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SUMMARY .

The economic significance of wheat in human diet is largely
attributable to the complex relationship which exists between its
protein and lipid constituents. The technological properties
of wheat flour are dependent on the susceptibility of these
constituents to mild oxidation, The resulting reactions are of
a complex nature bubt an evaluation of these resctions is a
precurser to a more effective utilisation of this important crop
as an article of diet.

The purpose of this study was to undertake an exploratory
investigation into the uptake of dissolved oxygen by wheat flour
suspensions. For this purpose flour suspensions were prepared
by mixing a fixed quantity of flour and air equilibrated potassium
chloride sclution, An aliquot of the suspension was taken for
study, and the uptake of dissolved oxygen was followed using a
polarographic method. The electrodes were a rotating platinum
microelectrode, which served as a cathode, and a saturated calomel
electrode as anode, The potential applied to the cathods was
regulated so that the current récorded on a sensitive ammeter was
proportional to the concentration of oxygen in the suspension,
Readings of oxygen concentration were taken at fixed intervals over

the experimental period.



The results indicated that flour takes up oxygen rapidly
when wetted. The amount taken up is influenced by commercial
oxidative treatments and by the removal of flour lipids, The
addition of extracted lipids and linoleic acid increased the uptake
of defatted flour. A high level of an antioxidant (NDGA) did
not inhibit the uptake mechanism. Sulphydryl blocking agents
accelerated the uptake, but did not influence the overall amount
of oxygen taken up by the flour, The addition of reduced
glutathione increased the uptake of oxygen in the suspension.
Impact milling did not affect the uptake, but differences were
hoted in the uptake of air classified high and low protein
fractions. There was some evidence to suggest that the uptake
process was pH sengitive, The resulis are discussed and related

to the theories and findings of other workers.
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PREFACE

Whaat has a unique position among cereals, as 1t is only
from wheat flour that satisfactory bread can be produced. When
wheat flour is mixed with water to form a dough, it is found that
the dough exhibits both clastic and extensible properties., These
rheological properties are tho prinecipal fastors in determining
the sultability of wheal flour for bread msking, as they confer
on the dough the ability to be readily shaped and handled, snd to
retain the carbon dioxide produced during fermentation,

The plastic character of flour dough resides in the gluten
complex, which conaists of a three dimensional network of hydrated
proteins and bhound lipids. The physical propertles of this complex
nay be influenced by the addition of small quantities of certain
oxidising agents, The addition of oxidising agents to flour is a
common practice in the milling industry to bring aboul optimum dough
handling characteristics, and to produce a loaf of good volume and
texture, The vxidising ogents are belleved to act elther directly
or indirectly on the gluten proteins of dough,

The chemical treatment of flour is a practice of long standing,
As previously mentioned, certain oxidising agents have a beneficial
effect on the character of dough and the finished loaf. These
substances are termed improvers or improving agents. In addition

to improvers, flour may be treated with chemicals which have a




Practice

bleaching acticﬁ, this being due to a publie preforonce for white
bread. Only small concentrotions of both improving and bleaching
agents are ragquired to bring about the desired effects and no adverse
nubritional effects, in respect of their use, had been roported until
1946, At this time Sir Ddword Mellanby (1) found that the
incorporation of * 'Agenised! flour into the diet of dogs produced
symptoms of canine hysterla, These investigations led' to an
intensive reappraissl of the use of chemlcals in flour treatment, ond
harmless albternative mothods of bleaching ond improving were sought,

In 1950, o patent was granted to Rank and Hay (2) for a process
wileh enabled accaptable bread to Le made from untreated flour. The
Ronk and Hay process involved the high speed nixing of a flour batter,
prior to dough formation by the additlon of a further quantity of
flour, The bread oblained by this process was of good volume,
texture and colour,

The chemistry of ‘the Rank and Haoy process was studied by
Hawthorn ond Todd (3). These workers found that oxygen was implicated
in both the bleaching and improving effects. The bleaching effect
wag shown to be dependent on ‘the enzymic oxidation of unsaturated
lipids, The improving effect was believed to be due to a direct
uptake of oxygen by flour protein.

The lmproving effect of oxygen during dough mixing had been
reported previously in the literature (4-9); however its uso in a

commerclal process stimuloted research into thia aspect of dough

¥ i,0. flour treated with nitrogen trichloride




oxidation, Two studies (10,11) based on the manometric.
measurement of oxygen, have 1ndicated that 1ipid oxidation is the
prineipal factor contrclling the amount of oxygen asbsorbed during
dough mixing. Recontly, the repid oxidation of both wnsaturated
ond saturated fotty aclda has been establiehed in simpla flour~vater
systms (12).

| The work dQSQribad in this thesis is coneerned with the uptake
of dissolved oxygen by flcur suSpensions. Bsgentially, this study
has twn agpects, Thege are concerned with tho measurcment of
small amounts of dissolved oxymen in flour suspenslons, ang the

inter-relationships of various fiour components in the upteke process.
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INTRODUCTION

The subject of flour oxidation has ocoupied the attention of
cercal chanists for nany years, and in consequense a 'eonsiaerable volume
of relevant litorature has been published, ’Eha introduction has
been divided into several sectlons, in order that the various

approaches to the aubj ect may be adequately presented.

Introduction of Oridative Improvina Azents in the 1d1ling Industry
Flour is treated with oxidative improving agents in order to

bring about optimim dough handlihy chevacteristics, and to produce a
loaf of good volume and texture.

Probably the mest widely empioyed Juproving agent is potassium
bromate which was introduced in 1920 by ‘Ko}ma:z, Irvin and Cross (13).
It was found that the addition of a small amount of potasaium bromate
to a freshly milled flour produged a favourable result which gould only
otherwige be achioved by weeks of natural ageing, Potassium bromate
has achieved popularity ag an improver both in this countxy and the
United Stotes, and 48 generally incorporated into flour at a level of
about 10=15 parts per million (14).

Hydrogen peroxide has been reported to improve the baking
qualitjr of flour (15), and Pattoraon (16) patented a progess utilising
this effect in 1921, The uge of hydrogen peroxide has not achieved
eny popularity,




In 1921, Beker (17) ifitroduced nitrogen trichloride or 'Agene!,
as o gaseous bleaching and inproving agent. " The use of this
subgtance was wlc}eapread‘ and continued until the investigations of
Mellanby (1) in 1946, Mellanby found that Agenised! flour,
vhen fed to dogs as a large percentage of{ the diet, induced symptoms
of hysteria or running fits, ‘I‘ixe use of this subaﬁanee was
discontinued in Great Britain after 31st December 1955 following
agreanent bobween the mnig'brﬁr of .E’oga‘i and the Nabionel Asscclation
of British and Irish Millers (18).

Chlorine dioxide has replaged nilrogen trichloride as a
goeseous bleaching and improving agent, Its use wos described
by Staudt (19); whe ebz‘;aﬁ.néﬂ a Britisgh zmteziﬁ covering troatmont of
flour with this oxidising a@rﬁ;. : In- 1933, on American patent (20)
was taken out for the use of chlorine diowide in combinabion with
cortain other oxldising ogenta. Ferrori ot 21.(21) veported thab
chlorine dicxide improved dough hendling properties and loaf volume
0 a eimilar exbent as nitrogen trichloride. Prager et al. (22),
afber exhaustive Investigabion, came to the conelusion that chlorine
dioxide produced no toxic substances in bread, and its use is now
conmonplace, ‘i‘hé gas 18 usually generated by passing measured
quantities of chlorine through a solution of sodium chlorite, and
flour is trented at a level of about 15 parts per million (23).




----- .

Publié c‘ieaﬁand for white bread ﬁas respansiﬁie‘ for the

introduction of bleaching agents at the turn of the century.

As early as 1879 a Pritish patent (24) was igsuéa for the
bleaching of flour with gk;lﬂrihe. - In 1899, 3 ago (éﬁ) found that
. orOne b}.agglléd the yellow flour milled from Ovegon wheat. | The
: tmz‘a:b;nentv was not.a gmmna;-cia.l pmposifbgmg as the trented flour
acquired a taint, = . Ivenseo, both Fremeh (26) and British
patents (27) were granted to Frichot for production. of ozone by the
fleming are proceas to bleach s;‘iqur. Avory .(_25). stated thob the
active agent was probably nitrogen peroxide .and not ozone. - In
' .11901* a pé:hentb was. granted to John end Sidney Andrews (29) for the
,treatmen:t.‘ of flour.with nitrogen peroxide ‘pmﬁuces_i by the action of
-nitrie acid on ferrous sulphate, When production of. the gas by
the flaming arc process was Introduced for flour bleaching by
Alsop (30), thﬁ._s mathod superseded the Andrews process for the
generation of the gas. Nitrogen peroxide was the wsual bleaching:
~ agent employed in mills until the introduction of nitrogen trpichloride
in 1921, Nitrogen trichloride or 'Agene'! was in gopular'uae. for o
period. of *‘ahi—i't-yyyaam until the invegtigations of Mellanby raised
doubts. a9 to,the ﬁoﬁcity of Vigeniged! flour,

Chlorine dioxide, introduced in 1928, is not as . offective «
bleaching agent as nitrogen trichloride, In congequence,

its bleaching action is usually supplemented by the addition of




about 30 parts of benzoyl peroxide por million parts of flour (23).

Theories of Improver Action

| One of the earliest theorles of improver action was advansced
by Jérgensen (31w34), ond Balls and Hale (35-37). - Theso workers
considered that flour contained latent proteolytic enazymes of
the papain type, which could breakdown the gluten and destroy
the gas retaining proporties of dough. To exert thelr effect
these engymes had to be acstivated by o compound conteining o
sulphydeyl group (~SH), such as glutathions or cysteine, These
sulphydryl activators were only able to function in the reduced
formj improvers wero thought to oxidise the activators, thus
suppressing proteolysia.

Sullivan, Howe and Schmalz (38) isolated glutathione
(a tripeptide, ¥ =Lmglutamyl-lecystoinyleglycine) from o wator
extract of wheat georm. These anthora suggested thet glutathlone
may function ag o proteinasc actlvator, thus accounting for the
deleteriocus offect of whoat gorm on the bhaking quality of patont
fleur (39).

Jhrgensen (40) supported his theory by cxperiments which
indicated o decrease in the water soluble nitrogen of flour extrocts
treated with potassium bromate. These experiments could only be
considered partially successful, ag the amount of bromate necessory

to produce this effect was in excess of that reguired for improvement,




Balle end Hale (41) concéntratod the proteolytic onsyme from
an extract of whea:b bran anti concluded that it was similar to
papaine Hale (42) Brepared the enzyne from patent flour,

The proteinase :mhibition theaxw of inpmver aetion did not
explain th:a i‘:indings of other worlnara in this field of reseamh.
Read ond ﬂaas (43) mt.eﬁ that bronate, in quant-..u-.ies applicable %o
coxmuercial balcary pmatiae, did m'b supprass the activity of wheat
pmteinase. Hmis (44) found that wheat proteinasa wag not
eimilar ts papa:},n in a.etien.

| Fard and Mai.den (45) were of the opin:i.an that glutathiona had
a dlregt saﬁ‘bening aeticn on gluten pmte:lns. 'I’his view was
aupported by &ﬂlivan et al, (46) who considered thet the direct
action on glutea was more important than the setivatlon of a
pmtealytia enayma. If the glutathinne was ox:i.diseﬁ by an
impmver thia ds.reet action on ‘the gluten was not observed.
These am}i;ors alaa pmpqaed an al_'bernat:!.ve explanation of improver
ae"biqn. | "l’héy éonéi&er‘aa 'hheﬁ: the ogiaiaing impmvars co{xld bring
abouﬁ eﬁanges in the sulphur linkages of the gluben proteins with o
c:nnﬁeéuiant offact on dough chapacteoristics, For several years
c:ohf}l.icﬁiné evidence wag i:uﬁiished in aupﬁort of both the proteinase
theory arndl the theories baged on éimt oxidation of refucing substances
and flour proteins. Z:Leglar‘ (47=50) believed that the effect of
various dxidising agents could be pertially explained by the
protelnase theory,  Freilich and Frey (51=56) found that improver




aetion was more complex than a straightforward inhibitlon of
proteinase activity. They showed that the 'excess bromate effect!
(addition of bromate above a lavel of 60 p,p.m. which depresses
loaf volume), could not be explained by the Jdrgensen, Balls and
Hale theory. According to the proteinase theory, the loaf volume
should be progressively improved as the amount of bromate is
increased, until complete inactivatlon of the proteinase has been
efifected. These workers concluded that oxidising agents act by:e
(1)  Divect action on the gluten.
(11) Oxidation of reducing substances,

(111) Tmhibition of proteolytic activity by asction on enzyme
or substrate.

During the period 1942-1943 several papers were published on
various aspects of lmprover action. Bvidence against the proteinase

theory was advanced by Oleott, Sapirstein and DBlish (57), and Sandstedt
and Fortmann (58), whilat Smith ond Geddes (52) suggested that potassium

bromate acted directly on the gluten protein. In 1945, Howe
and Glick (60) demonstrated the inhibition of wheat proteinase by sodium

fluoride and hexyl resorcinol, Howe (61) found that these
reagents had no offect on the rheological propertiea of dough.

Howe and Glick (62) confirmed that the proteolytic activity of dough
was not inhibited by potassium bromete in concentrations employed
commercially.  These findings indicated that the proteolytic

theory improver action was not valid, and that a new theory was required
which would take into account the direct effect of oxidising agents
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on gluten, |

Sullivan (63,64) proposeﬁ that the physical improvement
brought about by oxidising agonts could be e:':s':plain’et:i by the |
formation of iptemalecular disulphide bonds. These bonds were
formed whenll éulphy«?xy}. groups on two ad;}gcent prote.in' molecules
were oﬁdiaed. . The more crogs~links produced _th§ greater the
rigidity,‘ toughness, and gay retention of tho gluten, This view
was conaiétent with the earlier experiments of Baker, Parker and
lize (65)., who found that improvers lowered the sulphydryl content
of flour watar extracts and glutons. ‘

Da:npater et al. (66,67) considered that the improving effect
of potassium bromate was due to two factors. The firat of these
involved 6ﬁéation of deleterious substances, such as glutathione,
whiéh would normally bring about undesirable changes in dough
pﬁéﬁaértiés during development . The second factor was reqmnsible
for the positive improving action of bromate, and involved the
activation of potential points of cmaéwlinkége between the protein
molecules, On shaping, or manipulation oi‘ the dough, the
reactive contres were brought. into close proximity and cross-links
were formed.

The importsnce of the sulphydryl-disulphide system in
detormining dough properties was soon widely rocognised. Glﬁtathiona,
cysteine,A sa;iium sulphite and blsulphite, all of which produce
extrege extonsibillty and softness in dough, were considersed to




function by scission of disulphide linkages (57,64,68,69).

Matsumoto (70) measgred the inerease in sulphydryl groups brought
about by treatment of a dough with bisulphite,'using an amperometricA
titration. | "

In recent years, it has been reported that bromate does not
agcount fbrucqmplete oxidation of sulphydryl groups present in flour.
Using radloactive tracers Lee, Tkachuk and Finlayaon'(Vl) reported
that ohily 1 p.p.ms of bromate was reduced in o non~f9nmenting dough,

Ma‘?mlmoto and Hlynka (72) found that bromate could bring about
o small but definite deorease in the sulphydryl content of both water
and acid soluble components of dough, The action of sodium sulphite
increased the sulphydryl content of the ﬂatérwaoluble components,
the effect on the acid soluble components (lorgely gluten protoeing)
belng inappreciable. The results did not disprove the hypothcsis
that improvers act by oxidising the gluten proteins; however the
water soluble proteins were also implicated in the oxidation, These
workers pointed out that the oxidajion of sulphydryl groups nay be an
adventitious reaction.  Lee and Tkachuk (73) found that slurries
of flour and freeze dried gluten: reduced bromate to bromide, as
did an aqueous extract of flour. The reduction brought about by the
gluten slurry, and the aqueous extract, was less than that brought cbout
by the whole flour glurry. The results supported the conclusion
that bromate is a nonespecific oxidising agent and may take part in

reactions involving a mumber of flour constituents, Lee and Smalll(74)



gtudied tho reduction of 835

labelled persulphate to sulphate in
flour and dough systems., It was found that components other
than gluten could undergo reaction with persulphate, |

Strong evidence indicating that sulphydryl groups are involved
in the bromate reaction was obtained by Bushuk and Hlynka (75).
Neothylmalelmide, ilodoacetate and mercury all inhibited the bromate
resction due to their ability to combine with sulphydryl groups.

It was not found possible to relate the sulphydryl content with the
amount of reacted bromate.

In 1957, Goldstein (76) found that potassium bromate was
ineffectual as a dough improver if the sulphydryl groups of the
dough had been reacted with para-chloromercurlbenzocate. Goldstein
pointed out that because of the low sulphydryl content of gluten
it was unlikely that two sulphydryl groups would be in cloge enough
proximity to be oxidised to a disulphide bond, - It was postulated
that improvement may be explained by the action of the oxidising
ggent in hindering an exchange between sulphydryl and disulphide
groups.

Frater, Hird, Moss and Yates (77) believed that the rheological
properties of dough are directly related to the number of intermolecular
disulphide bonds, and the rate at which they can exchange with
sulphydryl groups. The findings of Goldstein were confirmed by
Sullivan, Dahle and Nelson (78).
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Axﬂard and Elton (78a) eonsldered that a substantial |
prcportion 01 the woék requzred to develop doughs hy mechanical
means was expended on the breaking of disulphide bonds, New
disulphide bonds were thaught to reform in such a way as to pravide
a stable, expandable, protein netwozk, a prooess which w¢uld be
facilitated by the presence of oxidising agents. » ;

Bushuk and Hlynka (?9) fbund that glutathions, cysteine, and
sodium bisulphzta, when incorporated into dough, increased the rate
of brsmate deeompcsiticn. 'The increase in reactiog rate was
proporﬁianal to the amount of the reagent added. ~The results
were interpreted as support for the hypothesis that broﬁate reacls
principally with sulphydryl groups, and thet the numbe% of sulphydryl
groués was_incréased by the reagents studled, In a later paper,
Bﬁeﬁuk_and Hlynka (80) fbﬁnd that there was a faster rate of bromgte
decomposition in doughs from high protein floﬁr compared with doughs
from low protein flour.  The results were thought to be related
to the increased sulphydryl content of the high protein fraction,
brnught about hy airhclaaaifieation. Bushuk ond Hlynka concluded
that the ulphydryl groups of flour protains are involved in the
chemical improvement of flour cuality. Whether this improving
effect iaiproduced by the cross-linkihg reaction as first proposed
by Sullivan et al. (46), the modification of this reaction as proposed
by Goldséein (76), or by some other mechanism, ig still a matter for

¢onjecture,
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Ih b Dur D

The introduction of oxidiging agents by Kohman et al. (13)
in 1920, to bring about the artificiel matuvation of flour, did not
stimulate research into the effact of oxygen on flour or dough, as
might be expected, Ih was not until 1937, that Baker and lMize (81)
reported that doughs mixed in oxygen showed improvement, followed by
deterioration if overtreated.

In 1939, Freilich and Frey (53) found that the depressing effect
of cystelns, glutathione and wheat germ could be overcome by mixing
in oxygen. These authors belleved that these substances
activated proteolytic enzymes, or exerted a direct detrimental effect
due to thelr reducing character. On extending the study (54) it
was roported that flours vary in their oxygzen requirements. Some
flours responded more readily to oxygen than bromate, suggesting that
there were differences in their action in doughs. In 1947, the
effect of oxygen on dough development and bread quality was studied (82).
Mixing in oxygen was found Yo iuprove the rheological properties of
dougha, and produced an increase in loaf volume. The beneficial
offect of oxygen, which was noticeable during the first few minutes of
dough mixing, was independent of proteinase inhibition, To determine
if the oxygen effect resulted from enzyme activity, o dough containing
0.5% cuprous chloride was mixed in oxygen, The cuprous chloride was
éxpected to act as an enzyme inhibltor, although it was a poor choice of
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reagent as tracas of capper ma;y' eatalyaa the oxidation of sulphydryl
groups (128) " fhe’ pmperhiea oi‘ the' dough were similar to those of
a control mixad in ni'hmgen, and this wasg prasented as inhibition of
tha oxygen ei‘i‘act. Further avs,dence for an enzmnic machzmiam was
o‘bta:lnad by adding small amnunta of quinua floup (from Quinua, polyepsia)
to tha dough. Quinua fleur appeared to have a high concentration
of the oxidising enzyme, as a dough containing 107 of this flour
showed a typical o:wgen ef feat wheh mixed in air. If the quinua
flour was heated to 95°C:, bafore being ineorporated into the daugh,
the oxy‘gen effect- was not o‘osewed, indicating that the activity of
the enzyma systen had heen denatured by heat.

‘.l‘he improving effect of o:wgen and the machaniam whereby it is
bi'bu;ght abou'b, were mat@ers of aaaaemia interest until 1946 when the
iﬁfestigation of I-'Iellaﬁby (1) st.imui;ﬂ;ad a re-examination of the subject.

In 1950, Rank and Hay (2) patented the 'batter' or aeration
process, .whi«.::h rolied ei: high. speed mixing to achieve both a
bleaéhing and Improving effect. By this -proceas bread could be
prepared of equal quality to that ‘obtained from cbnven‘izionnl:lg‘
treated flour, | The bieaéhing offect was atti“ibﬁted to the
lipoxidase activity o:é the flouﬁ, wvhilast the improvement was
considered to be due to mechanical work performed on the batter.

In order to ap;}reciate the complex effect of oxygen during
the mixing of flour doughs, the literature ooncerning the bleaehing

and improv:!.ng mechanismg s eonsidered separately.



In 1934 Hoas end Bohn (83) developed a commeraial product
known as "Wytase' based on unprocessed soya flour. It was claimed
that when this product was incorporated into o dough, a bleaching
effect was obgerved. Bohn and Favor (84) atiributed the bleaching
effect to the unsaturated fat oxidese activity of the soya, but did
not offer any direct evidence to support this view.

The preaence of an enzyme which could catalyse the oxidation
of unsaturated 1lipids had been demonstrated by André and Hou (85),

and Craig (86) in soya beans and other plants, Sumner and Sumner (87)

demonstrated that this enzyme, lipoxidase, was reaponsible for the
simultaneous bleaching of carotenoids during the oxidation of
unsaturated lipids, Later work has shown that lipoﬂdase is a
highly specific catalyst for the oxidation of unsaturated fatty acids
containing cls-methylene~interrupted double bonds, such as linolelc
and linolenic acids (88,89). Carotenoids are bleached due to
abstraction of hydrogen by free radicals, which are intermediates
in the formation of the fatty aeid hydroperoxides (90).

The presence of llpoxidase in wheab germ was detected by
Sumner in 1943, (91), but the quantity present was only 2.3% of that
found in soya bean meal. The lipoxidase activity of wheat flour
was demonstrated by Miller and Kummerow (92), using a carotene
destruction method, Irvine and Winkler (93) showed that

lipoxidase was responsible for the destruction of the yellow
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pigments of - durun u&'zsc:lina aurirzg macaroni pmcass:mg. S
When Rank zmd Hay (2.) ~rﬁﬂé:se:nmweéi that high specd mixing produced
a bleaching _ef_fect, _which eould be further enhapggd by the addition
of b.l‘/’; of 'unpmgasagd Soye, the ‘iqp}i,satipn of 15.;903:1&&56 in the
bleaching aeﬁion was aue;pected._ Stmng evidence fqr a lipoxidase.
aatalysed bleachmg effoct was obtainedﬂ?y Hawthorh and ‘I‘odd (3),.
wha st_udiad the. qhg;nisﬁry_ of the aeration process. Thaese workers
dmonstrated:-- N o | P |
(:!.). . Addition of 11p0ﬁdase (in the form of unprocessed
‘ soya. i‘lquxf) gave rise to increased bleaching.
(31) ‘Adéﬁ.tion of linoleio acid. :Lnergaaea the degres of
bleaching,
o (,m-i.). The degree of. ‘bleach, in the absence of an added
| lipo::d,dasa source, inereased with increasing time
of high speed mixing,
Further, it Mo ahown that additicn of a haematin campcund (ez,catalane)
had a gimilar effect to lipoxidase, This finding was in agreement
with the observation of Tappel (94), and Banks (95), who have shown
that haemating may act as unsaturated fat oxidases in the presence of
traces of prai‘c?mad I?eroxida. The role of high speed mixing in
bleaehing_ was c;cnsiderec? to provide oxygen for the action of unsaturated
fat oxidases, especially lipoxidage,




(ii1) The Improving Effeet of Oxyzen duping the mixing of
Floup Doughg ond Datters

Baker and Mize (81) reported that doughs mixed in an oxygen
atmosphere showed o definite improvement effect. Freilich and
Fray (53,54,82) found that an improvement in loaf volume and texturs
could be achieved by mixing doughs in oxygen. The effect became
apparent during the first fow mimri:es of mixing, and it was suggested
that an enzymic reaction was reaﬁ»ansible, but 1ittle convineing
evidence was offered for this view. Smith.aid Andrews (96)
obtained rheological data whioh indicated that oxygen had an
immediate effect; and a time dependent effect, in dough.

Dempster, Hlynka and Anderson (97) confirmed this two-stage reaction,
and found that the magnitude of both stages was related to the
oxygen concentration in vhich the doughs were mixed,

The Rank and Hay process byings about an improvement in bread
quality besides having a bleaching effact. Hawthorn and Todd (3)
considered that there were two possible explanations for the
improveuﬁent obgerved in the aeration process, These were:w

(1) Work strengthening of tho gluten by tho expenditure of
moechanical energy on the dough, as proposed by Rank & Hay (2).

(i1) Chemical reactions made pogsible by the incorporation of
air into dough during high speed mixing,
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It was found that mixing per se was not responsible for the
improvement, ag the ioé?ea | produc;._ed by mixing under a nitrogen
atmosphere were smaller than those produced if mixing wes carried
out in air,  Farther, it was demonstrated that convenﬁional
mixing in an oxygen atmosphere brought about similar: or even
greater effects than high speed mixing in air (98).

The effect of oxygen on doughs indicates that oxygen is
involved in chemical reaction with £lour constituents. The task
of discovering which substances hawé the role of oxygen acceptors
in doughs is mede difficult by the complex nature of flour. It has
already bgan mentioned that the bleaching effect in the ;aeration
process is due to the coupled oxidation of linoleie and linolenic
acld under the influence of lipoxidase;  consequently these fatty
aclds are oxygen acceptors in doughs. The improvlement effect
in the aeration process has been suggested to be due to direct
uptake of oxygen by flour protein, thus indleating a further centre
for oxidation. The role of flour lipids and proteins in oxidative
improvement will be discussed in the following section, in érder to

provide a general background for recent work on the oxygzen effect,

£ Kloup lipids in dative Im

The early literature contaihs several references to the baking
behaviour of bread made from flour extracted with fat solvents.

The results were of a conflicting nature, some authors (99-105)




20

reporting improvarment in baking quality, whilst others reported a
deterioration (106 - 109). In 1956, Cooksion.and Coppock (110)
found that volume could be slightly improved by using defatted flours.
The lmprovement has been shown to be nezligible in recent years,
probably due to a change in the flour extraction rate and varying
elimatic conditions (111).

In 1940, Sullivan, Howe, Schmalz end Astleford (46) observed
that treatment of flour with oxidising agents reduced the amount of
1ipid capable of being extracted from doughs. Cookson and
Coppock (110) demonstrated that flour, which had been extracted with
carbon tetrachloride, showed similar characteristics to flour which
had been treated with an oxldative improver, Defatted flour doughs
required less bromate than control flour doughs to bring about the
same degree of improvement. The authors pointed out that carbon
tetrachloride did not extract the entire lipid, and the flour might
be substantially inert to oxidising improvers in the complete absence
of lipids. The findings of Sullivan et al. (46) were confirmed
in that the recovery of lipid from treated flours was smaller than
for untreated flours, also changes were observed in the ultra-violet
absorption spectrum of liplds from c¢hlorine dioxide treated floura.

It was concluded that any comprshensive theory of oxidative improvement
should take into account the llpids, as well gs the proteins of

flour, In a later paper, Cookson et al, (11l1l) showed that
roplacement of extracted lipids to defatted flour did not restore the
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more oxtonsible nature of the unextraeted flour, © It was -
congidered that the extraction procedure liad altered the properties
of the 1liplds, or the nature of the lipidsprotein lirkage. The
effect of chlorine dioxide treatment was loss marked in dough
characteristics (though not in loaf volume) of e defabted flour,
compared with an undefatted flour.

The relationship between flour lipids and the bromate redction
in dough was studied by Cunningham and Hlynka (112) with very
interesting results.  These vorkers found that extraction of flour
with fat solvents decreased the rate of bromate decomposition in
doughge The addition of the lipid extract restored the rate to its
original level, providing the flour had not been damaged by the solvents,
Lipids wers thought to function as intermediates between bromate and
roducing substances, the nature of the medilation residing partly in
. ‘the chemical transport of bromate oxidising power, eg. poroxide
formation, and partly in the structural role of lipids in flour, «
Traub, Hubchinson and Daniels (113) have shown, from Xerey studies,
that the 'pmﬁefiu fibres of wheat flour are held together by layers of
phospholipid. $ince bromate actlion hes been traditionally
associated with protain,' such an arrangement could provide a basis
for 11pid mediation in the bromate reaction,

Lee and Tlkachuk (114) confirmed that dofatting with petrolsum
oether reduced the awount of bromate (3132), converted to bromide.

The reaction of bromate with lipids was held to supplement any
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primaxy reaction, such as the formation of disulphide linkages, which
would consume only o small firaction of the total bromate added to
the flour. In a subsequent paper (73), these authors found that
bromate was not reduced to bromide by a dioxane solution of petroleum
ether soluble flour lipids, indicating that there is no-direct reaction
between bromate end 1lipids in dough.

Recently, Bushuk and Hlynka (80) have related the reduction
of bromate to the presence of oxygen during dough mixing, A
conteol dough, and a petroleun ether defatted dough, mixed in alr
showed & much lower convergion of bromete to bromlde than the
corresponding doughs mixed in nitrogen, On comparing the extracted
and control doughs mixed in nitrogen little difference was ohserved
in the degree of bromabe reduction. This was not the case with
the air mixed doughs, as the extracted flour doughs showed a smaller
roduction of bromate compared with the contxol. These results were
explained on the basis that crude 1lipid and sulphydiyl groups compete
for oxygen. The removel of the available oxygen, by the lipoxidase
catalysed mechanism (115), allows the bromate reaction to proceed
uninhibited. The 1ipid hydroperoxides, which were formed as a pesuli
of lipid oxidation, were considered to compete with bromate for
sulphydryl groups present in the flour. Antioxidants were found
to depress the bromate reaction, and it was thought that the oxidation
product reacted with sulphydryl groups, as was the case with 1lipids,




_ The ccmpetitian betwean lipid oxidation products and bmmate
for the sulphydx:yl groups of deuph will be diacuased in a later _

soction .

Sullivan, Howe, Schmalz and Astloford (46) were the first to
draw attention to the possible role of sulphydryl groups in oxidative
improvement, - Bakor, Parker and Mize (65) reported that nitrogen
trichloride and chlorine treatment lowered the aulpimwi content
of Both a water éxtract of flour and a gluten dispersion, Mixing
in oxyzen progressively lowered the sulphydryl content of a water
extract of dough over a period of 24 minutes, after which the value
becane constant, Mixdng in a carbon dioxide atmosphere had no
affect on the sulphydryl contént of elther mabterial, |

Sullivan (64), considered that improvement was brought about
by oxidation of adjacent pairs of sulphydryl geoups to disulphide
bridges, thus producing cross<linkages within the protein structure.
Goldstein {76) considered it improbable that puirs of sulphydryl
groups could be so aligned that oxldation could easily occur, and
postulated an exchange mechanism beétwaen sulphydryl and disulphide
groups. By this mechanism, free sulphydryl groups are brought into
the proximity of disulphido bonds during mixing,  An interchange
of sulphydryl gro‘ubs occurd, and thus new disulphide bonds and sulphydryl
groups aro formed. The original disulphide bond was considersd to




be opposed to mixing shearing forces, and the new bond is so
orientated as to longer oppose these forces, consequently a
relaxation occurs within the dough. The improvement of dough
by oxidising agents is due to a hindirence of the exchange mechanism,
as the improver removes sulphydryl groups from the system, thus
preventing relaxation occuming. To test this hypothesia,
Goldstein blocked the sulphydryl groups of a dough with
para=chloromercuribenzoate, and demonstrated improvement in the
mechanigal properties of the dough. The addition of improvers
to a dough with all the accessible sulphydryl groups blocked was
without effect.

Mecham (116) cleurly demonstrated that sulphydryl groups play
a governing role in dough mixing behaviour, Doughs containing
specific sulphydryl blocking agents (Neothylmaleimide,
para~chloromercuribenzoate, iodoacetamide) showed similer rheological
properties to those treated with oxidlsing agents,

Mabsumoto and Hlynka (72) found that the water soluble protein
components of flour contained two ﬁo three times as many sulphydryl
groups as the fraction soluble in 0,01V acetic acid (largely gluten
proteins), Bromate and iodate decreased the sulphydryl content
of both fractions, although mixing in air only slightly decreased
the sulphydryl content of the water soluble fraction, | Sulphydryl
blocking agents decrecased the sulphydryl content of both fractions,

paraschloromercuribenzoate being slightly more effective than

24
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Neothylmaleimide, The results obtained with blocking afents
revealed the presence of insccessible sulphydryl groups which hed
not reacted. The authors pointed oub that the water soluble
proteins, as well as the gluben proteins of flour, should be
considered in o comprohenslve theory of oxidative improvement.
Mecham, Sokol and Pence (117) daﬁonstrated thet it was tho gluten
fraction which determined tho effect of Nwothylmaloimida on dough
nixing propertics, rather than the soluble fraction.

Sokol, Mecham and Pence (118) found the sulphydryl content of
bromated doughs, mixed In alr, was 8imllar to that of untreated
doughs, except in the case of a £ifth break flour, when a small
decrease was observed on tho addition of bromate. The authors
noted that the reactive sulphydryl groups may bhave been oxidised by
atmogpheric oxypgen before measurcments of the offect of bromate could
be recoxrdod. The same aubhors (119) reported that there was a
rapid loss of sulphydryl groups durdng the first few minutes of dough
mixing. For a 20 minute poried, sulphydryl losses varied from
387 to 647 of the originel sulphydryl content, depending on the £lour
gtudicd, In most cases the sulphydryl content had reached o
constant value after 20 minutes, most -7 decrease occurring during the
initial period of mixing (O=5 minutes). Trom a study of dough
nixing stability it was found that a correlation exigted botweon rate

!
of sulphyryl loss and nixing stability. The more stable doughs lost

sulphydryl groups faster thon the less stable doughs, Flour suspensions



had a lower rate of sulphydryl loss than doughs, from which it
appeared thal sulphydryl groups failed to become avallable for
reaction in suspension,

Recently, Sullivan, Dahle and Largon (120) reported that
the sulphydryl groups of wheat flour appeared to be equally
digtributed between tho water soluble proteins and gluten proteins,
This is in contrast with the results of Matsumoto and Hlynka (72).
No detectable sulphydryl groups were found in a water—saturateé
butanol extract, although the extraction had been carried out
under nitrogen, |

Hird and Yates (121) have demonstrated that wuffered solutions
(pll 6) of glutathione and cysteine were oxidised to the extent of
1.6% and 13% respectively by air, and to a slightly greater extent
by bromate at a level used in flour treatment.

The accessible sulphydryl groups of doughs have been
econsidered to be the groupings oxidised by improving agents (119,122).
Measurement of these groups was carricd out by Bushuk (123) using
an lodate titration method, The resulis indicated that the
agcessible sulphydryl content increased with inereasing protein
content of flour, the values ranging from 5 - 10 neq./g. protein,
In dilute flour slurries (i.e. 50 parts of water to 1 part of
flour) a limiting value of 10.4 neq./g. protein was recorded.

This vajue is slightly higher than the value of 8.1 neq./g.
protein observed by Sokol, Mecham and Pence (124), for the total




sulphydryl content of flour dispersions.
Taén ‘and Bushuk (125) have found that 30 pip.m. of potassium
bromate did not produce any significant effect on the sulphydryl
loss of doughs mixed in ritrogen. This low rate of renction was
in agrecment with earliér findings (119,121) and the awthors considerad
that the bromate reaction in dough ia very slow. Potassium iodate
had o wmeh faster reaction with sulphydryl groups, ‘and oxygen
competitively inhibited the reaction at low lodate concentrations.
The disulphide content of the dough was fouhd to be aboubt 15 peq./g.flour
or 100 j1eq./g.. protein, and this did not vary during mixing in oxygen
and air. It was found that iodate ireated doughs mixed in oxygen
for 15 min, 4id show Ja. disulphide losss .- The aubthors suggeataci that
this loss may be responsible for- the breakdown process produced by
the prolonged mixing of over=oxidised doughs.-
Sulliven, Dahle and Schipke (126) have recently summarised
the currvent theory of oxidative improvement as followss=
- VImprovers and specific sulphiydryl reagents inhibit the’
exchangie reaction botween REH and R8-SR by oxidising or
blocking some thiol groups which otherwise would cause
too great extensibility. In oddition, oxidising agents
may react on NISH to form new disulphide bonds, thus
strengthehing the dough. ‘Reduging agents split the
interchain S=~S bonds cousing softness and extensibility!.
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Fron obgervabions of the labile and nonelabile sulphydryl groups

in flour ahd dough, these authors put foiward an cdditional
hypothesis on the improvement proceéss, " T4 was shown that sbout 507
of the btotal sulphydryl content of flour underwent rapid oxidabtion
during dough mixing, - Thése sulphydryl groups were considered to. -
be those of watems and saliwsoluble proteing, and the remaining
sulphydryl groups were not reactive undor conditions of mixing.

It was postulated that the labile sulphydeyl groups of nonwgluten
proteins were involved in an exchange reactilon with gluten disulphide
groups, which weskened. the dough matrix, Removal of the labile
sulphydryl groups by oxidation prevented the exchange reaction
ocoundng, thus inereasing the strength of the doughe As pointed
oub by these workers it has not been possible to prove unequivocslly
any theory of oxidative improvemont, and more information is required

on protein structure before a clearar plceture will energe.
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The early rei‘erenbés to the improving effect of oxygen, during
dough mixing, have already been discussed (53,54,81,82,96,97).

These authors wero studying dough rheology, and no definite
observations were maede concerning the blochemical systems involved

in the oxidation phenomenon, Freilich and Frey (82) did present
some rather dubiovus evidence which suggested that the oxygen offect was
enzymic, but it is only recently that attempts have bheen made to
elucidate the mechanism of the uplake process.

In 1956, Bungenberg de Jong '(327) found that gluten, though
extracted with petroleum ether, bhecome rancid when expesed.to oxygen
and light. = - The rancid odour was considered to be due to the
oxidation of unextracted lipids, which were tightly bound to the
gluten surface. In further experiments, the rheological
properties of extracted flour doughs were studied, The doughs
appeared to be very sensitive to atmospheric oxidation, the oxidation
being enhanced by high oxygen tensions or traces of copper ions,

The author was of the opinion that direct oxidation of gluten was
hampered by the presence of unsaturated lipids, If the flour had
been extracted by an efficient solvent, the gduten would undergo
rapld oxidation, It is not clear from the published data which
golvent had been used for the extraction of the flour, consequently
the effect of residual lipld oxidation cannot be neglected. Further,

the improvement effect of copper lons in unextracted doughs is




well known, and is probably velated to tho oxldation of sulphydryl
‘ groups or the formation of stable mercaptides (124, 128).

' In 1955, Hawbhorn and Todd (3) concluded that the improvement
effoct, observed in the Rank and Hay process, was due to direct uptake
of oxygen by flour protein, and wag independent of unsatursted fat
oxidage agtivity. . This concelusion was based -on tho observation.
that dmprovement stlll occurred, even: though the flour had been
defatted with petroleum ether, ~As pointed out by Gias;al (129), and
Learmonth (130), petroleum ether would not have completely removed
all the lipid from the fiour. The latier author congidered that
gluten oxidatlon was dependent, on the prior oxidation of unsaturated
Iipids by.a bl:l.paxidase or haematin catalysed system. Mapgon and
Moustafa (131) demonstrated that the lipoxidase of ungerminated peas
could bring about the coupled oxidation of glutathione in the presence
of ungaturated liplds, and such o reactlon wey play: a role in
Improvement during high speed mixing. |

The first attempt to measure the oxygen uptake of a flour
suspension was made by Cosgrove (10) in 1956, = The apparatus
conaisted essentially of a manomster connected to a flagk in which
flour (25 g.), and a phosphate Wuffer (pil 6.5, 40 ml,), were mixed
under nitrogen.. The entire apparatus was immersed in a thermo=
statically controlled water bath ot 25°C. The flour suspension
was stirred for 5 minutes, then the nitrogen was replaced by air,

and readings were taken on the wenometer every 5 to 10 minutes over
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a period of 1 hour, It was found that the flour batter absorbed
oxygen rapldly for about 20 minutes, thereafter the uptake gradually
declined. The amount of oxygen token up by suspensions was
of the order of 600-1000nl. Oy after 20 minutes {rom the
dommencement of the experiment. Extraction of the flour with
light petroleum ether markedly reduced the ability of the batter to
teke up oxygen, although a residual uptake was still recorded.
If the extracted 1lipid was replaced the oxygen uptake was restored,
end 1lipid from stored flour was morse effective than lipild from freshly
milled floux in this respect. Heat treatment of defatted flour
destroyed the uptake mechenism, as addition of the extracted lipid
did not rostore the uptake, Cosgrove was of the opinion that
oxygéh absorption was due to the lipoxidase activity of flour,
which had been studied earlier by Irvine and Anderson (132).
Cosgrove pointed out that extraction with light petroleum ether
did not remove all the lipids from flour, and the residual uptake
noted with defatted flours may be responsible fof the improvement
in the Rank and Hay process (2) observed by Hawthorn and Todd (3).
In 1957, Smith and Andrews (11) investigated the uptake of
oxygen during the mixing of flc‘ur doughs, A manometriec method
was employed, the manometer being attached 'bo a 50 g. farinograph
mixing bowl fitted with a gas tight cover, Water and flour
were mixed under an atmosphers of oxygen, and weadings wers taken
from the commencement of mixing, The graphs of oxygen uptake




against mixin_g- time indicated thol. oxymen cbsorption occurred rapidly
and reached a maximun value after asbout 20 - 25 nimutes of mixing.
The amount of oxygen obsorbed by a patent flour dough was. of the
order of 8000 nl. O, after 20 minutes fron the commencement of
mixing, = Lower grades of flour took up aubstantially more oxygen,
for example a firat clear flour obsorbed twice ag much oxygen over .
the same period as the patent. flour. Extraction of the flour

vith pentane (b.p:36° = 40°). reduced: the oxygen uptake; howevor,
readdition of the extracted 1ipid restored the uptake to its original
value, There was no direct correlabion between the fat content .
of . the flour and the amount of oxygen abgsorbed, but a linear
rolotionship was established between free fatty acid content and
oxygen uphoke. :

- Smith and Andrews (11) carried out further experiments’which
indicated that the agent cotalysing the oxygen uptake was water |
soluble and heat senstive.:  The optimum pH for oxygen absorption
was betwaen 6 and 7, which is in the rango reported optimal for
lipoxidase activity by Irvine and Anderson (13R). The oxygen
uptake of f;.ou;' steadily increaged during storage at room
temperature, while the uptake of flour held et ~20°F, remained
constant.  Analytical evidemse showed that there was a dirvect
connection beotween oxygen uptalke and the development of free fatty
acids in the flour,

32
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. . In a second paper (133), the study wos extended.to relate the
effects: of oxygen and 1lipids to the physicel and chemical propertios
of £loury doughs. = It was found that the effeets of sulphur.
dioxide and sodiym bioulphlite, which decroase the mixing tolerance
of Qoughs, werc enhanced by defatting the flour. . If the 1ipid
was returmed to the treated flour the mixing toleranco was rostorad,
although it was necessaxy for the mixing to be.carried out in the
presenceo. of air, . On adding various lipid fractions. to defatted
flour «?.:‘3115.},1115:3 it was shown that the free fatly acid fraction was |
raaponsible for counteracting the weakening effect of bisulphite.
Linolele and linolenic aclds were able to buiffer the effect of
Iﬁisul@hit‘a,‘. whareas olelc and stearic aclds produced no responsa.
Oxygen was required to observe tho bufforing effect of linolelc aecid,
however, the addition of oxidised linole:!.é acld to a nitrogen mixed
dough produced a similar result, The oxldation product of the
poly=ungaturated fatty acide wus considered to be responsgible
for the tufferinz effect of fonr lipids.

.. The authors stote that the oxidised poly-unsaturated fatbty
aclids wey act directly against tho redueing agent in the dough,
or altornatively, have an oxldleing effeat on a dough component.
TH 18 Imown that sulphite and bisulphite produge s softening effect
through scission of disulphide groups (134), which would provide
potential substrates for lipoxidagse-coupled oxidations.
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Smith, van Buren and Andraws (133) also compared the properties
of extracted and unextracted {lour doughs using the extensograph
which measuras the resistonce to extension of o dough and its
axbenaibility. It was found that extracted {irst and second
clear flour doughs showed a greater response to mixing in oxygen than
the corresponding unextracted controls. The oxygen uptake of
the extracted doughs was much smeller than the controls, indlicating
that dough properties could be influenced by small amounts of oxygen
in the absence of free lipids, The mixing characteristics of
the control doughs could be restored by the addition of linoleio
acld to the extracted flour. Oleic acld did not restore the
nixing pattern, thevefore poly-unsaturated fatly aclds were apparently
responsible for the differsnt hehaviour of the twe doughs,

Heawbhorn and Todd (3) hod shown that defattod flour doughs
- responded to molecular oxygen, an offect which was congidered
to be due to divect uptoke of oxygen by flour proteln, apg
independent ungaturated fab oxidase activity. The resulis of
Smith, van Duren and Andrews (133) also show an oxygen mixing
responso with defatted flour doughs, Tho poly-ungaturated fatty
acld content of the doughs was rolated to the amount of oxygen
taken up during mixing, and the unsaturated fat oxldasse system had
an influence on the mixing characteristics of the dough.
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Mixing doughs under oxygen increased the loss of sulphydryl
groups compared with controls mixed under nitrogen. The rate
of loss of sulphydryl groups, in a second clear flour dough, was
decreaged after lipid extrac‘bion. | 'l‘hia i’indinsr was related by

Smith et al. (133) to the work of Mapson and Moustafa (131) s Who

de;cuenstmtaa ‘the exidation of .glutathione in the presence of the
lipoxidage~fatty acid system from pngémina‘béd pease A sulphydryl
lnas was detected in nitrogen mixed doughs, which waa oonsidered to
be ﬂue to xn:tnute traces of res:.dual oxygen acting on labile
aulphydryl groups.

To surmarise it may be stated that both Gasgmve (10), and
Smith and Andreua (11), agecribe the oxygen uptake in suspensions and
doughs to lipoxidase activity. Further, Spith et al. (133)
eons':i_.dgrﬂthat the fatty ac:id oxidation pioduat may be involved in
the gzéidation of sulphydryl groups during dough mixing.
| In o rewappralsal éf the oxygen effect, Hewthorn (135) has

pointed out that the appara.tua of both Cosgrove and Smith et al,

was insensitive to amall changes in oxygen concentra‘bion.
Hawbhom wag of the opinion that no conclusive evidence had been
advanced relating unaatt;rat_ea fat oxldase activity with the uptake
of amall amounts of oxygen concerned in improveﬁaentl by the
Rank and I~Iay-proceaa.

Morrison (12) has recontly criticised the findings of
Smith and Andrews (11). This worker pointed out that the lipoxidase
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catalysed oxidation of linolele and linolenic acids could only
accqﬁht for on oxygen absorption of 2100 nl. 02/50 g. flour, based
on a normol free fatty acid content. . . Smith and Andrews (11)
roported oxygen absorption. figures of about 2-4 times this value,
which indicated the oxidatinntof other flour constituents besides
1linoleic and linolenic acids,- torrison (12), using a gas.
chiomatographig toghnique, was able to demonatrate the general logs
of free fatty-aemda-during_the nixing of flpurwwateﬁ sponges. It was
suggested that the free fatty acld losses were due to lipoxidase
catalysed oxidation of essentisl fabty acids (1limoleic + linolenic acids),
and éoncurrant enzymlc oxidatlon of all.free_fahﬁy acids. The
agaltion of a high level of nordihydroguaiavetic aid, an antioxident,
to tﬁe flour-water system did not inhibit the lipoxidase oxidation,
and in fact increased the loss of essential fotty acids. This may
have been due to an accelerationin the decomposition of linoleate
hydroperoxide brought about by the high level of antioxidant (136).
Thus, the uptake of oxygen by flour doughs and gponges
has been attrituted to lipoxidase activity (10,11), lipoxidase
aotivity and coneurrent free fatty acid oxidation (12), and lipoxidase
activity and divect uptoke by flour proteins (3).  The relative
magnitude of these systems, and thelr significance in dough
Improvement, remains to be established,
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Regent Work on the Inter-relationship of Lipid end Sulphvdeyl Oxidations

Recent research has indicated that inter-relationships nay
exist between‘dcugh oxidation systems. A review of this work aids
in unifying the varidhs.sectiona of this introduction, and rapresents
thg state of knowledge at'the preagent time.

Cunningham and Hlynka (112) found that the presence of air or
oxygen inhibited the rate of bromate decomposition in dough. On
extractihg the flour with petrcleumlethar the role of oxygen as an
inhibitor was accentuated. The competitive inhibition of the
bromate reaction by oxygen was ¢onfirmed by Bushuk and Hiynka (75).

In a later paper (80) these authors postulated that lipid competed with
protein sulphydryl groups for oxygen, ond that defatiing enhanced the
inhibitory ef'fects of oxygen on the bromate reaction, Lipild hydro=
peroxides, which are formed as a result of lipoxidese activity, also
conpetitively inhibited the bromate reaction by oxidising sulphydryl

groups. The postulates oftthe avthors may be set out as followss=-

(4) Dronate + Sulphydryl Groups -=e» Oxidation Products
@.Zs S=3 bonds formed,
Mein reaction of bronate in
dough, and presumably
reapongible for improvement.
(11) Oxygen + Sulphydryl Groups =weep» Oxidation Products,

Oxygen competitively inhibits
bromate decompoaition.
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(111)0xygen + Lipids wwaye  [lydroperoxides
| | | | “(via 1i.poxidase‘ Ica'ha.lyaad
inechaniaxﬁ). Presence of
lipids éecreasés
‘i‘r;hiﬁitory effect of oxygen
. on the bromate reaction,
(iv) Hydrqparoxidfaé + Suiphyﬂryl Groubs wawds  Products. |
o . | Hydroperoxides competitively

inhibit bromate decomposition

Tsen and Hlynka (137) measurod lipid peroxidation during dough
niding by a modified thilobarblturic acid method., = Definite evlidence
was obtained that !'free! lipid (i.e. that extractable with petroleum
ether) was oxidised during the miiing process, The amount of peroxide
formeid conld be increased by the addition of a lipoxidase prepara'bipn,
in agreament with the earlier results of Smith and Andrews (11).
Nordihydrogualaratic acid ivhibited the formation of peroxides in the
dough after five ninutes mixing in oxygen, The addition of peroxides
and hydiopei-oxiaas to the dough produced a strengthening effect as
measured by rheological properties. These authors considered
that peroxides and hydroperoxides strengthen dough by oxidia:lﬁg
sulphydxryl groups, as it is known that sulphydryi gmupé are involwved
in deternining the rheological properties of dough (75,77,116).

The presence of sulphydryl blocking agents; or improvers, incressed the
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degree of lipid peroxidation,. Thig was put forwvard as evidence

that sulphydryl groups and lipids could conpete for the available

oxygen in the dough,. If the sulphydryl groups were cxidised,

or blocked, then more oxygen would he available for lipid oxid:ation.
The relabionship between oxygen, lipids and sulphydryl groups,

according to Tgen and Hlynka, may be expressed in the form of the

following schemes=

mide

( 4
Oxygen  wewmmaceesd Hydroperoxidesl  ewwwwwwwwesd  Side Reactions
~ Lipids and Peroxides with Carotenoids
\\\ —
8
&& \\\ - )
Gy S AV =31 Groups
_— * N
111
Bromate  wessecsoomi. G
-3H Groups Disulphide
Dond

Reactions I & II -~ competitive for oxygen
Reactions ITI & III -~ competitive for sulphydeyl groups

Reaction IV -« dough strengthening effoct observed on the
addition of peroxides to dough,

Reaction V ~=' proposed by Narayanon and Hilynka (138) to
account for low effect of lipid peroxides
a8 improvers.
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Naraysnan ond Hlynka (138) found that mixing in oxygen
brought about a‘marked improvement effect in doughs from defatted
flours. This greater apparent effect of oxygen on defatted flours
has also been noted by other euthors (110,133), and Narayanan and
Hlynka were of the opinion that lipids exert o protective action
ageingt the improver effect of oxygen, If the lipids were removed,
rore oxygen was available to reast with flour sulphydryl groups.

The addltion of a pobtroleum ether extract of flour lipids restored
the protective action ggainst the 1mprovérl effact. Oleic and
linoleic acids brought shout an initial improvement offect followed
by the protective action, The reason for the improvement was
unknown, but the protective action was considered to parallel the
formation of peroxides in the dough. Antioxidonts, when added

to normal and defatted flours mixed in aly, produced a slight improvement
effect, which was bellaved to he dua’ to the oxidiged antioxidant
acting as an improver and oxidising sulphydsyl groups. The authors
found that the addition of bromate to defatted flours brought about

a further improvement on mixing in air. This £inding is in
contrast to previous results (75,112), that oxygen had an inhibitory
offect on the reactian» rate of sulphydryl groups with bromate.

Recently Tsen and Hlynka (139) demonstrated that doughs
prepared {rom defotted flours had & faster rate of sulphydryl loss
than doughs from the ordginal flour, The @cughs had been mixed
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for 2.5 min, in air or oxygen, then allowed to rest. If the
doughs were mized continuously in air or oxygen for 20 min, it was
found that vl:.ha original flour dough had the more rapid sulphydryl
loss. The results were explalned on the basis of the scheme
outlined earlier (137). Direct conpetition for oxygen occurred
botween lipids and sulphydryl groups in the resting doughs.

Removal of lipids would, therefore, bring about a greater éulphydryl
loss. In the case of doughs mixed for a longer period, oxygen
was conbinuously incorporated into the dough and made available to
the reaction sites in excess of requirements. In such conditions
sulphydryl losaes occurred both by direct oxidation, and alse through
the mediation of oxidised 1ipids,. Thus, the loas of sulphydryl
groups in defatted flour doughs will be less than in original flour
doughs, The additlon of oxldised flour lipids, and oxidised
1linoleate, to nitrogen mixed doughs brought dbout a decresse in

sulphydryl content, and an improvement effect.
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The sonclusions of Tsen and Hlynka (137,139) have been challenged

by Dahle and Sullivan (128). The latter workers were unable to
demonstrate the oxidiation of glutathione by a wheat lipoxidase-

linoleate system. - Dy assay of oxidlsed lipids formed during dough mixing

a slight interaction between sulphydryl groups and oxidised lipids was
established, however the reactlon was considered to be unimportant

unless the mixing was long or accomplished in oxygen. The conclusion
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wad reached that fatty acld peroxides do iot oxidiss sulphydryl
proups during mixiig to any slpnificant degroe, and that such a
renotion would only be a mikor factor of maturing action duwing
mixing, | | | |
 Dloksma '(140) Sound that the vamoval of flour 1ipids ‘deécreased
the vate of sulphydryl oxidation in doughs, in dircct contradiction
to tho observations of Tsen and lilynka (139). Thus, the reaction
of sulphydryl groups with fatty acid peroxides must be considered
of problamabical significavce.  Blokema considered that the
higher amount of peroxides found in the presénce of sulphydryl
blocking ogents could be better explained by the failure of the
sulphydryl-peroxide reaction, rather than an inerease in 1ipid oxidation,
This explanation, however, is not in accord with the observations
of Dahle and Sullivan (128).
) To conelude this review the following quotation from the paper
of Dahle and Sullivan (128) ‘indicates the need for further research:e
141though much has been loarned in resent years aboub
~ the various mechanisme respongible for flour Jmprovement,
further work is needed to evaluate the relative importance
‘of lipid and other oxidising systems and their offect on tho =Sl

oSS iﬁterchange and subsequent dough pmpértias.'
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EXPERTMENTAL

P 1 - FOREWQ

Minute amounts of oxidising agents are known to have
disproportionate, and when properly controlled, benefieial effects in
nodifying the properties of dough made from wheat flour. The
implication of atmospheric oxygen in this tlmprovement process' has
been demonstrated by various workers (8,9,53,54,81,82). These studies
were followed by the patenting of the Rank and Hay 'batter! process (2),
and.the oxygen process of Todd, Hawthorn and Blain (98). Both of these
processes relied on the incorporation of alr, or oxygen, into a flour
batter during high speed mixing to achlieve a bleaching and improving e;‘faet,.

Manometric devices have been used to measure the amount of ;
oxyzen taken up by wheat flour when it is wetted (10,11), The aiaparatus
and methods possessed certaln disadvantages when rapid and accurate
measuraments of small amounts of oxygen were required,
These disadvantages weres=

(1) A general lack of sensitivity to small changes in
oxygen pressure or partial pressure.

(2) The rate ggﬁ?é%ﬁiﬁtﬁ.um between the gas and liquid phase
was a limiting factor when studying the rate of o:qréen uptake,

In order to obtain a rapld measurement of the oxygen uptake
rate In a suspension, a highly sensifive method for continuously

recording the concentration of dissolved oxygen is required.
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The polarographic method for cxygen determihation is suited to
such a cage, and this technique'wqg adopted to obtain the resultas
presented in this thesis.

Theopy Ui

In 1924, Heyroveky (141) reported that oxygen is reduced
at the dropping mercury electrode, the polarogram consisting of two
waves of equal height (Fig. i). ' Co v s

The first wave results from the reduction of oxygen to
hydrogen poroxide, = The seécond wave corresponde to the reduction
of’fhe hydrogen peroxide to water or hydroxyl ions, depending on
the pil (142). The value of the platesu height (4,Fig.l) on the
current axis is known as the diffusion ourrent for oxygen.  The
value of the diffusion current depends on the rate of diffusion of
oxygen to ‘the mercury surface, and is directly related to the
concentration of dissolved oxygen in the electrolyte, Thus, by
applying a voltage in theé range «0,5 volts to «0.7 volis versus
the saturated calomel electrode ($§0§E‘) and noting the current on
& sensltive aumeter, it is posuilbleto observe changes in the
dissolved oxygen concentration, Expressed in mathematical terms
the currentioxygen eohcentration relationship isia

14 = k o]

where iy = diffusion ‘current for oxygen, and k is a constant,
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This method, for the determination of dissolved oxygen,
wag first used by Vitek (143,144) who confirmed that the diffusion
current was linearly related to the concentrotion of dissolved
oxygen in various organic solvents,

Certain precautions have to be observed when this method
is employed. It 1s necessary to suppress the oxygen maximum,
wvhich 18 obsorved in weak electrolyte solutions of less than 0.1 M.
in strength, and which will distort the shape of the first platean.
The oxyger moximum may be eliminated by traces of such substances
as gelatin, dye stuffs and protein (145). Secondly, it is
esgential to ensure that no other material is present which mey
interfere in the determlnation of oxygen. The presence of such a
subgtance is easily detected by bubbling nitrogen through the test
solution until the current reading becomes steady. If only
oxygen is being reduced the current reading will be zero or of
negligible value (the residual current, B,Fig.l). The value of the
residual current will be appreciable in the case of an interforing
substance, and must be deducted when calculating the diffusion
current due to oxygen, Finally, the temperature nust be kept
congtont throughout the determination; as the solubility of oxygen
will vary with the temperature of the test solution (146,147).

The first reported application of the polarographic method
for the determihation of dissolved oxygen in blological fluids was
by Baumberger and Mz'iller (148), in 1935, In 1938, Petering and
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Deniels (149) gave details of o polatographic method for studying
the respiration of yedst; alyae and red blood cells, = Since its

initial application, numeous ‘workers have employed this method
suecessfully (150 - 156),

A latew dévelopment of the poldrographic technique for the
determthation of oxygen came with the introdiction of the rotabting’
platinun nicroelectrode by Kolthoff and Laitinen (157,158). These
workers ~—a’emofr_isﬁrated the é;raé.‘iil;,r'_increaséd oxygen diffusion current
with this electrode, thus enhaheing the sanéitiw‘fity' of the method,
Gigidrs dnd Lauzier (152) reported that the value of the diffusion
current ‘had increased by a factor of i’ourtéexi times uaing this
electrode, démpareﬂ ﬁiﬁh the drépping mercury eledtrode., The use of
this electrods is further commended by the fact that the solution
being studied can be stirred without e&using flustuations in the
current readings.’ The use of the dropping mercury electrode has
been questioned when employed for the study of bicloglcal systems, due
%o the toxic actlon of mercuric ions (159,160).

" The reduction of oxygen at ’oﬁe rotating platinum nicroelectrode
has been discussed by Kolthoff and Lingsne (161). The
theoretical basis of the determination of tho dissolved oxygen

is ‘essentially"similar $0 that involved when the dropping mercury
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Qldm;rode ia-used, ond may be stoted as followss=-

By applying a gradually increasing potential acrosa the
electrodes oxygen is roduced at the cathode, and a current flows
which is proportional to the rate of reduction. The rapid
rotation of the electrode results in the retention of a very thin
1§yer‘of stationary liquid (diffusion layer) around the moving part,
whilst the tulk of the solution is fairly uniformly mixed. If a
sufficiently great potentlal difference is applied to reduce all the
oxygen at the platinum surface, a diffusion gradient will he set
up across the stationarxy layer, The rate at which oxygen diffuses
through the layer will be proportional to its concentration in the
bulk of the solution, thus the current flowing through the cell
will bo proportional to the concentration of oxygen in solution.

The polarogram of oxygon obtained with a rotating platinum
electrode shows a similor £irst wave to that found with the mercury
electrode (Fig.2).

The second wave is difficult to observe as the reduction curve
of oxygen becomes very elongated (152).

| The electrode reaction for the reduction of oxygen at a
. platinun surface, according to Kolthoff and Lingane (161) isse

O + g0 + 20 ~eed HoOp + 200"

When determining oxygen emperometrieally with the R.P.E.
a sultable negative potential, referred to a standard half cell
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2.8+ the saturated calomel or silver/silver chloride electrode,
should be chosans - The solestion of this voltoge 1s dependent on
the -dkffuglon currvent of oxygen, which is obscrved botween =0,6 volts
and 0.9 volts vas 5.C.E. (platean region.of the polarogram Iig.2),
and which is. linearly related to the oxygen concentration. Steel
and Brierley (162), and Warshowsky and Schantz (159) used an appliod
voltage of «0.75 volio vs. 5,0.1, when atudylng seration in submerged
Pormontations, whilst Marsh (163) employed o voltage of 0.7 volts vs.
8.,0.0, in determlining the dissolved oxygon content of oil field brines,
c r ion of the Reco Sy |
o ihe polaragraphic nethod for the determination of dissolved
oxygen relles on recérding the diffuaion current due to oxygen at a
fixed negétive potential, The vé.lue §f the diffusion current N
may be related -'tc ‘a. particular oxygen concéntratian by prior
.calibratzon of the amneter scale in the appropriate units,

| The procedure, adopted by various workers (149,152,154,159.
‘162,163); 1s to determine the dissolved oxygen concentration in a
suitable electrolyte golution e.g. O.l.M. KC1l by the Winkler'method
(164). The oxygen diffusion current for this solution is then
recorded, and a calibraticn factor'may be derived which relates

current to concentrution.



.The apparatus employed in this study is 1llustrated on

pages 55,56,59, and deseribed under PART 2 of this section,

"I'ha general method employed for observing the oxygen uptake
of flour suspansion is described under PART 3 of this section,

Sglibration
The calibration procedure may be found under the Appendix,

51
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' GXPERIVEWAL

PART 2 w APPARATUS
The instrument used for the anpercmetrie detomnination of
dissolved oxygen | in flour | suspénsibna was a pélémgraﬁﬁ (Cambridee
~ Ingtrument Co. Ltd,). The galvanometer was set at a sensitivity
of 1/30 when recording the oxygen diffusion current, as ot this
getbting a full seale deflection was obtained with 0.125 MJKCL
wvhich was used in preparing the flour suSpenéiona.

T "'fﬁe-'polarcgraph was connected to a 6 volt. D.C, supply and
the voitage applied to the mtatihgl plafinum cathode was regulated
to0 «0,6 volts ve. S.C.E. This voltage corresponds to the region
of tho polarogram of oxygen where the diffusion current is observed
(Fig.2 pe 49); therefore the recorded current was proportional
to the dissolved oxygen concentration. The residual current,
noted after ramoval of dissolved oxygen from the flour suspensions,
was negligible,

The rotating platinum eleotrode employed for this study was
similar in design to that of Laltinen and Kolthoff (158).
The electrode congisted of a platinum wire 3.2 mm, long and 0.5 nm,
in dlameter set into a 4" diamoter iron shaft, The platinum
wire was protected from demage by flanges on the iron shafb

got " above and below the wire. - The iron shaft was mounted in
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prass bearings incorpergting a mercury seal device. The agsembly
was carrded in o large rubber bung which was also bored to
accormodate the saturated calomel electrode, A calomel electrode
with a sintered glass plug (Cambridge Instrument Co. Ltd, ) was found
to be satefactory because it showed high stability and was easily
cleaned, ‘

The platinum clectrode was rotated ab a speed of 600 r,p.m.
through a 2.5:1 gear reduction from a 1/20 h.p. synchronous speed
motor (Metropolitan~Vickers Llectrical Co. Ltd.). This speed
of rotation has been established as suiteble for the determination
of oxygen (152,158). The use of a synchronous speed motor is
essential in order to obtain reproducible results, as the speed of
rotation will influence the magnitude of the diffusion current. It
was necessary to provide the gear system with insulating bushes to
prevent any stray curremt from the motor interfering in the observation
of the diffusion current.

The iron shaft of the electrode was painted with cellulose
enamel, and subsequently coated with a layer of cercsin wax, This
treatment ensured that the platinmum wire was the only charged metal
surface ir-contact with the solutlony further it prevented rusting
of the shaft. A perspex splash-disc was fitted to the shaft at
the point where it entered the rubber bung, thus prav'enting traces of

moisturae reaching the brass bearings.
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An inverted steol sleeve (3" diamebter) was mounted on the
iron shaft, so that its open end could rotate in the mercury seal,
By this means direct electrical contact was established between the
platinum wire and o brass terminal on the electrode housing., Both
aleatrodés were connected directly to the polarograph. The electrode
agsembly is showh in Fig. 3. p. 55.

The temperature of the 0,125 M.KCLl solution used to make up
the suspension was standardised at 25° £ 0.2° C. by immersion in a
water bath, the temperature of which was maintained by a circulating
thermostatic heater (Circotherm, Shandon Scientific Co. Ltd.),

An air pump (Evans Electroselenium Litd.) was used to bubble a slow
strean of humidified alr through the solution, thus ensuring a
standard initial oxygen tension in the sugpension.

The suspension was prepared by mixing the 0,125 M,KCl solution
with a weighed quentity of flouy, for 1 min., in a high speed
macerator (Townson and Mercer Ltd.) Fig. 4. p. 50,

A graduated 250 ml. polythene bheaker was usedi as the
polarographic cell, A sample of the suspension, contained
in this eell, was transferred to a water bath consisting of a large
polyﬁhene beaker fitted with a perspex flange to support the cell,
The water bath wes maintained at 25° G, by water which was pumped
from a main tank by the clrculating pump on the thermostat. The
water was returned to the main tank by an overflow tube which was
ingerted into the side of the bath,. The water bath was enclosed



Fig. 3

55






in an internally lagged box, in such a fashion that its base rested
on the housing of an clectrically operated rotating megnet.
Thig magnet gently rotated a rubberecovered iron silrrer on the
bottom of the cell, )

An accurate stop-watch was used to take readings of the
diffusion current, at 30 ses. intervals, over a peried of 20 min.

The general awrangement of the complete apparatus is shown

in Fig. 5 pe 59
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PART 3_~ METIOD

The solution used to magke up the suspension was 0,125 i,
potagsiun chdoride. This solution supplied dissolved oxygen to
the flour in suspension, its oxygen content bez‘.ﬁg 6,18 nl,/litre
at 25% Q,, as determined by the Winkler technique (164).

450 ml. of 0,125 MJKCL were wade up from 50 ml, 1,125 M,KCL
{t'Analar!) stock solution uging deionised water. The solution,
in a 1 litre glass jer, was placed in the thermostat bath for a
30 min. period and allowed to atbtain a temperature of 25° C, A
controlled gtream of alr was bubbled throﬁgh the solutign during this
perdod in order to ensure that the oxygen content was stendardised
for each experiment, The air was supplied from the air=pump and
wag led through a filter and humidifiers, to prevent any evaporation
from the solution during the oxygen and temperature equilibration
period. |

18g. of flour were placed in the mixing vessel of the macerator.
The 0,125 ML,EClL wag transferred rapidly to this vessel through a side
arp in the lid of the macerator. The flour and the solutlon were
thoroughdy mixed for 1 min,, which was found to be the minimum time
that could be allowed to ensure complete wetting of the flour, The

suspension was withdrawn by siphoning through a second sgide arm, via
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a rubber tube, into the grac\ﬁafed 250 nﬁ.. polythene beaker which
served ags tho polorographic cells ~ - The siphoning action could be
eonveniently’starfed by'uaing a 6ohnedtion attaehea to the air inlet
of the pump.  The electrode system, mounted im a rubber bung, had
previcusly been inserted into the cell, together with a ribber
covered magnetic stirver. When 150 ml. of the suspension had been
transferred to the beaker, the siphoning action was stopped by
tightening a scerew clip on tho iubber tube,  he complete assembly
was placed in a gsecond’ thermostatically controlled water bath,
which contained water elrculating at 25°¢,, pumped £rom the main bath.
The rotating electrode was clauped in position, so that the gear
‘wheel atbtached to the electrode engaged the gear wheel fixed to the
synchronous speed motor. The magnetic stilrrer and motor wero
started simultaneously and the eleétrodeé connected to the polarograph.
The speed of rotation of the electrode was congtant at 600 TP,

" A volbage of -0,6 volts vs. S.C.E, was supplied to the
rotating platinum cathode, The diffuslon current due to oxygen
was observed over a peried of 20 min., at 30 sec. intervals, on a
moving=gpot galvanometer. A" galvanometer sensitivity of 1/30was
found to be satisfactory foi recording the oxygen uptake of the
suspengion.

The oxygen meximum, which is observed in pure dilute

electrolytes was not obgerved in the presence of flour, so no

suppressor was required,
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It was found that oxygen wag the only substance present
in the susgpensgion which would undergo reductlon at an applied
voltage of =0.6 volts vs. S.C.E. The residual current, observed
when oxygen had been removed from the suspension by addition of
godium sulphite or by a stream of nitrogen, was negligible, The
diffusion current of oxygen was not influenced by the gentle
stirring actlon of the magnetic stirrer.

In several of the initial experiments the alr space over the
surface of the suspension was replaced by a stream of nitrogen.
Over the experdmental period no difference in the results could be
detected, indicating that oxygen was being removed from the suspension
ab a faster rate than it could diffuse in from the atmogphere,

Good reproducibility could be obtained by scrupulously
cleanlng both electrodes after each experiment.

The flour wag stored in large glasa jar of about 4 1b,
capacity at a témparature of + 4% C, Storage over a perdoed of
thres wacks did not significantly affeét the oxygen uptake of the

flour,
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Querall Iwporimental Renrodueibilil

With .prat:,tiee the galvanométar could be read to the nearest
4 of 1 scale division, which corresponds to % 4.4 nl. of dissolved
OXYEEN. - As there are initially 927,1 ul. of disgolved oxygen
in the suspension, the high sensitivity of ﬁhe method may be |
appreciated,

Bach experiment was perfommed in triplicate, the deviation
from the mean uptake curve, for an individuel experiment, being
as follousse

(1) Stondard deviation from the mean of reading at 5 min,

after wetting is % 1,96 scale divisions.
- {R). Standard deviation from the mean of reading at 20 nin,
. éfter‘wetting is + 1,18 scale devisions,
. As the reading at 0 time is constant in each experiment the

deviations nay be reported in terms of 111.02. thuss -~ .

(1) Standard deviation in uptake O=5 min, i = 34.5 ml.Op.

(2) Standard deviation in uptake 0~20 min, 18 £ 20,8 pl.0p.

Tno difference in the standard devia.tions is due to the fact
that the initial uptake of oxygen by the flour suspension is very
rapid, consequently the moving~spot galvanometor is difficult to
read accurately. After 20 min., the oxygen absorption is much
glower and generally tends to a congtant level for each flour, thus

inereasing the reproducibility of the observation.



he standerd deviabions wero caleulated by the usual

gtatietical néthods, and were based on 78 experimental observations.
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RESULTS




Ao Homples Studied
liine samples of Spring flour wore ohtained in treated

and untreated forms. Tho desighations given to thesa flours wereiw
Spring Floursgm Serdas 1 - Series 9.

Thug, Spring Flour Serles 1 rofieras to either a treated or untreated

sample of this particular flour,. The treatment if any, and its

nature, is indicated in each TABLE,

B. Apparatus gnd Method

The concentration of dissolved oxygen in the flour
suspensions was followed by a gengitive polarographic technique,
Full details of the apperatus and methed will be found under
PART 2 and PART 3 of the EXPERIMENTAL section of this thesis,
pe52 and GO regpectively.

g+ Resulte

The oxygen concentration of the suspensions wes recorded
over the range 3 nmin. 45 sec. to 20 min, aftor the flour had been
initially wotted (zero time). A typical experimental report is

pragented bolow.



Oxygen Uptake of a Flour Suspension with Respect to Time
EAPERIMENTAL REPORT

Flour Serless= 2 Run No,s= 2

Supporting Llectrolyte:= 0,125 M.,KCL

Volume of Suspension Studicds~ 150 ml, (3 6g. flour).

TPemperature of Suspensions- 25° G,

Applied Voltage:= =0,6v,., relative to a standard calomel electroda,

Galvanometer Sengitivitys« %ﬁ

Rotational Speced of Platinum Microelectrode:= 600 rep.m.

Initial Oxygen Concentrations= 927 ml. Oy, (S 52,6 scale divisions,)

Time from Polarograph Time from Polarograph
wetting of flour Scale wetting of flour Scale (2)
(dn. ) Divisions(®) (win, ) Divisions'?
3475 32.00 12.0 15.25
4,00 29,75 12.5 15.00
4,25 27.00 13.0 14,50
4e5 26,25 13.5 144,25
5.0 25,00 14.0 14,00
5¢5 R375 14,5 - 13.75
6.0 R2.75 15.0 13,50
6.5 R, 75 15.5 13,25
7.0 21,00 16.0 13,00
Te5 20425 1645 12,75
8.0 19.50 17.0 12.75
845 18.75 1745 12,50
2.0 18,00 18.0 12.25
945 17.50 18.5 12,00
10.0 17,00 19.0 12,00
10.5 16,50 19.5 11,75
11.0 16,00 20,0 11.75
11.5 15475

(2)1 geale aivision = 17,62 ul. Op.
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Tho axperincnt wos conduched In twdpllcate for esch flour,
ond the mean cuwre of disgolved oxygen congonmirabion agalngs time
wag plotled, A typleal graph showing the oxygen uplake of a flour
sugpengion is illustrated on p.7% Diagram 1 (Flour Sf'eriea 2 Untreated).
'All graphs (Diagrems 1-14) are drawn on coumon ordinates
for convenience of comparison. Tho graphs only record observationa
£rom 5-20 min. since it wes not possible to observe the dotalled
shape of the curves bebween 0«5 min, It should be noted that
the reading of oxygen concentration at zero time is 52.6 seale
divisions in all cases.
It was found that no simple mathematical relationship
could adequately represent the varied fomms of the uptake curves,
This being the case the resulis are expressed throughout in the

mnanner of TABLE 1,

General Note
Tho results reported in PARTS 1«8 reprasent the collocted

data from the various experiments comprdsing this study. The
gignificance of these results ig commented on in the DISCUSSION (p.112).
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_ (ga)wgen Uptake (Ecli?cygen Uptake | Oxygen Upleke|ivailable

o (e0e) | (hiOpr) | g, beets |svserbodt

(11.00.) =20 min,
Series | 1 620 215 139 20
Sar;.es 2 469 2‘70 123 80
Series 3 418 354 | 129 83
Sordes 4 2o 372 9.9 | 65
Series 5 T s 242 125 81
Series 6 sy 215 129 83
Serdes 7 372 143 : '85.8 56
S'erieé 8 615 \90 118 '?;6
Serdes 9 | w1l | 264 118 7%

(a) Oxygen Uptakes are reported on a 6g, flour basis in

TABLES 1-24, unless otherwise stated.
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PART g
T n U f Tre 1 gpenal
A, Samples Studied

4L Series of seven Spring flours were used to study the effect
of commercial bleaching and improving agents on the oxygen uptake
process., . The samples were treated at the followlng levols:e
Flour Series 1

(a) Benzoyl Peroxld@.....l oz./sack (2801b.), diluted with carrier
Z 33 p.penm. benzoyl peroxide.

(b) Chlorine Eioxidectooolaﬁgo/sacz{ 2 12.0 PaPellle chlorine dioxide.
(c) Potassium Bromote..e.0.75./8ack ® 6,0 p.peme potassium bromate.

(d) Fully Treated........Benzoyl peroxide, chlorine dloxide and potassium
bromate at the above levels,

Floupr Series 2

(a) Benzoyl Peroxide.....l.75g./sack, diluted with carrier
2 58 p,p.n. benzoyl peroxide.

+ (b) Potassium Bromate..7.5g./sack, 107 strength,
2= 6,0 pepem, potassium bromate.

Floup Series 3-7

As for Flour Series 2.



Be Apparcotus and Method
| See PART 2 ond PART 3 of the EXPERIMENTAL sectlon of
this thesis, p. 52 and p. 60 re:apectively.

G. Rosulta

The reaults are reported in '1ABLES R=8o A typical
gmph showing the ei‘fact of t.reatment on the oxygen uptake process
18’ illustrated on pe 75 Diegram 1, The results obtained for
Flour Series 1 are 1llustrated on p. 76 ond p, 77, Diagrams 2 anq 3,

70
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JABLE 2

Oxygen Uptakga by Treated Flour Suspensions

Oxygen Uptake | Oxygen Uptake | Oxygen Uptake |Available

Flour Series 1 Ow5 min, 5""20 min, 0=20 nin, O]Wgan .

(Hl-og,) (nl.02.) 1g, Basls |Absorbed?

(,!11.02.) 0"'20 mino
Untreated 620 215 139 90
Benzoyl Peroxide 585 | 92 113 73
Chlorine Dioxide 596 .88 114 74
Potagsium Bromatd 554 84 106 69
Fully Treated 583 88 112 72

TABLE 34
Uptake Ty Flour Sugpengions

Oxygen Uptake | Oxygen Uptoke | OGxygen Uptake jAvailable
Flour Series 2 0«5 min, 520 min, 0«20 min, Oxygen

our merse (n1.0g.) (v1405.) lg. Basls [Absorbeds:
(nl.05.)  |O~20 min,

Untreated 9 270 123 80

Denzoyl l';'emn‘:ide

Potassiun Bmmate‘ 391 135 87,7 &7
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Oxygen Uptake | Oxygen Uptake | Oxygen giptakad Available
- 0«5 nin, 5«20 min, 0+20 nin, Oxygen
Flour Serles 3
(n1.05,) (n1.05,) lg. Basis | Absorbed?
(n1.05,) | 020 min,
Untreated 418 354 129 83
Benzoyl Peroxide
+ 314 162 79.3 51
Potagsium Bromate
ZABLE 5
Uptoke b Suspen 8
Oxygen Uptake| Oxygen Uptake | Oxygen Uptakel Available
Flour Series 4 Q=5 min, 5-'20 nin. Q=20 min, mwgen
(nl.05.) (11.09,) 1g. Basis | Absorbed?
- (nl.02.) | 0=20 min.
Untreated 227 372 99.9 65
Benzéyl Poroxide | |
Pataasiu;x Bromate &7 23 8843 4z
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TABLE 6,
en Uptak Treated Fl Suspengions
Oxygen Uptake| Oxygen Uptake| Oxygen Uptake|Avallable
Flour Series O=5 min. 5«20 min, 0-20 min, Oxygen
o ? (n1.0,,) (nLs00.) 1g. Dasis |Absorbed?
().11-02.) 0=~20 min,
Untreated 507 242 125 81
Benzoyl Peroxide
+ 511 136 108 70
Potagsium Bromate
TABLE 7,
Oxygen Uptake by Treated Flour Suspengions
Oxygen Uptake| Oxygen Uptake| Oxygen Uptake Available
Flour Series 6 0"5 mi‘né 5"’20 min, 0=20 min, O}Cygen
(n1.0,,) (M1.05.) 1z, Basis | Absorbed?
(n1.05,) | 0-20 min,
Untreated 557 215 129 g3
Benzoyl Peroxide
+ 502 &8 98.3 64
Potagssium BromateL
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Oxypen Upteke| Oxygen Uplake] Oxygen UptakelAvaeilable
Flour Serdies 7 Ow5 min, 5=20 min, 0-20 min, Oxygen

(n1.0z.) (p1.05¢) g, Basis |Absorbedy,
(n1.00.) | O~20 min,

Untreated 372 143 85.8 56

Benzoyl Peroiide

2+ 340 132 788 51
Potassium Bromate
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ART
Th 1) De ed Flour Suspensions
Ae Sanples Studied

A geries of five Spring flours, untreated and treated, were
uged to determine the effect of fat removal on the oxygen uptoke
ProCass. The vamples were given the following designations

Spring Flours- Serles 1 Unbtreated

Series 1 Troated withie
(a) Benzoyl peroxide at a level of 33 De.DPeTe
(b) Chlorine dioxide at a level of 12 pe.pels
(¢) Potassium bromate at o level of 6.0 peDlm.

() Fully troated. Denzoyl peroxide, chlorine

dioxide and potassium bromate at the above
lovels,

Spring Flours~ Series 2,3,6,7 Untreated
Series 2,3,6,7 Treated with two agentsi-
Benzoyl peroxide at a level of 58 p.pem.
+ Potassium bromate at a lavel of 6 p.p.n.
B. Defgtt u
1. Petroleun Ethey Extraction = Flour Serles 1,2.3,
Flour (80g.) was extracted with petroleum ether (MAnalamt,
Boiling range 40° = 60° C.) in a Soxhlaet apparatus for a period of
12 hours. The extracted flour was spread out on filter papers so
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that the solvent could evaporate at room temperature. The last
traces of solvent were ramoved under reduced pressure in a vacuum
chamber connected to an aiyr pump, The flour was stored at 4°C,
and allowed to equilibrate with the atmesphere for a perdod of
2«3 days before being tested,
2. lethanol 3 Chloroform Ixbwaction = Flour Series 6,7

The method of Morrison (12,165) was followed to remove lipid
material. Flour (100g.) was slurried with 200 ml, methyl aleohol
(*inalart) in a besker, The suspension was poured carefully into
a percolation column which was cloged at the bage by a cotton wool
plug. The suspension was allowed to settle, most of the methanol
running into a recelving flask below the column, 300 ml, of a
mikture of methyl alcoholschloroform (1/1, v./v.) were then gently
poured onto the surface of the flour and the solvent allowed to
percolate slowly through the flour, removing the lipid material,
The flour was freed from solvent as described under 1.
G. Appgratus and Method

See PART 2 and PART 3 of the EXPERIMENTAL section of
this thesis, p.52 and p.60 respectively,

D. Results
The results arec reported in TABLES 9 « 13, The effects of
defatting and of treatment are illustrated by the following graphss=



Disgram 43=- Lffect of Defatting with Petroleun Ether (Untreated Flour),p.84.
Diagram 5:s= Effect of Defatiing with Petroleum Ether (Treated Flour),p.85.
Diagram 63= Effect of Defatting with Petroleum Ether (Treated Flour),p.8b.

Dlagrem 7:= Effect of Defatting with Petroleum Ether (Treated Flour)
and Effect of Treatment on Defatied Flour, p.&7.

Disgrem 81= Rffect of Defatting with MethenolsChloroform (Untreated
Flour) and Lffect of Treatment on Defatted Flour, p.88,
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Ly o ) Suspeansion

(Solvernt Petroleum L‘bher, Boil:lng rangé 6' - 60° C.)

Oxygen Uptake| Oxygen Uptake] Oxygen Uptake‘ Avallable

; 0=5 min, 5«20 min, 0-20 min. Oxyzen

Flour Serdes 1 (nl.03.) (n1.0:.) lg. Basis | Absorbed
(h1.05.) | 0-20 min,

Untreated 620 215 139 90

Untreabed

Defatted 231 472 117 76

Benzoyl Peroxide 585 92 113 73

Benzoyl Peroxide

Defatted 167 167 5547 36

Chlorine Dioxide 596 a8 114 74

Chlorine Dioxide |

Defatted 57 238 49.1 32

Potassium Bromatel 554 84 106 69

Potassium Bromate

Defatted 203 171 62.3 40

Fully TIreated 583 88 112 72

Fully Treated

Daferted 78 175 2.1 | 27




TABLE 10,

! Upt by Def Flour Suspensions
(Solvent Petroleum Lther, Loiling range 400 » 60° C.)
Oxygen Uptake { Oxygen Uptake | Oxygen Uptake|ivallable
0«5 min, 5«20 min, 0=20 min, Oxygen
Flour Series 2
(n1.05.) (nl.02,) 1g. Basis |Absorbeds
(11.02.)  |0-20 min,
Untreated 469 270 123 80
by 313 431 124 80
Benzoyl Peroxide
Pptassim"ﬁ Bromate 391 135 8747 57
Sroabed @ avove 146 146 a8 | 32
TABLE 11,
U Defatted Flour Susg ng
%Solvent Petroleun Lther, Boillng range 40° = 60° C.)
qurgen' Uptake | Oxygen Uptake |Oxygen Uptake |Available
0-5 min, 5w2Q min, 0=20 nin, Oxygen
Flour Series 3 (nl.05.) (n1.00.) 1g. Bosis  |Absorbedy
(ﬂl- 02.) 0-20 IHino
Untreated 418 354 129 83
(ntrestad 314 428 124 80
Benzoyl Peroxide ' .
Potassium Bromate 314 162 7943 o1
gragg‘%gﬁedas above 164 145 61,4 33
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TABLE 12,
Upts Defatted Floup Suspensions
Solvent lMethanolschloroform 1/1, v./v.
Oxygen Uptake | Oxygen Upteke | Oxyzen Uptake|Avallable
F Series 6 0-5 min, 520 min, 0=-20 min, | Oxygen
lour Serdea (n1.05.) (u1.02.) 1 g. Basis |Absorbedy
(nl.02.) 0=20 nin,
Untreated 557 215 129 83
Dabroated 357 231 98.0 | 63
Benzoyl Peroxide :
Potagsium Bromate 50? e 983 6
Troatiod as above 258 269 87.9 57
TABLE :
n U by Defatted Flour Suspension

(Solvent Methanolschloroform 1/1,v./V.

| Oxygen Uptake | Oxygen Upltake | Oxygen Uptakel Available
Flour Sexries 7 0-5 min, 5«20 min, 0~20 min, | Oxygen
(n1.0z.) (nl.05.) 1g. Basis |Absorbedf
(n1.05.) | 0-20 min,
Untreated 372 143 g5.8 | 56
Tntogted 85 361 74,3 | 48
Benzoyl Peroxide |
Potasaiungx Bromatdg 349 132 78.8 5]‘
%gggggdedaa above 95 259 59,0 38
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EARL.4

iffect of Adding Lipid on the Uptal
De Floup Suspensi

A. Sgmpleg 8
An untreated Spring flour was used to determine the effect
of the gﬁc‘lition of 1lipid to defatted flour. The sample wasie
Spring Flour:- Series 7 Untreated

The flour was extracted with methanolichloroform (1/1,v./v.)
a8 deseribed under PART 3B, No. 2.

B 2 ure for action and Redeposition of Flour Lipid

Flour (100g.) was slurried with 200 ml, methanol in a gless jar.
300 ml. of methanolschloroform (1/1,v./v,) were added and the
suspension thoroughly stirred for 30 nin, The glass jar was
fitted with a 1id carrying a nitrogen inlet, and two wide glass tubes
comected to water pumps. After removal of the bulk of the solvent
the jar was comnected to a rotary vacuum pump, and the final traces
of solvent were removed. The flour was allowed to stand in a

cold store (4° C.) for a few days to restore the moisturc content

to its former level,




20

Go linoleig Aeid
0475 ml, pure linolelc acid (Howmel Institute) was dissolved

in 5 mi. pure ethyl aleohel, 1 ml, portions of this solution
(% 0,135z, Linoleic acid, /O = 0.9025g./cc.) were added to the
éﬂppbrtirig electrolyte inmodiately before the commencement of
sach cxperinent.  This additdon corrosponded to 45 ng./bg. of
defatted flour, " ) | |

D. Appapatus and Method - -
T .Se& PART 2 and PART .3 of the EXPERIMENTAL section of
this thesis, p.52 and p.60 respectively.

Jhe resulits are reported in TADLE 14, and are illumirated
by the graph Dlagram 9 p.92.
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ABLE 14
Effect of A Lipid Defatted Flour Suspengiona

Oxygen Uptoke | Oxygen Uptake| Oxygen Uptoke|Available

Flour Series 7 0«5 min. 5«20 min. 0~20 min, Ozygen

(nl.0,.) (n1.05.) 1g. Basis |Absorbed?
(Plc_02¢) O=20 min.

Untreated 372 143 85.8 56

Untreated |

Defatted 85 361 74,3 48

Defatted
Redeposited Lipid 154 461 103 66
Defatted -

Linofeic Acid 337 335 112 72
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A. Samples Studi

A seriey of three Spring flours werc used to determine if the
presence of an antioxidant could influence the oxygen uptake
process, The flours weres=

Spring Flour:= Series 3 Untreated

Series 3 Untreated, defatted with petroleum ether
(Boiling range 40° - 60°C.)

Spring Flours~ Series 7

Spring Flour:~ Series &

B. Nopdihydroguelaretic Acid (NDGA)

For Flour Series 3 and &i= 0,0067g. noxdihydroguaiaretic acid
was dissolved in 2 ml, ethyl aleohol, The solution was added to
150 ml. of flour sugpension immediately after the completion of mixing,
The concentration of the antioxidant was, therefore, 66,7 mg./6g. of
flour,.

For Flour Series 7:= 0,027g. nordibydroguaiaretic acid was
dissolved in 2 ml, ethyl aleohol. The solution was added to 450 ml.
of the supporting electrolyte (0.125 M.KC1) prior to the preparation
of the flour suspension. The concentration of the antioxidant

was, therefore, 9.0 mg./6g. of flour,



G+ Apparatus and Method
Ses PART 2 and PART 3 of the EXPERIMENTAL section of
this thesis, p.52 and p.o0 respectively. I

The results‘ are répor"a’éd in TABLES 15 - 17, The éffeﬁ
of the antioxidant on £he oxygen uptake of Flour Serdes 8 is
11lustrated by the graph Diagram 10 p. 97.

24
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Bffect of Antioxidant on Uptake of Floupr Suspensions
IOquen Uptake | Oxygen Uptake| Oxygen Uptake|ivallable
FL Seri =5 min, 5«20 min, O=20 min, Oxygen
our Series 3 (11.0,.) (n1.02.) 1g. Bagis |Absorbedy
(n1.02.) 0=20 min,
e m | w | om |
ggt;e;;edﬁlﬁa“ a1l 382 132 86
TABLE 16,
Effect of Antioxidant on the Oxygen Uptake of Flour Suspensions
gen Uptake | Oxygen Uptake | Oxygen Uptoke|Available
Flour Serd Ow5 min, 5«20 min, 0=20 nin, Oxygen
our Serles 7 (u1.02.) (nl.0s.) lg. Basis |Absorbed?
0-20 min,
Untreated 372 143 85,8 56
Untroated ‘
90 me, NDGA 494 107 100 65




TABLE 1
Effect of Antioxidant on the Oxygen Uptake of Flour Suspensions

Oxygen dptaka

Oxygen Uptake

Oxygen Uptake Available
Flour Series & 0«5 min, 5«20 min, 0~20 min, Oxygen
(nl.05.) (pn1.05.) 1g. Basis [Absorbedy
0-20 nin,
Untreated 615 90 118 76
— .
Untreat 670 95 128 83
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A, Samples Studied

A serles of three Spring flours were used to determine the

offect of sulphydryl blocking agents, and reduced glutathione, on
the oxygen uptake by flour susgpensions. The flours vere:w
Spring Flour:=- Serdes 3 Untreated

Series 3 Untreated, defatted with petroleum ather
(Boiling range 40 - 60° C,)

Spring Flour:= Series 5 Untreated
Spring Flours« Series 7 Untreated.
B. Sulphydryl Blocking Apents
(1) Iodoagetic fNcid
A solution containing 5 mg./ml, iodoacetic acid was used
for these experiments. Amounts corresponding to 20 ng., 25 mg.,
and 50 mg. iodoaccblc aoid were added to the supporting olestrolyte
before the lattor was dlluted to a final volume of 450 ml, These
additions corresponded to 6.7 1g.y, 8¢3 mge., and 16,7 mg. iodoacetic
acid per 6g. of flour, or about 4,6, 5.75, and 11,5 times the total
sulphydryl content of the flour,
(2) p=Chloromercuribenzoic iscid (sodium salt)
A solution containing 10 mg./ml. sodium pechloromercuribenzoate

(PCMB) was used for these experiments. Amounts corresponding to



10 wgey and 30 ng. PCMB were added to the supporting electrolyte
before the latiter wag diluted to a final volume of 450 ule
‘These additions corresponded to 3.3 mg., and 10 mg. sodium
p=chloromercuribenzoate per 6g. of flour, or about l.l and 3.3
times the total sulphydryl conbent of the flouw,

(3) Jodosgotamids

A. solubion gontaining & mg./ml. icdoacebomide was uged
for these experiments. - Jmounts corragponding to 8 mg., and
24 ng. iodoagcetamide were added to the supporting electrolyte
befors the latter was dlluted to a final volume of 450 ml, |
Thege additions eoz:respondgﬁ to 2.7 mg., and & mg. lodoacetamide
per 6g. of £lours or aboub 1.85 and 5.5 tines the totel
sulphydryl content of the flour,

The mnc'n‘mté of the above reagents are similar to those
employed by Mecham (116) and wero calc{zlatéd on an estimated flour
sulphydryl content of 1.3 neq./ge (123,124). R -
S R ugod Glutothione

’ | A small amount of finely powdered reduced glutathiéne,
oquivalent to 100 peqe of sulphydryl groups (0.0307g8.), was mixed
with the flour immediately prior to the comencement of the
oxperiment. This additien c;)rresponded to 33.3 peq. of
sulphydryl gréupé per 6g, of flour.

99



2. Apparatu

See PART 2 and PART 3 of the EXPERIMENTAL section of
this thesis, p. 52 and p, 60 respectively.

E. Regults
The results are reported in TABLES 18 « 20, The effects
of lodoacetamide on Flour Series 5,and reduced glutathlone on

Flour Serles 7, are illustrated on p. 103 and p. 104, Dlagrams 11
and 12, respectively.

100
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of Flgug Suspensions

Oxygen Uptake | Oxygen Uptake | Oxygen Uptake|Available

“Flour Sej O=5 min, 5=20 min, 0=20 nin, Oxycgen

Flour Serdes 3 (pl.0z.) | (p1.02.) 1y, Basis |Absorbedy
S (pl.03.) | 0«20 min,

Untreated = 214  aog "

Dofatted | o | 4® e A

Untreated Defatted

'Iogoacé%ic Aold 543 168 122 79
Ungrgated Defatted ”

752 TEs 4 40

Iodoacg%ic Aeid | R 10 71
Ent ’?.ted Defatted 44 220 . .
Todoatetis Acid 3 09 7
Untreated Defatted ' "

+ 3.3 mg. PCMB 411 326 123 80
Untreated Defatt '

+ 10 mg. PCMB 61 649 99 125 81




TABLE 19,
Effegt of Sulphydeyl Blocking Agentg on the Qxysen Uptoke

of Flour Sugpensions

C102

Oxygen Uptake | Oiygen Uptake | Oxygen Uptakel Availeble
FL T 0«5 min, 5=20 min, 0-20 min., | Oxygen
our Beries 3 (nl.05.) (n1.05.) 1g, Dasis | Absorbedf
(nl.05.) | 0=20 min,
Untreated 507 242 125 81
Unti-aatsd
+ 247 mgé. 615 155 128 83
Todoacetanide
Untreated 6
+ 8 ng,
Iode?agetamide % & 31 8
TABLE:
affect: Redu Glutathions on the n U
of Floup Suspengions
Oxygen Uptake| Quygen Uptake | Oxygen Uptakd Avallable
0«5 min, 5=20 min, 0=20 nin, Oxygen
Flour Serlea 7 (n.02.) | (pl.0g4) 1g. Beois | Absorbedy
(nl.0z.) | 0+20 min,
Untreated 372 143 85.8 56
Untreated
+ 10,2 mg. 508 217 121 78
Reduced Glutathlgne
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Diagram 12
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PART
The Effegt of Protein Content on_the Oxygen Uptake by Floupr Suspensions
L. Bamples Studied
A series of two Spring flours wers uged for these experiments.
These flours had been subjected to impact milling, followed by air
clagpification into high and low protein fractions., The samples
were given the followlng designationsie
Spi:-ing Flours;~ Series 9 ~ Before impact milling,
Serdes 9 -~ After ifmpact milling,
Series 9 -~ High protein fractlion.
Series 9 =~ Llow protein fraction.
Spring Flours~ Series 10 = High protein fraction.
Series 10 -« Low protein fraction,
B. Protein Istimation
The protein nitrogen of the flour was estimated by the
nacro=Kjeldahl method, The ecatalyst was a copper sulphate-selenium
mixture (3 parts powdered CuS0z : 1 part powdered Se). The result
was converted to 7 protein by using the factor 5.7 (166).
£« Apparatus th
See PART 2 and PART 3 of the EXPERIMENTAL section of this
thesls, p. 52 and p. 60 respectively,
D. Results
The results are reported in TABLES 21 - 22, The effect of the

protein 'shift' on oxygen uptake 1s iliustrated on p,107 Diagram 13.
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TABLE 21,
Effoct of Pro tent on the Oxycen Uptake by Floup Sus
Oxygen Oxygen Oxygen Avallaeble | Protein
Uptake Uptake Uptake Oxygen Content
Flour Sordes 9 | O=5 min.| 5-20 mind O=20 min,| Absorbed? |(Zwet basis)
(n1.05.)
Fiour to
Floup, fyom 440 272 119 77 -
High Protein
Troation 543 120 110 72 13.7
Low Protein
TABLE 22,
Lffogt of Protein Content on tho Oxypen Upteke by Flour Suspensions
Oxygen Oxygen Oxygen Available Protein
Flour Series 10 Uptake Uptake Uptake Oxygen Content
O-5 min,| 5=20 min{ 0-20 min. Absorbed? | (£ wet basis)
(11.020)] (¥l.00.)] lg. Basis] Ow20 min,
| (nl.05.) o
Hgh Protoin 416 217 105 68 15.7
Low Protein
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PARL 8
The Influence of pi on the Oxygen Uptoke by Flour Sugspensions
4. Sgnples Studied

A gserlies of two Spring flours were used in these experiments,
which were originally intended to demonstrate the influence of
cyanlde on the oxygen uptake process. The observed effect with
eyanide was found to be due_?p a change in the pH of the flour
guspension, The sampigs woere given the following designationsse

Spring Flours= Series 3 Untroated

Series 4 Untreated

Be gium Cyanide

Sufficient pobassium cyanide ('Analar') was added to the
supporting electrolyte (450 ml. 0,125 M.KCl) to meke the final
concentration equivalent to 1 x 10™% MJECH, 65 x 1074 HM.KCH,
7.5 x 10™% MKON and 1 x 10’3 M,KCW . The flour suspension was
prepared in the usual manner, the pH of the suspension being
recorded on a pi meter (Cambridge Instrument Co.).
8. Potagsium Hydroxide

1.25 ml. of 27 potassium hydroxide ('Analar') was added to
the supporting electrolyte (450 ml, 0.125 M.KCl), The flour
guspension was preparéd in the usual manner, the pll of the

suspension being recorded on the pil meter.



10

Do Cybochrome 'e! and Flour Solubl
.. .2 ul, Incrementa of a concentrated solution of cytochrome tc!
(exact abrsngth unknowh) wers added to a flour suspension containing
1 x 1073 M. KCN.
- An extract of flour solubles was propared s8¢ that 2 ml. was
equivaien‘c. to the solubles from 0.65g. flouwr, 2 ml, incramenta
vere added to a flour suspension containing 1 x 1072 M.KON,
B. A atus and Vet
Sae PART 2 and FART 3 of the DXPERIMENTAL section of this
thesis, p.52 and p.60 respsctively.
Fe Rosults
The results are reported in TADLES 23 - 24, The influence
of pH on the oxygen uptake of Flour Series ¢ is 1llustrated on
Pe1Xl Disgranm 14.
The addition of a total of & ml, concentrated cytochrome tet
and 10 ml, flour solubles, did not bring about any change in the
oxygen uptake of the suspenalon containing 1 x 10'73 M. KCN,
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TABLE 23,

1fluence of pi on ) _Uptiske by Flour Su sions

Oxygen Oxygen Oxygen Available pH of

Uptake Uptake Uptake Oxygen Suspension
Flour Series 3 | 0u5 min, | 520 mind 0~20 min.| Absorbed?

(n1.02.) | (pLe0s.) | 1z, Basis| 0~20 min,

(pl.Oz.)
Untroated 418 354 129 83 6,12
Untreated ' .
1 x"1074i.KCN 425 305 122 7 -
Untreated '
5 x*10-4 wxen | 2% 358 1o n -
Untreated ‘
Untreated -
TABLE 24,
Infiuence of pH on the Oxysen Uptake by Flour Suspensions
ptake ptake ptoke gen uspension

Flour Serles 4 | o & in, | 5-20 min 020 min.| Absorbed

(n1e02.) | (11.00.) | 1g, Basis| 020 min,

(nl.02.)

Untreated 27 372 100 65 6,13
Untreated
1 x’im.g, waen |39 325 121 78 6.38
Untyeated | 6
1x1073 My | 20 6 35 2 7.60
Untreated
1.25 ml.2% KoH 180 5 31 20 7.16
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DISCUSSH IO

General Obgervations on the Oxymen Uptake by Flgour Sugpensions

In the following discugsion the roosults are p:asented
in the form of mean uptake valueg in & number of instances.

By this means, the aignificance of certain features may be more
clearly demonstrated, It should be noted that the: individual
rosults, which compose the meen values, mey be obtained by
reforence to the appropriate PART of the RESULTS section, In
the caso of TABLES K,L,M the resulbs ’hav:@‘:'baem- expressod in

thie form of positive and negative deviations from a control
experdment.

The procedure c¢hogen for this-study permitted the measurement
of two paremeters, firstly, the magnitude of oxygen absorption,
and secondly, the time intervel over whiech oxygen absorption takes
place, The mean uptake values for the nine Spring flours

studied are given in TABLE A,




TABLE A"
U a of Dissolved by Hish G Soring Flour

o . |Uptake O0=5 min, {  Uptake 5«20 min,| Total. .
(}110020)
Flour Series 1«9 ' aqe ‘ 240 - ] 719

wResulls expressed on a 6@;. bagls in TABLES Aa-Q

From the above values it 1s seen thobt £lour takes wp oxygen
very rapldly when webtbed, The wpteke curve (Diagram 1.P,75)
mey he divided Into an initial period (0e5 min.) of ranild oxygen
abgorption, followed.by a secondawy periad (5-20 min,) in which the
rate of oxygen abgorptieon deelines. The Initlal pordoed accounts
fop. about two~thirds of the tolal oxygen token up by the flour, and
after 20 nin, the amount of oxygen belng removed from the solution .
is extrencly omall,

‘The regulis may be éompa.reél wlth the Lindings of previous
workers (TABLE B), who used monometric devicca for the study of

ozygen ebsorption from flour .battors (10) and flour doughs (11).
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It will be seen from em cxamination of TABLE B that the
regults ave not strictly comparable, owing to the different
conditions used by each worker. The manometric methods employed
had two main digasdvantagosge

(1) Thore was a general lack of sensitivity in recording
small chanpes of oxygen pressure. As pointed out hy lawbthorn (135),
the data of Cosgrove, and Smith and Andrews (10,11,) would suggest
that their cquipment would not measure changes in oxygen concentration
below about 5 ml, per lbi of flour (200-300 nl,0ye/25g.), with
mach certainty.

(2) The response of the manometer depended on the rate of
equilibrium of oxygen between tho gas phase and the dough or batter.
Oxygen must diffuse into the ligmid surrounding the flour particles
bofore heing absorbed, consequently tho response depended on the
diffusion gradients exigting in the system,

The method reported In th & thesis neasures the rapid ramoval
of dissolved oxygen from flour suspensiorswith high sensitivity.

As reported in tho experimental section (p.62), the presence of air
cbove the suspension hag an ingppreciable eoffect on the amouvnt of
oxygen taken up during the experimental perlod. This 18 probably
due to oxygen belng removed from the suspension at a much faster
rate than it can be supplied by diffusion,

The results of Cosgrove, which correspond to

140240 p1,02./68./20 min., depend on the diffusion of aiy into o



flaur batter. | The rate of stirring, aiz/batter aurfane ratia,

and typa af flaur 5tuﬁmed will all have an Impartant bearing on

the resulta. I shculd be mentiened that Cosgrove removed any

traces of carbon Qioxide evalveﬁ &uring tha expermment by absorption.
This feature wog omlitted by Smith and Andrews in their apparaﬁua.

Further, Gosgrnva measured the oxygen absorption at 250 £ 0,05% G.

by immeraing the apparatue in a thermostat tank; “mith and Andrews |

reported that their'measuraments were made at a laborahory temperature
of Yabout 25‘3 Co!

Smith and Andrews have shown tha$ the mixing of a flour
dough is accenpanied by a large ugbake of oxygen. It would seem
prabable that the pruxxmity of the flour parbticles would cause
variaxiona in the oxidation pathways of doughs, batters, and
suspengions. ihe results for a patent flaur dough mixed under
oxygen are, however, of the seme arder of magnitude as those

reported in this thesis (TABLL C)¢
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TABLE G

Uptake 0-5 min, | Upbeke 5-20 min. | Tobal
Flour (nl.Cq.) EE (r1.02.) Uptake
(pLog)

Patent Floup 480 480 960

(2) The results have been re-caleunlated on a 6g. basig,
The original figures were 4 ml. per 50g. after 5 min.,
8 wl, per 50g. after 20 min,

(b) Af$er 20 min. no further absorpbtion was observed.

Both Smith and Andrews, and Cosgrovo, considered that the
oxygen absorption was due to oxidation of linoleic and linolenic
acids, under the influence of the enzyme lipoxidase, The eddition
of linolede acid to defatted flour brought about an increase in
oxygzen absorption; equivalent to a mole«for-mole oxidation.

Morrison (12) has poinbed out that the linoleic and
linolenic acid content of flour could not account for the magnitude
of the results observed by Smith and Andrews. This aubhor has
demonstrated that other free falty aclds are oxidised during dough
nixing, probably by a general mechanism such aS/@a oxidetion, The

anount of oxygen required for such en oxidation, togebher with that
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required for concurrent lipoxidase oxidation, is of the order noted
by Smith and Andrews in their cxperiments.

M:though lipid oxidation is undoubtedly involved in the oxygen
uptoke process, there are two other systems which maey have an
edditional influence on the _ameun";'.‘ of oxygen removed from solution,
These systems involve the sulphydryl groups of f{lour proteina, which
nay undergo direct oxidation (65,119,133), or oxidation ag a r'esﬁlt
of prior peroxidation of flour lipid (133) Thesa two mechanisms
are belicved to compete Ffor oxygen (137).

The experiments, which arc discussed in the 'following
sections, wero desighed. bo-deternine the inter-relationship of various
flour components on the oxygen absorptibn process. The polarcgraphic
dotermination of oxygen can provide an overall picture of the
reactions occurring in the flour suspension, In the discussion,

the results will be related to the findings of othoer workers who
have studied specialiged aspects of wheat flour oxldation.



- Treghnent of Spring flours with oxldising agents has a

morked effect on the oxygen.uptakes curve.

It is seen fron

TABLE D that bhenzoyl peroxide, chlorine dioxide and pobagaiunm

bromate, all significantly roduce the amount of oxygen taken up

by the flour.

TABLE D

U;piake 05 mine

| 'Uptake 5«20 min,

_ Total
Flour. - (}2-1;92.) " (pltoao) Uptake
(pl.02.)
entocated 620 215 835
B enz§y1 Peroxide : an
: broated 585 92 677
Chlorine Dioxide
“treated 59 &8 684
Potassium Bromate . .
troated 554 &4 638
Fully treatod 583 886 671
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-Although tenzoyl peroxide is added for its bleaching
offect, potagsium bromate for its improving effect and chlorine
dioxide for its combined bleaching and Improving action, theore is
no significant differonte in their effect of reducing the oxygen
uptake, . This would indicate that the oxygen uptake mechanism
ig sensitlve to both classes of oxidising agentz in a noneapecific
manner, The effect of the treatments does not eppeer to be:
cunalabive i.e, the fully treated flour shows similar uptake values
to the flour subjected to individual itrestments, It would appear,
therefore, that there is o limlt to the extent to which the uptake
may be reduced by using those oﬁidiaing'agents.

TFarthor examples, indiaabmnw tho effect of oxidising agents
in reducing the oxygen uptakeg are to be found in a study of Flour
Serlen 2«7. The mean uptake values for untraated and treated

flours ars glven In TABLE E,
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- TABLE B

ake of Flouw Susg g';.;siiéns

| Upteke Ow5.min. | Uptake 5-20 win, | Total
CFlouy (pLel2¢) (n1.00.). Uptake
(].3‘.1.08,)
Flour Series 2«7 425 266 691,
untreatod '
Flouy Series 2«7] 30 1
troated 380 5L 540

Isé the cese of Flouw Series 2«7 tho treatment employed was
a combination of potassium bromate and benzoyl poroxide. it is
interesting o nobe that treaiment causes an overall reduction of
about 170 pl.l')g with Flour Serdes 1, and an overall roduction of
about 150 ple0se with Flour Sories 247, Thege fisures represent
a 20% and 22f reduction of oxygen uptake respecbively, when compared
to tma va.!.ues of the untrested controls,

Treated Llour absorbs about 35 ple0re/6g. less then untreated
flour during the initial period (=5 min.), afbor wetting. In the
gocond phase of uptake (5«20 min.), the treatment brings about a
m08b marked refuction, treated mmzz.* taking up about 115 pl.0o./bg.
less than the untrested flour.

Flour is treated with potassium bromate bocause it has a

strengthening effeet on the gluten proteinsy chlorine dioxide has a



similay effect, although it also bring about'a bleaching action
{(167) o The exact naturs of the improvement mechonism is @till
obgcure, and only tho reaction of pobaseium bromete with Llowe
proboins has boen studied In debail.,

- Tha effest of potasoium bromate ap o dough improvor ig
considered to be rolated to iks abilibty te oxidise sulphydeyl
groups (75476,79) It has algo boay shown that oxygon and
bromate compete for sulphydryl groups in: flour dough (75,80,112),

L glow loss of sulphydryl groups has buen observed in Llcup
sugpensions (119). Tho loss mmounbed to 107 in a 20 mia. period.
If the loss ia congidered to ccour by sluple aerobic cxidation |
(65;119,133), thoe oxygen regquired would be of the oxder of 5 pl./6g.
caleulated on a 1 poge sulphydryl = 1 neq.O. basis,

The difforences in uptake botwaen troeted and wabreated
fiours conld be partlally accounted for by complebte sulphydeyl,
oxidetion, This would account for a rodustion of aboub 50 pleUe/0g. -
in the case oi the treated Llourg. The raductlon in uptalke of
150-n. 02./63. brovght about by a variety of oxldising agen'tis would
indicate that these oiidising cgonts are acting on othor flour
conatituents besides sulphydryl groupd.

Similar -offects, noted with benzoyl peroxide and chlorine
dioxide, as well as potassium bromate, suggested that the oxidiation of
flour 1lipids may be involved. The implication of the linoleie
acld~lipoxidase system in the oxygen uptake process is well




established (10,11,137). The effect of chlorine dioxide,
benzoyl peroxide, and potassium bromate on the linolelc acid
content of flour has been studied by various workers (168,169).
No direct loss of linqleie acld has been demonatrated, although
recent work (12,165,170} would indicato that potassium iodate and
chlorine dioxide troactment ean affest the overall pattern of free
fatty acid oxidatlion in flour doughs. = %ho mechanism is still
obacura. |

Sulphydryl groups mey be oxidised in a coupled reaction
involving the linolole acidw-lipoxidase system (131,133). Taon and
Hlynko (137) have danonstratod an inerense in lipid peroxidetion
in doughs containing improvers, compared with untreated control
doughs. It is considered that oxidation of sulphydryl groups by
the improvers pravents these groups competing for oxysen with the
lipoxidoge system. It is, therefors, unlikely that rcmoval of
sulphydryl groups would cause o docrease in the amount of oxygen
ubillsed by the lipoxidase system,

To sum up, the followlng points may be mades

(1) Flour treated with both luproving and bleaching agents

talkes up less dissolved oxygen than an untreated control.




(2) Thé i'adﬁlc.ltiiéh in uptake becomes more appaycnt in the
swdn&.phas-e of the uptake process (5«20 min, after wettiﬁg).

(3) In the case of :tmprmng agents, it 1s considered that
compiete oxidation af.‘ aulphydwl groups anuld not account for the
magnitude of the observed effects.
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(1) Defatted Untreated Floup
" Defatting untreated Spring flour brought about o veduction

in the amount ‘of oxygen token up ‘from’ solution,

Uptake 0«5 min. | Uptake 5-20 min. | Tobal
Flour a (nl.000). - | - (plidp.) . Uptake
(nl.02.)
Control Series 1=3 | . 502 280 782
.Dafatted Series 13 286 444 730
_cont.ml Series 6-7 465 179 644
Dofatted seriés 671 222 | 296 B17

(a) Flour Series 1«3 was aefat’ced by pebroleun ether
(Boiling range 40-560° C.) in a Soxhlet apparatus,
Flour Serdies 6-7 was defatted by methanolschloroform
(1/1, v./v,) by tha nothod of Morrison (12,165).

A+ Pot Lther Ixtpagtion
Petroleum ether removes Vfree 1lipid! materdal which amolintg

to about 50~70% of the total lipid in flour (138,171). The free




Lttty acld fraction is involved in both peroxldation during dough
mixing (137), and p=oxidation in simple flour water mixturos (12).

The decrease in upbake observed on defatting (TABLE F) is
not considered to be related to inactivation of an oxidising systemn,
during the petroleum ether extraction, The addition of flour
lipids to petroleum ether cxtracted flour hap shown that the
lipexidage system 1ls undamaged (165), and that certain rheologicel
properties have nobt beon destroyed (138).

The decrease of 215 ul.0y./6g. imnediately after wetbing,
and an overall decrense of 50 nl.0g./6g. afber 20 min. would
indigate that lipid oxidation ogcurs as soon as flour is wetted.
More ovidenco ig offered on this point in a later section (p.136).
The presence of Llipld material would saém to have a retarding
influence on the amount of ouypen taken up by other substances in
the suspension. Thig iy suggested by the inerease in the amount
of oxygen absorbed during the poriod 5-20 min. (165 pl.0s./6g.).

The total amount of oxygen utilised by lipid oxidation is
difficult to ascertaln, due to the nature of the results, It is
certainly equivalent to 50 nl.0s./6g. and possibly as much as
215 ple0se/6g., however it is not possible to meke a mors precise
estinate, |

Smith and Andrews (11) observed that defatted flour doughs,
when mixed under oxygen, have a greatly reduced uptoke compared with

dough from unaxtracted flours, The findihgs of these workera cannot



be ccmpa.fc-.\d .é_iiréc:'blsr" with the ‘fesults"praa'éntéd in this thosis,

owing to difforent experimental conditions.

It is clear that the

significance of the 1ipid material, in dotermining the megnitude

of the uptake, i8 dlfforent in both oxperimental systems (TABLE G).
' . TABLE G - o

Ixforkerg‘

Flour

Experimental

Conditions

Reduction in Uptoke -

Smith a

Andrews
(11)

szt:ent

Pentane

Oxygen

atmosphere.,
Dough. ‘
Manometric

measurement

67

‘ n Defatting
0=b5 m:‘m.i?ai Qw20 mine(%)

75

Cross

 Spring

Petraloum
ether -

Disgsolved -
oxygen,
Suspension.
Polarographle
measurencnt,

43

Cross

Sprind

Methandls
Chlere form

Dissolved
oOXYe on,
Suspension.
Polarographic
meagurement.,

23

20
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The implication of lipid material in the oxygen uptake
of flour doughs is well established. There would appear to be
two mechanisms involved. The firgt was proposed by Smith and
Andrews (11), who considered that oxygen is taken up by the lipoxidage=
catalysed oxidation of Linoleic acid. Taon and Hiynka (137) have
found thet the petroleum other oxtractable liplds underge rapid
peroxidation during dough mixing in an oxygen atmosphere. The
degree of peroxidation was increased by the addition of lipoxidase,

The second mechanism was proposed by Morrisen (12), who
hag demongtrated that other free fatly acids, besides linoleic acid,
disappear rapidly during the mixing of {flour-wator sponges., This
vorker proposed a general enzymie oxidation, such es ctar/s‘ ~oxidation,
to agcount for the results, and pointed out that linoleic acid content
of flour could not account for the magnitude of the uptake observed
by Smith and Andrews (11).

~ The decrease of oxygen uptake, observed during the initial

period after wetting, is considered to be due to the ramoval of
oxidisable lipid material by pelroleum ether, Iipid oxidation
appears to occur for only a short perdod after wetting, and clearly
other substances, bosides 1lipid, are oxidised to account for tho
obgerved results.

Bvidence to support a 'non lipid! uptake has coms from the
work of verious authors (3,133,138), who have demonstrated thab

defatted flours respond to mizxing in oxygen, as measured by the
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rheological characteristlies of dough, or by improvement in baking
quality. In this respect the findings of Naraysnan and Hlynka (138)
are of especlal importance. These authors found that the oxygen
response of petroleum ether extracted flours was greater than that .

of unextracted flours, as measured by the rheologlcal properties

of the respective doughs, The conclusion wag drawn that the lipids
exerted a protective influence ageinst the improving action of

oxygen,

It has been shown that Improvers depress the amount of oxygen
taken up | by flour during the second phase after wetting (5=-20 min,).
Defatting, however, accolerates the rate at which oxygen is taken
up during this time, and it is suggested that the presence of
lipid depresses the amount of oxygen taken up by substances involved
in the lmprovement process. |

- To sum up the following polnts may be madei=

(1) Flour can take up oxygen in the absence of 'fres 1lipid!
material,

(2) Removal of 'free lipid! slightly depresses the amount
of dissolved oxygen taken up by Spring flour, in the 20 min,
experimental period. | ‘ ‘

(3) The effect of defatting is “to: reduce the amount of
oxygen absorbed over the period 0«5 min., after wetting, and
increase the amount absorbed over the period 5-20 min, after

watting,
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(4) The amount of oxygen ubilised by Lipid oxidation 1s

considered to be of the onder 50215 pl.05./6g.

B. Methavol 3 Ghloyofopm Ixtyaction

Methanolschloroforn (1/1, Ve/ve) 18 a more eff.‘icient‘
def"a.‘btingg solvent than petroleum ether. Methanol: ;:hlom:f:‘onn
ramoves free 15.;;:;:1& matérial as well ag the more tightly bound
phéﬂpim-and galacto=lipids of flour (12). This .solvon’n ﬁixtura,
however, | brin_gs aboub ﬁartial or complete enzyme inactivation in
the defatted flour (165). |

It is geen from TABLE G that methanol:ehloroform eﬁtmction
raduces the amount -. of oxygen taken up by the flour, The
raduefion is gfeaﬁer than that brought about by petroleun other
axctraction. The overall reductlon in uptake by petroleum ether
extraction is 50 1L,05./65./20 min,, the overall reduction by |
mothanolschloreform extraction 19 125 PLe02./684/20 min,

Both petréleum ether ané nothanol:chloroform will remove
free 1lipid! which is the ;mly 1lipid fraction known to be concerncd
in oxidation in flour doughs (137), and flour-uater sponges (12).
The difforence in uptake is tentatively considereé to be du;a to
enzymic inactivation brought about by the methanolichloroform mixtura,
Th:_lé enzymic system would be concerned with the oxidation of 'non-lipid!
mate;*ial.ﬂ |

Methanolschloroform extracted flours can still absorb 807 of

the oxygen teken up by a control flour over a 20 min, period. This ls
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strong evidence that a 'non-lipid! oxidation mechanism 1ls involved
in the uptake proceas. The pattern of results, over the experimental
period, indicates that removal of lipid alters the oxidation
pathways exlsting in the suspension,

To sum up the following points may be ﬁade:*

(1) An enzynic 'nonelipid' oxidation system may exist in
flour which is partially, or totally, inactivated by mathénolschlomfom
troatment.

(2) Methanoli:chloroforn extracted flours can absorb 80
of the oxygen taken up by a control fiour. This confirms the
finding, that flour can take up oxygen in the absence of YLfree lipid!
material, obtained with petmlaum‘ ether extracted flours,

(2) Defatted Treated Floup
The following results represent the mean oxygen uptake of

treated Spring flours, and for the corresponding defatted flours.
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 SABER

Effect of Dafobling on Osygen Upteke of Troated Flour Suspensions (°)

Uptake 0-5 min, Uptake 5-20 min.| Total

Flour ~ (pl..%'),. (-pl.»og.)‘ (Iﬁfgﬁ)
e | @ | m | m
Traatec Sonwrol 421 110 531

Treated Dofatted
‘Sordes 67 177 264 441

(a) Flour Series 1-3 was defatted by petroleum ether
(Boiling range 40-60° C.) in a Soxhlet apparatus,
Flour Series 6«7 was defatted by methanol:chloroform
(1/1; v./v.) by the method of Morrison (12,165).

It is seen from TADLE I, that treated control flours take up
more oxygen than treated defatted flours. This would he expected
in view of the resuits ofatained previously (p.129 and p. 131).

Considering Flour Series 1-3, an egtittote may be made of the
amount of oxygen involved in lipid oxildation. In the case of
untreated flours the amounts of oxygen involved could only be estimated
- within vide limits, 50-215 pl.05./6g. flour. This was due to the
increase in oxygen absorption during the second phase after wetting
(5-20 min,), which interfered uith the measurement. In the case




of treated flours this effect has been considerably diminished.
It is geen that the deorsase on defatting, over the period 0+20 min.,
is almost the same as the decrease over the period 0«5 min, (TABLE H).
This indicates that lipid oxidation occurs very rapldly after wetting.
The amount of oxygen involved in lipld oxidation ls of the order
250285 n140,./68.

The imcreage observed on defattlng, during the second phase
of uptake (5=20 min,), is not as great as that observed in the case
of defatted control flours (TABLE F), This supports earlier
findings (p.124) which have related the offcet of oxidising treatment
to a depression in the second phase of uptake. The increase of

about 30 pl.05./6g. in the second phase for Flour Series 1.3,

compared with an inerease of about 155 pl.05./0g. for Flour Series 6-7,

would indicate that treatment has a more pronounced effect on the
formor flours,  This 18 confimed in TABLE I in which tho offect of

treatment on the defatted flours are compared.

133
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Uptake O=5 min, Uptake 5«20 min,| Total
Floux (n1405.) (p1.0,.) Uptake
(pl.02.4)
Untreated Defattaﬂ o
S eries 1‘3 2'56 444 730
Treated Defatted
Serdies 1-3 143 160 305
Untreated Defattod
Series 6-7 R21 296 517
Treated Defatted
Seriea 6~7 177 b4 44l

It is seen from TABLE I that uﬁtreated defatted flours take up
more oxygen than that taken up by treated defatted flours. This
finding parallels the effect of treatment on unextracted flours,

For Flour Serles 1-3 it 1s found that the effect of treatment
on the defatted flour 1s most marked, the overall uptake being
reduced by 587. The effect of treatment on the corresponding
unextracted flours produced a decrease of 29%. Sullivan {63) has
shown that bromate acts more effectively on defatted flours than on
ordinary flours, and a correlation between these findings may cxist.

For Flour series 6«7, the effect of treatment is similar in
the presence or absence of lipid. The reduction in the second

phase (5=20 min.) is small, indicating that these flours are not so
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suscaeptible to oxidising agents as Flour Seprles 13,

To sum up the following points can by madoie

(1) The amount of oxygen involved in lipld oxidation 1s
of Yhe order 250-285 pl.0,./6g, This is considerad to be a move
acourate estimate than that given proviously, 50+215 pl.0,./6g.
Lipid oxidation occurs extremely rapidly after the flour has been
wetted,

(2) Treated defatied flours take up loss oxygen than
treated control fiours,

(3) Treated defatbed flouwvs take up loss oxygen bthan

unbreated defatbed flours.
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The following results show the effect of defatting on an
untreated Spring ficour, followed by redepositing the extracted
lipid on to the flour. A further experiment was carried out in
which the ungaturated fatty acid, linolelc acid, was odded to the

defatted flour in plage of the flour lipid.

Uptake O=5 nin, Uptake 5=20 min. Total

(n1.02.)
Control Flour 372 143 ‘ 515
“Flour dofabbed with -
MeUH~-CHC13(1/1, vfv) 85 361 446
Dofatted flour with | , '
redeposited lipid 154 461 615

Defatted flour with
linoleic acid 337 335 672
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The addition of flour lipid to the extracted flour increased
the oversll uptake by 170 nl.Oge The oxidation pattern is, |
however, very different from that of the control flour, The main
differduces areg=

(1) The overall uptake of the flour containing the redeposited
lipid is greater than that of the original control flour.

(2) The relative proportions of oxygen taken up during both
phases, 0=5 min, and 5«20 min,, have been altered.

" The reason for this behaviour is difficult to interpret.
The results of Smith and Andrews (11) indicate that tho addition
of lipid to extracted first and second clear flour doughs, resulted
in a slight increase in oxygen absorption compared with control doughs.
This was only true for short mixing times of 15 min,, and in the
case of a patent flour there was nho detectable difference between
a control dough, and a dough made from extracted flour containing
added lipid.

A possible explanation is that the redeposited lipid nmay be
more susceptible to oxidation as a thin layer on the surface of the
flour partiocles, than it was befors extraction from the flour,

The addition of linoleic aeld to the defatted flour markedly
increased the first phase of oxygen absorption by 250 nl.0z2.,
the second phase remaining unaffected, Thus, it seems
probable that linoleic acid, which represents about 607 of the



free fabty acid content of high grade flour (165,170,172), undergoos
ropid oxidation when uheat floux is wetted..

"‘he 1eve1 of unoleie acid added was equivalenb to 45 .\ﬂw./éga
£lour, and it is clear that only a snall proportion of the Iinoleie
acid had been ox:ld:aseﬂ aftaz* 5 min.. 'Phe onount of oxygen utilised
by nnoleic acid in the period 0«-5 min, after we'bt:mg is equiva.lent to
342 mgs 11!101@1@ aeiﬂ. The fact. that Hors 1inole:ic aeid was not
oxidiged is prebably due tc» the partial inhibition of the 1ipoxidase
ox B mxidation systems,», which has been nobed on dei‘aﬁtmg flour with
a me"hhanol%chlamfom m:l.}..ture (12). | | |

| | The resul'bs show parallels wifsh the inﬁinfrs of Smi'bh ahd
Anarews (13.), who observed that dei‘atting roducod the amount of
oxygen taken up by o £lour dough, and 'hhat the addit:lon of flour
1ip5.da, or Hnoleie aeid, restorad the uptake to its oria:lnal level,
The ma:ln differenee between the results is tha:t the lipid appears
to have a yreater s:.gnificance in determininsr the uptake of oxygen

by doughs, than it does in flour suspensions,

To sum up the following points may be mades~

(1) The addition of extrvacted lipid to a methenolschlorofown
extracted flour. inercaged the awount of exygen ebsorbed by tho flouw,
The addition of the 1lipld d4d not restore the uptake pattern to that
of an unexbracted floury indicating that extraction had affected the
1ipid oxidation systems | |

(2) The addition of hnoleie acid to 'hhe extracted f£loup

inereased the amount of ox:,rgen absorbed over the perded 0=5 min., butb
hot over the perlod 5=20 min. after wetting,

138
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The antioxidant nordihydroguaiaretic acid (NDGA) was added

2 n_the Uptake of Digaolved Oxysen

by Flour Susocnsions
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to flour suspensiongy to determmine if any inhibitlon of the uptake

process could be detested.

The results of this serles of

experiments will be found in TABLE K.

TABLE K

Uptake (=5 min,

Total

L

Uptake 5«20 min,
Flour (n1.00.) (pL.05.) Uptake
(111-02-)
* Dofatted Flour
Seriea 3
+ 66.? mg,NDGA
compared with control + 95 - 45 + 50
" Flour Series 7 o |
+ 9 mg.NﬁGA
compared with control +120 - 35 + 85
Flour Seriecs 8 ” |
+ 66,7 ng.NDGA
compered with control + 55 + 5 + 60

» PExtracted with petroleun ether (Boiling range 40-60° C,)

The eoffect of a high level of NDGA on Flour Series 7 and 8

ig to slightly inorease the overall oxygen uptake (0«20 min.),

compared with a control cxporiment (no NDGA added),

A similar uptzke
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pattorn was observed on the addition of NDGA 4o a petroleum ether
extracted flouy, Serics 3.

NDGA ig an inhibitor of the lipoxidase catalysel oxldation
of linoleic acid (173), and of the peroxidation of lipids during
dongh mixing in oxygen (137). It has been showh that flour lipids
undergo oxidation when flour i webted, and a decrease in oxyzen
abgorptlon would be expected in flour suspensions containing the
antloxidant. As a deercape in the oxygon absorption was not
observed with Flour Series 7 and 8, 1t is concluded that NDGA does
not Inhibit lipoxidase activity in £lour susponsions. In this
cormection Mahon and Chapman (175) found that NDGA wag inactivoted
by flour, These workers coneluded thab the entioxidant wae
destroyod or complexed by some componént of the flour,

The addition of a high level of NDGA to a flour-water sponge
increased the loss of linoleic and linolenie acids (12), perhaps
due to an accoleration in the decomposition of iincleate
hydroperoxide (136). The increase obgserved in the uptake of the
wnexbracted flours suggests a correlation between these findings
ney exist. The inersased uptake found with the extracted flour
indicates, however, that the effeect of NDGA 1s independent of 1lipid
matorial,

It has been observed that antioxldants could act as improvers
‘in flour doughs mixed in air (80). The abstraction of a

hydrogen atom from a phenollc antloxident involves rearrangement to a
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semieguinone structure (174). Naroyanan and Hiynka (138)

propoged that semi-quinones act as improvers by a reaction involwving

thiol RSH, It is pfcbable‘thaf the effect of NDGA on'the'oxygen

absorption by flour suspensioha is ‘also related to its ability to be

"oxidised{'howevér; a definite reaction mechanism has not been proposed.
To sum up, it mey be stated that high lovels of NDGA slightly

“increase the amount of oxygen taken up by flour when ;.ret;'ba’d. The

roason for this finding i unknown, but it would appear that NDGA

‘does not inhibit the lipoxid:;;s‘e syaten in ‘flouy suspensgions and hae

an effect which ig independent of lipid material,
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Effect of Sulphydpyl Blocking Apenis on the Uptoke of
Diggolvad Oxymen by Flour Suspensions

Numerous authors (65,119,133) have found that ﬁhe sulphydryl
groups of flour proteins are susceptible to oxidation by atmospheric
oxygen,  Accordingly, the effects of specific sulphydryl blocking
reagents upon the oxygen uptake of flour suspensions were investigated.
The rcagents amployed to block the sulphydryl groups were iodoacetic
acid, iodoacotamide, énd para=chloromercuribenzoote (PCMB). The

reactions of these reagents with sulphydryl groups are ags followss=

(1)  Re: ic 4 h_Sul 1 Grou
0 0
ReSH  + I«-Cf!z-ﬁ{ —— zz-s-cx{2~c/ + WI
| oH ou
(11) oba
0 0
ReSH 4 I—cnanc{ —_— RnS-CHa-G/ + HI
NHy g
(i11) 31 of PeChl reupibenz ith Sul Grou

R=SII + cl-ng-@—omma —AH—SdIg@—GOONa +  1C1

The results in TABLE L indicate the differences in uptake

betweon control flours and flours treated with the reagents.
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Oxyzen by Flgug Susggngign
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Uptake O=5 min.

Total

+ 10 mg. PCMB

Uptake 5+20 min,
< Mlour (711-02-) (]Jl- . ) Uptake
Compared with | Compared with | (nl.Op,)
control control Compared with
Series 5 .
+ 2.7 mg. Jodoacetamide + ;!.J.O - 90 + 20
Sériea 5'
 + 8 ng. Todoascotanide + 190 - 155 .+ 35
* Serles 3 Defatted . o
+ 6,7 mge Iodoaceticﬂgid *+ 230 ~ 240 - 10
Series 3 Defatted :
+ 8.3 ng. Iodoacetic Acld + 100 - 190 - 90
Serles 3 Defatted :
+ 16,7 mg.Todoacetic Acid + 120 - 210 - 90
Series 3 Defatted /
+ 3,3 ng. POMB + 100 - 100 0
Serdes 3 Defatted s 335 "_ 330 . 5

#: Extracted with petroleum ether (Boiling renge 40-60° C,)

The amounts of tho reagents used were in excess of those

requirad to block the total sulphydryl groups in the flour sample,

agsuming a maximum sulphydryl content of 1.3 meq./g. (123,124),

Thus,

the additlon of 2.7 mg. and 8.0 mg. lodoacetamide was equivalent to
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1.9 and 5.5 times the total sulphydryl ccnteﬁt of the flour, Véz
iodoacetic acld, the additions were equivalent to 4.6, 5.8, and
11.5 times the sulphydryl content, and for PCMBy l.l and 3.3 times the-
sulphydryl content. Similar amounts of sulphydryl reagents were
employed by Mechem (116), to block sulphydryl groups during dough mixing.
The main effect of the sulphydryl reagents is to accelerate
the rate of oxygen absorptlon, without greatly affecting the overall
amount of oxygen taken up by the flour. This finding indicates
that sulphydryl groups haye an influence on the oxygen uptake process
which is not related to their abllity to undergo aerobic oxidation,
The results with the extracted and unextracted flours show
o aimilar pattern, indicating that the accecleration effect is
independent of 1ipid material,  There is a slight increase in the
amount of oxygen absorbed by the unextracted flour, This may be
explained by an inerecase in the degree of peroxidation of flour
lipids, which has been observed on additlon of lodoacetic acid,
PCMB, and Neethylmeleimide to flour doughs (128,137). ° Dshle and
Sullivan (128) state the increase in peroxides found in the presence
of N-ethylmaleimide was due to the antioxidant effect of the -SH
groups on the lipid oxidation.
The defatted flour shows a slight depression of uptake with
ilodoacetic acid, bub PCMB has no effect in this respect. The
reason for this differcnce is not understood, but it may be related

to the different affinities of these reagents for sulphydryl groups (173).
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Theé bléck:“mg of sulphydryl groups allows a tnon-lipidt
oxidation ‘to proceed at a faster rate withoub greatly affecting
the overall upte‘ake.-  Thus, there would appear to be two types of
sulphydryl groups present in flour, i.g. those undergoing aerobic
oxidation (65,119,133), and those which have a ratardlng influence
on the rate of uptake.

Bvidence 4o support the theory that thers are two types of
sulphydryl groups in flour was obtained by the addition of reduced
glutathione (a tripeptide containing 1 eq. sulphydryl/mole) to a

flour suspension.

TABLE 1

Oxygen by Flour Susgensign

Uptake O=5 min, | Uptake 5-20 min. | Total
- Flour S (n1.05.)  (pleOne) - Uptake
(}11¢020)

Flour Series 7
+ 10.2 ug. GSH . ‘ '
compared with control + 135 + 75 + 210

The additian of reduced glutathiané inorcased the total
oxygen absorption by 210 pl.0y (0=20 min.).  This additional
absorption 19 close to the theoreticél value of 190 ml.0,. which
repmsenﬁé complote oxidation of the glutathione,  The autoxidation
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of a simllar quantity of reduced glutathione in aqueous susgpension
1s much slower, the amount oxidised ofter 20 min, being too small
to be meagured accuratoly {(less then 57 of the total) (47).

It would be expected, therefore, that the blocking of
sulphydryl groups will lead to a smell reduction in the oxygen
uptake, as aerobic oxidatlion can no longer occur. To account
for the acceleration effect it is postulated that there arve
cortain sulphydryl groups in flour which have a retarding influence
on the rate of oxygen absorption, It is well known that certain
enzymes are dependent on sulphydryl groups for thelr activity, It
is considered that an enzyme systém is present in flour which
normally depresses the rate of oxygen sbsorption; when this system
is inactivated by sulphydryl reagents the upteke of oxyzen proceeds

at an ineressed rate.
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Effeet of Impact Milling and Air Classifigation the
Uptak: Dissolved en Floupr Suspensions

The oxygen uptake of various fractions of flour, each
containing differing amounts of protein, was studied. The
fractions had been obtained by the process of impact milling,

- followed by air classification.

In the impact milling process, size reduction of the flour
particles is achleved in a pin-disc mill, with consequent separation
of' gtarch granules from thelr surroundihg protein matrix, The
flour is then subjected to o process of air classification which
geparates the flour into fine, medium and coarse particles depending
on thelr density apg projected area in an alr stream, The fine
fraction, which consists of particles less than 20u in diameter, 1s
rﬁaﬁe up of fragments of protein set free during impact milling,
together with small detached starch granules, The proportion of
protein to starch is much higher than ;ln the original flourv, The
medium fraction consists of particles from 20~-40r in diameter, and
containg o large proportion of free starch gronules, This fraction
hag a relatively low protein contente Above 40n the particles are
malhly unfragmented 'chunkst! of endosperm cells and contain protein
at approsimately the samo level as the original flour.

The effect of impact milling on Flour Serles 9 is shown in
TABLE N,
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' 'TMSLE N
fe of agt Milling on the U ake of Dissolved =) 8}
Ilour Suspensions K
Upbake 0=5 min, | Upbako 520 min.| Tobal
Flour (pL.0y4) (ul.00.) Uptake
('ﬁl.ﬁﬂgt)
Serles 9
Rofore xmpact mmllmng 441 204 705
berias 9 '
After impact nilling 440 272 712

It is seen thai ﬁhe rasults bafora, and aitex; ipact milling

are smmilar.

The axygan absarption nechani.sm ig, therefare,

-undamaged an& the ef:ectxve aurface avea of the particles is not

an important factor in 1n;luencinp the uptake of oxygen.

The offect of sir classification on Flour ¢ Series 9 and 10

is‘shéun in:?AELE‘P;
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EABLE P
: of Alr Clagsification on Uptake of Dissolved
Oxypen by Flour Sugpensions
Uptake Uptake Total Protein
Flour Qw5 mine | 5«20 min, | Uptake Content
(m1l.02.) | (11.09.) |(n1.02.) ()
Series 9
High Protein 543 10 663 13.7
Series 9 . -
After impact milling 440 RT3 712
Series 9
Low Protein 423 120 543 6.8
Series 10 ‘
HighrProtein 416 2;7 633 1547
Serles 10
Low Protein 284 R_57 541 6.4

The oxygen uptake of the high protein flour (Series 9),

during the period 05 min. after wetting, is 100 pl.0,. greater than

that of the parent flour,

The uptake of the low protein flour is

about 20 pl.Oo. less than that of the parent flour during the same

period. The high protein fraction, therefore, contains a greater

proportion of material undergoing rapid oxidation compared with the

low protein fraction.

It has been pointed out that the uptake during the period

0 = 5 min, is influenced by lipids.

Adr clagsification is known
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to increase the lipid content of the high protein fraction (165,176).
The differcnce in initial oxygen wbsorption may be attributed to a
redistribution of lipid material between the two flour fractions,

Although the parent flour, Series 10, was not avallable,
the difference in initial uptake (0«5 min.) between the high
and low protein fractions was of 2 similar wagnitude to that ohscrved
with the corregponding fractions of Flour Serles 9. |

Wrigley (177) hes recently demonstrated similarities in the
composition of protein from fine end medium froctions obtained
after clagsification of flour in a Microplex alr clagssifier.

Further, Axford et al, (178) have shown that the protein in the
different air classified flour fractions, dld not show any variation
with respect to sulphydryl and.disulphide contents, In view of
these Tindings, the differences in uplake observed between high and
low protein fractions may be due to differences in gross protein
content, but not to variatlons in the composition of the classified
protein,

It will be seen from an examination of TABLE P that the
protein contents of the various flour fractions are not relabked to
the akygen absorption values, The uptake during the second
phase (5-20 min,) for Flour Series 9, is similar for each protein
fraction and represents only 447 of the uptake of the parent flour,
This finding suggests that the oxygen absorplion process has been
disturbed by alr classification in a manner unrelated to the final
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protein content of the flour,

1%t is'cuggested, therefore, that the differences between
the up‘&éi:e of high and low pb&t@in fractichs may be related to
both the éistﬁrbahca of the compénenté ‘of an oxidising system,’
and to unequal distribution of 1ipid matorial bétween the

two fractions,
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Effect of pH on the Uptake of Dissolved g
by, Flour Sugpensions

The experiments were originally designed to determine the

offcet of cyanide on the upteke of oxygen by flour. It is well
known thabt nony dehydrogeonase systems depend on cytochromes for
electron transfer to oxygen, The action of the eytochromes may

be simply expressed by the following scheme (179) 3=

Al = oxidiged Ha0
gytochrome
A reduced 300
dehydrogenase cytochrome
systems oxidase

Tho aytochromes are inhiblted by cyanide, thus blocking the
dehydrogenage systems. Wheat gérm is knoﬁﬁ?to contain sueccinie,
glutamie, and hexose phosphate dohydrogenases (180), and the addition
of cyanide to a flour suspension should indlcate if these enzymes are
involved in the uptake of oxygen by flour. The results of the
experiments are reported in TABLE Q.
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kS

- Uptake | Uptake | Total
Flour O0=5 mine| 5=20 min.| Uptake jas!

. (Rlize) | (Ml.024) (}11.69 )
Serias 3 donti-oi ' 418 354 72 | 6.2
Series 3 + 1% 10*4 He KON 425 R 730 -
Serles 3 ¢ 6 % 107 M. KoN | 302 358 660 -
%ries 3+ 7.5 X 10-4 Me KON . 293 328 621 -
Sories 3 + 1 x 107 1. Ko | 328 23 | 3 7,68
Saries 4 Gontrol = | 227 372 | 599 6413
Serios 4 + 1x 107 1, KON | 399 325 | 724 | 6.38
Serfes 4 + 1 % 1073 M, KON | 205 6|21 | 7.0

Series 4 + 2425 nl. 27, KOl 180 s 185 | 7.6

The initial uptake (0«5 min,) of Flour Series 3 was not

gignificantly affected by 1

produced a stimulatory effect on the upteke of TFlour Series 4.

x 10

-2

Mo KGN, but a gimilar concentration

An

increase of cyanide concemtration to 1 x 103 M, inhibited the ubtake

of both flours, the effect being most marked during the sesond

phage of uptake,

The addition of & concentrated solution of cytochrome tel,

and flour solubles equivalent to 3.25g. of flour, did not produce
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an inerease in the uptake of the flour suspensions containing
1 x 1073 M, KON,

In view of these results the pll of the suspenslon was checked
to determine if the natural buffering capacity of the f£lour was being
gyamped by the addition of KON It was found that KCN inereased
the pH of the suspengion as indicated in TABLE Q, Accordingly,
the pH of tho suspension was adjusted with potassium hydroxide to a
similor value as found with 1 x 107 M, KCN. At pH 7.16, similer
rosults were obtained by the addition of potassium hydroxide as Ly
the addition of potassium cyanide. This finding indicates that the
results are due to a change in pi réfher than the inhibition of a
cytochrome gystem, From the relative amounts of oxygen taken up
during the period O-5 min., and 5~20 min, it is found that the rapid
initial phase is not as sensitive to pH changes as the final phase.

Smith and Andrews (11) have observed that the optinum pH for
oxygen absorption by flour doughs is pH 6.7. Above pif 7.0 these
workers found a sharp decrease in the amount of oxygen talen up by
tho dough. The f£indihgs reported above would indicate that an
inerease in the pH of the flour suspension from pH 6.1 to pH 7.2

produces a decrease in the oxygén absorption capacity of the flour.
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GLUERAL CONSIDERATIONS

The uptake of oxygen by wheal flour is the overall result
of a numbor of oxldative processes which are inter-related in a
complox pattern, The nature of the experiments has made it
possible for certain general conclusions to be dvawn as to the
gignificance of lipid and proteln congtituents of flour in
determining the magnitude and rate of oxygen absorption,

Flour tokes up dissolved oxygen when wetted to the extent
of about 710 nl./6g./20 nmin,, of which about two~thirds has been
absorbed by the flour afbter 5 min. The ropld initial phase
appeara to be concorned with both 1ipid and protein oxidation,

The evidence supporting rapid 1lipid oxidation is based on the results
obtained with defatted flours, and on the readdition of lipid to
defatted flours. Defatted flours take up less oxygen then
control flours and the decrease in uptake is noticeable during the
initial phase, The restoration of the original flour lipids or
the addition of linolelc asidito oxtracted flouw inecrcages the
uptaoke, and in the case of linolelc acid it is only the initiel
phase of uptake which is affadted, The amount of oxygen
involved in lipld oxidation is difficult to assess, but it is
probably in the region of 250 = 265 nLl.02./6g. or about 35 = 407
of ‘the total uptoke, Tho repid oxidation of flour lipids has
been demonstrated during the mixing of flour doughs (137) end in
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£lour-water sponges (12).  This oxidation has boen welated to

the activity of lipoxidase (11,137) and to lipoxidase plus concurrent
enzymic oxidation of all free fably acids (R)e - Tho results
reported in this thesis indigete that lipid oxidatlon: also occurs

:in. flour suspensions and wg,cé obtained by measurcment of oxygen
consumption, uhereas previcus résulls have been obteined by gas
chromatographic enalyses of 1ipid composibion (12); or by the
chemieal cstimation of the products of 1ipld oxidetion (137).

The initial uptake of .oxygen by flour is not complebtely -
ascounted for by 1lipld oxidation, .  Aboub 470 pl.Os./6g. ave
taken up during the perdod O « 5 nin. afher wotting, 'bh@rai‘ere\.
about 200 Pl.0./6g. are taken up by a Ynou-lipid! mechaniem,

The nature of the 'non-lipid! mechanism 18 unkmown, bub it is
probably connected with the oxidation of the proteln congbilnents
of {lour, The results vreported in tho literaturs indieate

that eulphydryl oxidation could only account for a minute Lroction
of this uptake (119).

Tha rapid initlal uptake of ouygen is followed by a slower
phase (5 = 20 nin,), during whicl about 240 nl.03./6g¢ are absorbed.
Thig phese is influenesd by the prior treatment of the flour with
oxldising agents ond by the presense of lipids, - The treatment
of flour wlth luproving or bleashing agents desreases the overall
enount of oxygen taken up by the flour; the effect belng mesb

noticeable during the slower secondarxy phase, The eoffect of
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both classes of agents is simllar which indicates that certain
sites have been oxidised in a nonwspecific manner, In the case
of improving agents the complete oxidabion of sulphydryl groups
could not account for the magnitude of the obsermved effect. The
decrease in upteke on treatment is of the order of 150 nl.02./6g.
of which 115 pl.03./6g. represents the decrease during the
secondary phase, Lipids have a depressing effect on this
phase as, on defatiing, the amount of oxygen teken up during
the period 5 « 20 min, is increased. This finding may be related
to the observations of Narayshan and Hlynka (138) who have found
that liplds exerted a protective influence against the improving
offect of oxygen as measured by the rheological properties of dough.
The effect of nordihydrogualaretic acid and sulphydryl
blogking agents are difficult to interpret into a general theory,
Nordihydrogualaretic aclid does not inhibit lipid oxidation in
the flour suspensions studied, and its effect may be related to
its abiiity to be oxidised. Sulphydryl blocking agents bring
aboul an agceleration of oxygen absorption but do not greatly
affeet the amount of oxygen taken up by the flour, Thus,
sulphydryl groups of flour have an influence on the oxygen uptake
process which is not related to thelr ability to undergo aerobic
oxidation. Glutathlone undergoes oxidatlon in flour suspensions
and it would appear probable that there are two types of sulphydryl
groups in flour, those undergoing aerobic oxidation (65,119,133}, and

thoge which have a retarding influence on the rate of oxygen absorption,
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Impast milling doocg not affect the oxygen absorpbion by
£louw, but after alr classification the uptake of the high proteln
£roction is greatoy than thabd of the low protein fraction. The
difforcence in uptake is found during the lnitlal phagse;, and thig
magy be velated to the greater 1ipld content of this fraction (165,176) ,
The oxygen uptake by both fyectlons Is less than that of the
parent flour and ig unrelated Yo the gross pwotein conbouls.

Pron coerbaln off the above conziderations a general cutline
of the processes iuvolved in the cxygen uptake by Llour suspensions
nay be puboforwerd (890 pP.159).

This scheme way be compaved with the earlier findings of
Smith and Andreus {(11), These workters found ‘r%:.hai} the uptake _
of vxygen by flour doughg was principally dependent on the oxidation
of polyunsaturated Labby acids catalysed by lipexidase. Horrigon
hag gince abtiributed the uptale to a more general liplid osxidation
patteri (12). The upteke of oxygen Ly the probein couponends
of flour has recelved legs abtention in the literaturg, although
1t 1a of greaber significance in floux technology. Sidbh; van Duren
end Andrews (133) noted that defatted Tlour doughs respouded to
mixing in onygen and more rescutly Nareyanan and z—ilwké. (138) heve
also demonsgtrated this effcet. The oxygen responze of defatbed
flours in the Rank and Hay batter precess (2) was rolabed by
Howbhorn and Tedd (3) %o direct upteke of oxygen by flour proteins,
although it was not possible to ascertain the amount of oxygen
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involved in the improvement. The findings of Hawbhorn end Tedd (3)
were criticised by Glass (129) and Lesxmonth (130) on the prounds
that defatiing was incomplete. It has since been shown that

‘only the 'frec! fatiy acids are oxidised in flour doughs (11,12,137)
and therefore the conclusions of Hawbhorn and Todd are valid as

the defatting procedure adopted by these workers would have ramoved
1frea? 1ipid congtituents. The results reported in this thesis
gsupport the conclusions of ilawthorn and Todd In thet the uptake of
oxyzeh should be regarded as the ocutcome of a general oxldation
involving not only lipid but other flour constituents.

The relevance of these results to the technologist may

now be considered, Recont tronds.in the baking industry are
towards continuous automatic processing., The main features of

this processing involve the development of dough during continuous
nixing and‘ the use of fast acting improving agents. These
features eliminate the time conswning steps of fermentation and
development as previously understood. To obtain maximum benefit

of these innovations the chemistry of dough maturation needs to
be understood, The 1literature reveals that the biochemieal
reactions which occour during maturation are still ill-defined.

The oxidation of certain flour components ig known to bring

about beneficlal changes in tho rheologleal properties of doughs.
The nature of the improvement is belleved to involve the sulphydryl

proups of flour protein. This theory seams to have directed current
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rogoarch into rathor rigld channels and it is clear that

sulphydryl oxidation is regarded as a thagic formula' to explain
jmprover actions  This situation has probobly arisen due to .
rescarch into the structure of proteins in general, which has
ravealed the presense of disulphide bridges linking protein molecules.
There can be little doubt that sulphydryl interchangs end oxidation
ave involved in the improvement offect, and yot the oxidation of
other flour constituents .cannot bo ignored.

The Rank and Hay Ybabter' process (2) demonstrates the
important effect of oxygen during mixing to bring about bleaching
and improvement.  This study of the uptoke off oxygen by flour
suspensions has indicated that the uptoke process is complex and
cahinot be ascounted for by sulphydryl or 1ipid oxldation alone.

A more detailed study should reveal the presence of new centres

for oxidation in flour and lead to a better understanding of the
oxygen effect and a more knowledgeable application of oxidising

agents in general.
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CONCLUSIONS

The followlng conclusions refor to the upleke of dissolved
oxygen by flour suspensions, studied by a palamgr%phic technique.

1) E‘leuf tokes up dissolved oxygen from solution, The
amount of oxygen taken up iz of the order of 515 = 835 nl.02/6 £./20 nin,
dapending on the flour studied.

2) Oxygen is rapidly taken up for about 5 min., after the
flour has been wetled, thercafter the rate of uptaké declines,
After 20 min, the amount of oxygen being removed from solution is
very smell.

3) Treatment with nommal amounts of improving or bleaching
agents reduces the amount of oxygen: taken up by the flour by about 207.
The reduction in uptzke 1z more apparent during the slower segondary
phase of uptake i,e. from 5 = .20 min, after wotting, then it is
during the initial phase (0 - 5 min.).

4) Untreated flour, which has been extracted with petroleum
other, takes up slightly loss oxygen than unextracted flour over the
20 nin. experimental periocd. The amount of oxygen token up during
the initial phege is reduced. However, an increage is found in the
amount taken up during the secondary phase, ixiethanolzéhlomfcrm (Lsl,va/v.)
extraction reduces the upteke of the flour to a greater extent than

petroleunm ether extraction.



5) As only o small reduction in uptake cccurs on defatiing
untroated flours, the presence of a 'non-lipid! uptake mechanisn

is established.

6) Ireated flour, estracted with petrsleum obher, tekes up

less oxygen than treated uwnextracted flour, The deerere in
uptaké aceurs éﬁring thg initiq; phage, and the increase fbuﬁd
during the secondary phase with untroated flours is dlminished.
Thua,_'ffea lipid' undergoes rapld oxidation when flour is wottod,
and the amount of oxygen involved was found to ke of the order of
250 = 285 HL.0y/6 g. flour,

7) The addition of extracted lipids or linoleic zeld to a
methanolgchlgrofoxm axtracted flour increases the oxygen uptake,
Linolele acid increased the uptoke during the initial periocd after
watting, but did nptvaffect the aecon?any phase sign}ficantly.

8) Uigh levels of nor@ihydrogugiaretic acid do not inhiblt
the uptake of oxygen by thelflour. .

‘9) Sulphydryl blocking agents do not significantly affect
the ovépall anount of oxygen‘takan up by flour, although these
roagents do aseelsrate the ra?e of uptdka. The addition of
reduced glutathione to a‘SHSpGnaiQn inareaagd the uptake beyond a

level expected if sutoxidation had oconrred.
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10) Impzet milling doee not affect the uptake of oxyzen
by Llour. The high protein fraction of alr elassified
flour takes up more oxygen than the low protein fraction, but
less than the parent flour, The uptekes are not related to
the protein content of the flour.

11) The oxygen cbsorption process is sensitive to a pH
change of from pH 6.1 to pl 7.2 .

164



SUMMAR




165

SUMMARY,

Tho cconomic significance of vwheat in human dlet is largely
atbributable to the complex relationship which exists between ite
protein and lipid constituents. The toechnological properties
of wheat £lour are dependent on the suscepbibility of these
constituents to mild oxldation.,  The resulting reactions arc of
a complex nature but an ovaluatlon of these reagtions is a
precursor to a more effoctive utilisation of this importent exop
as an orticle of diet.

The purpose of this study was to undertoke an exploratory
investigation into the uptake of dlsgolved oxypen by Iwheat flour
puspeansions. For this purpese flour suspensions were prepared
by mixing a fixed quantity of flour and air equilibrated potassivm
chloride solutlon, M alieuot of the suspensgion was taken for
study; and the uptake of dissolved oxygen was followed using a
polarographic method. The eclectrodes were a rotabing platinum
mieroclectrode, which served as a cathode, and a saturated calomel
electrode ag ancde, Thoe pobential applied to the cathode was
rogulated go that the éurrent recorded on a sonaitive ammoter wos
proportional to the concentration of oxygen in the suspension.

Readings of oxypen concentyation were taken at fixed intervals over

the exporimental perdoed.
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The results indicated that flour tokes up oxygon rapidly

when wobbod, The amoumb taken up is influcnced by commersial
oxidative treaimenis and hy the rawvael of flour lipids, The

addition of oxbtrested 1ipide and Linoleie acid increaged the uptake
of defatted Llour, A high level of an aubloxidant (NDGA) 4id
no% inhibit the uptake mechaniam, Sulg_ﬁhyﬁi*yl blocking egents
accolorated the uptake, but did not influence the ovorall amount
of oxygen token up by the flour.  The addition of redused
glutathione increased. the uptoke of oxygen in tho suspenaion,
Impact milling Aid not affect the uplake, bub differencen. were

noted in the upbeke of air claspified high aud low protein

frachions. . There was some evidence to sugpest that the uptake
process was P songibdva. The mesults are dlsvuszsed and xeluoied

to the theordes and findings of obher HOPLOTS

k]
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APPENDIX

CALIBRATION OF POLAROGRAPH GALVANOMETER IN TERMS OF
DISSOLVED OXYGEN CDNCL_:Q“ TRATION
PART 1 |
D 1tion of Dissolved Oxys
Disgolved aoxygen in the electmlyﬁe, 0,125 M.KCL, was
determined by the Winkler method (1, 26).
Solutions requiredi= |
(1) Mangenous chloride (MnCly.4Hy0) 40g./100 ml. deionised waber.
(2) Alkaline potassium iodide, 36g. NaOH +
‘ 102, KI/100 ml. deionised water,
(3) Concentrated hydrochloric acld.
| (4) Sodium thiosulphate 0.01N., freshly prepared and standardised,
(5) Starch solutlon = ag indicator.
The Semple |
9.125 M.KC1 solution was prepared from a stock solution of
1,125 M.K61,  Duplicate solubions, prepared from 50 ml. stock
1.125 MJKCL + 400 nml. deionised water, were placed in 1 litre glass
jars provided with rubber bungs carrying air inlets and outlets. The
jars were placed in a thermostatically controlled water bath at 25° C.,

and the solution aerated for a period of 30 min, with a slow atream

of air from an electrically operated pump.




The samploe token for enalysis should completely £il1 the
flagk in vhich the titration is carried out. 250 ml, conical
£lasks with ground glass stoppers were found to be sultable for the
determination.  The volune of these flasks, uhen completely €ull
and 'é'&qppere_d, was found by weighing with water at 25°G,

Besultgs= -

Volume of f‘laah w_ | "’84..’? cas -

~ Voluns of Flask B = 28L65 ce.
Uinkler Titrotion ,,

A portiqn of tha 45{3 nl. .125 M,KCL, was puuz‘s..il into a
conical ﬁ‘lask unt:il :x.i; averi‘lowed. ~ ml. rmnganous chloride
golution and 2 ml. alkaline ic)dida soluticm were sizmltanaously
added, by means ef pipette o t.‘ne bottcm of the flask, mle of
diaplwed semple being allc:weﬂ to mveri‘low. Thc flegl was shaken
thamughly, and *hhe precipitate allwed *&m gsettle out. 2 mle of
hydmehlaric, acld were added and thca eontents of t‘.he flagk mixed
*bhcmughly until tha preeiﬂitaﬁa hacl cempleta]y dlssclved. ’itrﬂticms
wers cmieé cmt. with a 106 ml. aliquot af 'bhis salut.ion agalnst

Q.QJ.N. 'bhiesulpha‘ba, uaing s‘hamh aa indica'ber.




MnCly ¢ AMAOH  wee-y  Mn(OH)z + 2MaCl
Am(0H)p + O wmme  AN00H + H20
AM0L0H 4 GHCL  =wws»  ZmOlz + 40 + Clp
KL 4 Clg  meees ZKCL 4 IR

02 in pepene

. n

8 x 1000 s (0L x T
R 100

(Where T = Titre of 0,0LN.thiosulphate)
Correcting for displacementsw

0,8 P g .
For Flask fi=  0.8T ¥ -13 x é@%ﬁ; I & 0,8147

Por Flask Bi=  0.67 & -‘-’-iﬁ % %w 3 0,81157

Titro for 100 ml. from Flask A = 10,00 ml. 0.01H.thiosulphate,
Titre for 100 ml. from Flask B = 9,925 ml. 0.0ll.thiosulphate
0z in p.p.me () = 8,134 at 25° O,
Oy 4n pepeme (B) = 8.052 ab 25° C,
Mean of 8,08 p.p.m. dissolved oxygen (25°G,) or
6,18 ml,/1dbre (25° Co).




iv

EARL.Z
Galibyation of the Pelarograph
A series of four solutions of 0.125 M.KC1l were pyepared,
and aerated for 30 min, at 25° G, in the water bath, Samples
of 150 ml, were withdrawn and transferred to the polarograph cell,
The rubber bung carrying the electrodes was inserted, and the
agsembly placed in a second water bath. The steady reading
for the diffugion current of oxygen was recorded at 2.5 min,
intervals over a 20 min. perlod using a galvanometer sensitivity
of 1/30, and an applied voltage of «0,6 volts ve. S.0.1L,
The residual current was detemineﬁ by the addition of sodium
sulphite to the electrolyte,
Results
Mean reading for:diffusion current = 52,6 scale divisions,
Mean reading for residusl current = 0,0 scale divisions,
<% 52,6 soale divisions & 0.18 nl, 05./litre
or 1 scale divieion = %%%g ¥l.02 , /litre.

In the experiments with flour suspensions 150 ml. of
suspension were taken,

«*e Absolute oxygen concentration for 150 mi.

= 6180 x 150 pl. Op.
1 1000

= 927 nl. O,




6180 x 150 «

. = 1
+*s 1 scale division S == 76560 we W G

8§ 17:62n1. O, (Log, 1.2461)

(1) A value of 8.7 pe.pems Lor dlssolved oxygen in 0,125 M.KCL
at 20° C. hos been vecently reported by Bishop (7); who employed
this solution as a standerd to calibrate a simllar polavographic
syatomn This value corrcsponds to 6,12 ml, Oy./Litre at 25° G,
anconrding to the tables of Tyler and Karchmor (8). Theae latter
euthors used o calibmﬁie;n solution whogo oxygen conbent wag
8.1 pepeme at 26° G,

- (2) The oxygen diffugion current for 1l.0M.KCl was recorded
on the galvanometer i.n' a sinilay marmer to that described sbove,
By means of the ealibration faoctor, the value of the curvent was
found to méresan’e an'ezwgén eoncehtration of 4,47 ml./litre at 25° ¢,
The oxygen content of a .egimilor solution hag been Peported as
4,26 ml./litre at 25° C, by Varshiowsky and Schantz (9).

(3) Ammstrong et 21, (10) reported that the accuracy of the
polarographic method for the determination of dissolved oxygen is
within the renge & 3,47, compared;with that found uging the
Uinkler method as a standard,




(1)
(2).

(3)
(4)

(5)
(6)
(7)
(8
(9)
(10)
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