined



for a wide seloetfon of alveogra:n data to dete::nine v,¡hether these

measurements eould be applied to the study of the structural

relaxation of bromated. and unbromated. dough.s'

The results obtained. for the exbensibility and squaro root

of the volume Ín the relaxatioh study d.iffer wid-eLy and. thus Ít

is neeessary to diseuss these two factors separately'

Pl-ots were made of the square roat of the velurns vso Têsis'banee

for the cond'itlons 0, 4 hr" Teaction tímo 0 p"p'm' potassium bromateu

4 hr. reac'bion time l0 p,porn. potassirim broilato anrl 2 hr, reaction

tine ]0 pup"lrlo potassium brotnabe as shotvn in Fig" 22' The

majority of these plots show a general relat ionship lndíeati,ng

that the square root of the voluno may be a function of the

resistance, Thfs assumption Ís furbher substantiated. by the

rrest period x square root of the volune vs" rest perfod

strueturat r'elaxation plots (Fig" 29) for the same conditions

for rest periods of 5s ?u 10, 20, J0 and 4$ min" These plots

show a very good linear rolationship, However, it is very

doubtful lvhether th.o square root of the volufle can be appliocl

to structural rela:cation studies because there is }ittle or

no d.ifferentiation bstweon the eurves for a wid.e variation Ín

reaction times and. bromato consentrations,

The variatíon of bronate eoncentrations and. reaction

times thus appears to have no effect on the square root of tho

volume fteasuÍomorrt o

- 15 -
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Plots {fig" 24) were also made of extonsibílity vs" resistanee

for the conditions 0, 4 hr, reaction tÍ¡ne 0 poporlr, potassiurn bromate,

4 hr. roaetlon time 10 pup,rlt" potassium bror¡ate and 2 hr" rôaction

time 90 p"ponr, potassiun bromato" These plots indicate that a

6Seneral relationshÍp may exist between the extensibility and the

roslstance. This relationship ís sunporbed by the sùructural

rel-axation plots of sxtensibitÍty x rest period vs" extensÍbility

for the follorrving ccnditions: 0o 2u 4 hr" reaction time 0 and. I0

popono potassÍum bromate, and 0, 2 ht" reaction 70 p.porTto potassium

bromate, These plots (¡"ig" Z5) show a very goocÌ linsar relation-

ship and. what is more signifieant thore is a steady dolrowarrl

d.isplacement of tho curves r,vhieh increases for incroasing reaction

times and bromate eoneentratlons" The oxtensibitity is therefore

fot¡rd to decrease with increasing reaetÍon time and bromate

concentrat ion.

/+ summary of these r€arlts indicates that the squaro root

of the volumo cannot be applied to structural relaxation studies.

tn the other hand the extensibility is found to be a fundamental

measurement which can be used in the study of the structural

relaxation of bromated and unbromated doughs,

The Signifåcance qf t4g_é.reg Un{gr_ an :Llvgcg.Ëqrû_Cqrvn and thg

U_or]ç Iuncl _icq. T,tuo standarcL measuremonts which have been used.

l.n the evaluatfon of flour quality are the area und,er an arveograrn

-?B -
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curve and the work functlon" The aroa under the alveogram eurve

{measured with the aid. of a plani-rneter) and the lvork funetion are

related. through the equatlon used for the ealculation of the

work functlon whero:

KxCxS"'=-_t:

-Br-

where lil = work funcì;ion

C = manomoter constant

S = area under the cunre

f, = lenguh of curveo

These two measurements were examined for a wide selectlon of

alveogram data to de'bennine if they havo any pra.ctical apnlieation

in the stud.y of structural relaxation of bro¡nated and unbro¡:ated

doughs at a constant sample deformationo The graphs eonstructed

aro not presented in this d.iscussion because they do not serrre to

illustrate any definite trend.s or relationships bet¡¡ieen the faetors

involvedn Elowover the results obtained will be briefly sr:mmarized.'

Flots of resistanee vs. area uudor tho alveogram eurva ancl

also the work function were made for the following cond,itions 0u 2,

4 hr" reactÍon timeu 0 and l-0 p'p"mo potassium bromate, 0, 1, 2 hr"

reaetion timo and ]0 p"p.m, potassium bromate. The randOm seatter

of points on the graphs indicated no direct relatlonship between the

resístanco and. the area r¡nder the alveogram curve or the work funetiono

Furthermore, there appearod to be no d.ef inite trend between the curv'es

for wide varíations in reaction times and bromate concentrations,

The structural rolaxation plots of rest period. x area under ctrrvo vse



rÐst period and rest period x r¡'¡ork function vs, rest period

substanùiated these find.ings" In the case of the area and the

work function it was noted. that only a very approxilnato straigltt

line relationship existed a¡d no definite trend betv'reen the curves

for various reagtiOn times and bromate coneentrations was foundê

ft may thorefors be coneludod that the work funetÍon and. ths

area under the alveogram curse eannot be applied to the study of

structural relaxation at a constalLt sample dofo::rnatÍon' ItTo

fundamental signifieance of these measurernents could be established."

-Bz -



Befor"e the present stucly was und.ertaken the alveograph was used.

primarily to evaluate flour qr:ality, 1'hÍs evaluation was earried. out

b]r a cornparison of eertain stand.aro measurements made on alveograms

obtained from. d.ifferent ty¡res of flour" These measurements inel-uded.

lbhe maXimum height of an alveogramu the area under the eurve and the

extens ibf,-Ítyo

The present investigation constituted the first systematie

attempt to derive data from the results obi:ained. with this empirically-

d.esigned instrurent u r,rrhieh can be used quantitatively to yield. information

about the stru.ctural relaxatlon procoss whÍch takes plaee in brornated.

and unbrornated. d.ougþs.

A major part of this thesis was devoted to showing that the alveograph

is a suitable Ínstrument for the study of struetural ehanges oceuring in

d.ough, ,Ar examination of -bhe geometrieal eonsiderations (volume.- anea

and thichress of dough bubbles) involved Ín the operatfon of the alveograph

as well as tho pressure measu.rement rocorded by this instniment revealed

that structural relaxation eurves could be eonstructed for sets of alveograms

measured. at a eonstant sampl-e defornation, These eurves give a quantitative

measure of the tirne d.ependent changes taking place in brornated and unbromated

doughs or in other word.s they relate structural cha¡ges takÍng place in dougbo

CertaÍn standard measurements lncludlng the ah¡eogram rueximuryn area

uoder the curye, elctensibility, the work function and the square root of

tho volume of a dougþ bubl¡fe were tested to see if they were f.mdamental

moasurements whÍeh raight be used in the constructlon of rolaxation curveso

The erbensibility was found to be the only other measurement beside

the resistanee which roight be used in the eonstruction of relaxation

ñ-- ö5 -
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curres, It ïfas found during the course of the investigation that

the area of a dough bubble is a fundamental measÌlrelnent o The voh::ne

being direetly related to the area ean al-so be eonsidered as a

fuldarnental measurement. Hovfevere it has been shown that the

resista¡eo fs a more reproducible moasurelnont tha-ir the volume or

erbensibllity and. thorefore the resistaneo measurement is

preferred for the construction of relaxatfon cu:rres'

Because the alveograph inflatos a dougþ Ínto a surfaee

ioo" â two dÍmensfonal defor¡ration which is highly imitative of

the formation of sr¡all bubbles in the structure of a fermentilrg

doughu it rnay be as well, or better suited for assessing the

physical propertÍes that take place in dough as the Brabond.er

extensograph.

Now that a methoc] for using the alveograph to show the physical

changes in dough has been developed fuvthor research rnay be

carried. on with this instrument to examine the elastoviscous

proper-bios of d.ough under a r,vide varlety of conditions"

-B+ -
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'Ihe object of this investígation was to d'evelop a method of

studying structural relaxation in doueh using the Chopin alveograph

as tho dough testing insirument" An account of the main conclusions

obtained from the investigation will nov¡ be given'

r\ method.u analogous to that used for e:cbensograph studies¡ wâs

introdueed. for the stud.y of struetural relaxatlon of dough using

the alveograph" This method provided for a reaction timeu structural

activation and a rest Period'

In order that alveogram curves may be clireetly comparable to one

anothere a constant sample d.eformatlon was introduced. for alveogram aaalysiso

T¡e measurement used for the deformation was the pressure recordadt

roferred to unit dough membrane thielcaesso The linearity of the plot of

resistance x area vsê area tested under a wicle variety of conditÍons

showed. that pressure is directly relatod. to d.ough membrane thÍclsress"

ThÍs plot also rovealed'bhat a set of alveograms belong to one family

of cu.rves o

Strrrctural relaxailion curvesn for a v¡id.e variety of conditionsu

can be constructed from alveogrtrms by plotttng the resistance (reeorded

as height of alveograrû curve Ín Tfino) at a constant sample deformation

vs" rest period. These relaxation curves can be further characterized

by the equatfon of an equilateral hy¡rerbol-a referred to its as¡rmpto'ces

as axeso

The oxtensÍbility lvas for¡rd to be a fundamental measurornent whÍch

ean be used. in structural relaxation studies.

-B¡ -



Other comroonLy used measurements i:tclud.Íng the alveogran

rnaximum, square root of the volwne ! aT€a und.er the eurve and

the work function wero tested. urder a wide variety of cond.ltions"

No fundamentar signifieance was found for these measurements and

fu¡the:rnore it rr¡as found. that they could. not be applied. to

structural relaxat Íc¡n st;ud.Íes "

-86 -
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