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SUMMARY

It is known that, during the storage of wheat flour,
lipase activity leads to en inceresse in the amounis of Lfree fabtiy
aeids present in the fLlour. It has been shown by indirect means
that the free fatty sclds are associated with the development and
character of the xheologlcal properties of flour-water doughs. The
strengthening (iuprovement) of doughs is an oxidative process and
can occur naburally or due o the addition of oxidising agents (flour
inprovers). lmprovements is generally thought to involve oxidation
of sulphydryl groups of the sbructural protéina of dough (gluten)
to intermolecular disulphide groupao' Improvement during the mixing
of Llourewater doughs is accompanied by the absorpiion of atmospheric
OXYEeno Free fobty acids, and in particular linoleie and linolenic
aeids, are involved in the absorpiion of oxygen, which is largely,
1f not eatirely, an enszymic progesse 1t has been suggesbed that
the mechanism of <these processes is lipoxidase-~catalysed oxidation
of free linoleie and linolenic acids of the flour, with coupled
oxidation of gluben sulphydryl groups.

The thesisg describes a divect study of the fatbty acids
of flour and flour-wster mixtures.

. Methods were developed foxr this study, and, afterl
elimination of all phospholipids and galagtolipids, the lipids
were sepavated into free and esterified fatty acids, and theirp

compositions debermined by gas chromatogruphy.
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A reuppraisal of data published by other aubhors showed
that there wag reason 4o believe thal lipoxidase activity was not
the complete explanation of the shsorption of oxygen by F£lour.
xamination of three flours confirmed ﬁhisg since it wes found that
thare were not enough linoleic and linolenic acids present Lo account
for the known oxygen absorptions.

Analysis of the free and esterified fatty acids recovered
from Llour-water mixtures showed that losses had oceurred only in
the free fatty acids, and these were due o enzymic oxidations.

The losses were éhown o be due to oxidatioﬁ of linoleic and linoleni
acidg by lipoxidase, or a similax enﬁymey and to general oxidation

of all free Fatty acids by enzmymes of the type involved in Peoxidatio;
The letter is a novel finding in flour-water mixbures,

The theoretical oxygen absorphtion of the flour was calculat
on the bosis of these two types of fatty acid oxidation, and was
found to agree with published values. Lipoxidage actbivity was
caleulated to esccount for 1 volume in L7.6 volumes of the oxygen
phsorbed, and this was shown to agree with the known levels of
lipoxidase~-catalysed coupled oxidations in flouwp.

Lxperiments in which oxidising, reducing and antioxidant
conditions were present during the mixing process were described,
snd the results discussed in relation to bthe two types of fatiy
acid oxidztion.

Tﬁ@ thesis has a pupplementary sestion contalining a

description of rheological dough testing experiments, and reprints
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of three published papers reolevant to the thesis.
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dheat=flour containag in one hundred parts, sbtarch 68,
gluten 24, gumny suger 5, and vegetable albumen .5 Gluten is
a substance chiefly of vegetable naturey, sooeo it conteins azote;
in putrefying it exhales en odour of putrescent animal matters
o fatty mather hag even been discovered in it after 16§ hap undergone

putrelfactione

Fhen gluten is worked as described, nob in waber, but
in a larvge guantity of 8lcohol sescee & parbt dissolves csoo called
£liading seoo the residue is called zinomin ecoo ite most remarkable
property is that of forming a blue colour wheun mixed with powdered
gugiacum and ag much water as will form them into o pasbes the

contact of air is necessary to the change of colouw,

The journals of Holland have for some bime announced that
sulphate of copper, or blue witriol, was employed in that counbry

o aseist in the Lermentation of bread (Brandes Journal, 1829).

New f£louw never makes good bread; 1Lt should lie over
for three months before it will be £it for the baker. On the
other hand, too much age damages flouw. The summer of 1816 was
exceedingly wots +the quality of the grain was far below averages;
and it was almost universally malitei. 1t is chielly the glutinous
part which ig altered in corn which has been exposed to humidity.

The gluten slmost entively loses ibs sdhesive powers, and dissolves,

from the Ceobinet Cyclopeaedia, Useful Avxta,
Domestic Leonomy, Yol. 1, Chapler X

by . Donovan.

Longman, Rees, Owvme, Brown, and Graensy and John Peaylow,
Lorkdo'ﬂg 18 300
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PREFAGE

theat,; and the producte derived from it by grinding and
milling processes, have long been of diebary gignifieanc@ +0 man.
fmeh of this sigpificance ig due tp the fagt thab when wheat floux
iw mixed with waber a cohegive elaestic dough is formed, and as a
result wheat Flour can be used 0 make an enormous range of products,
most of which are part of the bakers® craft. In this reape&ﬁ‘wheat
differa from all other cereals. |

These unigue properities can be messurad by xheological
means, but the underlying physico-chemical sysbems which produce
then are atill incompletely understood. Moreover, as would be
expected from any system demived from & biological source, large
veriabions occur in the halance of these properties asnong wheatb
varioties, and even in the spame variebty grown under different
condd tions, It hag not yeh proved possible bo det@ct‘&ny significant
chemical difference which might accounts for these differences, and
this problem hap been & longesbanding challenge bo cereal chenisbs.
There is alsgo the additional inecentive thut o better undersbanding
of the fagtors involved would almost ceritainly lead Ho a grester
degree of control over a rather variable raw meterial. The
economical and technological significence of this can hardly be
exaggerated when it is remembered that wheats of good breadmaking
quality cen only be grown in a few couniries, end are consequently

relatively expensive in couniries sueh ep Great Britain.
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Lt has longlbean known that the propesrties of o dough
are largely those of the protein congtituenbs, koown eoliecti#ely
as gluben. Gluten can be recovered from a dough by washing awey
the non-cohesive sbarch, cellulosie muterial and soluble materials.
The resulting mass is found to be hydrated protein bo which most of
the flour lipids are fairvly firmly bound, ana it has been described
a3 a mixture of gliadin and lipoglutenine The forces binding the
protein molecules together are believed 40 act through disulphide,
thiulestergkaulphydryl and indole groups, with hydrogen bonding and
galt livkages also pleying a paxrd. Without doubt the most lmportant
linkage so far discovered is the intermoleculer disulphlde group,
and nuch sttention hes been given o its chemistry during the past
decade,

Dough quality depends on ‘the balance of plastic and elastie
properbies of the dough mass, and mgy be improved by the absorption
of atmospheric oxygen during mixing, or by very small amounts of
oxidiging agents known commercially as "Llour improvers©. A
characheristic feature of flour improver action is the large chenge
in rheologicel propevties brought asbout by a Lfow pepelis 0f improver.
¥lour Lipids sppear 140 be indireetbtly involved in the action of a%
least one improver (potessiun bromate), end the free lincleic and
linolenic eacids of flour are of imporbance in the enzymic absorpbion
of atmospheric oxygen. Mueh wesearsh effoxrd is being expended on

the phospholipids and galactolipide of flour, but the dough chemistry




- T

of even the simpler lipids is not yeb fully understoode.

In this theswis the literature on the free fabtby acids
and obther simple lipida has been critically wreviewed, together
with the literature oan the upitake of oxygen by doughs during mixing.
It has been concluded that the published facts do not form o
satisfactory chain of evidence, and that the free fatty acids are
probably involved in some, a8 yes, unknown chemical reschions.
The expevimental part of this thesis is o prelimlnary investigation
of the chemistry of the free fabbty acids of flour during mixing,
and includes parallel observetions on the other slmple flour lipids
which have been grouped sogether under the berm “esterified Latiy
acidn.  Sonme additbional experimental work which was necessary

in the development of the meain work has also been included.
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INTRODUGILON

This thesis has bheen dlvided into five paris, each of
whiéh is o stage in the development of the whole worke Port I
e o review of the relevant® literaburs with a eritical re-appralsal
of some of the published resalis. Part 11 describes the materiuls
and methods used in the main work. Part LIl conteins the main
experimental resallta, and & diﬁcuaaién of the results. Part IV
degeribes the experimental work requirved to develop the methods
given in Part I& to a sufficiently reliable level for roubine
anolytical worke Part ¥ describes some past and present work
vhieh is supplementary to the mein worxk of the thesig.

Throughout this. thesis it ig necessary o wefer freguently
bo several words and terms whieh gon be conveniewbly abbreviated,
ond these are ligbed below.

SH

]

the sulphydryl or thiol group
23 = the disulphide group
FR4A = free or unesberificd long chein fallty acids

EPA = free essentisl fathy scids (linoleio and linolenie)

Bsbd.FA = ceterified fably scida (as glyceryl or sterol esters,
8ll galactolipids sond phospholipids are sbsent)
GLC = ges=-liquid chromatography (gas chromatography)
16:0 = palmitic acid
1730 = margaric acld

1830 = glearic agid

1831

i

¢is 9 oledo acid
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18:2 = all cis 9, 12 3.inol(§/,f;.e acid
1853 = oll o5 9, 12, 1Y linolenic acid
200 = &yachiéic aold

2031 = eis 9 gadolelo acid

2014 = all ois 5, 8, 11, 14 arachidonic acid
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LITERATURE REVIEY

(a) Geneznl

The vnigue property of forming a dough from mixing wheat
flour and water ig due bo the gluten-forming éa@amity of flouwy
proteins. wheat is the only cereal with this property, although
rye can form a poor gluben under special circumstunces (94), and in
the non=gereals caxrob gér@ flouy is also said to have this properity
(136, 139)0

It ig generally accepted that intermolecular 33 links are
of major significance in gluten gteucture (111, 157), but the simple
theoxry whereby oxidation of SH to B3 increaspes dough strength and
reduction of 358 o SH decreases it doem not fit all the observabions
of dough behaviour, There doey nuob appear b0 be any correlation
bebween the total SH and 55 conbent of fLlour and dough guality (5, 149),
but bhis may be due to some SH being unavailable for weuction (31, 34).
There is & rough corvelstion bebween SH losses during mixing and
dough strength (149). The fast that specilfic SH bloeking agents
have an effect similar to oxidising agents is conbrazry b0 what would
be expecied from the above theory (52, 62, 149, 155).

4 more recent theory postulates an exchange mechanism (52,

62, 111, 155) as showm.

' i sheair —> T '
SO ]30 g S@ :5@ ¢
et .w.,».> ‘
$9 @ S? 99
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ihen dough is subj@étea to a deforming sbress an o5 undeyxr strain
culnn be r@duceﬁ by an adjacent SH, with the formation of a new SH
and a new 35 which is relatively sbraineivee, #when free S ore
gpacifically blocked no exchange can bake place, snd enough work
avenbually leads to rupbure of the 3S5. Oxidiming agents have the
same effect rheoclogically since they remove SH by oxidation o S58.
It is known (52) thet in model systems the oxaidation of protein SH

by iodate can procesd asnywhere bebween the limiis,

IO« GREN = BRSSR & B0 w1
and 4" . psH = RSOH 4 IT

3 3

The more oxidised pulphinic snd sulphonic acids counld have sn effect
like ﬁpﬁéific SH blocking agenbs (52), and could form salbts and
eatbers. In doughs, oxidiging agents are nob absolutely specific
for SH (42, 98), but the rheologically significaont sction is most
probably bhat leading to the formation of 5B links between probein
molecules (52). gince gluten proteins ave well orientated (65, T4,
161), intremoleuunlar S35 are likely to be much less frequent and
imporbant than intermolecular 5. Reducing agents, which increase
the asmount of SH in the dough, facilitabe exchange reactions und
thus soften the dougho Oxldising agents decompose in resting
dough, but their im?raving agtion is only nobed when the dough has
been mechaanically worked (16).

In studies of gluten composition it has been found that




nearly all bthe flour lipids are associusted wibh the protein in
varying degrees of fiwvmness(resistance to solvent extraction) (L0,
29, 30, 63, T4, 15, 76, 102, 114, 116, 129, 130, 138, 143, 152, 161,
164), and it has been found by A-ray anelysis that the phospholipids
are present as platelets orientated perpendicular to the main protein
axis (65, 161), Thig associabion is guite different from that in
flour, snd sppears o be formed duwring mixzing (744). It has been
smggestéd that the lipids eset as o lubricant in the gluten structure
by being oxientated Lo form iipid surfaces on the gluten which aet

as slip plenes (65). 1t has also been suggested that lipid polymer-
isation could have an intermolesular protein bonding effect (148).

The xole of flour lipids in these chemical changes hag
remgined obscure, but it seems Bhat FFA are particularly active,
and Bstd.FA may also have some effect (17, 41, 64, 95, 142, 144,
145, 158), This is reviewed in deball below, but at this point
it may be noted thalb there ig no direst relationshilp bhebween the
iodine value of the totel lipids and dough properties (68).

Thioctic acid is a lipid-type co-enzyme which has recently
been identified in L£lour (125, 154), and its role in flour oxidabion
has been the subject of spaaul&@ion (1540, Since thioctic sclid
is not directly extracied from flour by lipid solvents it has nob
been included in the main wopk of this thesisi experimentis direcled
towards its extrsction, identificaltion and guantibtative estimation

are described in Part V of this thesisg.




wWheats and flours are arbitrarily divided into strong
gad soft types according to whether they form sbrong elastic doughs
OFr BObe There has so Lar been no chemical nesas of digbtinguishing
such wheats, and since the problem ig linked with that of +the
formption of dough structure their solubions probably lie in the
sane dlrechion. Becauso of this lask of knowledge on which bto base
ﬁxp@rimenﬁs this invegbigation was largely ceonfined to one floup of
good bresdusking quality, as has been customary with meny othex
investigators. All refevences hewvelnafter to flour refer Go this

type of flour, unless otherxwise gbtabade
7

(b) Disgtribubion, Hxbtracbtion and snelysis of Flouwr Lipids

The distribution of lipids in the main parts of the

whest grain is given in Pable l.

Table l.

The Distribution of Lipids in the vwheat Grain

Tissue Lipid, wt.% Tigsue % of Total Lipids
Phogpholipids Nonnphospholipida
Bran 3 = 5.6 |Pericagp,tests 25 51
Germ 6 = 15 Embryo, scubellum 10 19
Seuwbellum | 30 Outer endosperm T _ T
Endospemn | 0.78% Inner endosperm 58 43

References 8, ;49 270 T3, 834 153a




in fiouy bthe Lipid content deponds on the silling
axtraction rate, thet Ls the ylield of {lour expressaed ap o porcsntbege

£,

of tine wheat Fed ivbe the mlll. a8 the exbraction rebe Tulls and
the proporbtion of lipidsyrich bren, gem asod scutelluwn folls, the
floue 1ipid content slso fallse The relotionship is coempliceied
by the fact that sbout 304 of Llour lipids sze from liplds expressed

2 5

from the geem duving wmilling, withowt dhe pern Lisell belng reloinod

diy

in the flour {150). The relationship betwoen flour satreciion rate

antd lipid content ir shown in Table 26

Tahle 2

Linld Content of Flougs of Vespying sxtracbion Rete (103)

-

R, A, I K Qe i TP S o A . QIO g
Exbrecbion Rate, & ¥he ¥ Lipids

106 26 49
85 1o 70

£o
o
o

T Lledb

42 (.56

in gonducting analyses such ap bhoze in Table 2 the
figures depend on bhe solvent used to ﬂatr b bhe lipids (33, T3l
in erder of effectivencss in Llouy thess ave: light petroloum,

diethyl ethsr, elthanpl-ether ¥/1 (v/v) {(Bloor's solvent), sethanal




«llon

Followed byvme%hanol-ahloroform /L (v/v) (38), and wateresaturated
nebubanel (113).

The complete analysis of all the classes of lipid present
hag not been made, but the major sub-divisions are FFfa 10 - 145,
glyceryl esters 35jk, sterol esters 4.84, gulacto= and phospholipids -
574 approximately (49, 116, 167)0 The conventional lipid analyses

are given in Yable He

Table 3

fpalysen of Wheat Liplds

Saponification value 164 = 187
Iodine value 105 = 146
Unsaponifisble matter 4 = 5.6
FRA %, new flouw 5 = 10

¥i'A %y 0ld flouw up to 72

References 8, 12, 13, 1T, 37, 38, 41,
595 64, 66, 85, 95, 108, 142, 156,
1599 .!.69@

In wecent years GLC has enabled accurate fatly acid
analyses to be made, and Table 4 shows values which ave representabive
of the composition of both phcaphalipi&é snd non=phogpholipids.
The relatively lerge amount of linolele acid is of significance

in the experimental work Ho be gongidered loter.
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Table 4

Falty Acid Qomposition of Flour Lipids

Acid Hole %

160 14 - 24

18:0 00 = 245

18:1 8 =16

18:2 58 = 66

18s3% L= 3,5

2031 1l = latt-
others up b0 0.2 each
Referances 50, 98, 99, 108

(¢) Phe bFfect of Oxygen on Doughs

For the study of the uptake of oxygen by doughs during
the process of mixing it is ofben more convenient to use sponges
(water = 1 to 10 bimes flour weight) rather than doughs (water = 0,55
to 0. 65 times flour weight). In either sysbom the chemical processos
wppear bo be the same, altbthough the rates ol reaction are altered.
Sponges were used in bthe present work for easc of Lreeze=drying,
and more precise ﬁérmination of enzymic reacblionsg by sudden deep
freeszing.

& complebe survey of the liberature on the role of oxygen

in the mixing of bread doughs has been published recently by Hawthorn (70,



and those aspectls which ave of parviticular relevence o this thesis
are reviewed and discussed belowe

The fact that doughs show o response bo atwmospheric oxygen
hag been recognised since about 1912, and has heen used in commexcial
processes (6, T, B4, 55, 56, 70, Ti, 86, 87)e The "Oxygen Effect"
results in an improvement of dough strength (similar to the effecd
of oxidising agents, Q.vVe infra) and in parbisl bleaching of the
flour pigments (6T, TL). The rate ab which sirain is relaxed in
stretehed doughs is proportional Ho the oxygen tenslon. The vptake
of oxygen ig pll dependent (39, 144), having an opbtimum in bthe same
region ag whoat lipoxidase (141). wWhen the uplake of oxygen by
doughs ig plotbed againgt the PFA content of the flour o lineaw
relationship is found above ca. 6% Ff4, and is coleulated to be
equivalent to the absorption of 1 mole oxygen per mole of BPA (144).
Thig and similar evidence ﬁtrong;y suggeats that oxygen is absorbed
by an bl'A=lipoxidage system, and it scems cerbain that coupled
oxidetive reactions cause pigment bleaching end oxidatvion of S
0 85, resulbing in dough improvement (39, 40, Tl, 96, 97, 144, 145),
(It 48 known that pea lipoxidase can oxidise the SH of glutathione
in o coupled reaction) (106). It hag also heen found that catelase
can promobe pigment bleoshing during sewobic dough mixing (71).

Lipoxidase is an enzyme which contains no metallic
prosthetic group, and from mosd sources (including wheat and soya)

it is not SH dependent (25).  Lipoxidase acts by oxidising falby
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acida eantaining a methylene-inberrupted double bond system (FFA)
te conjugated hydroperoxides, and can cange coupled oxidation of
secondary subatrates (25, 70). Secondary substrates subsequently
added %o lipoxidase and EFA hydroperoxides ave not oxidisedy this
vould not be a coupled oxidation gince it would take place after
the EPA oxidation (70). The term lipoxidese im used in this review
and elsewhere in this thesis as 1f it wam the only enzyme cepsble
of cabalysing the oxidation of EFA with coupled oxidations of other
substrates (T0). it is however recognised that unguburated fab
oxidases would be p more general and aceurate term Lo use, since
there is no proof that lipoxidsse is the enzyme responsible forx

the observed phenomens. There is algo the poepsibility thet ivone
porphyrin compounds (hacmatins) could exert o similar effect if
some preformed EFA hydroperoxide was present (26, 70J).

Since there is no known imbibitor of lipoxidase which
could be used to test this theory the best approach hasg been to
remove the lipid subsitrate by solvent defatiing the flour before
mixing (1)  fxperiments with defatted flours (using light
pebroleum or ether) have shown both response (Tl) and no response
to oxygern (97, 148), according o different workers. [t has
therefore been concluded that (1) oxygen improvement ag distinetd
from bleaching is not dependent on lipozidase, bub is due b0 directh
oxidation of protein (71) or to another enzyme system (70),

(1i) since all the lipids cannot be removed by defatbing with Jighi
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petroleun or ether, lipoxiduge ig still active using the residual
lipid (60, 97, 148). in soupport of the latber sygument it has
been found that defatied Llours,; with or without s supplement of
soyo Lipoxidese, show an oxygen responge only when BFA is added
(96)0

Since the cwitleism of these experinents is basod on
gompleteness of Llight petroleum defatting i+t ls imporbant vo conglder
what i exiracted. From published date (38, 73) it seens thab
non=poler solvents remove FlA, kebdedd and small amnounts of polar
lipids, leaving in the flour only the polux lipids. It has also
been found that #Pa gupport 10 times the oxygen uplake of nsbd.l'A
(144), and that the dough resistbance o mixing of defatted flour
cun be almost fully restored o normel by ¥I'a, but nob at all by
abde "A or phospholipids (145). In o model system lipoxidase
was found bo use i, BEgbd.PA and poler lipids fxom flour as
subetrabes in the ratio 5 & L 3 O, despite their Latly acid
compositions being similer (124). When the waberegolubles of
flouxr are hoiled and returned to the flour i+ ls found that the
oxygen uptake is very slighd (39, 144). There dogs not appesy
to be any corvelation between flour girengih snd lipoxidase activitby
(144).

On reecxamining the published graphs of oxygen uptake/g.
flour fob ageinst HPA or %nFA (144), it is seen that on exbra=
poletion to OF FPA ox BFA there is s residual upbake of 3 = 6 nl./

50 go flouw, This wag not pointed oub by bthe subhorsy bub it
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suggests that there is an upbake not due to the lipoxidage/EFA
system. Table 5 ghows the oxygen uptake of flours caloulated to
& common basis from other aushors?! resulis. Cross mixed 18 g
floup in 450 ml. 1/8M XCL in the proesence of alr, and measured
the Qxygén uptoke polareographicallys Smith and Andrewsn nesgured
the uptoke of doughs mixed wnder oxygen by a mepomshrice method..
Cosgrove mixed flouw and water sponges wader nitrogen, and afbew
5 minubes changed the atmosphere o oir over a now stalbie sponge;
hé then measured the oxygen vptake menometrically, bub heceuse
the m@ﬁmaﬁ rolied on diffusion of oxygen indo & previously mized
sponge it iz nob bouly compareble although the trend of the results
was comparable, in flours of +the type used there would beo noy
more than 0,8% Llipid, containing abowt LO0% FPA, so that in 30 g
flour thexe would h@ not more than 18 mg. H'A. If all thig EFA
wag tobally censumed by lipoxidase in 20 minvibes (which is mosd
unlikely since oxygen upieke contimues well past thet btime) the
abzorbed oxygen on o mole/molo basis would he l.44 ml. It im
therefore reasonable 10 deduce that there must be some obher

A oxidetion(s) to account for the dimcrepancy in oxygen

nptakes.
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Toble 5

4 Comparison of the Published Oxygen Uptakes of Flours

Refervence Reaction § lessured Uptake | BF4 Reguired Theoretically,
- Pime,
Hinutes ile/50g. Flour §on Hole/idole Basis, mge
Crosa (40) 10 5045 4361
20 5,88 48e5
smith (144) 30 3060 4540
and 20 fe 20 o B52.5
Androws 30 4280 61loT
Cosgrove (39) 10 ’ 0,60 Ta
60 | 170 21e0

There ig o measurable loss of S in dougbs made Lrom
defabbed flours, and in these doughs bthe oxygen uptlake is too small
40 be measurable (145}). Atmospherie oxygen lnhiblis bromate
decomposition according to the cxygen teasion (33 3G, 42)e anble
oxidants such as nordihydrogueiarebic acid and ve~tocopherol acebabe
purtially iohibit pigment bleaching, but do not affect loal volume
(70, 71} Other antioxidents inkibit the rate of bromete decomposibtion
in dough only in the presence of oxygen (36).

The picturs is thus very confused, bub the following

points summarise the more importent fachts on which the experimental
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this bthesig ig largely baaseds

Atmospherie oxygen acts as a dough improvers

Host of the uptake of oxygen duwing dough mixing

can be attributed bo ensymice lipid oxidsiion.

There ia some gvidence of residusl wvwplbake of oxygen

which is independent of uwnsstureted falb oxiduse aclione.

SH groups are very oxygon sensitive in defatbed flours
(ievs where unsatursted folb oxidese activity is likely

to be abgsend)e

There is no evidence o show that all cxygen improvementd

i1g enzymicg.

There ip evidence that lipoxidase oxideition is regponsible
Tor some of the ilwmproving effect of oxygen by causing

secondary oxidetion of Sl

The bleaching of flour pigments is due to thelr acting
as o secondary subsbrate in lipoxidase catelysed oxidation

of Bli'Ae

There is reason o believe that lipid oxidation during
dough mixing involves ensymis activity, other than
lipoxidage, which uses more oxygen than would normally

be atlributed to lipoxidese potivity.
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(d) Oxidiging Agents Added to Doushs

There is a considerable list of subsiences which have
a flouyr improving effect (88), Host of these are oxidiaing agents,
and the others incluwde asgcorbic acid which acts in the form of
dehydrosscorbic acid to oxidise SH (105, 112, 115), end Cu'" which
could sct as a prow~oxidant catelyst or as s SH blocking agent with
the same effect (33=57). The effect of the presence or absence
of floux lipids on the dough chemistxy of two oxidising agents,
browate end persulphate, has been examined (42, 100).,  Commewcial
flour bleaching agents such as chlovine dioxide also have an
improving effect, and they are found b0 cavse some loss of tocop&er@ls
and slight lipid peroxidation in the dry £lour, which could have an
improving effect (45, 53, 121, 122).

Potagsium bromate and iadaﬁe are used cowmercially ab
cos L5 = 30 ppmo of £lour weight, and porsulphate ab ca. 160 ppm.
(71, 89, 148)s In bexms of availeble oxygen these bromate and
persulphate levels arve similaw (?l)o. Improverg are decomposed
in the procesg of exerting an improving effect in doughse lodate,
which is a faétwacting improvex, is largely decomposed in a matber
of minutes (31), but the decomposition of bromate bakes over 5 hours
(32, 33)o It is customary to messure the rabe at which bromsie
or other improvers decomposm in doughs, and to study the eflect
of expewinentel conditions on Tthis raie. Defatiting flour with

waber=saturated n-bubanol has the effect of gresatly lovering the
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xate of bromgle decomposition, and the ralte cannot be resitored to
anormal by redturning the lipids to ithe dough (42). Persulphate

is not affected by this treatment (L00). Defatbing £flour with
light pebroleum bag & smaller effect on bromabe decompogition,

and the effect can be reversed by returning bthe lipids Lo the

dough (42). A proposed explanation of these results is that the
butanol removes bighbly bound lipids from specific sites in the
gluben, and, since this structurve is ot recoverable, specific
bromebe oxidation is not possgible (42). Since the orientation

of proteins and lipids in flour ip different from bthat in dough (T4,
75, 129) and since wabers=gaburated n-butanol caun considerebly lnactivete
enzymes (124) and gluten proteins (20), it seems to this awthor

that enzyme domage is an equally plausible explanation. Phig

would reguire sn enzyne intermedisie in the decomposition of hromatbe,
and in support of this suggestion it bhas been shown that peroxidase
can use bromgte as a substrate (58). Pergulphate presumahly acts
by & different mechanlsm.

'rom the above considerations it might be thought that
brouate reschs directly with the lipids, bub no evidence of any
venction is found when they are mixed in dloxane solution (99).

The rate of bromete decomposition is decreased by
inereaging oxygen bension during mixing (33, 36, 42), end by the
presence of hydroperoxides, lodate, benzoyl peroxide and chlowine
dioxide (33, 36, 39, 9@); The sniloxidants bubylated hydroxysnisole

and n=propyl gellate decrease bromgte decomposition only in the
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presence of oxygen (36). Since light petroleum removes some
tocopherol antioxidante along with lipids it might be expected Ho
inerease the vate of bromate decompogition, but the increased oxygeone
pensd tivity of the flour exerts & mozre powerlul inhibltory efifect
(345 39)a

Oxidiging agenss are sald 60 be non=~gpecific in thelw
action (36, 42, 98), but on the other hand bromabe and iodate are
said 4o be virbually specific for SH oxidation (31, 33},

Ivn yeested doughs there is o marked loss of ethereexiraciable
lipids only if bromate is presens (157).

In gumnary it can be gaid that there is some indireed
connection bhetween bthe mechanism of bromake action and the preseunce
of flour lipids, buk other improvers geem to ba independent of the

£lour lipids.

(0) Frog Falby Acidg in Flour ond Dousbome

S e e e e

Much of %he information concerxning FFA has already heen
menbioned in comnection with oxygen uptake, but is repeated here
foy completeness. In high grade flour there is about 0.8% lipid
which containa from 10% FFA (fresh flour) to 30 = 72% FFra (very
old f£lour). The incresse in ¥FA content im due 'to lipase action
during ataréga (17, 41, 6L, 64, 95, 142). 0Ld £lour exhibits
typical overoxidatlion properties on aerobie mixing (152); and %his
has been ablribubed Ho the incressed BFA content (95), or to NFA

hydroperoxides (153). Mutozidised EPA ndded o defatled £louw
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mixed uwnder nitwogen give & dough equivalent bo that oblained fwonm
asrobic mixing of uwndefatbted filour (145). This abilisy of dough

to ntllise anboxidised ¥fa for oxidative purposes indicatbes bthatb

a coupled oxidation by lipoxidame is nob necessary for the oxidative
gfffectes - This does not however mean thalt coupled oxidations are

not the normel mechsnism wheon EPA ave enzymically oxidised and give
rige o the normal oxidebive effectse Uxidised driglycerides do

not affect dough quality, as meaﬁuréﬁ by the volume of & loaf bsked
from the dough (119}e  Beitd.F4 can account for some of the oxygen
absorbed during mixing (144), bul the same authoxs found that Bsitd.Fa
alone cannot restors a defatbed floux o its undefabtted quality as
judged by serobic mixing tests, although A did (145). There ig

no correlation bebweesn the lodine wvalue of the tobal Lfloupr lipids

and the flouwr strength (68), and it seems unlikely that FPA would
show a cerrelatiopg although this has not beon demonstrateds  There
is no evidense that FI'A or any other pariicnlar lipid is involved

in the mechanism of bromate action, bubt it iz assumed that the
Efa/lipoxidose system does compete with bromate for the same substrates
(36)s "

It is significant thad there have been ne published results
of expeximénta in which the P4 of flouré snd doughs bhave been exenined
4o demonstrate changes in lbheiwr camyesition in conformation with the
above sbtabomenis,  Siuce nearly all these statements have been

avrived ab by addition snd/or sublraction of lipids from flour before
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mixing, they can only be accepied as evidence in support of the
parhicular theory being exanined. It has alveady bheen shown bhat
there ig a fanlt in the deductions from the experimental evidence
gince the oxygen uptake of high grede flours cannot be reasonshly
accounted for in bemms of BFA/lipoxidase activity, and other FFA
oxidation mechanisms must therefore be involved. There is no
suggestion from the information above bo indieate the nature of
the mechanisms.  The purpose of the main paprt of this thesis is
to make a prelimivary examination of the IFA oxidetions of a high
grade flour, by analysis of PFFA before snd after mixing experiments,
o elapify thip pointe

In the light of current knowledge it is possible to draw
wp & scheme of oxidutive reactions which are likely to ocour in
doughs mixed serobically, bul this does not exclude the possibility
of other mechanismg which may be more significant. It i1s assumed
that other resctiona involwing A are inasignifican®, but this points

ig dealt with in the experimentel peart of the thesis.

Oxidantd , Mechanism ox Primaxy oy
Primazy Substrate Secondary Substrate
Dixeet Oxidation S5
Oxygen . | Unspecified Inzynes (e Carotenoids
o~
) \ L el BT
Fia/Engymnes H | intioxidants
LFa/lipoxidase Unknown
Direct Oxidation !SE
Bromate = 3/ Lipid Intormedinles Unknown

Enzymes




SH
Unlkknorm

Pexsulphatie P Direct Oxldablon o)

4 Bydpoperoxido s———— Probably Bnzynes ey Ag for Oxygen

There is no orxder of prlovity suggosted, but one musd
exigt if, for example, oxygeon can decrasse the rate of bromete
dacomposition. The investigations reported in FPart III are
soncerned with the three vnderlined mechanisms and the associated

subsbtrates.
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BXPERIMENTAL PLAN, MATERIALS, METHODS
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BAPERTMENTAL  PLAN

The purpose of the investigation wag to examine the
role of the FFA of e single high grede spring whest flour in
the oxidative chenges which occur duwing sponge or dough mixing,
The Hetd.¥A were exsmined ab the same time. From the literalure
sorvey 1% was antliclpated that EFA changes due bo lipozidase
activity would be found, and other IPA oxidative changes ﬁight
algo be expected. To further clarify results obiained from
mixing of flour and weter serobically, and %o ascertain the
role of FPA oxidations in flouw contalning edditives which
affect dough vheology, addibtionsl experiments were designed
in the light of thoge vesults alweady obiained, the details
of whieh are gilven labers The general scheme of analysis
which was thowvwght suiteble for this purposs is shown on the

following pagee
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At the oubsed it was cleur that existing analytical
nethods were not always directly spplicable 4o this scheme of
apalysis for technical reasous, sad much development work was
r@quiredAheer@ Eonﬁiﬁ@ analyeis of flour snd dough lipids
wag ploced on a reliable basis. PThig development work isg

given in sone debalil in Paxt IV,

MATERTALS

The flouz used throuvughout most of the work was fron
a single sample of unbleached, wtreated high grade spring
wheat flour from o mixed Manitovan griste It was stored in
glags jars ab G Omg and wag fovnd o be only slightly
altered during storaze (geve Part I1il). In one experiment
two flours used by Cross were examined since thely oxygen
uptakes during mixing had been measured (40).  They had been
stored in the same menner as the flour nenbtioned ahove; bug
for much longer periods, and were of slightly lower grade
= loge they were of higher extrasiion rate and conbained
more lipidg.

A1l chemicals and solvents were of reagent grade
where obtainable, and the nitrogen was the commereislly

available oxygen~free quality without further purification.
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METHODS

(a) Plour Preparation, Mixing end Freezing

The conbrol flouy, against which all lipid changes were
asseSﬂadg was used gtraight from sborage, bub allowed to warm to
voom bemperature before solvent exbraction. The molsture conbent®
wag measured with o Mayrconil moisture metor.

Flour wag mixed according bto the following procadure.
40 go of flour were welghed and allowed o werm to room temperaiture.
40 ml. water were added Ho o 250 mle M.SeBo Abomix mixer, followed
by the flour, then a further 40 nl. of the waber, end mixing started
at once. Mixing for 10 seconds on halfespeed followed by 5 ssconds
on full spa@d geve & clear aerated sponga. Chemical addibives,
when used, were dissolved ia bthe water or added to the water in
L = 2 mle of a solvent such oz ebthonol to form an omulsion. An
atmogphere enriched with oxygen wag obbained. by blowing oxygen atb
% PeBolo into Tthe Abomix mixew by a tube through the lid, Where
an atmosphere of nltrogen wam reguired, dry flour was pulb inbo the
mixer and the conteiner flushed with nitrogen for 20 minutes, bthe
dry flour being disturbed ab ilubervals by pwitohing on the mixer
fox a second. daber flushed with nitvogen was then added, maintain-
ing o positive inbernal nitrogen pressure, and mixing carrvied oub
ag usual with & congtant £low off nitrogen. .The henperature of
the water was adjustod to give a sponge atb 207,

The sponge was allowed o lie in the mizer Tfor o given

reacghion time under the appropriate stmogphere, and then bransferred
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4o a 1 litre zround-botbom flask and frozmen Ho foxm a shell within

the flask, using sn acebone/solid carbon dioxide mixtuwxe. For the

4 minuwbe reaction btime the Flask was previously imuersed in a bhuckes

of freezing mixbture and the gponge poured in os soon 8 it wos mixed.
Afber freezing bthe sponge vag stored at -300 wrtdd L6 could be vacuun
driede Vacuwn drying was done ueing on bdwards Spesdivac model 1SC50B
vacuum pump ab full vacuum with an acotone/solid carbon diocxide

cooled waber trap. The drying flask wes periodically bathed with

cold water to remove ice and hasten dwying which took about 2% o

5 hoursge

(b) Flour Moisbuye-lquillibration, Solvent Lxbraction

To make the solvent extyaction of prepared flour as
comparable 4o that of the oxiginael flour as possibley the Llour
wag ground and sieved through o nylon sieve, spread out as a thin
layer on paper and allowed mo-éom@ into equilibrium with abmospheric
moigbure overnighb. This gave a moisture content of 12 to 148,
The danger of lipid chenges ocourwing was consgidereod slight siuce
£lour of 14% noisture content ig mtable in aiwy for weeks. A bigger
source of error would have been the lowered yield of lipid from a
dry flour (72)e

To extract flour, 30 g werxe slurried with 120 ml. methanol
and allowed fto lie for % hour to complete swelling. Glass columns
3 ¢me Glomeber and drawa 0 & neck al the foot were fitlted with a

plug of defatted cotton wool in the necl. The methanol-f{lour slurry
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was poured intbo %he.columﬁ end rinsed in with o few ml. of methanol.
Whon the methanol level had dropped o the flour surface the column
wag refilled with 200 ml. of l:l (v/v) methanol-chloroform, taking
“eare not to distburb the f£lour surface. The Hobal percolated
extract was collected, evaporated to dryness under vacuum with s
nitrogen leak at n bemporature aboutd 4OQ9 and rodissolved in ©o.

20 1), of diethyl ethers

(e¢) Removal of Phospholipids end Galaciolipids

10 go silicic acid (Mallinckrodt, 100 mesh, suitablo
for anelysis by the method of Ramsey and Patlerson) were prepared
by heating at 1300 for 2 0 3 hours end cooling iun a desiccatoro
The silicic scid was bthen sdded 40 the ether solution of crude
lipid which boiled due 1o the heat of molvent adsorption. after
swirling bo ensure eomplete mizing the mixture was filtered through
a No. 44 Whatman £ilter papex inte a 100 ml. graduated flaske It
weag necessary bo cover the filter with a watcheglass to veduce
solvent evaporation and. to bthowoughly wash the filter puper with
ethers This procefure effectively dried the lipids in solution

snd removed phospholipids and gelectolipids.

() Weighinez of Aliguotbs

Teo 10 mle. aliguots were pilpetited indo previously
equilibrated and tared weighing botiles. The selvent wag. removed

by a strean of nitrogen with the bottles immersed in a waber bath



-3l-

at Coe 40@6 The bottles were then dried and placed in a desiccator.
The degiccator conbained calcivm chloride desiccant and shavings

of hard pareffin wax to remove solvent vopoure The bothtles were
left uwnder vecuum overnight, then sllowed bo eguilibrate with the
balance abmosphere for at leagt 1 hour before weighinge The
procadure wag repealbed, and replicaite welghinga usually agreed to
within 0,02 mg, Two blanks wore always zun concurrently to correcth

for humidity fluctuvetions of the atmospherae in the balance.

(e) Phogphorus Determination

This mebhod eombined feabtuvres of the methods of Hazrvey (69),
Fogg and Wilkinson (51), and Beveridge and Johnson (18), The
followiﬁg rengents were requireds
Waber - delonised qualliby,
Sulphuric &éi&, Belte Le84y
Hydrogen peroxide, 33% (100 volumes")
Sodium sulphite « a 33% (w/v) agueous SOlelOﬂ of
Na8$O§.7H 0
Holybdete reagent - 10 geo crysgltalline summonium molybdate
ware digsolved in 100 ml, weber and
added to a cooled mixture of 60 ml.
sulphurle acid end 150 ml., waten,
and finelly made up bo 360 mle with
watew,

Ascorbic aclid - golid
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Btandard phosporus solublon = an aguecus solutbion
containing 0.10069 g,
Nﬁ&g§ﬂﬁogﬁaﬁ per litre
(20Y phosphorng per mle)

Procedure

A guitable aliquot of lipid solution (contaiping up o
10 mge solids) waz evaporated to dryness in s 30 ml. Kjeldahl
flask, 1 ml. of gulphuwric acid added, sand the Fflask heated over
a small microburner flame for § minwbes to chayx and parbially
oxidise the orxganic mabter. 2 = & drops of hydrogen peroxide
were added, shaking thoroughly bebween addition of each drop, until
the solubion became colourlest. It wap esmsentlal to shake very
thoroughly otherwise low phosphorus yields were obbalned through
incompleie oxidation of orvgevnic mattere Heating wes conbinued
for 10 minutes, the flask was then cooled and the conteunbs brong=
FTerred to a 100 ml. besker with water to give o final volume of
30 = 35 nlo 1 ml. sulphlite solution wag added, then 4 ml. molybdate
roagent and O.l ge asncorbie acide The beaker wag swizled tbo
dissolve the ascorbic¢ acid and Bhen bolled fox 1 minwbe.,  Aftew
cooling the solubtion was made up o 50 or 100 ml, with waber and
the opbical dengity ab BR22 nu messvured ageinst distllled waier
uging 1 e gloss nellse The heteropoly blue colour formed by

this method was wvery stabley, and obeyed Beer's Law, the equation




being,
Optical Density = 0,0176 x ¥ phosphorug,
The method wus sensitive to phosphorus content bult sbable to

varistions of weagents orx time of boiling of ab leasbt = 50%.

Reagent blanks were always run concurrently with semples in duplicates

(£) Nitrogen Determination

Phe Ao0eioCo microkjeldehl procedure (2a)was used for
psome explorstory studies mentioned in Pardt IV, but was not pard

of Tthe roubtine analyols.

() Ultraviolet Specbrophotometry of Lipids

1 ml. of the dotal lipid soluwbion ox of Lsid.FA golubion
wps evsporated to dryness uvnder nitrogen and redissolved in 4 or 8 ml.
of spectroscopically pure cyclohexane respeclively. The absorption
over the range 220 mp bo 300 mp asgeinst cyclobexene was measured
uging 1 cme quarts celleo The iangtruments uwsed were an Optika CP4
spectrophotometer with awbtomatle recording, and a Hilger Uvispek

spectrophotoneter with menual operation.

(h) Iodine Value Deberminabion

The LeQohoCe method using Henus?® iodine reagent (2b)
wes ascaled down to 1/5th.  The procedure was:
10 ml, aliquoks of lipid were evaporated to dryness

under nitrogen in 100 ml. flste=bottom flasks with B24 ground neckso



The dry lipid wes redigsolved in 1 ml. chloxoform, and 2 ml, Hanus
iodine solublon were pipetted into each flask allowing exectly
20 s@c@nﬁ& dralning bine, The flaskes wewre prepared abt 5 minuie
intervels so that each could have 30 minnwtes reasction in the daxlk
and be titrated before the next flagk was due for ditration. After
the 30 minuite reaction time 1 mi. 15% (w/v) agquecue pobassium iodide
wag added, then 10 nl. waier and the excess halogen btiltrated with
N/20 sodium thiosulphote using sbarch indicator. The iodine value
wag cealculated in the usual manner from the difference bebween blank
end pample bHitretions (in duplicate).

This ves not o true micromethod bub sufficed for the
present work, and was probably much simpler and more accurabte than

o brue micromethod (147), judging by published resulis.

{1) alkali vashing 4o Remove Free Patty Acids from Lipids

The method of Mattick and Les (LL0} wes vsed 4o romove
and racover FF4 end Hstd.FA as two relabively pure frvactions, the
whole process being scaled down o 1/10the Before removing ‘the
TRA & 5 mle aliquot containing l.5 mg. maprgawie aecid (17:0) in
light petroleum (BeF4. 4@0»600} was pipetied into & 395 ml. aliquot
of lipidsg. The margavie acid served as a quentitive yarvdsitlek
£from which the pexcentage A im_tn@ lipid or £flour, and thae degree
of vemoval of FIFA from Iatd.FA was caleulated from GEC analyses.

The 40 ml. of lipids were evaporabed to dryneass under

© . .
nitbrogen over a waber bath ot 407, mnd vedlssolved in a golvent
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comprising TO parte light pebroleum (BoPde 40% 60°), 70 parss
diethyl ether and 25 parts ethonol and travsferred to s 50 nml.
goparatory fumel using 1605 ml. solvent mixture. 5 ml. 1% (w/v)
aquecus sodiuvn carbonete were added and the stoppered funnel shaken
for 30 seconds., The lower leyer was wun off aud retbained. To
The fuunel a further 0,5 ml. ebthanol end 3 wml., sodium carbounate
were added, the funnel shaken for 30 gseconds and the lower layew
mun off and rebeined with the previous oxbteaet. Thig war vepesbed
uglng Oa5 mle ethanol and 2 ml. sodivm sarbonale, and finally with
2 mle water. The ebthereal layer in the Lfuonel contained the
gbde¥a, and the agueous layew the soaps of the FFA,

The FPA were recovered by aclidifying with 2 ml. 10% (v/v)
hydzochlorie acld (o pH 1 b0 2) snd extracting three times with
a 131 (v/v) mizture of light pebroleum and diethyl ether. The
combined ethercal extrect was washed onee with 2 ml. water and
dried with snbydrous sodium sulphate. The Batd.l'A wam likewise

ariede

(3) Seponification of ¥eterified Fatby Acids, Recovexy of the Fatiy Acids.
Frezh alcoholic pobassium hydroxide was prepared for esch

saponification by dissolving O.f g. s0lid potassium hydroxide in

less than 1 nl. wabter snd making up b0 25 ml. with 95% ebhanol.

This solubion is aboub &N snd did not appear to affect the BFA (44)

during seponifllication. The Esbtdefs solubion was eveporated to

dryness under nitrogen in a 25 ml. peareshaped flask in a watber
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bath at 40°, when dry the Eptd.FA were covered immediately with
10 ml. aleoholic pobash and wefluxed under nitrogen for 30 minntes.
Ihe sompa wero trangferred t0 & 50 ml. separatory Tunnel with 15 =
20 ml. wabor, acidified o pH 1 do & with dilube hydrochlorie acid
(sulphuris acid was not used becsuse pobassiwa sulphate is notb very
soluble in ethanolie molution) aud the fably secide extracled with
patrolenn ether (B.Ph. below 40%) 4121 the aguedus phape vwag cleob.
The lower layer wag run off and the petroleun layer dried with

anhydrous sodium sulvhabte.

(k) Methylatbion of Froe Fatty scids

It wes originolly intended do prepsye Lfatty seid mebthyld
esbers using dlasomnethsne, but it wag Ffound that artifecits were
being formed which interferved with GLU of the esters. Further
work showed that the boron fluoride-methencl (118) reagens wag
guite suitable and vexy convenient forx this purpose (127), and
it was used in this work (see Pawt IV).

The rengent was prepaved by slowly bubbling boron Iluoridse
gas into chilled methanol until it had sained 12,55 weighte The
reogent was kept stoppered and dry, and wap stable for months., Yo
methylate FI'A the solutlon of aeids was evaeporated to dryness undew
nitrogen and l.H ml. boron Lluworide -~ mebhanol reagent added Lo the
seids in o best tubee The best tube was hested in a bolling water

bath for 2 minutes and immediately cooled by adding L0 nl, cold water

T
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and 20 mle. of light petrolown {BePte below 40 ), The mixture wag
transferred to a separatory fwnnel end shaoken GiLll the agueous
loyer was cleawr, and it was then run off and the pebroleum soluwion

off esbors dried with enhydrous sodiwn sulphaboe

(1) Purification of Meithyl Bsters by Vecuuwn Distillation

Hethyl esters from FFA conbalin Eshd.¥A enbrained in the
separation, snd those from Lptd.FA contain unssponifiable matiexr
which should be removed before GLE, 4o prevenld bulld-up of material
on the GLC column which might subgequently decompose and give vise
to apurious peeks ox base=line wendexinge Methyl esters of long
chain fatly acids (014 - Clﬂ) can bhe distilled and a 5 mg. load
quantiﬁﬁﬁivaly recovered in 60 minutes atb 6ﬁ’f ao and Q.2 f 0.15 mme
meprcury pressure (15L). In practbice it wap Lound thab 62 - 650
and 0,03 mne. mercury for 30 minuwbes geve complete recovery of loads
of esters up to 60 mng. in the pariicular pot still used. The
degign is given in Part IV. The digtilled esters were washed
off the condenser wilth co. 1 = 2 mle light petroleum (BsPbed0’~ 60°),
via a filter funnel with a drewneout stemy, into 2 mi. ampoules.

The ampoules were concentrated, sealed under vacuum and stored

o . . .
at cas O +Hill required for GLC analysise

{m) Cos Chromabography of Fatty Acid Methyl Rabers

A Pye gas chromeibograph with an argon lonisetion detector

was usede The column conpisted of o 4 Foot glags column of 4 mige



internal diameter. The packing was 80 « 100 negh Celite coated
with 154 (w/w) LAC=2=R446 (e linear polyester of ebhylene glycol
and adipic acid ovoss-linked widh pentacrythritol) and 2% (w/w)
orthophoasphoric acid. The phogphoric acld wus intended to shablilise
the column packing at higher tenperatures (200 - 2306) for GLC of
FFa (117) bub at the temperatures for methyl esters (170 - 185°)
it has the effect of giving the column a prolonged life. In
prachice the column was run atb l&ﬁﬁ with an argon flow rate of
40 ml./minute and & debeator volbage of 1000 or 1500 volits at x 10
amplification. Deteclbor response was linear with molar concentration
of eluted peak materiale |

fihen estbers were 0 be avslysed the ampouls wasg opened
and the volune of solvent reduced under nitrogen to schieve the
necessory concenbraltion. The opened nmpoule was then carefully
manipulated to wash the inside walls with the remaining solvent,
and placed in a stoppered welghing bottle containing s small amountd
of the solvent to sabturabe the enclosed space. Thig prevented
changes in concentration of the eslerg, or fractional cyrysballisation
of the saturated esters. The esters were stable at room temperature,
if kept away from light, for several days as Judged by identical
GLE analyses.

The method of Bartlet and Smith (11) was used Lo
quantibative analysis of ithe chromaitograms, in which the ares of

a Gausgian curve Ls given hy the formulas
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ares = pbanderd deviation x helght x J 2%

The stendard deviestlon is the peak breadth at 0.885
height, & peak breadth abt 0.607 height, or 1/3 peak breadth ab
Qe 332 helghtbo A plbt of gtandard deviations against peak retention
times gave a linear velationship of the bype y = mx ¢ ¢« ULslibration
plots were made from numerous peak messurements, and for routine
calonlationg the standard deviation was derived Lfrom meagurement
off retention time converited graphieally, or by the equation
degeribing the graplhe Details and btypicel chrometograms with

full celculations arve given in Part IV

(n) Calculution of Pergonbage FPree Fatby <cids in Lipids
By meuwsuring the amount of margaric acid preseat ap a
percentage of the total natural ecids present, the percentage FI'a
in the iiﬁid& was given bys
BEF A == é&2m§#£gi where w = the weight of a 10 ml.
35 xwxasa

aliquod in milligrams snd s = the

percentage nargaric acide

If 8% = the percentage residual margaric acid in the
Eatd.Fa esters then the percenbage recovery off FFA by alkali

washing was given bys
g¥ x 100

a

% recovery = 100 =



- 40-5

14 was gonerally found that recoveries were of the order 98 - 99%
and at this level regidual WI'A would hardly affect the Estd.l'a

analyseso
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BXPBRIMENTAL AND RESULTS

411 lipid seaples weve roubinely auslysed for phosphorus
and found 4o conbein less bthan 0,02% phogphorus, the normal igure
bheing below 0,01 %. Thig would correspond o nob mowve than 0.25%
phogpholipid caleulated ag lecithin. The samples were therefore
assuned to be free Lrom phospholipida end other polor lipids, and
no further mention of their phogphorus content ls nade belowe

The ultbraviolet spectra off the wecovered lipids showed
a typical ebporpbion from 215 to 260 mp in all samples (Fige 1)

The relatively omall absorption due to diene conjugation supei-
imposed on this could not be accurabely measured The four spectra
opposite (Fig. 1) show the effect of the obserxrved incresses of diene
conjugation, with the magaitude indicated by o uumbez Of + slens
agpingt each CUrvee

It was confirmed thet the main fably acides in wheat lipids
are palmitie, sitenric, oleig, linolele;, linolenic end godoleic
(cfe Pable 4)o  Although gadoleis acid was found in normal amounts
in GabdeFa it wap found o be viwbtually absent from fFia. For
convenience gadolelc acid and 8ll other tmace componentis were
ol tted from GLO q&iaulaﬁiona without in any way altexing the
trends of the resulise

ALl mixing experinents were done 2 - 6 times, aud each
GLC sawple 3 = 4 bimes, in order to obbain alequate statistical

datae
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Comparigon of Lipids of Flouns

Table 6 shows fthe resulis of several flour analyses
which were corried out o determine whether the composition of
FEA differs suffieientiy from that of the hstde.l'A to wseccount for
their diffevent affeots-in doughs mixed aerobicaully, The "Normal®
flour was the one used ﬁhrouéhcut ‘the main experimental, work,and
flours RoCol and ReCG.TI were slightly lower grude flours which
had been used for studies of oxygen uptake during mixing (40),.

A1)l flours were unbleached and untbreated with lmproverg,

Flour Mixed in Alx

Table 7 shows the resulitgs of experiments in which flour
« waber sponges were mixed in aiwx and allowed o lie for varying -
periods of time (reaction times) before freezing =nd drying. Ih
is o common observation that if flour and water are efficiently
mixed, the typical rheological properties arve well developed
within 10 wminutes, and presumably the assﬁeiated chemical changes
have mostly taken place within the same time, Reaction times of
O(no mixing), %, 2, 10 and 60 minutes were given. ILan another
experiment flour wap subtoclaved in an attempt to inactivatbe the
enzymes withoud altering the lipidsa The experiment failed in
that there appeared to have been accelerated enﬁyme activity
before inactivetion. The result is thus akin to infinite

reachtion time and has been included out of intereste
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flouve Mixed Underxr Varyiuve Gonditions
Table 8 shows the resulis of o series of experiments
dasigﬁe@ 0 study the effests of conditions known to affect dough
rheology and lipid oxidation, and o help in the interpretation of

the resulds in Table 7 on the previous page.

Oxygen snd Nitrogen

The well known effects of oxygen on flour - water sysiems
have been diseussed in the literature review, and it was pointed
out thalt the mechavisms sre unknown, although much of tﬁ@ evidence
favours vptake largely by onzymic lipid oxidutions. By mixing
gsponges in abtmospheres of oxygen or nitrogen the changes which meay
oceuy in the lipids due to the increased or decreased oxygen effect
can be ghbtudied. In practice neither of the abmospheres was guite
pure, but an adequate concentration of each gas was obtained o
demongtrabe the effeots. The sponges showed changes in ﬁonring
characteristics comparable to doughs mix@é under these gases, aud
in fact this observation applied Ho wll sponges mixed with additives

which affect dough rheology.

Enzyme Inactivation

In opder to determine the contribution of enzyme asctivity
to the FPA changes during mixing, it was decided to prepare Llourp
in which the enzymes were inactivated but the lipids unalitered.

This flour if used for mixing experiments would almost conclusively
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egbablish whether the ohaseyved FIA changes weye enzymic or note

As previouasly noted a first avbempt o prepare the Llour by auvto-
claving failed in that the lipids were albered. in a second abitempd,
flour wap added to boiling mebthanol under niltrogen, and the methsnol
then evaporated off, The flour was well mixed, spieved and ye=
equilibrated with atmoapheri@‘moiaﬁur@, and although slight changes
in the lipide bhad ouwourved, as shown by the ulbra wvwioleb specitra,

the flour was adequate for the purpose iﬁ%@nd@da One group of
mixing experiments with 10 minubes reastion time was done. This
flowr was peroxidase negative at all times, and it was agsumed thab

a2ll othey enzymes had alsgo been inactivaied.

Sulphite or bisulphite is & reducing agent which has a
dragtic softening offect on doughs (78, 109, 126, 145), and is
presumed bto act by reducing intermolecular S5 in gluben o sulphydryl
and. thiosulphonic acid (109). It ig pogéib&@ that sulphite could
act ap a preferential substrate for lipoxideseo secondaxy oxidatvion
gince it has been found that the oeffect of sulpbiie in dough can
be offset by addiftion of linoleic acid and mixing in the presence
of oxygerte Sulphite wes therefore added at a level which had
previously been found to have a drestic softening effect on doughs

made from the sauwe quality of flour (126), thab is 2 mle 0,03

sulphite were added o 40 g. flour which was mixed with T8 ml. wabtore
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N~ethyl Maleimide

S blocking asgents hove an offect in dough similex Ho
that of Last-acting improving agenlts such as iodate, and o some
exbent this hasp been explained by theories which centre on the 855
and SH groups of gluten (52, 62, 111, 149, 155). It wag exzpected
that blocking SH groups would remove a secondary substrate for
lipoxidase sction, snd et the same Htime inhiblt all SH-dependent
enzymes.  Most workers have used Neethyl moleimide (NEMI) or other
SH blocking agents abt a level corrpesponding to the SH content of
flour which is aboubt 1 = 1.5 phge/gs louw (529 113, 155, Fop
the maxinum effect on the rate of bromatbe deeompoaiticn abouts 1C
times this level was required{33), and in this work it was decided
to use this large excess to be certain of the maximum effect. 80 ng.
NEMI/40 go £lour were dissolved in the mixing wabter just prior 4o

mixing by the uwsual method.

Nordihydrogudiarebic acld

There is no known inhibitor of lipoxidase, but there
are reporlts that nordihydroguaiaretic acid (NDGA) has the grestest
effect (40 - 60% moximum inhibition) (24, Tl). The optimun amount
of NUGA for flour as measured by caxotene bleaching corresponds
t0 240 mg./ 80 ml. mizing water (71), and this was prepared by
disgolving in 2 nl. ethanol and adding to the water to form an
emulsion, NDGA had a strong wliraviolet abgorption with a maximun

at 285.5 mt in ethanol, and all absorpition due to lipids was swauped
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po that no rouline spechra were obiained,  An approximate messure
of the NDGA in the aliquots wes obbained spectroscopically, and by
subtraction the welght of the lipids in the aliquots obbained,
NDGA was also oxidised none-glolchimetrically by Hanus's ilodine
veagent in the mathod uged in this work, and hence no iodine values

ware obbained from these experimentse

Bromaio
Potagsium bromete eppears to be unique among flour
improvers in bhat 1% is indirectly involved with lipldas (42, 98).
It was thought that I'FA woere possibiy involved, so experiments
with bromate were included. The rate of bromehe reaction is
plow, s0o 60 minutes reaction time was given to sponges mixed in

airy; containing bromate dissolved in the mixing water al the

normal level of 30 ppme of flour weightb.

Hodel Syghems Conteining Oxidised Linoleic Acide

Since the results in taebles T end 8 show +hat there

was o losslof AfA during the mixing experiments, snd since the
Literature review suggesta that lipoxidase activity could be a
cauge of this, it was consldered necessary to study the behaviour
of oxidised linoleic acid in the methylation and GLC stages of
analysis. Since the first product of lipoxidase catalysed
oxidation of linolelic acid is the pome as that from auboxidation,
namely conjugstbed linoleic acid hydropervoxides (48, 132, 133),

autoxidation was used as the simplexr method of preparing the



- 4‘?-@

hydroperoxide. The behawviour of other oxidation producths of
linoleic acid will be discussed laters

& range of synthetic methyl esters of falty acide (L6:0,
17:0, 18:20Q, 1831, 10:2) was prepared, and part of the mixture was
allowed o anboxidise ot room bemperabure till appreciable diene
conjugation had developed, as shown by en &baoxpﬁiaﬂ maximun in
the UV spectyum ab 232 - 234 mu (Fige 2)o

Some of the sutoxidlsed aepters were btreated with the
horon £luoride-netbanel reagent in orvder o determine the effeat
of Tthis reagent on the hydroperoxide groups, as disbined from dhe
eayboxyl group which it is normally used o methylates The treated
eators were found H0 have a complex UV spectrum (Figs &), and theve
wag no evidence of diene conjugatione Paprt of the complex specirom
wag Gue Ho conjugated triene (131), which was presumably formed by
boron fluoride cataly&éd dehydreation Qf'%hﬁ gonjugabed linolelc
acid hydroperoxides, with the formation of a new double hond
conjugated to the obther ones.

GLG of the two mixtures of auwtoxidised esters showed, by
comparison with the origined mixbure, identical patterns of peaks
in the chromatograng, with the addition of two small pesks due bo
gonjugated trienes (mixed cis=trans and all trans) which sppeared
long after the unalbered estervs (120, 123). It appears that the
conditions in the GLC column alse dehydrated the hydroperoxidesn

t0 the same products as the boron Llvoride-methancl reagent. it
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uv szctr‘a of synthetic acids(———)& csters(----),
A: before autoxidation.

B: autoxidised.
C: autoxidised,boron fluoride/methanol effect.
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was also shown experimentally that treabnent of wnoxidised linolelic
acid with the strength of alkali used to sgaponify Bgtdel'A does nob
give rise $0 diene conjugetion, in contragt to the effects of
stronger alkali (44).

A pimilar series of experiments was conducted using frea
acidp instead of eslberns. The free acids were found %0 auboxidise
more readily, and in all cases geve similar UV spectre (Fige 2),
excapt that the conjugeted tricne aspectium Was purey ag judged by
three peaks at 260, 270, and 260 my which are identical in pabtern
to published spectrs of conjugated tricnes (12%, 13L).  After
nethylation the esters formed Lfrom the seids were analysed by GLG,
and comparison with the unozidised mixbture showed that a loss of
ga. 4% linoleic acid had occurred, which is close to the content
of conjugabed linolelio acid hydroperoxide calculated from the UV
apechruie It wag also confipmed that the GLC detectoxr response
wag proportional o the molax eoncentration of esters. The GLC
tracings showed pesks due 4o conjugated trienes, as in the previous
experiments, buwh there were also two peaks due to cig-irans and
trans-trans conjugated dienes which eppeared afver the linolenic
acid, and these presumably were formed by auwtoxidation of olelio
acid followed by dehydratioﬁ of the hydroperoxide(s) in the sume
way as with linoleic acide

The action of lipoxidase on linoleie acid ig thought

to produce a conjugated diene sbructure and free radicles, including
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bydroperoxide radicles, which awe oxidised in coupled reactions (25).
The final products ewe linclelc acid hydyoperoxides and a variety

of other preduobs which are conjugated, polymeric or degradabion
productes (48). #'rom the sbove experiments it was concluded thab

any lipoxidage sctivity glving vise B0 conjugation would b@‘refleeted
in & lospg of cisecis linoleig acid in GLO tracings, end that there
might be peaks dﬁe to conjugated dienes or brienes which would appear
muach latewrs Polymeric maierials would not be expected to distil
during the purification of ‘the estewrs, and degradetion products,

sueh ag G9 aldehydes and kebones, would not be condenged along with
the Lottty ocld egtersa In GLE these products would not be expecied
to intexferey; ond would appear ag & losSg.

Ag will be ghown later, there wap also a losg of sagturated
acidsg bthrough enzynic ozxidations, and 1% is pufficient bo say thatb
the loss of more then 4 carbon stoms from the chain would resuli
in aseids which would not sppear in the GLC bracings, or would give
other products which would be most unlikely to interlere.

Thug, all bub the most superficipl enzymic oxidation
of any FFA would appear as a loss of FrdA in the GLC %racings in
the method of analysis used in this works

There is no published evidence of the effect of the boron
Fluoride-methanol reagent on long chain fably scids conbaining
conjugated unsaturation (118). The above results indicate that

while hydroperoxide groups adjesent bto unsaturated groups are



dehydrated with the formabion of a new double bond conjugated o
the original one{s), the resultlng conjugation does not seem Ho be

readily aliered by the reogent, and is probably relatively astables

DISCUSSION

In the following digcussion enzyme acitivibty is accepted
as the prime cauwse of all the observed FFA chonges, Since Tlouw
represents o biologlcal systenm vhieh has been elmost completely
disorgani§@é9 it is veagonable to expect enzyme bebaviour in flouw
and welher sponges to have soue sinilarities to that in g@rminaﬁing
graing but on the other hand there will be considerable differences.
The differences will include eliered rates of wveaction, and stray
reachions which would be siight or abseﬁﬁ in the grain. Further,
corhain reactions might not oeeuﬁ in the éisarganiaaﬁ syalbeme A
true undershanding of the engymic processes can be had only by stbudying
the £lour itself, aund gince such dats for lipid-oxidising enzymes
in high grade flonr is non~existent, close snalogies with well

defined enzyme systems cennot be drawie

{2) The Anslysis of Prec end Ngtorified Fabby Acids in Flours

I% should be nobed when comparing the vesults in Tables 6
and T that minor differences b@ﬁw&@n the “normal® Llouw figﬁyeﬂ'ar@
due to the use of two (LG columng. This doea nob apply Ho the
later experiments.

The levels of FFA in fresh flour are in agreement with
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published values (Table 3), and the higher levels in the oldew
flours show bhat the gtorage temperature is not sulfficiently low
to prevent slow lipase acbion. There in o remavkeble sinilardty
in compogitbion bebween Fi'4A and EstdoFA, and Lrom this it is concluded
that bthe mavked effect of FIFrA in doughs, compared with that of
Rabdelfd, im due bo their being unesterified, end not to compositional
differences.

Since the FFA and BabdoFPA ave vexry similer in composition,
it seems likely that flour lipase(s) are non~specific in the position
of th@ estera Lney hydrely% R éﬁ ?h@ digtzibution of f@tﬁgm@gi@abin

e

Thc hyarolyaed eat&r& ig ne&rly r&n&ama

- A e

It ig now peaamble to saleulate the btheoretical oxygen
uptake of these Lflouws, sssuming that 14 lg enbtirely due to lipoxidase
activity uveing 1 mole oxygen/mole EFaA (144). 30 g. flour conbain
005 = 1o0% lipid, of which 10 = 15% ip P4, or T = 12% EP4. If
all the BFFA are consumed, end iF¥ there is no lipase action {(which
i@ the conclusion reached later in this discussion), the required
uptake 18 0.8 = 204 uml. oxygen/30 g Flour. This is well helow
the values found by experiment ab even 10 minubes peaction time (40,
144), ond since oxygen upbeke conbinues for st least 30 minutes
(39, 40, 144), it is concluded that this evidence supporis the
proposal that there are other lipid oxidations taeking place
conenryrently. This is more councluslvely shown by the analyses

of ¥4 from mixing expewviments, and isg digoussed in the next pages.
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(b) Mlouwr Lipid Congtonts

Tables T end 8 show that the iodine values of +the lipid
semples followed the trend of decweasing wameturebion shown by GLE
analysis of the MPh. This ig proof thaot the losses are real, ox '
that they are due to considerable conjugation of diene and triene
(which give low iodine values compared with theoretical values).
Since the lipld samples sghowed no evidence of such conjugation
(Fige 1)y it is concluded that there was & proporiionately greatem
loss of unmaburated acidg, .

Teking round figures, the iodine value of the lipids
wag found b0 be 118, and the iodine value caleulated Lrom GLC data
wag 128, From thisg it is deduced that the vwnsaponifisble mabter
was Te85s This is somewhat highex than the figures gliven for
crude £lour lipids (Table 3), and is probably due to the fact thot
the lipids congisted of P4, glycerol esbers and sterol esbers only,
wvhereas tho other lipids would algo contain polax lipids in verying
anounGs.

Using the GLC data, it wag elso calculated thot the mean
molecular weight of the fatty acids was 275, and the saponification
value of the lipids was 180, Using e micvosaponification procedurey
the saponific&tion volue was found to be 169 - 175, which comparcs

with published values = (Pable 3)e

(a) Beterified Fatiy Acids in Mixing Lxperiments

The GLC analyses of the laotdel'A in Hbobles 7 and 8§ are,
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within 1 standerd deviation, identicale. This meansg that the Babtd.F4
were qualitatively unalbered duving the experimentse When the welghw
of the FF4 is deducted from the weight of lipid extracted Lrom the
sanples, it is found thel the remaining Bebde.l'A remained constant

at 0eHl2 = 0.547%, at bthe 1 sitandard deviation level, From these
considerations it is concluded that during mixing experiments with

a reaction time of up te 60 minubes, ond in some cases ir the presence
of abnormal conditions due to sdditives opr allbered oxygen tension,

Hetd.F4 are uot significantly albtered, and can be presuned inerte.

(¢) Free Fabby Acids During Mixive Expowiments

To obbain a hebbeow interpretation of the resulie they have
haen recalculated to show (1) A as a percenbage of the bobal lipid,
(1i) cach acid ag & percenitage of the total Lipid, smd (iii) the ratio
of the weight of each aseid relative o the weight palmitic acid as
unitye These figures are given in Table Qe

An approximese mepsurenent of the diene conjugation,
oxpressed as linolelc acld wes made frxom the UVY speotre of the
lipids, taking 22,800 as the molar exbinebion go-efficient of cige
trens conjugated linoleate (133), end thism is included in Table 9.

For the purpome of gimplifying the caloulations whigh
follow, linoleic acid data #wre used Ho represent all the EF4, and
the error of cae. 3% which is inounrred is considered negligible
compared with the magnitude of 1 stondard deviabion of the linoleic

scid figures along.
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(1) lizing oxporimenty in air.

The rosults in Teble 9 show that there is no signiflcant
difference bevween the control and the experimensts ob ¥ and 2 minutes
reaction time, baking the I gtandard deviabion level as the oriterion
of gignificances The results ot 10 and 60 minutes resction time
are siguificently different from the control (but not from eash
other), end ave bthe basis of this digoussion and the laber comparison
of the effect of additives and oxygen bension. Unless otherwise
stated, all mixing expeviments referred to herelualter were of 10
minabes reagbion time, and all the iunformation required for ihe
galoulations is devived from Table 9 ox from references,

The methanol treated flour, which was enzymically inactive,
and the same flour mixed in aiyy, showed no significant difference
in quantitative or gqualitabtive analyses of thein Il The same
experiments with normel ensymnically active flour showed large
significant differences, and it is concluded that all the FFA
changes obgepved in pixing eoxperiments were enzymie in origine
Since oxygen upteke ig almost entirvely enzymic, aund is mostly
directed towards lipld oxidabtion, this finding is in asccord with
previous findings (pe 18) and consbtitubes a more direct proof.

On the basis of the results of the nltrogen experiment,
it ig essmumed thet lipase acltivity was sliihd or ehsent in shord
rosction Limes. )

Since the relabive rabios of palmitic ¢ sbearic 3 oleic
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acids were cohstant throughout all the experiments, within the limiis
of 1 standerd deviation, it is concluded that there was no saturase
ox desaturase activiity affecting the oviginel aaids prosents

| Phe iodine value determinaiions show bhat the apparent
losges of BI'A were real, and the btrend of the weight recoveries of
lipids (Tables 7 and 8) indicate that FFA losses had occurred. Since
there was no great overall loss of FFA in the ﬁitrogen experiment,
it is concluded that the overall lospesg of FFA in mixing experiments
in air were not due 4o re-egterification.

From these considerabtions it appears that the observed
losges of FFA mugﬁ be attributed to onsymic lipid oxidationse, The
most proboble ensyme sysbenms are lipoxidase and Pe-oxidabion. Although
it is recognised that these berms should be broader and should include
obher pmsaibiliti@s§ they are used for convenlence in this discussion.

Lipaxid&&a is specilie for BFA, thab is those doids
containing methylene-interrupied double bonds. Beoxidation is
ugnally more specific for a range of tabiy acld chain lengths, being
unaffeated by the.unﬁatﬁratiaﬂ which may be present, bun there is
no information on Pe~oxidabion specificity in wheat. It would he
expoctad that both ensyme systems would act concurvenbly, and perhaps
have a mutually competbitive effest since they would both use A,
and indirectly require oxygele

(ii) Calculation of oxyveen upltake, and activity of fabty scld-oxidising
(ii) Galeulation of oxygen uptake, and activity of fatiy seid-oxidising

Since the ratiog of palmitic 3 steaxric ¢ olelc acids were
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virtually constant, slbhough losses of all acids had oceourved, it
is assumed that Peoxidation used these acids pro ratba, and by
extension Eid also. - It ip thus possible bo caleulate the loss
hy Peoxidation of these acids from the loss of palmitic acide In
the case of LA, the wmatios relative to pailmitic dropped after
mixing, due to lipoxidese sobivity, and to calculate the losses
dua o Be=oxidation the average of the rabios o palmitic bheforve
oud after mixing is used.

Thus, for flour mlized in aly, the loss of palmitic acid
was 2,28 = 1,55 v 0.73%, and the average relative ratio of linoleic
acid tohpalmitie poid was (547 + 2.50) & 2 = 2,985, e loss of
linoleiec acid due 4o ﬁ-oxidatien.wa& thus 073 % 2985 = 2:18%.
The total loss of linoleic acid was Te9l = 3,88 = 4.03%, and by
difference the loss due to lipoxidase was 1.85%.

Since linoleic acid has been taken as representing all
A, the total lipoxidese activity is ealeulated to have used
1:85% Blfde  The total loss of FFA wos L2.0 = 6.5 = 5.5%, so thab,
by difference, the total Peoxidation activiby used 3.65% IFi.

This and similar calculations for the other experiments arve
sunnarised in Table 10,

I+t is now possible to celceulate the approximate oxygen
reguirements of these lipid oxidadbiong. On the basis of 1 nmole
oxygen/mole EFA (144), lipoxidase activibty would require 0.26 ml.

oxygen/30 go Flouka On the assunption that each acid conbained
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8 oxidisable Ga unite, end that the system wounld require 1 mole
axyg@mjﬁg unit, P=oxidation would require 4.07 nl. oxygen. The

wobel oxygen weguirement of these lipid oxidations would thus be

e 33 mle oXygen. Phis is close 0 the observed valwes ab 10 miautes
regotion time, end is evidense that the assumed lipid oxidstions are
g reoassoneble explanstion of the experimentally deterninoed oxygen
uwpbakes of flour-wabter mixbuwes (40, 144). 1t is also interesting

0 note that there was very little FFA oxldation after 10 minutes
reachtion time, and that oxygen upieke and oxidation of SH are also
loxgely completed in the same tlmce

The relative activity of lipoxidese oxldation to B-oxidation
bosed on the FFA oxidised was 1 ¢ l.2, and based on the oxygen
congumed 1 3 156

In the mixing experiment on which the sbove caloulations
are based, L.4%55 of the EFA was found to be gonjugated (Table 9),
vheraas 23«45 of the B4 was accovnied fox by lipoxidase activily.
Conjugated lincleic aecld derivetbives cen therefore represent only
& bransient state in the lipoxidase=initiated attock of linol@ia'
seid in floure-water pponges mixed seroblcally.

Since it has been sghown thet all the BFPA are not oxidised
in even 60 minutes reaction time, the tonclusion arrvived at in the
£irst pard of the discussion (pe. 5L) is subsbantiated, as regerds
high grade flours of wvelatively low FPA conbent. Ihe behaviouw

of & range of lower grade flours remains to be studied; and with the




Table 10

The Galcoulabed Lipoxidage and Beoxidation Activities During

Mixine Lxpepiments,Expressed as o Percoubase of the Totel lipid

Reaction

Mixing EitA Uped EFA Used A Used
sxperimnent Time, by Lipoxe by B~oxidn. by B-oxidn.
inutes

Adw 10 .85 2,18 3005
Nitrogen 10 0,62 0,86 1.38
Ozygen 10 1081 Le 26 2019
Sulphite 10 1.38 1eld9 1,82
NI 10 1.18 le34 2402
NDGA 10 309 04 29 Qo TH
Ay 60 .59 2464 4o 2L
Bromatbe 60 1o 3% 282 4655
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ald of more elaborate and extensive experiments more general

conclusions may be arrvived ats

{1ii) Oxyeen requirements of known oxidation resctions in f£lour.

1% is konown that the csrobenolids of Llour pre partially
bleached in & coupled oxidation involving HPA and lipoxidase, or
gome gimiler enzyme (T1). It is also hkonown that some oxidation
of SH ocours (149), and that it is largely due o secondewy oxidation
by lipoxidame (145) I% follows from bhese staltements bthat the
saloulated oxygen reguirements shouvld fall within the calounlated
value for lipoxzidase sctivity, and since there are no othner major
oxidetions whieh are known, it might be oxpected that the discrepancy
would not be larvge. The carvotenoids of flour are nmainly zsnthophyll
(21, 22, 168), and are present ab 0.25 = 4.0 ppmo oFf Lloar weight
(22, 168), The carotenoids of the flour were extracted with
water-gaburated netntanoly and found speciroscopliceally to be
equivalent to 1 peme of the flour welghtb. Only sahout 304 of the
carotenoids arve bleached in o normal douvgh mized in siz (71, 111l

I the carotenolids, saloulated es xenthophyll, were bleached
by liroxidase using 1 mole oxygen/mole carvotbenold, the oxygen
reguired would bo 0.000%94 nl./30 ge fiour. Toking 10 times this
level as » reasonable maximum for the actupl blesching, the uplake
of 30 ge Llour would be 0,003%94 mi.

Flovr containg cmoe loB Mlge SHAge (4, 5y 31, 149), and

during aerobic dough mixing ca. 30% of the SH ils oxidised in 10
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minuten, afber which little further oxidaltion occurs (145, 149).

Assuming the eguation

2 B9+ BEA 4 O Lipoxidese o poun 4 oho,

the loss of 15 plg. SH in 30 ge flour duming 10 minubes mixing and
reastion would require 0.358 mls oxygen, which lg equivelent o
o2k WHA,

These galculabionsg show that the loss of BFA due 4o
lipoxidase actbivity ig edequate bo promote known secondary oxidations,
and that it is unlikely Tthat other major secondary oxideiions aé@ur
at the some time. Jinee SH is the mein substrate for iodate and
bromabe oxidations, it would be expesited thet they would ach
competitively with lipoxidaag, and therae isg evidenge of this happening
with hrowate (33, 36, 42).

From the sbove dipoussion it peems probable that the oxygen
uptake of flour duxing mixing ie largely due o enzymic Lipid
oxidetions, whieh ave cavsed by enzyme systems oif the lipoxidase
and feoxidation typese Vipoxidage is known o cause sepondary
oxidation of flour S, and is thus conmested with the oxidative
improvement of dough guality (345). In the followling discussion,
the results of experimenits, in whieh additives which aifeet dough
quality were present, ave discussed with partioular reference %o
the probable lipoxidese setiviiy of the sponges. The effest of
one snbioxidant is also digousseds

It hag been shown above that the experimental anelysis
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of A from flcour and flour-wsber sponges mixed in alr show differences
which ean be related to the known oxygen uptake of Llour during
mixing, 18 1% is sssumed that two consurrent FA oxidatbions ocouw

= namely, lipozidase oxidation of BFA, and pPeoxidation of i, The
coleulated level of lipoxidase activisy corxesponds with that requirved
for known secondary ozidations of earotenoids and Sl In the light
of these findings, the lobor experimenty, where flour was mixed undew
verying oxygen ‘hbensions ox in the preseunce of certain eddifives, can
now be considersd. Sinece lipoxidase aetivity, SH oxidation ox
reduction, and dough sitrength axe all inbter-related, and since all

the experimental conditions are known to affecet at least ous of these
factora, bhere should be some allterabtion in the calculabed iipoxidase

acbivity, compared with normal aerobic mixiung, in every casa.

(iv) The effect of oxygen tension.

" Reduced oxygen bension wag obtained in the case of the
nitrogen expevimends, sinee 1% wes known that s2ll the oxygen could
not be purged, and tbthers wom evidence of slight oxidation of FFA in
the resultg. The previously discussed experiments mized in aip
reprepented normal oxygen tension, and tho oxperiments mixed in
oxygen repregsented sa abmosphere of at lenst 90% oxygen.

FProm Table 10 it con be seen that lipoxidase acbividy
changed with increaging oxygen btension, using 062 = 1.8% = 1.81%

BEFA in each case. Taking into account the magnitude of 1 standerd
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devistion of the weight per cent of HF4 recoversd, it can be said

that there was an increase in lipoxidese achivity when there woe a

ghange frxom low to normal oxygen tension, but there weg no significant

chonge on furvther increasging the oxygen bHension. Since oxygen can
oxidime SH directly under special circumstenses (defatbted flours
nixed upder impure nltrogen, air or oxygen), oxygen mighﬁ gompete
with lipoxidaze for SH in flour mixed under oxygen, and slightly
sappress lipoxidase activity, in which case the slighd drop in
ealoulated lipmxid&sﬂ pobivity from L85 B0 1.81% EFA consumed
sould be veal, although thers is no pbetistically signilicant
difference,

From Table 10 it can elso be seen thab ﬁ»axi@&ﬁian wan
affected by ineressing oiygen tension, and 1«3@ - 5.65 - 2,195 PPA
wag oxidised in the three experimentv. This rather unexipecied
behaviour is undoubbedly real, sinee there are perallel changes
in both the pelmitic acid and oleic acid recoverdes, the former
veing sigoificanlly differents The sitearic acid figures cannot
ba given any weight becaunse of the diffioulty of messuring the
gbearic acid ehrom&togxgm paaks aﬁcurétalye There 18 no apparend
explenation of this inverse effecb of highey oxygen tensions on
B=oxidation, although a peossible explanetion has been put forward

above in the case of lipoxiduse,.

(v) The effect of sulphite.

Sulphite, or more usually bisulpbite, is added to fiour




before mixing in order o gr@&%ly‘w&aken the dough formed. It im
believed that this effect la due H0 & reduction of intermoleculax

88 in gluten, which weakens the sbructurel »igidity, and incresses
the ease of disulphide-sulphydryl (85 - SH) interechange resctions

by forming new SH (78, 109, 126, 145). The veactbion is:

RESR  + HSQ% = RSH :z{s:«;sso (109)

AL the pl of sponges (5695 = 6.9) sulphite exists as bisulphite ions,
ond aets according bto the above squabion.

The smount of sulphite added was capable of reducing 55
to produce 45 pige SH and 45 phg. thiosulpbonie acid in 30 g. flounw
according bo the above agunblon. Thus the bobtrl SH conbent of 30 g
flour was 90 uBlge, and the lipoxidese activity (Table 10), whieh
uped 1.30% BPA, wes cepable of oxidising only 17.3 plige SHe Therve
was dtherefore a large overall incresse in the SH content of the
flour, which was adequate o ceuse drastle weskening of the sponge
or doughe This coneclusion weg supported by the fact that the
gponge wag very thin and runny.

The thiocgsulphonic acid gxom@s formed from the sulphite
mighﬁ be thought of ag blocked SH groups, bubt the 55 - SH ianterchange
systen would be unaffected since there wam atlill e large exeess of
SH pregent .

Prom the ashove considerations 1t might have been expected

that there would have been more lipoxidase scbiviity, due to there
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being more oxidisable 3H present. This could have led to decreased
peoxidation in a linited oxygen supply. Pable 10 ghows s proportionatbe
inerease ln lipoxidase activiby, compared with Peoxidation, but both
oxidations were abt a congiderably lower level than in the sponge
mixed withouwd additives in aipe This is a surpwiasing result, since
if oxypen was divectly absoxbed by all the sulphite to form sulphabs,
thereby'ra&ucing the enzymically available oxygen tension to a level

below nommal, only 0,504 mle. oxygen would have been removed, wheress

p—
‘m‘mw,@,‘—uw/“"&‘\

the drop in total caleunluied cxygen upbeke was L.86 ml.

(vi) The effoct of Neothyl maleimide.

Necthyl maleimide (MNEMI) combines irreversibly with SH,
and is comnmonly used 4o inhibid SH~dependent enzyne resctionse In
the sponges considered here the reactions inhibited include pP-oxidation
{(blocking of the SH of Coenzyme A), und secondary oxidation of SH
by lipoxidase. Teble 10 shows that there was cas. & 50% decrease
in Peocxidation, aad es. a2 30% decrease in lipoxidase activity,
compared with the axp@rimenﬁs without additives mixed in aive It
ia known that NEMI hes no effect on the coupled bleaching of carctenoids
(111), and the caleulated lipozidase ascitivity was quilte adequate in
these experimente for nowmal carobenoid bleaching (ofs, section (o)
above) . I£ 1% is assumed that all avsilable gluten~-SH were blocked,
there is no evidence o sugpest the mochanism of the still considerable

calculated lipoxidase activity and the coupled oxidations which took
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placs.  Ooupled sxidetions op degbtrueblon of linoleic seldd hyding-
porexide nust bhove ogeuered exbteusively, siuce there wan Litile

dione conjupetion prosend in the lipida {Table 9). Broxidaltion

wan nob totally inhibided by REHL, snd anless some other fa
ozidation independent of U oooureed, this Lioding must be abbizlbuted
te vhe very incomplolbely understood coudlilong parteinlng in £louge

wakoy apongtto

(vii) Jhe offset of nerdibvdvopupinratic scid.

Hopdihydroguainrotic seld (BG4} weo added in un abboupb
to partiolly dnhibit Lpoxidape activiitys sinoe it has been shown
o prevent csrobeunid blosching, prosumably by pyevonting coupled
oxidation by liposidesa. Table 10 ghows, howevew, thet there was
shout denble the lipoxidase eetivibty and 1/6%h of thel-oxidation
whioh ovonrred in the couirvol expordiowts mized without addibives
in alpe  HNEBGA thorefors hed o pro-oxidont oifoet on Llpozidese in
thano clrounstonaase It hes poconbly boen shown dhod in lerpger
emounts Oudeh wag the cess in tho experimento) DG4 scovlorabes
the rate of deocompomition of lineleste hydropevoxide (22, 132).
The results are therefors aousdstend with the offcobs of lappe doses
of Hk on hydroporoxides, i tho atccelersied breakdown of linolelie
aeid hydroporosxide in Tlour eouvld loed e accelarated formskion of
the hydropevoxide by lipoxiduss by dlptarblng the rescbtion equilibriun.
Poble IV alpe shous theh f-oxidedion ves grently daprepspod,

and sinea the inereased upbnlbe due to lipoxidase was of the oxder
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of 026 ml. oxygen/30 g flour, this would nob sufficiently veduce
the oxygen bension in the sponge and have this effect. A possible
explsnation is that the very hesvy dose of NDGA had an inbhibitory
affact on P-oxidation, since &t is known to have this eﬁ?em% on &

vange of onzymes (1 Uéﬁ.}e Liama@ the liposidese soblvity mighb 1:3«33

SR

ma&fia@iaﬂg or vepresent very great aeblvity depressed o the obmerved
Leval.

The oxygen upbake of the sponge was calsulated Ho be
1:36 wlo/30 go flour, which, ag the gole exiterion, wounld suggest
that the NDGA had had en antioxidant effect. Sinee ih ia necessary
$0 invoke Nltiscatbtalysed daecomposition of hydwoperoxides fo explain
the results, it is feegible that this would prevent secondazy

oxidation of carotencids ab the same tinee

(viii) Bhe effeot of bromabe.

In doughs bromate oxidimes BH more ow less specifically
(31, 33), and the rvate at which this oceurs im rather plow. In
a dough containing 0,90 mg. bromsief/30 g. flour (corresponding o
50 ppm. bromate of Flour weight), 012 mg. bromato iz decomposed
in 60 minuﬁéﬁ (32, 3%), which is oguivelent to the oxmidation of
4035 ulhiqe SHe It is assumed that the rabte of bromate degomposition
is similay in sponges, in which case the bromate oxidation 1ls assumed
o have been as above., The lipoxidese activity (Table 10) was

sguivalent o L.355% BPA, which would have oxidised 16,3 plg. B,




s0 that the total SH Qxidiﬁéd wonld have been 20,6 pEy.  Thig
represents an increase over the 15 uBge. of SH which is normally
oxidised (145, 149), and would have an improving effect. Howevesm,
the values for lipoxidase at 10 and 60 minubes resotion bime differ
by nearly the same amount as the values at 60 minutes with and
without bromete, s0 thit no welght con be given Bo these figures.
The only conclusion which can be drvawn isg that there is no evidence
£xom these experiments to suggests that bromate action is involved
with A (33, 36, 42), obther than by competbition with lipoxideme
oxidatbion of Sl - which is the conglusion arrived at in the literaiture
roview (pp. 20, 2L)e

There awe alpo differences in the amounts of P-oxidabion
in the oxperiments ab 10 and 60 minubes, and at 60 minuwbes with
bromabe added, The vecoveries of palmitic acld on which these axe
bosed are not sigrificantly different, and although the btrends nay

be weal, no conclusgions have been Arawn.

() Sugeestions for Future Investigatlons

From the literature veview and work in this thesis i
is éppafenﬁ that there ia a nelationship between oxygen uptake,
A oxzidations, zesondery ozidablong of carotenoids and S, and
oxidative improvesent of dough sbrengthe The study of any one
of these subjevts is o major undertaking, end oasch has alrealy

occeupled cereal chemisés for meny yeaws without being fully understood.
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Hevertheless the informaition which could be gained from a simulbaneous
atudy of all these aspects of the chemisbry of & piece of dough
would be so valuable that the effort would be well woxrth whiles
¥hile thesge sre the mosh imporbant raectlons and aspechts of the
problem of dough improvenent, fubuxe work may wicover other importent
repotions and lead to uwevw discoveries mana@xning dough plrueiture and
rheology,
Very Little is known about the enzymes which oxidise iPa
and ETA ia flour, and this will bo a difficwlt but rewsding Tleld
for investigation., Hosgb shudies ave confined %o high grade flouva,
but an extension to include all grades and types of flour is desirable,
and this nay evenitually lead to an understanding of why diflferent
floure and wheats have such diiferent douvgh pé%yar%iaae The tech=
noleogioal and sconomic significance of thig has elready been mentionsde
The field is not o new one, bubt the approach to one small
ampeut, which has been the purpose of this thesls, has given a new
ineight into the problem, end thewre arse seoveral obvioug lineg of

investigabion to follow which nmust suvely yield valunable resulise

(£) Gosglusions
Le The litevaiure gmngﬁrming the upsake of pitunospheric oxygen by
flour~water sponges oy doughs wag reviewed, end 1t was deduced
that, contrarvy to what hag beon assumed by other authors, the

uphtake of oxygen cannod be solely atbributed to lipoxidase=

el
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catalysed oxidabion of linolele and linolenic acids. This wag
proved experinentally by showing that bthere is not evough of

these scides present to permit the observed oxygen upbeles.

It was shown that duvring sevobis mixing of floure-waler sponges
changes occurred in the compoglition of the free fatby acids, bub
no changes were obgerved in the egterified falbly acids during

reaction times up o 60 minubes.

The changes which occurred in the free Fably acids were shown to
be due to ensywmic oxidotion of both essential and other Latiy

acitsge

The free fabtby acids ond esberified fatty acids conlain very
similax propoxitionsg of palmitic, ate@wieﬁ.oleicg linoleic end
linolenic secids, and there is nothing to explain the marked
effect of fﬁae fatty aocids as opposed to esberifisd fotty scids

in doughs mixed serobically, apart from their being unestberified,

From an analysis of the recoveries of free faitty aclds in mixing
expevinments it wag deduced that two types of free fatty acid
oxidation ocourred similtencously, and that these were mosit
probably lipoxidase oxidation of essential Lottty acids and
Beoxidotbtion of all freeo fotly acids, or resctions of o similar

naburee



B

6

The knowm oxygen upbake of flour can be sstisfacborily sccounted
for by the oxygen requirements of these types of enzymic oxidabion

ot the levels found in the expeyimenise

The level of lipoxidese agtivity which wes deduced from the
experimented results is in agreement with that required fox
kuown lipoxidase-depondent oxidations of carolenold pigments

and sulphydryl groupSe

ixperiments were conducted with the addition of substances which
affeet the rheological properties of dough, or lipoxidese activity,
ond the resulis were discussed in texms of the probable lipoxidape
and Peoxidetion activity. IMost of the resulis were readlly

explained, but some points remained ianexplicable.

PFlouw lipidas were enalysed, and 1t was shown that gadolelc acld
ig present in significant smounts only in the eaterified seidso,
Storage ab 0% 4Q ig not sufficient bo prevent slow lipase
hydrolysis of esterified fabty occids esters. Flour lipasa(s)
ara either non-gpecific, opr the hydrolysed eaters are of nearly
randon fabhy acild composition, Lipld constants were calculated

from the resulls, and found to egree with published values. They

Weres
Todine value 118
Unsaponifisble matber Te 8%

Mean mol. wbe of fabty acids 275
Sapondificsation value 180

Phosphorus conbent less than 0.02%
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Ly I,

10, Suggestions for the further development of the gtudy of fwee

Tatty a0ld oxidations duwing mixing processes have been made.



PART IV

DEVELOPMENT OF METHODS OF AWALYSIS
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DEVELOPKMENT OF METHODS OF ANaLYSIS

To gimplify the reoding of the ectwal experimenbal work
and the methods of analysis used therein, sll the development work
necegsary ko arrive ab these methods has been combined to form

Port IV of the thosise

{(a) Solvent Extrection of Flouw Lipids

Two problemg had to be solved, nususly how o consisgbently
exbract all the lipids from both flour and freeze-~dried dough, and
how $0 remove waler, sugaws, proteins, polar lipids and obher extran-
eous materisl by é gimple and vepid mebthod. In the first insltance
it was useless bo exumine non=polar solvents since they cannot extract
all lipids, especlally from freegse-dried doughs (129). In & comparison
of defathing by percolation with ethenol-diethyl ether 2 ¢ 1 (v/v),
and by methanol, followed by methanol=chloroform 1 s 1 (v/v) the
yields were 1.044% .and 1.05%% of crude lipid respeclively. Since
methanol and chloroform forxm an ameobrope of lower boiling point
than<eithér component they arxe easy o remove, and since residual
nethanol is of a lower boiling point than residual ethenol, the
@thanol-~dielhyl ebher system had disadventages and was nob further
congiderads

in the next step methanolechloroform percolabion wag
compared wilth extraction using water-gasivrated n-bubanol by the

method of Mecham and Mohammed (L13), in whiech an aliquot of butanol
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was baken from o centrifuged mlxtupe of Llour end butanol. In both
cages the crude lipid was re-exitracbed with chlorofoxrmg dried with
anhydrous sodium sulphate and filtered through & No.44 Vhatman {llter
paper, o @ pledget of cotbion wool.  dhe hubanol lipids were
invariably cloudy, and hoth sysbemns goeve irvvegulaer yields.and
nibeogen s phosphorus (N s P) wrabios on asnslysis of the lipids.

listhanol-chloroforn  Waber-sabd, n-bubonol
1602 = 1360 le22 = Lo24%
N s P ratio 2,41 = 332 lo39 = 226

Crude lipid yield

These rasulte are obviously unsatisfactory, and since they
were thought to be due to phospholipid, galeotolipid and proiein
varietions it was decided o proceed with milicic acid chromstography
naing the method of ﬁiwsah and shvens (77) as spplied to wheat lipids
(49)e |

The M4 and Betd.l'd componenta of whedd li@idﬁ are eluted
from silicie acld by verying amounts of ether in light pebroleum up
o 100% Gﬁheﬂg'%ﬁﬁ'Pﬁlﬁﬂ lipids are eluted by varying asmounts of
nethancl in ether (49). The chromatography wes therefore limited
40 a single elution with ether, At the same time o comparison
wes made by adding-ailieic scid Ho an ethereal solution of crude
lipids and then removing it by filtrabion - this ig snalogous with
the same process ueing chlorvoform ag solvent {(137), but when bried,
ghloroform d&id not retain all the demired lipids in solubion ag

shown by low yields. The resulls of these compamrisons weres




Solvents Bxbraction and Yield, ¢ Phosoherus
Silivie Acid Hethod % of Floup Wi, ©°  OSPRORW

Methenol-chlovoforn, chromatogrophy 0.605 = 0,073 000008 = 0.0162

Hethenole=chlorofoym, filtered Qe BB = QeBlE 00092 = 0,0093
Fataneld eliquot, chromebognophy 0003 « D645 00159 =« 00,0159

The wesulbs from the phogphorng enalyases are sabtisfachory
sud there are only aslight veriations of yield which do not matier
in a éom@&rativa abtudys Az bubenol ds a difficult solvent 0 remove
nethonole-chlortfonm wag preferred, and pince the procedure of adding
silicio acld bto an etheweal solution of erude lipid is both simple
and papid it wes alse adopieds The plllcic meid effecobively dxios
the lipids in solution if the bulk of the waber removed from thoe
flour by the methancl is substantially distilled off with the solventa.
Provious abbempits to remove polar lipids by acetone
precipltation or by dialysis (15) wore wusabisfactory and are nob

vaporiode

Comparison of the infre-~red specira of crude lipids and
allicic acid-filtered lipids showed that bhe silicie acid had
completoly removed all absorpition due $0 «CUNHe, =(elle, «P=0; and

thot there was no evidence of btrans unsaburation. This evidence
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snowed that the lipids were free from phospholipids and polypeptides,

and that chonges im fatby acid gitructure had pyobably not occurred,

(b) veisghing of Aliguobs

Inditially "solvenit~fros” lipids were weighed for phosphorus
analyses, but erratic results vere eventually btraced tc the hygro-
aecopie nature of phospholipids end to the difficulty of removing
lagt traces of Llipid solvents from bulk Lipidsg. When aliquots of
lipid spelution in ether were uwsed excollent replicatbion was oblained,
and the weighing of small aligquots for caleculation purposes proved
satisfactory. The procedure foy weighing given on ppe. 30, 3L was

adopted without development troubles.

{c) Phosphorus Deberminebion

In the snalysig of "phospholipid-free” lipids the moterial
analysed for phogphorus was almost entirely hydrophobie and caused
difficulties during digestion o degtroy ovganic matbbter by wetb
oxidation. Pne use of perchlorie acid for wet oxidation of oxrganic
matter, o8 in the method of Allen (1), proved unsuitable because
of losses due to gpurbting and the colour of chlorine compounds which
were confuged with the chavring of orgenic mebtews Digestion with
sulphuric acid and hydzogen peroxide to destroy organic matier
according o the method of Harvey (69) was satisfactory with cesein
and similar maberiale, bub with lipids a lot of m terial steame

digtilled up the walls of the digestion tube and again caused
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dgitficultien in compleling digestions The method of Beveridge and
Jobngon (18) uses a relatively lavge amount of sulphuric acid and
this dissolves triglycerides and gives an ensy digestion. This
nethod was thevefore adopbed, and the only further trouble wag
caused by insuffieient shaking when adding the hydrogen pervoxide.
iorokjeldahl flasks were found o be better than test tubes for
digestionse

There ave many methods for the formation of heteropoly
blue from the orthophosphorie ascid=molybdate complex, but the mebthod
of Togg end Villkinson (51) appealed because it gives a very stable
blue of high optical density. Although the method of Beveridge
and. Johnson (18) destroys excess hydrogen peroxide which would
interfere with the formation of the hebteropoly blue, sodium gulphite
a5 uged by FPoge and ¥ilkingon wes rebained ags an extra safeguard -
it has no interfering effect (51). No further troubles were
experienced, and the final method lg given on ppe. 31-33a Tests
ghowed that the optical dengity developed from a sbandaxd amount of
phosphorus was uwneffected by o twofold increase of any r&agenﬁg-
and the method is thus faivly proof ageinsgt ervors of measuremend

of reagents.

(8) Regovery of Tree Fatty Acids

Since 1% was declided to uge silicic acid bo remove polar
lipide, the best way to iseolabe FPA appeaved bo be by selective

elution from & chromatographic colwm. Hirsch and ihrens (77)




-6

have done 8oy bub othewrs have falled to elute FI'A ap a pure class,
probably due Ho less elaborate precauntions duxing the preparation
of the column (28, 166). Ia preliminary trials, titration of
column elusbes of wheat lipids chromatographed sccording bo fisher (49)
showed that the FM'A were spread over o range which included Hrie
glycewides, Abbention was bhen given to obteining FF4 from the
Lipids which had been traaﬁ@@ by the silicio acid filtering bechnique
which had been adopted.

lon exchonge vesing were sbandoned after.ﬁrials in which

some of the following faulbs were observeds

lo Ebthyl estexs can be formed when elubting FIFA with
ethanolic hydrochlozice acid (140).

2. lecovered acids are pariially decomposed,; and
recovery is incomplete (28).

e FFA methylated on the rezin are not eluted in the
gane proportions as in btheir owiginal analysise
Recoveries with cl?gﬁ baken as 100%, being Gl oo™ 415
to Glagg“ 172k (81) :

4o Ethanolic hydrochloxic scid dissolves resin material
which can be precipitbated from the scids a% a later

BLaEHe

The long-established method of elkall washing 1o remove
FFA (110) wes tried and adophed. The possibility that poor recovery

off 'FPA or oxidative changes might occur was not reslised, even when
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no precautions were haken to exclude oxygene The method is given
in detail on ppe 34 and 35, The possibllity of preferenitial
extraction of gome acidg (or sosps) from one phase into another
was also checked, and found not Lo oecur. Jimilar results were
obbtained when exbraction of methyl esbers after methylatlion was

exanineds

() Preparotion of Mebhvl Esters

Although FFA cen be anslysed divectly by GLC (L17), the
uge of thelr methyl esters permits of caesier purification by vacuunm
distillation, and lowen tempersiures for GLC with less risk of tharmal
desomposition and much longer eolwmn life, Trang-esberification as
a meens of forming methyl esters (19, 10i, 107, 163) was only exemined
in the case of the boren fluoride-methancl reagent (43), but with
o refluxing time of 1 hour only 92% yield was obbained and the GLC
anglysis was not the same ag thaet from the adopted procedurs., This
nethed was nob axéminea fortheyr ot the time, ond msthylation of FIPA
wos preferred, Since it had alyresdy been shown thet dlisszonsthsene
formg srbefacts vhieh interfeore with G of fablty acid methyl esters
(127) the bowon fiuworide-methonol reagent (117) was used as deseribed
on ppe 56 and 7. No difficulties were encountersd with this
coagent and it was stable for at leagd several months (117)e. A4s
with 2ll acidecatalysed methylation provedures it is necessary o
uge anhydrous methanol, and the special grade for Kaxl Fighex

noistbure determination was found 0 be most convenient for preparing
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(£} Vocuun Digbilletion of Methyl Bsteng

Conditiong for mioro=seale vacuvm distillation of methyl
esters {(128) have been given for an Amevican type of apperabus (151)
whiech was not described in deballe. Accoxrdingly o simple pot sHlll
wap designed o shown in Pige 3 and optimal workiag conditions
avrived at by experiment. Fig. 4 shows the vapour pressure/temperature
relationships of the GLQ o ng sptoreted fabtty acid methyl estersz
(91). Those esters with double bonds and hydwroxyl groups Foxr which
dota are given have vepouy pressure properties very close o the
corresponding saturated estew (91, 107). The working conditions
described (151}, ond %hww@ vaed in this work, were genevelly 60° & 2°
at pressures of 0.05 o 0.005 nine. Hge Undar those conditions esters

L
danger of the sgters not heing reteined on the condenser ot 10 to

of C 2 and lower ancids boil, and with Glﬁ estevg there is considerable
e fopr

lﬁc (163), The G36 and C.. esbers avre howover bthe ones of chief

i
interest in this worky, and bthey do not boil under these conditions
of diptillstion, They can therefore only be obbtoined by a slower
process governed by the rate at which the condenser removes esters
from the vapour siale, and the rate al which the hestad pot supplies
esters to the vapour sbate, Higher wvacuum counld not be oblained

with the pump in use, which was an Hdwards® Speedivac Model 13C 50 B,

and in any case more severs conditvions would have insreased the
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likelibhood of sterols and perhops other mabtevials digbllling.
The mean free path of air is given approximately hy

-3
5 @ 10
Pregsure (mn.Hgs )

mean free path length (om.)

4% 0e05 mme pressure the mean free path is Cal cme and ab 0,005 mm.
pressure the mean free paﬂ& iz 1.0 o, The gap bebween the condenser
and the pot is 0z. 0.5 ome S0 thab, during digwillation, conditiong
approach molecular distillation in which the gep bebween the condensor
“and pot is less than the mean Lres path of the molecules in the
vepour ototce

Loads of esters of cae 5 mge (from IPA) appeared bo dlstil
complebely in less than 10 minubes, and loads of 40 to 60 mg. (from
BabdaFA) in 30 R In prachtice ab lepst 30 ninubes distilletion
at 60 - 6§Q and full vaguunm (0,005 mm.) were used. There was no
evidence of oxidation of the wasalurabted esters ab eny time, and

all esters were colourlenss

() Ges Chrometbography and Avelvsis of Fobby dcid Methyi Bsters.

The Pye argon gas chromatograph which was used for analysis
of fabby secid methyl esters was made avellable by Mw, Jo Wight of
the Food Selence Department in which the work in this thesis was
doney; and no development work was wrogud red.

The resolution obbalaad on the coluun appeared to be as

good ns any published, or seen elsewhere, for a column of only 4 £te
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lengthe 1ige 5 shows two typicel chromebograms, 1654 from P4,
and L7750 £rom Bstdel'Ae The base-line to esch peak hag been drawn
iny, together with +the storting line from which all measurements of
retention times were made. I'ige 6 shows a c&liﬁraﬁion plot of
rvetention times (measured a8 chart distaonce, the chart travelling
at 1"/10 minutes) against the meapured stondard deviations of a .
range of chromatogram pesks. The stondard deviation was taken

as the breadth of the peak at 0,885 z peak height, or as & the
breadth at 0.607 x peak height, or as 1/5 the breadth at 0,332 x
peak height.  although a straight line was drawn, there was a
sinusolidal scatber which was helieved 4o be & feature of the récorder,
since the standard deviation was found to very wibth the peak size
(Pige T7) independently of the load of esters or detector voltage.
At cerbain vebention times bhe peaks were always eitbher smell ox
large, because of the fairly constant gas flow rate used and the
consbant column tempersture, hence the sinuscidal calibration
patbem, .

It is sometimes necessary to apply corrections to obiain
the true areas of overlapping peaks, but this was not necessary in
the case of gtearic and oleic acids, which were bhe only ones to
overlap slightly in bthe chromaitogramsye

The nethod of ealoulating pesk aweas (L1, 146) and ester
composition used hero is bebber then most other methods (including

triangulation of the peaks, plenimetry, and cutbtbing out and welghing
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Pigure 6
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of the peaks), having a variabion of lesa thsn 2%, and being free
from gignificant subjective errove

The mole percent composition of the esters (and hence of
the opiginal acids) was obbtained by summation of the areas of the
paaks, dividing each ares hy the totad area, and oxpressing the

result as & percentage. The awrea of a peak is given by
ares = J&% £ stendard deviation x helght

In prachice the stondavd deviation was calenlated from the retention
time end the equation relating rebonbion time to sbtandard deviabion
{shown in Pige 6),; and the common foghor Jﬁﬁ wag omibled Lrom the
calculations, The percentage FFA and réeovaxy of FI'A from the
crude lipid were celculated using the eguations given on pe 39
Worked examples for chromatograms 1654 and 1750 are given

belowe.

Chromatbogrom 1654

Aeid R (cma,. ) h (ems. ) a' ~h nole %
1620 2035 15433 0,0579 00,8890 23,0
1750 3a 30 19,16, 0.,0753%  1.4420 (375)
1830 4450 1,08 0. 0972 00,1049 207
1831 5,02 4929 0.1187  0.4975 12,9
18:2 6o 24 1770 0.,1289  2,2800 590 2
1813 8,02 0649 0wl613 0,079 2ol
TPobal excluding 17s0 ' %4 8505 99.9

10 ml. aliquot wte = 16.92 mg.

FPA = 1.5 = 104
=3
365 X 1692 % 3765

60755 of lipid




thamatogram.@?ﬁﬁ

Acdd
1650
1720
1820
181
18:2
1333

R (cmsa)
2o 34
3023
4455
505
6o 23
Te 9T

=32

h (cuse)
10,74
0,03
Qe 35
%e87
16,12
0s 54

Total exgluding 17:0

¥RA recovery =

0,068 x 100

0 0577
0. 0739
0, 0981
0.1072
001,287
00 1604

160 -

5Te5

o I
06200
0, 00222
0:034%
064155
2, 0740
0, 0866

322304

= 99a83%

mole %
19.2
(0. 068)
1o1
12,8
Ghol
267

9909
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SUPPLIMENTARY  WORK

The experimentel work given helow is not pars of the main
thesig, but since it is releven® o the work and discussion of Hhe
madn thesis it hag been ineluded. worls concexning rheological dough
testing is described 1ln some deball, and published work is mentioned
in abbreviated foxm since reprinds of the papers have bheen bound in

at the ende

(e} Dough Tegting Using the Chopin Alveogreph

(i) Imbroduetion

The Chopin alveocgraph is one of soversl emplricslly
degignad dough tesblng lnstrumenys foxv compardng the bhaking qualitices
of doughse It works on the prineipls of inflating o dise of dough,
containing a Tixed rebtio of solids s waber, H0 & bubble ot o consitand
rava, and recorxding the pressure on o hymograph to give s bracing
celled sn alveograme Fige 8 (bop) shows n somewhed ideslised
2l veograms. This procedure was thought bo ropresent the conditions
pravelling in & fermenting dough which was expending due bo production
of carbon dioxide by yeans, bub this is nob correct (79)e A more
fundanenbal interpretotion of the alveogrem can be mede 1L the
alveogreph is considered as o siresg=siraln r@aardiﬁg insbranente
The tracing of pressure (heighd of the alveogram) can be recaloulabed
ag the repistance, or pressure ab vnild bubble wall thickness, and

it ig then founrd o become & curve without an inflection neawx the
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beginning (Pig. 8, centre). Sinee the bubble is blown from a
fixed volume of dough it ila eqgually valid wo multiply the preassure
by the bubble surface avea ( L/thickness = areafvolume)s 4 further
transfornation of the alveogrem con be made by plotblng the vesgistange
xoaresn ag&inmﬁ the ares during the bubble hlowing procedura, and
thig gives a sbreight line relationship (Fig. 8, botiom)e Normally
it is enough to meassvre the resistance of a dough as the heigh. of
the alveogrem ab fixed bubble sisze, andy depending on the dough
gtrength, this was measuwred sg the heighﬁ 0t 25 01 %05 cme from the
beginning of the elveogrem in the worlk reported lsotere

In the nownel alveogroph prosedure 250 g flouw are made
up o a dough and extrnded oz o sheet from the mixer. Discas arve
cut Crom this sheet, and after wesbtlng arve iuflated to bubbles os
deseribad shove, There is e modilication off this procedurs in which
plecen of dough eve msauplly monlded to form disecs (16), and this
gives & much hethter ropresentetion of dough quality, eapeeially when
inprovers are present. Since the mixing process is extbravegsnt
and elumsys a snall scale process using 40 g. flour wap developed,
together with minor chenges in the moulding procedureo, and this is
dgscribed in the Wokk reporbed bolow. Using thin procedure the
elveograph ip more sensitive than nost instruments of 168 kind,
ond i parbionlerly suited Tor detocting small changes in. dough
gualityo

This elveogreph procedure was developed as o means of
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neasuring flour and dough changes cauged by defatbing end other
experineatal prosedures epplied to one ox two flours., HSome of

the experinments demoustrabed the beheviour of the flouy used in
Parts 11 and 113 under conditions relevant bo the mein discusgion
of the thesis, and they awve desoxribed later. Obther work of a
similay nabvwe was complete in itself, and wes published as a paper
entltled "The Bffeet of Abmosphexis Sulphur Dioxdde on Wheat Ilourh,
A reprint of this paper ig altached ot the end of this section of

the thoesise

(ii) Haterisls snd nethods

Two flours were usedy Llour A was an Australiasn Lloug
which was weaker thon bhe £lour usel in Parts 1L and IIL, and Liour B
wag the sane type of flour as uvsed in those parbts of the thesis.

ALY roogenbs were of amalyticel quallty, snd distilled
woter was uvsed for the dough-melting. mslt solubion and other solubionse

A Simon Minowpin pin mixer wes used for nixing doughs, and
since the pover of the motor wap rather limited the greatest amount

]

of fiour which was mixed was 40 ge

The doughs wore made to sonbain 40 ge Tlour (L4% moisture)
end 22 ml. of %% (wfv) salt solubiony ox the pame proporibions of
gollids s watber vhere bhe flour moisture was different. By keoping
the workroom and m&%@?i&la at 24@ it was found that a dough temperature

0y ®

of 277 was obtolned consistently, the bemperaturs rise being due Lo




the head of hydration of the flour end to the heat developed by
mixing. The alveogreph was thermosiebicelly conbrolled to 27@0

The procedure for making ﬁhe dipos of dough for tesbing
wean a8 follows.

The salt solubiocn wes placed in the mixing bowl, followed
by the flour, and these were mixed to o dough forx exactly 3 minutes.
Additives were inbroduced as & solution in lieu of some of the salt
soluiion, Whore an simogphere of nitrogen or oxygen was required
the flour m@é put into the howl Tirgs, the bowl covered with o close-
fitting hood with gas op water inlebs, and the Llour dry-mixed under
the appropriate gos. Th@ galt solution was flushed oub wiih the
gos, and after both had been flushed for 20 minuites vhe aalt solution
wag odded and the dough mized for % minutos as before, meintaining
2 pogitive gas pressure under the hood.(

The dough was bthen removed, end lightly wolled into o
cylindrical shape. Three 20 go pieces were oubt Lrom the dough,
and placed uwnder coverg 40 prevent drying. Baoh plece was bhen
noulded by placing under the funnel of the moulding epparaitus (?ig@ 93
left) and rotaiting the funnel within the guide xing 40 times in
exactly 15 seconds. The ball of dough was then pressed to o dise
in the pr@ésimg spparatus (Fige 9, wmight), taking 5 seconds to press
down, and holding for 5 seconds. The dough wes prevented from
shicking by oliling the Faces of the presslng aspparetbus with perafifin

oile After pressing, the dough was resbted in the alveograph resting
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cabinet for 20 minubes and then tested by the nozmal alveograph
procedirg.

The slveograms obitained from this procedure by an experienced
operator are exacbly wreprodueible, unlike thome from the stendazrd
progadure in ﬁhich the average of flive curves ig usel. It is hoped
to develop a mechenical moulding procedure, and by so eliminatbing
the major source of varlation make the methed equally effective in
relatively unskilled handse

Pefatbed flours wenre p@@pﬂ;@ﬁ by stireing flour and light
petroleum (B.Fia 4ﬂof-§®@)'togaﬁhaw in a beskew, allowing o settle,
decanting the zolvent, and wepeating Hill the solvent wos no longer
coloured by eavobenold pigments. The flour was then assumed to be
fully extrected (within the capabilities of the solvent), end was

aly dried snd sieved For N3G

(ii1) Bxperimental and regulbs

There are verylng ropords of the effeet of defabiing on
tho mixing properties of doughs (p. 14), and expoviments were thevefore
corrled out with flour and defabtied flour mixed under aimospheres of
alr end nitrogen. Flour fabt wes alse reburned o defatbed flour
to determine the effect of the solvent on the FTlours Since oxygen
hag on improving eff&cﬁ on £lour it was depided 0 ezamine the effect
of oxygen on dry flour. Tlouw wag stored overnight in air and in

oxygen in desiccators, bthen mixed in siw, eud the resulls compared




38

with the eowviginel flour mixed under oxygen. The resulits of these
exporiments owe summarised in Table 1l

Ariging from tho work on the effeet of sulphur dioxide
on £flouw,; experiments were done with the bwoe Llouwrs to determine
the effent of various reducing agents ou dough guallly. The results
are ghown graphbically in Fige 10,

Several other experimentn aviwing from the resulits shown

in Pige. 10 were algo done, and thewe avre deseribed in Teble 12

(iv) Dipeusaion

The effeot of oxygen tension on doughs is shown in Table 11
(nome 1, 2 ond §)» These resulbs ave in accord with all the
ubaexﬁa@ians on the "Oxygen Bffeet® {ps 13), and werse found with
savercl other flours which wewe similarly hested.

The effect of defabbing flour has been reporbed bo have
en improving effect in pome cases, sud in other cases o have a
detrimental effect on dovgh quality (pe 14).  The results in Table 11
(nog. 1=5) show that the defatbed Llour was more oxygen sensitive,
and wvhen nlzxed wnder nibrogen g@sidual btraces of oxygon still had
an improving effest. VWhen the extracted fat was rebumed to the
flouxr before the sbert of wnixing the dowvgh was Lound o be normal,
from which it is concluded bthat the solvend had no irreversible
affect on the flotg. This sgrees with other authors® Tindings (145).

There is no evidence in these results to implicate BFA in the improving




Table 11

Alvoograph Experiments with Flour B

Wo, Brperiment Egiizzizge;ﬁmm.g\
3e ) Cfle

Lo Pflovy mixed in ai» (econbrol) 80

2o Plour mized in nitrogen 66

e Tlour defatied, mixed in aiw 0465

4o Flour defatted, mixed in nitrogen 6965

o Plour defatbed, fab re-added, mixed in aiy 19

o Flour sbored in aly, mixed in aix 80

To Fl&ux stored in oxygen, mixed in aly 80

8e Flour stored in alr, mixed in oxygen over 110
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echbion of oxygen, ond this is probably due bo the sonsitivity of
S in tné defatbed Fflour %o oxygen (145).

The inproving effect of oxygen sppavently occours ounly in
webied flour (Table 11, nose. 6=8), which is consistent with an
engymie mechanism such as sesondary oxidabtion by the lipoxidase
sysben,

Fige 10 shews the effeot of various smouwnts of suwbatences
which weaken doughs, ond i1t cen be seen that the gualitative effeois
ore the same in the ftwo floura, although the guantitative affects
differ, as would be expecied since one flour was classed as abrong
and the other as softe  The preobeble reactions of cyenide and

bisulphite in dough a% pH 5 = 6 are

BOW <+ RSSR = HSH + RECON
HSO, « RSSE = BSH < RSSO0
3 3

These vasobions are similar, ond it might be expeebed that the
rheological effects would be similexy; but this was elearly noé the

casde A gimilar trend has been found when the SH of gluien disperslons
wos neasured in the presence of inereasing amownds of bisulphite (109).
The effaect of sulphide ls obscoure, snd since there wag copious

gvolubion of hydrogen, sulphide duving the mizing, quantitebive
eunglumiﬁnﬁ gannoh be dravne Cysteine probably acts by supplying
mobile SE for the SH/8% interchange rescbion. The fact that the

eysbeine curves are identical to:the bisulphite curves in bhe inidtlal




«G0m

gtagos probably mesns thad both exerd the maximm weakening effeat
on the samne repdily accesgible 88 of glutea at these levels, bub
resot difforently ob the later stoge vhere the curves diverge. The
The pointks whewe the cyenide curves cpd represend the slages al whish
iupther edditlons of oyanide hod no more weskening efifectd. The
poinbts - where the other curves ond reprepent the sbtagesn ob which the
doughs becanle unworkably soft and gtichky.  Since the lather do now
ropresent complebe weakening it iz not posgible o usefully corzelate
them with the 535 content of the flouws It was shown (pe 62) Hhob
the end of the bigulphlite curve gorrespeonded to & doubling of the
flour Sl conbent, bub thews would sill be 6 = © moles S5/mole SH
in the dough (4, 5, 3%, 149)a

Further experiments were done with efdition of these
reagenty (Pable 12). It was found thet sulphide treated dough
wes 56111 oxygen sensitive (nome 1l=13),; and this is abtwibuted do
the ability of the flowr lipoxidase system to eountersct the effeot
of sulphite in the yﬂaé@ﬁaﬁ-af oxygeon (145). The we&kéming effact
of eyanlde is aleo slightly veversible by increaping the oxygen
tension (nos. 16, 17) or by adding hydrogen pevoxide (nos. 6G=9)
lodote, which is a powerful awd repld improver, could not rveverse
the effect of oyauids (n0s. 1y 3=5)e

Since cysbeine is supposed to seb by Ffacilitebing SH/85
interghenge reactions, it is nob surprising that reduced oxygen

bengion did not further wesken douvgh irested with o large dose of




Table 12

7

Alveograph Bxperimenis with Floue A and Additives

Resgistbence, mha,

¥ Bxperi G
Qe xpesinent measured ab
;7)@35 Clle
1. |FPlour mixed in air 68
2. |Flour mixed in oxygen 104
3. | Flour mixed in oxygen, + 5 mle. 0,05 M KCN 17
4o Flogr mixed in air, + 50 ppme K105 over 110
Be | Flour mized in aip, + 50 ppme KLO,,; + Hmle. '
0.05 M KON 4 below 15
Replstancey, miey
measured at
2:5 o
6. | Flour mized in aip 64
7¢ | Flouwr mixed in air; +» 1 ml. ¥l volume" H?O, T0e 5
8o | Flour mixed in aiw, + 1 ml. "1 wvolume" Hgoa,
+ 5 mle 0e05 M KCN LT
9, |'Tlour mixed in aiz, + %5 ml. "1 volume" Hao?g
+ 5 mbe 0e05 M KCH > 28
-
10 Floup mixed in aiwy, + 1 ml. 2 % 10 4 cytochrome
'Ca 63}.5
1i, quur mixed in aiv, + 2 mle Q034 sulphite 15
126 Plour mixed in okygen, + 2 mle 0s03M sulphite 20
13, | Flour mixed in nitrogen, + 1 mls 0,03 sulphite 4
1. Plour mixed in gip, + 1 mls G.03H cysteine 10
15, | Flour mixed in nitrogen, + 1 ml. 0.03l cysteine 10
16, | Plour mixed in oiry, + 03 mlo Qa0O5M KCN a7
17 | Flour mixed in oxygen, + 0.3 ml. 0,05l KCN 6Gle5
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cystoineg (nog. 14 and 15),
Cytbochrome U wes edded in one experiment (no. 10) to
detvermine whether o haomatin could promote oxidabtive improvemend
by & mechenlism simllow to lipoxidegc, ut it wes found to have no
effeet, Sinee the methanol treated flour showed no FFA losses in
mixing (pe 54} it scoms probeble that hoometins and their degradstbtion
products are not the prime eause of IFA losges or ol oxysen upbeloe
Thepe experiments show thet the mochanisms by which donghs
can be weskened are compler and thet the weekening is nob direcily
velated b0 the tobal SS which has been reduced, There is a wide
field for investigation here which 1% is hoped will be developed
in the fubture. The rvesulin however serve to illustraite thel the
flour used behaved noxmally under the experimental conditions used
in Papt I1I of this thesis, and therefore ndd weight to the caleulations

ond assumptions involved in the Digounssion in Paris IV,

(b) Hothylation of Long Chain Fotby Acide with Dismomethanao

vhen the work reported in Paxt IV was being dons, sone
collessues in anobher laboratoxy weve having diffloulty with their
GLC snelyses of fatly acid methyl esbers from hlood pleasme. The
diffienlty sppeared in the form of peeoks in the chromebograma, which
caly sppeared in some cases, and yeprosented asils which had never
haen reporbed in blood lipids befors.  The problem wes referred

to this suthor, and in dus coursse the peaks were traced to artelacts
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formed from the dissonethane which bhad been used Lo metbylate the
a0idge The invesbigation Lormed the pubject of & paper entitled
"By-products Forned During the MHebhylatbion of Long Chain Fabby Acide
with Dlazomethane™, and o repxind of this paper iz abisched ot the

and of this section of the thesig.

(e} Thiootie Acid in Wheat Flour

Montion has been made of the presence snd possible role
of thioebic acid in wheal £lour (p. 8)e  Ghen it wes lesrned thatb
thiocotie acid bhad been ldentified in wheat flouwy; 1t was decided
thet it would be of inbterest w0 dsolabe it. Talking the long temn
view thig counld cpen uwp ways Ffor the furtber situdy of a pobenitially
very astive sulphur=conbaining ceo-enszymne in the oxidation mechanisma
of floure-water doughme

This eubhor initlated worlk which led o the identification
of thicetlie scid in vhole wheat flour, using novel techniques fox
this subsbtonce. This woprk has vecently been published in a paper
@mﬁitl@é "Thioctle Acid in Wheat FPlour', and o weprint of the paper
is ebbached at the end of this seetion of the thesias.

In the paper it ls sitated thet further work is in huad o
prepere thioctic ncld ewbrecits wbich ave much less coantaminated by
impurities. This woulk ig at present belng careied oub, and smo fap
hags shown that the contmmination is lavgely due o EFA which have

been auboxidised during the acld digestion stage, giving rise bo
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conjugated btrieone and tebroens acids. The uwltraviclet abeokpiion

of the conjugated bewvraene acids hap o absorption moxmimum sufficiently
close bo that of thiocchic acid o cavse the abaormel abgsowpition
gpeebrum found for Hthicetic scld extracls. Presont work iz heing

goncenbrated on the womovel of these conjugnied scoidsge

(d) Sommosy

Bxperiments in which flours wore zheologically tested to
demonsbrate bthe oxygen effect on norzmal end defatied flours have
boen desceribed. QOthew oxpewvimengs, in which the effect of reduecing
agents on doughs was examined, have been described and diseusged in
relation to the discussion in Part III of this thosis.

Woxlk which was carwied oub supplementaory to bthe mein
wozk of this thesis has beon indroduceed, and ‘throe papers describing

the work are athached on the pages following thlis ong.
i<




=0m

REPLRENCES

lo Allen, Redelie  Blochems Je (1940), 34, 858-865
2o holohole  Official Methods of Anslysis, 9th edn. (1960)
{a) 38:009-36:011 (b) 26:016-2630L7
Woeshington 4o DeCe
e &Xfﬁi’dg DeWolia & El'gﬂil’ (3o fie ke Chame & Inde (196{))9 1257“5

40 ﬁ.ﬁf@r‘ig 1)9 We Et ? ﬁﬂmphe’all, J‘De & ji:lt{)ﬂag GTQ a&ogib Cl'lema & Iﬂdg
(1962), 407-6

E.iu A?ifordg }39@01‘;99 G&mpb@ll% Jebo & El'ﬁ@n, (o dolle Je Scle IMd
hgrice, {1962}, 13, 13577

6o DBakers JTole & Mize, MeDs Ceraal Cheme (L937), 14, T21=T734
7@ B&kﬁ‘ﬁ" dalo & E\ﬁﬁ@p iiaDq Cereal Chene (1941)9 };{_‘3@9 .1-9"54
8e Ball, Coh, Cereal Chem. (1926), 3, 19=39

9 Ballm, AK. Axzelrod, Be & Kies, NoWe Jeo biol. Chemo (1943),
149, 491

10, Balls, AeKe, Hale, WeBe & Horris, T.He Cereal Cheme (1942),
19, 279-267

1l. B&f”’ﬁle'ﬁg Jela & Smi"ﬁhg Do Mo Cenate Je Hese (l960)9 .:g‘@‘g
20572065

12, Bavion=Wright, B.Ce Copreol Chem. (1938), 15, 521<541
13, Bapton=Wrighty, F«Ge CGereal Cheme (1938}, 195, T23=738

14 Babte-Smith, B.Co & Mowvriz, Tl “Pood Science", Cambridge
University Press (1952)

15, von Beenrs, Gedey, do Jongh, He & Boldingh, Je hisgenbial
Pothy Acids'y, ede Hole Sinelair, Bubtbterwomithe
Scientific Publications, London, (1958), 43=47

16, Benneth, Re &‘Gapgmckg JeBaMe Jo Sede FA& Agvic. (1952)
29 297=307

17. Bennett,Re & Coppock, JdeBeils Jo Sei. Fd Agrice. (1957}, 8,
261=270




«100=

18. Beveridge, Jole.Re & Jokmpon, S.H. Conad. Jo Res. (1949),
2[4, 159-163

19, Phalepao, V.Re, Bndres, J. & Kuomeprow, Fole  Je Dairy Scio
(1961), 44, 1203-1292

20, Bhabti, MeBo & HoCallo, AoGe  Coveal Cheme (1958), 35, 240-241

2l. Binningbon, DoSe & Geddew, W.Fe Caereal Chem. (1939), 16,
. A52=262

22, Blunivgtong DeS., Sibbith, Lele & Geddes, Wls  CGereal Chems
{1958), 1%, 119-132 -

2% Blain, Jdade - Personad Communieation -

244 Bleing Jehde & Sheawer, Ge Chemo & Inde (1962), 217-210

25, Blain, Jels & Styles; FeGoCe "Production and Appliecation
of Hnzyme Preparations in Food HamafacbtureY,
3ele To ﬁ@ﬂﬂg&?&;@lﬁ Noe llg S0ce Chome xadog
London, 1961, 150-159

26, Bl&il’l, Jode & Qodd, JoFe Je Sele Pd AZELCe (1955%@9 4TL=4T79

27. Boothy ReGey Carior, Relle, Jonesm, Cele & Mowan, T Cheme & Ind,
. : (1941}, 903-908 '

&2&@ E‘ﬁtt(}h@ﬁ"g GQJQFQ\’ %*100(15'@?&, Eai’og 59@1&31&%@?&.&1 .{:{{)kriiﬁg E@g &'v
Von Gendy Gelle  Rece ITrave chime Pays-Bos
(1959),; 18, T94-814

29. Dungenberg de Jongy Hels  Noxdislk CerealkemlstfBreninga
8§ L. Kongrems, Stockholm, (1946), 240

30s Bungenberg de Jong, Hele Reove Forment (1956), 6, 26l-
3L. Bushuk, %e Coreal Chem. (1961), 38, 438-440

3%, DBushul, We & Mlynkn, I. Coweal Cheme (1960), 37, 141-151
33, Busghul, W. & Hlynke, I Cereal Cheme (1960), 37, 343-351
3do Bushul, We & Hliyoks, I» Ceresd Cheme (1961), 38, 178-186
35, Bushul, W. & Hlynka, I. Cereal Chem. (1961), 38, 309316




A

36
404

41

420 ‘

45
44

46.

4T
48

«l0l=

Bushul, We & Hlynke, I+ Coreal Cheme. (1961}, 38, 316=~325

(ookson, M.hey Ribtehie, Meliw & Coppock, JeBels Je Sei. Pd aAgwies
(1957), B, 105-116

Coppoclk, J.B.M. & Coolson,y Mede Jo Sgie Pd agrice (1956),
1s T2=0T7

Cmsgmve, Dedo . Jo Seie Pd Agrlie. (1996), [, 668=-6T2
Crogsy Re Pezrsonel Communication

Cuendetb, ;{;..‘:za,, Loaxpon, B, Norwis, CoGe & Geddes, WeFs Coresld
Chems (1954), i_; 562=399

Cunninghem, Dele & Hlynmko, I,  Coreal Chon, (1§5€i), 35, 403-410
ﬁmmmg Ne e Be Ee&?&s&iﬁ&l Comnmuni ¢ati.on

Dendiels, NeleRe & Richm@né, Jells  Nature, Lond, (1960), 187,
55=56

Daniels, WoWelle, Ruspell Hgglbby P.de & Coppock, JeBel,
Jo Scie Fd Agwice (1960), 1l, 6958-664

Dempater, Geday Hiynka, L. & Andersom, J.As  Coreal Chem.(1954),
.;:i%*.’ 24€)- 3(&9‘,

Djkatre, Ae . Natuze, Lond, (L96L), 192, 965-966
Bvongy GeDe Ii’mmed:mga of the Flavour Chemi abry Symposium,
: Campbell Soup (0., Camden, New Jersey (and
roferencos therein) (1961), 123=146

Pisher, Ne & DBroughton, M.Bs Cheme & Inde (1960}, 869=-8T0

Fishery N, Ritohile, M.E;. & G@;ﬁpma‘i&, JoBuls  Cheme & Ind. (1958),

T20-722, (31950), 1361-1362
Poge, Dolle & Wilkinson, WeTs  Analyst, (1958), 83, 406-414

Praber, Re, Hixd, FedeRe, Hosay Hede & Yotes, JoRe Habure,
Lond., (1960), 186G, 451-454

Prozer, Ag Uop Hichman, JeRey 83181&0&4, HaGo & Sharraib, Mo
Jo Sede T Agries (L956); I, 375-300




=102

54s Preilich,. Js & Prey, Celle Uoreal Cheme (19359}, 16, 503=512
58 Freilich, J. & Peay, CoNe  Covesl Cheme. (1941), 18, T8=86
56 Preilich, J. & Fray, Colle  Covesl Chems (19471, 24, 4356-448
57. Geoffroy, Be Bulle S0ce bobe Pre (1934), 81, 17

58, George, Po  Biocheme Je (1953), 54, 267-276

59, Gillles, Kode, Anker, Cede, Whaaoloy, Dells & Andrews, J«S
Cercal Cheme (1958}, 35, 374-379

60 Glossy Role Coreal Sei. Today (1960), 5, 60

6le Glass, Rele, Ponte, Jede I, Christensen, Cells & Geddes, Wel.
Geresl Chem. (1959}, 36, 341~350

626 Goldstein, Se Mitt. Lebensme Hyge, Bern. (1957); 48, 87-93
63, Grain Hesearch Laboratory, Manitoba, 2Lat Annuel Report (1947)

64, CGweer, HoN., Jonem, Cole & Morem, Te  Coweal Cheme (1954), 31,
439450

6%, Grosgkreutn, JdeCe Cerecad Chem, (1961), 38, 336~349

66e Guobafzony Ce.Be  Coreal Cheme (1832), 9, 595-600

67, Haltomy, ¥P. & Figher, Beds Cevesal Cheme (1937), 14, R67-292
68 Hart, HeVe & Hubchingon, JoB. Choms & Inde (1959), 903-304
69. Harxvey, Hel iﬂnalyﬁ% (1953), 18, 110=114

0., Hawthorn, Je Bakens® Dig; (lQéljﬁ Bh=d5

Th, Hawthorn, Jo & Wodd, JuPe  Jo Sede Fd Agrice (1955), 6, 50L=531
T2, Hexd, CGol¥o Corepd Chete (1927), 4, 370=-376

T3, Herd, CoWe & Amog, feds Coweal Chem. (1930), T, 25i-259

T4 Hems, Ko  Kollodd % (1954), 136, 84-99

75, Hess, Ko« Kolloid . (1955), 14k, 61-76

TR GT

7@5@ ﬁi.ﬁ?ﬂ., FodoRe & E&'ﬁi&afag JaRo_ Blochem, dJe (19@1)9 ,@.9,9 612-616




170

T8,
19

80,

8l.

83,

84

8%

8Ga

7.

8.

89,

90,

9%a

930

«10%=

Hizschy Jo & Ahrvens, B.Me Jwe  Jo blol, Cheme (1958), 233,
311=320

Hlynka, I, Cereal Chems (1949), 26, 307-316

Hilyoka, L. & Baxbh, FeWe Cereal Chem. (1955), 32, 463-4T1

(1956)5 33, 392-393
Holman, ReTo & Buzr, G.0.  Arch. Biochem, (1948), 19, 89~

Hornasteiny ley Alford; Jdelo, BLLLIOb, Lole & Orowey P.F.
Analyte Chem., (1960), 32, $40-542

Jo 48500, Official hgric. Cheme, (1958}, 4L, 899-900

Jacobs, B.Re & Ramky, QeSe J, industyr. Engng. Chem. (1L920),
‘ 42,899-903

James, d«Ts "Hethods of Blochemiecal dnalysia®y, Bde De Glick,
1960, Vol. 8, 1-59, New York: Intergeience
Publishers Ince

Jomieson, GoHe & Boughmen, WeE. 01l & Sowmp, (1932), 9, 136
Johnzon, A.le Cereal Chem. (1928}, 5, 169-180

Johngson, AcHo & Vhibeomb, WeDs  Cewveal Chems (1931), 8,
202=40%

Jdgrgensen, Ho "Studies on the Nature of the Bromate BLffecth,
(1945), 27, Oxford University Press, London.

Jowatb, Po & Horrooks, Bedo MNature, lond. (1961), 192,
966=-967

Kavrer, Fo & Jucken, B. ‘“Warotenoids® Hleovier Pub. Goe Jnge
(19505, Po 32y FPige 11, Now York, Amgierdan,
ondon, Brussels. '

Kavfmann, Holo *Analyse dey Fetbe und Febitprodukie® (1958),
682-684, Springer-Verlag, Berlin, G8ttingen,
Heddelberg.

Koufmann, HePe & Gaxloff, He Feble ve Selfs (1961), 03,
209-519

Koufmann, HePo, Hankel, Ge & Lehnenn, A.K. Felle v. Sell,

(1961), 63, 1109=111Y




104w

94e KenbedJones, Dolle & Amosy, Aeds  “lodern Ceresl Chemistry",
5th edne (L957), 104, Northewn Publishing (o
Litda y Liverpool.
95, Koszmin, NePe  Cereal Chem. (1935}, 12, 165-171
96. Learmonth, B.Ma Poraonal Communication to J. Hewbthoin, passed one
97, Learvmonth, Bl & logan, Jelw Cheme & Ind. (1955), 1220=-1221
98, Lee, CeCe & Thkachml, Re Cereal Chem. (1959), 36, 412-420
99. Leey G.Ca & Tkachuk, Re Cereal Chem. (1960), 31 220=-233
100, Too, Celo & Small, De@s  Coreal Cheme (1960), 37, 280-288

103, Iuddy, Feley, Barford, Red, & Riemenpebneider, Rele Jo Amews
Q211 Chene S00. (3:-960)9 .él’ 44?'45&

igao EﬁeC&j.g, dole & X?EﬁC&llﬁg -&QG"Q Gﬁiﬂﬁ@o Je Hese (1941)9 .1.4(_},
163=176

103, HMoCance, Re.As, Wliddowson, Bele, Horen, %, Pringle, WedeSe &
Hoorao, TeFe  Dlochems Jo (3945), 39, 213222

104, HMaiow, VeFe & @g@p@l, Aelis  Jo Ameme 011 Chem, Soec. (19%9),
26, 0

105, Malithe, PeRoede  Digse, Peth. Hochsehmle, Dellft (1946)

106, Hapsony LeWe & Moustoln, el Biochems Je (1955}, 60y 71=80

10T. larkley, KeSo, Hde YFabby Acids," Parte I, IT (1960), 507532,
857«930, Imbersciense Publishers Inc. New Yourk,

Londone

108, Mason, LeHs & Johmston, A.Me Cereal Chem. (1958), 35,
435=-448

AQQO‘ Matsumoto, He, Oshima, Lo & Hlynkes; I  Coeveal Cheme (1960),
Sty ?@Q“7gﬁ

110 Mabbick, LeRe & Dee, Fede Tood Rese (1959), 24, 451452
11lle lecham, DeKe CUorenl Cheme (1959), 36, 134-145

112, Mecham, D.Ke Cereal Chem. (1960), 347, 129=141




=105

113, HMecham, DoKe & Mohammad, £  Cereal Cheme (1955), 32, 405415
1l4e HMechamy Dalle & Wolngbaing Nela ﬂareal Cheme (1952)9,§g,

448=455
115. Melville, Je & Shotbock, He®s  Cereal Chem. (L938), 19, am-g.ef,
116, Hevedith, Po Ne%» J» Sois (1961), 4, 66-77
117. Hetealfe, L.Ds - Hobupe, Londs (1960), 188, 142-143

118, Iﬁ@'@@&lﬁ‘@, LoDo & $an&'@¥39 Ao e &‘ﬂ&ly'&w Chene (196}1)3 ;}ég
, '363~364

119, Miller, Be8e & Kummerow, Fele Gereal Chem. (1948), 25, 391=-398

120, Miwa, Toley liikolajomalk, Kooy Fonbeine, Holley, Harle, Fele &
WOLfE, Jeds  Anale Cheme (1960), 32, L739-1742

12k, lHowrang; Te, Pace, Je & HoDermott, Bels  Habure, Lond. (1953),
© 3Ths 103306

382, lMowen, Tu, ?m@a, Fe & MoDemmobb, Beli, Natburxe, Lond. (1954},
174, 449-452

123, mgggisg bode, Bolmang R,T. & Fouball, Ke Je Lipid Resme (1960},
3-@9 ‘13-3 ﬁ*ﬁﬁﬂ

124e - Mowrison, WeRe & Blain, Jede  Unpublished wozrk.
125, HNorrison, WeRe & Coussin, Balle  Jo Sele Pd agries (1962), 175,257-26
126, Moxrigon, Wole & Hawthorn, Je  Cheme & Inde (1960}, 529«530

127, lMorwisoun, VWeley Lawrio, ”.D.Vq & Blaaagg N Cheme & Inde
« (19@1),:934

128, Murray, KeBe "Progromp in the Chemis tuy of Fabs and Othewr
Lipida®, Edm. Holmon, ReWs, Iundbezg, WeOs &
Malking, Te (1955), 3, 243-273, Pergemon Presa,
hcnd@m, Hew York & yaﬁiao

129, Qlcott, HiSe & lMocham, D.Ke C@Eeal Chems (1247), 24y 407=414

130,  Penoce, JiWs, lecham, D.BE & Glco%ﬁ, He Se Je Agrice Food Chone
(1956 )y 4, TI2=TL6- , ,




L3k

L32

136,
1357

L38e

139

140
1410

142,
143,

=10G=

Pitty Godede & Movrtony, Rese "Progress in the Chemigbny of
Pats and Othew Lipids™, Lds. Holman; ReTe,
Lundberg, WeO. & Malking To (1954), 4, 220-278,
Pergeanmon Press, London, New York, & Paxis.

Privebh, UeBe FProceedings of the Flavour Chemigbey Symposium,
1961, Cenpbsell Soup Co., Camden, New Jersay,
147=-163% {and references therein).

Preivelty Owiey, Nickell, Cs & Lundberg, Wels Jo amer. OLL
- Cheme Soae (1955), 32, 505-311 |

Reding NeSe, Hajro, sele & Akehori, %o  Jo Lipld Res. (1960),
L, 250251

Read, Leds "The lnsymes," Edm. Boyem, Pelo, lardy, Mo, &
Mywblel, Koy L9060, Vole. 3, 195-223, Acadeniq
Progss, New York and London.

Rice, Aole & Romstad, PeBe Corveal Cheme (1950); 27, 238-243

Riepewy Rey Williams, Mels & Sorvels, l.F, Arche. Biochem.
Biophyse (1960), 86, 42-52 ‘

Runele, Ts %, Unbersuch. Lebensmitée (1935), 69, 355=363
‘\\

Sagi, BaSe  Transe Amere Asse CGereal Chem. (1954), 12, 56=59

Sovaryy Po & Desnuelley, Po  Bulle Soce chims Pre (1954),
9736-940

Sehlenk, Ho & Gollerman, Jele  Anslybe Cheme (1960), 32,
14)12=1414

Sehulerud, 4. . Covesl Cheme (1933), 30, 129-139

Sincleiv, A.Te & MeColla, AdGe  Cenade Jo Rese (1937}, 150,
187=203

Suithy Dalie & Andrews, Jo9e  Coreal Cheme (1957), 34, 323=556

Smithy, Delie, ven Duwren, JePe & Andrews, JeJe Cexrenl Chem.
(195T)y 34y 337=349

Smithy DeMa & Levie Lo  Agrige. Food Chems (1961), 9, 230-244

Smite, Pe  Roce Trave chime. Payu=Bas (1999), 18, T13=723




-l

1484 300, Cheme Ind, Monograph No. 6, Sov. Cheme Ind, London
(1959), 35T=44

149, Sokoly Hele, Mevchams Dels & Pencey Jo¥e Cereal Cheme (1960),
3 159=-748

150, Stevens, Dods  Coreal Cheome (1959}, 36, 452~46L

151, Stoffel, We, Chuy Fe & Abrensy, Helle Jr Anelyt. Cheme (1959),
3, 307-308

152, Sullivan, B. Je bgric. Food Cheme (1954}, 2, 1231-1234
15%,  Sulliven, B. CUereel Chen, (1940), 17, 661=668
154, Sullivan, B & Daﬁl@, L.  Gexenl Ghéme (1960), 37, 679-681
Sulliven, B, Dabley Le zngiemaamwnﬁ- Coveal Chem, (1961),
2B, 463~465

155«  Sullivan, Be, Dahle, L. & Nelson, Qslle  Coreal Cheme (1961),
38, 281291

156,  Sulliven, B, & Howe, My Cerenl Chems (1938), 15, TL6-721

157. Sullivan, Be, Howey Mey Schmelz, FeDe & Antlefond, Gells
Coreal Chems (1940), L7, 507-523

158,  Sulliven, B., Neaw, Ce & Polay, G.Ms Cereal Chem. (39§6),
13y 318=-351
159. Swonsony CeO»  Goweal Cheme (3934), 1l, 173-199

160, Tappel, A,Log Duane Brown, We, Salking He & Maiers Vol
© Jo Amew, 011 Chems S0ce (1961), 38, 5=9

1608, Pappel, Acle & Mare, L.Ge Jo 4grice Food Cheme (1954), 2,
554558 |

161, Traab, Ve, Hubchingon, Jels & Donielsy DeCGelle Hatura, Lond.
{1957)s 119y TO9-TT0

162, Yogel, Aele wa Pexbbool of Practical Organic Chemis bry,
3pde Hdne, 1956 (Londons Longmans, Green & (o
Irbde ) 967=976

163,  Vorbeck, Mel., Matticlk, &93@9 Lee, Tohe & Poderson, Cede
Analybe Chene (1961), 33, 1512=1514




«l080=

Working, BeBe Corenl Cheame (1924), 1, 155=158
Wmtmenn, Ho Covenl Cheme (1950), 27, 391-397

dren, Jede = Ja Chromatography (L960), 4, 173-195

Wpen, Jeds & Bllistony S«Ce  Cheme & Inde (1961), 80-81

Bechneister, Le & Cholnoky, Le  Je blole Cheme (1940), 135,
31=36

Zeleny, L. & Colemen, Dede  Cevesl Chem. (1938), 15, 580-595




