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ABSTRACT

This thesis contains an assount of a general study
-oarried out partly in colleboration with Dr. J. A. Blain at
the University of Mﬁhn&yﬂg during the years 1963 to 1965.
The subject of inveatigation is the effect of moisture levels
on the catalysed oxidation of unsaturated fats in meals and
in model systems using a starch matrix.

Initially the cti’mt‘of muﬁm le‘-ré:lu. and other factors
on lipoxidase oatalysed oxidation of Ainoleate and soys besn
oil is &ascriimﬁ. In most of these studies aoya boana wore
used as a source for l:ipnxidaat, a).ﬂmugh nthar BOUrCes were
.mine&.

The effect of molsture levels on haematin compounds
catalysed fat oxidation was investigated. In moat studies
hasmoglobin was used ai a catalyst although other haematin
compounds have becn examined. In addition the effect of moisture
level on the action of the envyme lipoxidase has been compared
with remults for the haemoglobin. k

In thie study, - model syatems were used, since they
provided for gloser control of the variables than would be
possible with normal foodstufis.

Freah foods axre known to contain naturel substances



which protect them from rapid deterforation, the antioxidants.
There are also subotances likely %o promote oxidative deterioxation,
among the haematin compounds and .J,s.z:oxidang, the inportance
of which, in influencing stability of food fats has been the
subject of much speculation.

The results of these studies indicate the posaible
uplication of hmematins in the oxidation deterioxation of
1ipids in foodstuifs even when these m very drye.



GUAPTIR  X.
IRTROBUCYITON AND BITERATURE SURVEY



TR SUATE OF TATER I BIOLOGICAL MATERIALS

Yuring the lest £ifty yoors the ettentions of tho blologist,
vhysiologist, and biochemist have been directed towards the
polutiono of prohlens vhich involve a knowlcdge of the state ef
mator in living struchuros, and it hos beeoume ovident thaet thoe
water in living tissues and inanimate colloidsl systems dosd nod
exist vholly ap fred water, but thoat it is in pavt intlaabely
bound to the erganic &.tme‘mres.x‘ In etudying the importaont
role of wator in diffovent natural naterdels and its influence
on their mochanical, physleal, chemienl, and ensymic behaviouw,
it has been found necessary to distinguish betwoen the differcnt
formo of wober-binding ¢o hydrophilic moovomclecules.

Many phenomena observed in living systons hove indicated
that not all the waber present con funetion in tho capaeitics
wadeh would ho expected of owvdimary water. ITor ewample, &
vart of the wobor prosent apposra to bo unable to act as o solventd
or mediuwn in vhich reaetions can bako plecs.  Sceds contoining
ap meh as 50 % of thoir woight s yemovable water will reusin
dormont, but 1f the wator content is ingreased by just hold
egoin os much, the seeds gtort to gorninote sad respiretion will
increase many tinen. Certain fungus spores will remain dormant
wacn placed on substyate contalning water sufficient to glve

rolative vaposur presgure of 75 % bubt will arou if the zelative



vapour pressure is rvaised to 80 %% If added wator containg
eleoctrolyte or sugar in safficient concentration to retain the
relative vapour prossure at TS5 % , this addition of water in
amount 8till will not serve to allow the mold to starl growing.

Such cbgervations have led to the idea that water in an
organism ( or any colloid system ) may be partially or entirely
bound water, with the obvious comnotation that it is not firee to
act as water is required to act in order to p::"amntea those proéesaes
which ave dependent on the presence of free water.

The concept of bound and free water has been applied in
attenpts to supply a basgis of explanation for such physiological
processes ag swelling of animal tissves as in edewa, the
drought— and frostehardiness in plants, snd for the ismbibition

o oA
process in colloidal systems gﬂﬂemlly.ﬁ 141526,7,8

The conception of bound water is of special importance
in food processing where water is removed by eveporation, dehydration
or other methods. Irreversible changes nay occur in the products
when bound water is partielly removed.

Food =egpecially thoge having structure- sye not at oli
wiform in their microscopic dimensions and there ls thereofore.
no ragular distribution of water pavticles in them and different

types of water binding will always be found in one and the same



products. The different groups of substances eould be distributed

in the watcr and more or less bound to it in the following wayss

{8) T™e water serves as media for molecular dispersion of moluble
gubstances like sodlun chlovide or sugar. Such dispersion
normally gives the most uniform distribution of the solute,
provided its diffusion ig not influenced by a semipermeable
mopbrane oy other mesns and provided the solution is not
seturated.

(b) The water forme a colloidal soludion by diluting hydrophilie
macromoléecules suceh as proteing,.

Depending on the water content; two different forms of
structure are possible, sol and gel, which nay be changed from
one to the other reversibly. Tho solubility of colleids and
thergiore their water binding capacity depends on pH and is
nininun at the isoelectric point.

(¢) The water forms an emmlsion with substances of low solubility,

thus giving a cosrse digpersion.

The concopt of bound water as a physiological factor

apparently arvose indepondently with three groups of investigators.
Balear, Sansum, and t'icsdyatt.g in 1919, were the fivet persons
to suggest a bound watep——- froe water equilibriun, but they

wera wablo to devige a technigue which wouwld diffeventlate these



formp of wator. Unaware of tholr suggestlon Newton and Gortn@rm

in 1922, pwoposed that the bound wator be determined by cryoscopic
technigue, in the prescnce of a {theorotical) molar eolution
of sucross. They wore intercsted in the rolatlon betwoen the
hardiness of winter wheat and the moisturs content, end they
suggested that in the hardening-off process o portion of the water
beeane intinately associated with the hydwopbilic eolloids oo
that it wao cosentislly removed from the ligquid stote and became
to all intents end purposes o part of the solld phase. They
dovized & technique wheroby thoy could test tho bound water theory
as a determining factor in the phenomens of wintor havdiness.
Rubmer and ea—mﬁz&amﬂ arvived at cosentielly the same vicw point
with respect to the abilily of protoplazmic collolds to bind
water ond remove it fyom the liquid state.

Hound water has been eotinated by & varlety of neotheds
for over forty years without univeorsal acceptence of a precise
definition. Probsbly e most accoptable is thet of Kuprianofs®
who eonsiders bound water as that which remsine wnfrozen even iX
the somple io submitded to very low temperature dowm o -50 ox
«70°0, and vhich ean only be expolled by heating novmally to
sbout 205%6.°

Py mothods have been used for ito entinmation, emong



vhich ares
(1) Zreozing wethode

The amount of 'bhound water® is considered to be equel to
wnfrozen water; the free water or frozen out water is determined

11,12,13

calorimetrically from the difference of enthalpy or

dilatometzrically from the chenge in volume of sample taliing place

due to froezing out watope T

(2) Soivent methods

For estimating the 'bound water' in liquid the depression
of its freezing point or the depression of ils vapour pressure
after adding o golution of known solute conceniration con be used.
The depression of the freeging point is greater if moxe of the
water in the tested ligquid is bound. 'Free water! in a food
- will be determined as such, which gives normal vapour pressure
depreseion when o known substance is added to this :t'tmﬁ.a
(5) Chemicel mothods

Cobalt chloride hexehydrate has & pink colour which turns
blue when it loses water and becgores pure (o 812. By adding
the hexohydrate to a sanple of food and drying it at 25° 4o 30%C.
it is possibie to check when the colour turns blue showing that
frec water is no further present. The amount of bound water
could then be deﬁ;emuine;i by Wx‘aighing;a

Copper sulphate and other substances could be used in o

ginilar way.



(4) Many other different methods have been proposcd for

&4
meagurement of 'bound water' , such as the specific heat methcd,l)

17,18

direct pressure maﬁhod,lﬁ drying method, the vapour pressure

19,20,21 22,25 24

refrectometric nethod, polarimetric method,

ot 1
dielectric constant methoagi:gﬁ

method,
sesse €tes but they have not

of'ten been applied.



THE FUFDGY OF VARTATION IV MOTSVURT CONIENT O wh8 STORAGE

DETERIORATION RATE IN FOOLSIUTTS

In food prosesaing and stovege mony substences waderso
changos; for ozample, meat goes Ybad', vilk twmns sour, s« 0lGe
end pomy olls such as Jiuseed oil thicken and ultinately solidilys
chengos thet cecur pon be chondeal, niorobioclogienl, ov biochemicpl.
The storame 1ife is limited by those chonges.

It hos been long knowm thet dvled foods can bo kept at
prdinary tenperatuve without zisk of bacherisl doterloration,
Acsording to %euﬁ‘hg? sioh spollego 1o delsyed and fower types
of ovgandsns develope dn at o rolabive humsdidy of T8 % »  Ab
70 % opoiloge is greatly dolayed and did not slways resuli even
duping prolonged storase. A% rolabive hunidity of 65 % vexy
fou orgoandsns ave Imowa to grow and spodlage would be mopt wnlikely
to cocwr dn leos than one 40 tWo yoars.

Byan dn foodstulfs steongly protected by low molsbuve
contont opaingd the dovelopament of ovgsndsns, oxpericnes ghous
that engynde reastions con cccuw.  dnong the othor possible
effects ave those that rodify owell, daste, ond textuve.

Genorally it iz not siuple to deoeido whieh kind of wesetion
loads o spoilage in such duy foods. I% con be ofben shown
that ensynes ave otill present dn the dry product and one might

capoct porticipation of ensymes dn the reactions, bub the



puliplicity of the possible snd overleppiag resctions woke many
dnvestigations difficnlb,

It has beon shown that increasing eurfoge, and honce hotloy
QOQeSS 1O onygn, ney pley o prole tao.  For oxample, it has been
fouad thet grieding tisoues is ofien sn iuportent foctor in such
enzymatle reacstions, because 1t brings enmyme and subpizote into
& cloge contact. Yhus a goresl thet can be stored for yoors
at o suiteble modoture conbent, will, v & roushegrouvnd state,

spoil In fou vwocks ot the saww moisture content.

To predict the shomege life of lowemoistuve Loodds it is
negossary to wun oxtonded storage cxperincabs wiless sufficiont
oxpordence 18 alroady aveilable. Hothods thabt permit the advance
deterninetion of the most favourable moisture renge Tor storege
are valuableo.

Oue could, fov coxtoin envynmes, say that it is best to
have moloture as lov as pospible, but the moisture contont of
mony €oods comol alveys be lowered withoud damege, sinve oxidation
OF 3ipids is to bo feavod ot low molwnturo conients. It should
he however be poosible do find the molotuve level at vhich these
gpndloge rosctions ave minlinal.

fupdrical studies have beon coxyied out on @ifferont

food dtens to detoymine the gptinum moisture contento for long-torm



gebility. These studies led to an dnvestisation of the
nodsturc-vepour prossure relatlonships in many diffevent watoriels.
The functional somection belween relative hunidities and molature
contont in oxprossed as the sorpiicn isotherm.

Soxption iﬁ@ﬁ!@mas 8eXVe a m@mr of useful functions, |
Fhey mey be employeds to dofine limits for the dehydvation of
fruits, vogetables, matbs, e c:ai:e.,‘% ~to estinate ﬁ@iame
content changes wnder any given targgamma,ag to eveluate
procosoing vardables and to distinguich differences betueen cevenl
graﬂegggg and to define molsbure or hunddity conditions uader which
product doterdoration” 132033 and microbial @;mwth%'%'% gan bo
dnbibited. |

Hygroseopic cquilibriun date are difficult to obiain
oxperiventally at extreme humiditios because of the lim:l.ta%iena
of available hygromeiers or becanse of the wapid doterioration
and developnont of molde at high hwaidities. Several equations
hawve beon deorived on empirvdeal ox theoreticol basen For the
demcrdpblon of soxption phenomens and tested against observed
cia‘tsa.ﬁ?"% | _

The sorplion isothers can bo easily oblained by alloving
a food in o suitable contaiuer to estammh sorilibriwa with

soturated solublons of salts vhich give difforenty wolative

hwaiemi:iesa.m then eguilibyiva hiss been estoblished tho wolsture
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content 40 mossured and plotded againot the relative hunidities.
Tigure 1 chous an ideniized ivothome The olopos oud pointo of
dnfloetion dn this Vﬁ‘iguzsae are indicntive of the watewshinding
eapacdty or of the velative amoints of free and bound wotor.
According o Emcm.emﬁw and Makwamg% & low nodatove fosd
would be protegted &gaimﬁ fat oxidation 1f it mointure contond,
or the equilibriws relotive hunidibies, lios below the inflection
padant of the soyphlon dsotherne The inflecticon point bolov
whioh o lowsmoioture food could be pvotecied, is dndleated in

the figure by the oyubol {a)

Hodstnre por conte of
solids

10 -

L
) 10 15 20 25

Per cents reletive huwidity

Meonre e Idealived modoture sovptlon lsotherm.
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The monolsyer value ( explained in the following
section ) is indicated by the symbol a,. Waeter content below
this value is called bound water. Between &, and b, is

1
designated discolved water and nbove bl » Eree water.

The Ba.E.7. equation has frequently been applied to food

materialss 4 few examples are its application to proteins by
Shaw‘g’?. ’.’Bull,-‘m Dunford and Fk:zc'.l;‘:l,ﬁ,cu}t.,48 and Mellon and cwworkera;dg
%o dehydrated eggs by Mekowor; " %o rice by Hogan and Koranj

and to wheat by Becker and Sallana.sg None of these applications,
hovever, wan for establishing moiature levels for optinum stability.

The BT, equation for moisture sorption isotherms is:

a(p,~») a,c a0 Py

in which
a = g of water per 100 g dry solids at moisture-vapour
pressure p
P, = Vapour pressure of pure water at the same temporature
¢ w a condtant related to the heat of adsorption

6 = g of water equivalent to a monomolecular layer adsorbed

on 100 g of dry solids
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A plot of B (p =-p ) agatnst ~E- im a straight line with

\ (o-1)
ar-a#a. intexcept equal to —3«;3 and slope cqual fo - e

The amount of water which represents a monomolecular
layer according to the B.ll.T. theory may be xegarded as a
protective film which protect the particles of food from attack
by oxygen. There le evidence in the literature that oxidation
and rancidification ave sgaravated by drying to vexy low moisiure
levels. This may lead to pigment instability and loss of
vitaming and sometimes initiates nonenzymatic brbuning~xeaetion§.53
The statistical monomolecular layer may not in fect represent
a continuows £ilm but rathexr corresponds to the number of
available yeactive adsorption sites in the profein, carbohydrate
and fat components of fhe foodes. Water attached to these sites,
probably by hydrogen bonding, should protect them from reaction
with oxygen. In other terms, the zelative humidity or moisture
vapour préssure at this point represents a p&rtial pressure of
vater vapour which is competitive with the oxygen partial pressure
~ to the extent of belng protective.he adsorbed water might also
inhibit interactions between adjacent polar groups,thereby presexving
their hydrophilie properties,and Facilitating rehydration. On
the other hand,moisture in excass of the monolayer value represents
free wator, which mey promote hydrolysis, caking, end other

F."‘
defeeta.gé
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It has been indicated that the monolayer amount of water
doos, dn fact, protect against adsorpiion of atmospheric oxygen.
Holeculux oxygen sdsorbed by potato starch and by dehydrated
beef wag measured with the polarograrh. At moisture content
above the monvlayer valﬁe, the amount of oxygen adsorbed was
very low and was not affected by changes in noisture content.
Hawever, as the molature was reduced bolow the caloulated monolayer
value, the srount of adsorved oxygen inereased sharply. the
adgorbed oxygen could not be displaced by allowing the food to
raadaarb modsture fron ;atmua_phere of higher hunidity. In other
words, moisture provented the adsorption of oxygen, bub oxygen
already adsorbod was not displaced by miatumgﬁzs Thus it appears
that water at loast in part exexrte its influence by preventing
the adeorption of oxygen.

Recently, Salwin54 undertook s sories of in&estigationa
which indicated that the moisture content which corresponds to
a theoretical monomolecular layer of adsoxbed water, according
to the B,U.7. equation, should represent an optimal amount of

water for preservation of dried foodatuffs.

finzymes are considered to be inactive in the “dry" state
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and under conditions of low water contents their speed of action
is reduced.s Accoxrding to Nelson et al._.se the velocity of
hydrolyais of sucrose by invertase decreascd when the substrate
concentration wes greeter than 10 %. Thim decressing in velocity
wag shown to be due to the rosulting decrease of watoer content
below 90 7 of the system« 'Their results have been verified by
Herold et a1.57 However, recently published results have shown
that for other engymes reactions can oceux in solid materials with

vory low moisture conten‘t:msg

(a) Foods of ar
(1) Drded egy
Due to the high lipid content of the egg, the changes

that peour durdng storage of dried egg were first thought to be

an enzyme~hydrolysis of these llpid substences. Bmaksﬁg esoribed
the incresse In acidity of the egy powder to the formation of

froe fatty acids by lipases, and concluded that this incxease

phowed a definite dependsnce on moisture content. Later it was
reportedsa that the higher acidity that Bmekzasg noted can probebly
be atiributed to the effect of bactorisl ensymes formed during
development of bacteria in the liquid egg before drying and which
ocan atill be active even when the microorganisms themselvesn have

died during processing or storago.
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(2) Dairy products

Lipid oxidation in milk products has been a gerious and
intensively investigated problem. The problem ig mainly one
of flavour.

~ The nechanism of lipid oxidation in milk follows two
different paths, depending on the praesence ox relative absence
of water as a solvent for the reactions.

In the aqueous phase of milk, the triglycerides arve
relatively stable and the phospholipids are proferentially
oxidized. ‘When water is absont, as in drded milk products, the
trig:},yceriﬁes are relatively susceptible to autoxidation whereas
the phospholipids are more stable and when present in the triglycerides,

they sorve as an antioxidant, Ot 63

(3) Meat products

In dried meat; 1t has been found that the acidity of the
fat content of air-dried vaw beef increased during storage at
a rate dependent on the moisture contont end that the rate was
much higher than that in precooked dehydrated meat., That increase
in scidity has been due to the lipase action in dried raw meat-_éo'
‘rappelﬁs showed that freeze-drying has led to much better products
in meat particularly. ﬁatheeanss has found that enzymes in meat
suyvive accclerated freeze-drying and storage, that they appear

to react in the dry state provided the relstive humidity is high
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enocugh and thet the rate of glycogea dissppearsnce in mest is
also somewhat moisture dependent, which suggeats that enzymes
night be responsible.

snarpﬁ? han shown thst in freeze-dried raw meat it i
possible that engynes such ag - anylase snd maltase may be
active during atorage and may produce from avalleble glycogen
or intormedisry dextring e supply of veactant sugars for non=enzynic
browning reactiong.

It hos been claimed that sodium chloride catalyses fat
oxidation dn mest ond that the effect of salt in lipid oxidation
depends upon free moisture in the system. As moisture is reomoved
by dehydration or by freering the salt progressively increases

the rate of oxs.datiou.ss

(b) ¥Yoods of plant origin
Grains and fiours

The high proportion of ceresl products in human nutrition
nakes caveful protection from spoilage an importani task for
scientistg, Vurthermore, engymes can soldom be inectivated by
g heat treatuent without harming properties important to further
processing. High moisture content permits the growih of wmolds.
It has been reported thal hydrolytic rancidity mey become of

69,70 71

of consequence in stored whole grains. Kizel ™ found that



37

the lipases of wheat require a moisture content in the grains
of ab least 15 % for sctivity.

It has beon sadd that the hydrelytic endogenous enzymes
of graing should play no great role in changes on storage when
the moisture content is at squilibrdun with relative hundidities
of less than 75 ?57.72‘77 There is strong evidencs that the changes
which do ooccur during such storage can he traced back to mold
engymes thaet were able to form before the cereal reached a low
noisture condent.

tYhen graing ave milled to produce meals and flours, the
equiiibrmn charactorizing living geed la destrpyed.s fFhe fat,
vhich in the geed was localized, is now disivibuted widely.

Sone enmymes are insobivated, and others are roleaged and distributed
widoly. BHydrolytie, enzymatic and autoxidative ranciditics
may now develope.

Reports dealing with changes during eatorage of flours
frequently omit data on moisture content. The development of
fat acidity by hydrolysis is acceleratoed by moisture, whereas
oxidative rancidity appears to be enhanced when the moisture
content of flour is reducsd to a low level. Guendet et al?g
have pointed out that £at acidity increascs sherply et higher
moisture contents, at 14 ¥ moisture 50 % of the lipids were split.
He concluded that the level of fat acidity that was reached af'ter
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02 woeks was dependent not only on the lipase bubt also on the
anount of substrate presents

Thonas and Rothe?g

¢ Trom thelr work on oat products,
essuned that the bitternese which scmetimes dovelopss cccurs in
tuo steps: (1) formaticn of peroxide, and (2) destruction of the
peroxide to form the ditter substance, and coneluded that tho
voaction is enzymic and the enzywe Involved could be liposidase.
Rathﬁa?g concluded that the bitlor materiel could be sscribed to
the oxidation of wnmaturated fatty components that leads to the

foraation of peroxides.

Nodsturs content and enzyme schlvity

It can he seen from the observations made sbove that
while eneymes are likely %o be invelved in the remctions which
take place in ‘dry' foodatuffs, only fragmentery and empirical
obeorvations have been made in this fiold. In genersl, studiea
on this topie can be divided into these cerried out on liquid
aystems in which part of the water is replaced by snother solute
and those on meals or other solid materials,

It is also obviovs from the above that the enzyie reactions
can pceny in the soldd matordsls. If one accept the idea that
enzyme reaction goes via the intermcdiate enzyme-substrate

complex ~ and thore is no reason to disagrec in this perticular
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cage-then the forstion and decompooition of thin complex (snd
hence the reaction veloeity)will depend on the vato ot which the
subgtrate roaches the enzywe and the vate at vhich the produehs
&iffuse. It ds very Likely that ddffusion rates determine the
over-all vate for resctions in the solid atate. The limiting
effeat of the moisture would reflect,not ite proporty an o reaction
partoor,but ratheoy its abllity o favilitate the diffusion of these
partnem.aﬁ In this cage, therefore, the anound of myisture available
world not be as important as the form of moioture in which it
ig available,

Kiormeler and eaaurc,& showed that 4% 18 not possible
o set o llniting rvelative hunidity for such snzyuatic reastions
a8 can be doene to o cerialn extent for mlovobiocloglcal chenges.
Ho visible hydenlyeis ocours in a mizxture of starch and dizotase
in equilibrivm with relative hwnddity of 70 %. Whon cellulose
or some other aubstences with a caplllary strocturs,; is substituted
Ffor pert of the storeh howsver, starch hydrolysis bogins at e
relative hunidity of 46 %  Capillarity, thorefore, do credited
with hoving 2 major offect wpon such enzymebic reactions.
Acker and Lucl«taz, fron their work on leclthinase, concluded that
the enzyme reactions ocour in tho freely mobile espilllaery-condensed
water, for their own investigations showed that the enzyme sotivity

increaged strongly in the region of the capillery condonsation.



20

They believed that enzyme catalyzed reactions in solid substances
can occur only in the liquid phase, il.e¢. in the water filied
oapillaries. According to their concept, the mpisture adsorbed
in the region of the first part of the sorption lsotherm can nake
no contribution to hydrolysis, or it can have only a very small
effect in view of the difficulties imposed on dAlffusion of the
regetion pertners and reaction products in this region. The
conditions here are appavently similar to the reactions in frogen
foods, vheore it is assumed that the changes occcur in the liguid
phases The concept developed Ly Acker and Lucksg would also
oxplain why the degreoe of splitting reaches a different finael value
for each relative humidity. In samples that differ only in moisture
content - not in enzyme and substrate concentrations -~ it would

be expected that the splitting would occur at different rates

but approach the same final value in every case.

This could be explained as followst in the region of
capillary condensation the moisture is condensed at first ( ab
medium relative humidity ) in the small capillaries. In these
moisture filled pores only the substrate lying in the immediate
vicinlty of the enzyme cen be reached. The ecxpected equilibrium
will be esteblished locally, but the splitting of the substrate,
caloulated on totnl substrate in the semple, will stop at a lower

level. As the relstive humidity is increased, increasingly lerger
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pores are filled so that an increasing amount of substrate can

be dissolved and brought into reaction with the enszyme. The
oxtent of splitting will therefoxe increase, and the reaction
rate will incorease because of better difi‘ufsien possibilities.

On this basis, an enzymatic reaction could cccur to & great
extent only when absarpti.aﬁ of moisture on the surfiace is complete
and liquid water is beginning to form in the pores.

It can be assumed that, with the beginning of capillaxy
condensation, the soluble constituents dissolve in the condensed
water so that saturated solutions are formed at first, and in
such c¢ase, most enzymes are weakly active or have no activity.

In any case, Acker and Luckaa

believe that engymatic reactions
do not proceed below the infiection ppoint of the sorption isotherm,
or only at a greatly reduced rate.

It 1s true that the halt in ensymatic reaoctions after

some time at differeont degrees of splitting could also be explained

by the enzymes becoming inactive. It has been shownBB that the

cnzyme activity of phospholipases, and ghaaphatasca& on lecithin
and phenylphosphate respectively, in samples oquilibrated at

& lower relative hunidity inercases immediatly if the samples

ara brought into a higher relative hupidity and therefore to a
higher moisture content. Thus it is not sufficient to dry foods

to a low moisture contenti care must be taken to assure that they



ramsin at this woisture content. Acker and Luck§4 showed

that phenolphthalein phosphate is aplit much more rapidly by
baroly-ualt extracts than is phenylphosphate, but the situation
is reversed ia the solid state. In dvy malorial the hydrolysie
of phenolphthalein phosphate is observed only above 80 % relative
humidity, whercas pheaylphosphate is hydrolyzed at 25 ¥ relative
hunidity, although very slowly. Perhaps this is because tho
larger molecule does not £it fnto the narrow capillaries, and

is thexefore. split only vhen wator condenacd in the large

capillariess
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CATATXSED OXIDATION OF UNSATURATED FATS

- Genoral introdug

Hony moterials contalning even sngll porseatases of fat
underpo, durdns storage, coviain changes vhich give rige 4o odours
degoribed as “rapeid,

Rencidity in food products may be the rosult of cither
ozidation or hydrolysis of the lipid components. ‘The dovelopment
of roneddity io potentially ouno of the major types of chenieanl
chonge in fatdy foods which can lead bo etonomie losses and has
long been & problen in the focd industyy. Rancid foods awo
chavaotorized not only by disagrecsble flavours and odowrs, bud
also by lower nubritional value bocause of vitanin t‘iestme‘ﬁicn%
and by poor colouw due to pigment cowoxidoation.

Hydrolytic rencidity dn fats end olls rosulis in the
formabion of free fatty acids, di and monoglycaridon and glyeeyol,
and 1o sometimes caused by engymes. Control ef hydvolytic mpneldity
way be accompliuhed by inactivation of ensynes, and by storage
at loy moisture lovels and low temperature.

Oxidative voneidity do cumsed by chesmical changes in the
fat dus %o the aption of oxygen. The wmolecules susceptible
to autoxidabion ave chiefly those with wnsatuvated linkeges ob
which the oxygen becomes atbached durdng antoxidation. %he
vosulbing conpounds silch contain unstable peroxide linkagss
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then breask up into aldehydes and other decomposition products
which cuuse the odowr of rancid fat.

This rmcid odour is only apparvent when oxidation io
woll advenced and many tests for incipient rancidity have beon
devised,

Tiight, heat, concentration of oxygen, moisture, and the
pregence of catalysts or inhibitora affect the rate of oxidative
prancidity, often with seeningly weory different wesulise. :rt a
cartain ptage the rate of oxygen vptalie inoreases and t\ué marks
thie end of what has become known as the induction peried. At
the end of this perdod, when the deterioration of flavour of the
fat beaomes markedly appavent, the oxidative rancldity becomes
organoleptically perceptible. The induction peried is thercfore
e measure of atabllity of the oil or fat in respect of this type
of oxidation, and aince it must be subject to many sxternal
factors, the conditions under wh;lah sny determingtion of the
length of this period is made must be strictly defined,

i1t has been generally accepted that the induction peried,
meagured under conditions resulting in & very considerable
acceleration of the normal processes of oxidation is of practical
pignificance in predictions of stability.

The mechanisms involved in autoxidation have been adequately

reviewed and noed not bm elsghorated hem.ss' ba Suffice to say
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that 1% hans been widely ascepted thet at ordinsyy tem_perature.f
the autoxidation of wssturated fats proceeds by & free-radical
chain-reaction which resuits in the formation of conjugated

diene peroxides, this, as shown by qumerag

3 davolves:

(1) Initiation: the £irst step in the oxidative decomposition
of unsaturated fats is believed %o be & dahyd:ﬁ%matmn from the
sotivated mothylene group o yield a free radical {(a) which may

form the conjugated radicals (h) and {(c)e«

l
9 ¢H CH CH, CH

Il I | I

10 ¢H EIIH CH CH

11 tl}‘lie — T"H. —_— {:I pesm— C!IH

i2 CH CH CH (!‘H
Bl L

- CH

{a) (b) {e)

{2) Propagation: there then follows the addition of oxygen to
t+he free radicale

[ ] . Ly »
R-HJQ . wed  ROD

This radical in turn brings about a dehydrogenation
from an sctivated methylene group of another fat molecule, forming
$lie hydroperoxide product and a fresh freec-radical molecule, and
the cycle continues.

ROO* + Pﬂia smvremivermenend  ROOH
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Chains may be termninated by intevaction of free radicals.
Decompoaition of hydroporoxides way produce additionsl
free radicals, initiating more chains. The major primary

product i thus conjugated hydroperozxide.

Many tests have becn devised for following the course
of oxidation.
(1) Of these, many make use of the poroxide formation which
ogenrs al the double bnnﬁs.%% Iodenetric end thiocyanate
assays have been most used.
(2) A number of tests used industrially, such as the Kreis ot T
measure gecondary oxidation products. Such tests, at best, are
mmaily only seni~guantitative,
(3) A frequent method of examination is to measure the actual
uptako of oxysen duting the perlod of atorage. This is followed
ﬁy standard Warburg manometric teehn:iquea.g&gg
{4) Speotrophotometric techniques have heon used for nessuving
cxi&a%mn.gg Thege are based on the production off conjugated

diene which absorbs strongly at 252 nillimicrons.

Many other methods have been devised in this field, and

\o0
the roview given by Link et al. is useful in this rospect.
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(a) Importance of haematin compounds

Haematin ( ferriprotoporphyrin ) and haem ( ferroprotoporphyrin )
are the prosthetic groups of many engymes, co-enzymes, and
"half-cnzymes*. These include the enzymes, catalase and
peroxidase, the cytochrome, haemoglobin and myoglobin, A1l
these compounds differ in the nature of the protein atiched,
the mode of attachment, and the number of iron protoporphyrin
groups per molecule.

The haematin compminds, haemoglobin, myoglobin, catalase,
peroxidase, and cytochromes are of wide~spread oceurrence in
living orgenisms, &8 are the readily oxidised unsaturated fatty
acids linoleic and linolenic. here ie thus a potential instebility
towards oxidation in all arganiéms.

There has been apeculation on haematin catalyeis of
unsaturated fatty acid oxidations as the primary reaction in
cortain types of non-metabolic unsaturated 1ipid oxidations in
living aninal tissue, It appears also %o be involved in spoilage
of frozen meat products by oxidative rancidity.ml

It hes been found that 1lipid peroxides occur in meaaurabie
smount in body 1ipids of vitemin § = defficient enimels.*0?
Sinco lipids peroxides mare also destroyed by haematin compounds

they could subssquently be broken down by haematins present in
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thoe tissues It hao been suggestedmg

that peroxide breakdown
products rcact further to oxidise sulfhydryl groups of ousynes,
thercby inactivating them and disturbing normal netaboliss.
Tarthermore, it has been found that a cabtalysis of wnsaturated
fatty acido oxidation by haswatin compounds is vosponsible for
$he yollow fal; disecage of animals which cuﬁld be provented by
adding largo asmownts of vitawin B or antioxidants to diots which

contoin large anountn of uwnsaturated fats.mg

(b) Catalytie activity on unsaturated fatty acids
(1) In aninal waterial
That iron pleys a part as a catelyst in liviag ecll wao

fivat shown by ‘i‘!ar‘burg.lm

Robinsenmg wan the first %o obpexve the catolysia of
unaaturated lipids oxidation by hacwabin compounds. She indicated
that haenoglobin, nethemoglobin and hacmin catalyze the ozidation
of linseecd oil~wator enuloions, whilo hacmatoporphyrin was
ineffective and concluded thnt the calalytic sotivity should be
attributed to the complexed iren and not to the k)l:?{;’@ﬂ released

hy ozyhsenoplobine  Barvon and Lyner 306 suspested that the
reaction procecded by a chain reaction wechonisus. Iiaurawité and
sohwerin®™? claimad that tho catalytic oxidation of lincleic acid
by hacnin ccours only in omision oyatenss

T

Howrowits ob al o found thot the catalysis of linolele



and linolenic oxidation by haemin or haemoglobin is coupled with
a destruction of the pigwentss They concluded that inorganic
iron was relessed during the reaction, and suggeated that the
pizments were destroyed by the intormediate formation of fatty
‘acid peroxidess
Beankst0? postulated that performed linoleate peroxide
was necesssry for hoematin eatalysis, and showed that heematin
had no irmediate effect on peroxide-free linolelec amcid,
Watt and Penglm suggested that wnsaturated-fat oxidative
activity which they found in meat was dus to its hacmoglobin
and myoglobin content rather than to the presence of linoxidase.
{ﬂappez.ln proved that the hacmatin compounds are responsible
for the oatalytic oxidation of meat lipide. Rat stomach, besf
mugele and heart, liver, kidney; pork loin, muscle and adipose
tisgue; chicken and turkey muacle and fal; and fiafx muacle were
all tepted and gave positive resulty for hasmatin catalysis and
negative results for lipoxidase activity.
112

Boyd and Adams also used s differential tcchnique to

110 111

substaniiate the results of Walts and Peng™™ and of Tappel.

They showed that linoleate oxidation was catalyzed by the haematin
pigments « in the extracts of beef and pork adipose tissue, Kidney,

heart, brain and lungs < and not by lipoxidase.

o113

Tapp showed that haematin compounds are non-specific



catalysts for the deconposition of o wide vavioly off wespturated
conpounds which fora pervoxides durivg oxidation. Yhese included
linseed sleohnl, eonjugated Llinoleic acid, sgualene. he
mechonisn of action of haewatin compowmds catalyzed unsaburated
fatty acid oxidation proposed by his involves sn indtiation
rosetion in which the hacmatin compownd veaots with & iipid
hydraperoxide to fom an intewmediate complox, followed by the

deconponition of thig Antermediote complex dnto tuwo froe radicales

ROOH 4 FoOH sveeoiomsomeeend §QOFe 4 H,0
ROOfe i > ROT 4 ¥el'

whore [OOH vepregents the hydroperoride, and e reprosests
the haepatin compounds.
The catolyet is regenerated by abstracting ¢ hydrogen
atom from another fatty acid (R woleoules

FaO® 4 RH  covemeeeersy  FaOH ¢ R*

The ettty aold free padicals produced can uwndergo free
rodical chain propagation and chain torminebion by the gonerally
aceopted mechanisns of auntoxidation. His sugpestion was that
carhonyl compounds could be produced whon »0w(- bond acission
is accoupanied by =f-Ue bond rupturc.

The deatruction of the haemntin calalyst which oceurs
during the resction was thought to be caused by a random reaction

of the hoomatin compounds with froe radicals.
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A goad deal of work has beon done on the opsoifie

14,115

reactions of izon v the haﬁmazsmtaimal and the decomponition

of prgondc hydropevorides by dren or metnl coordination eompounds

416 118

has beon exbensively studied by Baxonﬁa@.é, ,Ia?atez's;,n'i Yeino,

and othed.

&ia&erng

gtudied in detail the cetalysis of wnsaturated

fatly acid ozidation by heevatin compounds. He concluded that

the initinbion resction bebtwson heemoglobin and linoleante hydroperoxide
ia Indepondent of total linoleats concentration. He euggosbed

that the hasmoprotein is first oxidized to metheemoglobin (fevsic

forn) edthor ag a ddweot result of the catalytin desomposition

of hydvoperoxides or as a socondany reaction botween the hydwoporozide
decomposition product and the hacmoprotein and that this is

followed by e degradation of the methaemogiobin to the point vhore
the porphyrin 45 ultioriely destroyet.

{2) In plant metoriel

dn tho yonr 16852, P%&"é:i.‘tm{} oviginated the rosearch on the
ovganie lvon derivatives in plants. . He discovercd in bevley
an ovganic oubstancd contuining both irven and nitrogon. Sindiler

substences wore discovered by Sﬁnkl@mlgl

da ohdlone -
The prosense of hasmatoid fxon In plaats was firet leid

by @@iamg who dndicateod that 2 great pavt of the plant dvon

ocaurs in an ovgonie subgstancs "wory siviloy although ot idcniical”



vith the haomatin of the blocd. Hewover his theory was bassd
on rathor unconvinclng . exporimenta. K«-:vilmmg confivacd cad
oxtendod theoe findings aud showed that the piguents are widely
distributed not only dn tho tivmeen of higher animnle and plonts
but aleo in yoast and bactoria. Keilmlgg nered these piguents

the "eytochromes” meaning collular pigusnis. thumlm gonfismed

Keilin'c data and also added oome perticuinvs, He wccaerﬁedlgﬁ
in eatablishing the identity of the porphyrin derdved fyom the
plant hacnetin wvith that prepaved the seme way from blood hacmatin.
Eytochrono was alsp found in algaamﬁ and mua&mom&.lg? Subseguent
investigations have chowm that %here is e good deal of hacmating
in the rooto of csbbage, radish, cawliflover and tuenib, and that

tho secondary roote aro speclally wich in xm@w&m.mg

Al foran
of hacmatin compounds previously found in snirals have since becn
found in plants incluling hacmoslobin 1toolf in leguminosae. orr?5Y
It wan moted by Uapson o el o+ that extracts of poos
contained two factors whlch involved in the linoleate-coupled
oxidation of glutathiono end thoy had ovidence whaich suggested
that eno factor behoved 1ike a hacmabin compound. Blain et @1.132
vesontly postulated the oxdistones of tuwo factors in soya, one
having & true lipoxidase action by acting on wnomidised linoleate

and causing the congwrront bleaching of earoteno, whlle the othew,

ghows lipoporonidase astion, like cybochrome o, da ubilicing
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praforned peroside to bleach earotonc.

Savotengidehleachine enzymog
Gaxotone loss dvn danaged gereen leoves has long boen

155

esoociated vith ensynic attack.™ The eatalyvic factor involved

gould be pavtisily ivhibited by cyanide and wae most active ab

pif 4o bAte LD 136

Similer obsozvation have beon node by Friend et al.
- who found thot homogenates and chloroplests yropaved fron sugew
beet leavep dostroy carobenc.

=1

Recently 35091;2;3‘ raported on ongymic destruetion of

endogonoun = I « govotone by plant tissucs containing chilorophyll

3,
after wmogoration. Friend ob &1»1"“

agserdbed cavotenc-bleaching
o ma ensyne which inhibition sitvdics indicated as lilkely to
gongein L%on.

Hore wecent studies indieated thet tho destruction of
gxoein by the pavticulate proparetions from sugor beet leaves
vao inhiblied complotely by helling, snd that nitochondrlael
prapavation from sugow beet leaves howogenate alep catoelysed the
degtraetion of crocin and have two optimm pH, ono near plil 4 and
the other at pi ‘?.55.139

%he ides of n dixecet cavolenose achbion by thepe ensymes

otlll o navter of doubi sineo 4% i vell-kwown that the lipoxidases

v

- k] o L] l‘;;
snd haewatin conpounds ovour in asposiation with lipids s g‘&mﬂ all

of the observetions on covotene destruction vhich have appoaved

gould be attributed Yo coupled fot oxidations catelyaed by



haematins or iipoxidase.

LIPORIDASE CATALYZID FAT OXIDATION

(a) Discovery of lipoxidase

In the year 1932 Andxe and Iiau‘iﬂ‘ disoovered the presence
of an enegyme in moya beans which they named lipoxidese., Hass and
Bbhnl"'z patented the use of soys bean extracts for bleaching the
yellow pigments of wheat flour. Later, Frey et al. 143 showed that
these extracts not only destroyed carotene but alse vitamin A activity
as well.  Sumer et @.344 studied an enzyme system present in sgoya
bean which csused the bleaching of carotene; this "carotene oxidase"
was also found to csuse the oxidation of unsaturated fats to peroxides.
It was shown by Sumer™®® and independently by Tauber™?C that the
destruction of carotene ia brought sbout by lipoxidase and these
* authors put the view that lipoxidase catalyses the oxidation of
unsaturated fatty acids and that it was during this process that
carotene was co-oxidised.
(b) Distribution in pature

So foy, the evidence indicates that lipoxidases are found
only in higher plants. Reis and Frapslw presented. quantitative
data on lipoxidase activitles of numerous varicties of peas and

beans, Btrain 48 detected the enzyme in several legume seeds.
Sumherug invegtigated the activities in a variety of soya beans
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products. Kiramomlsg reported the presence of the engyme in
potato juice and in yadishes, Its presence in wheat flour and

potato was demonstrated earlier by Smneri‘sl mtcheuls

2 found
that luserne contains lipoxidase sctivity shich was inactivated
by the dehydration process and added that carotene destruction during
atorage in stored dehydrated lucexne is probably not apzymic in
natures Irvine et aﬁ% undertook a detailed study af wheat
lipoxidage. |

The above report shows that lipoxidase has 8 wide distribution
in the plant Ifﬁ.ngdom. In fact, plants appear to be the only

source for this engyme.

{c) Subs irato ape

Iipoxidase is:nammm enzyne which catalyzaes the peroxidation
of cortain fatty acids with molecular axargen.w? The enzyme baa
been found to act only on linoleic, linclenic and arar:hidénm acids
and their esters, fatty scids which contain wethylene interrupted
double bonda, = CH = CH = GHQ o~ CHw CH~ , with both bonds cie;
trang isoners ave not attaahed.lsa In general, the primary oxidation
products formed by the sction of lipoxidase ave the same as $hose
formed in the oydinary autoxidation of these acids,’ these are
conjugated dienes later followed by peroxide formation.

() Bl activity
Using neutral fat or linoleate esters as substrate, in a



coupled carotene bleach system, lipoxidase was found to have optimm

activity at pH 5.5.132'!1549155
Holman'>® using dlene conjugation snd thiccyanate for

peroxide estimation showed that lipoxidase has optimum activity on
godium linoleate at pH 9.3, Other mrkeramé have reported that
the pH for optimum aotivity varies with the various spurces of
lipoxidase and also with varying the submirates Fox example, Navy
beans extracts showed optimum at pH 7.5, whersas peanuis lipoxidase
on the same subatrate ( linoleic acid ) gave an optimum &t 8.1.
Lima heans gave optimum of 7.5 on linoleic acid and 5.5 and 7.0
on trilinolein. ,
(o) Mechonimm of action

The mechanism of lipoxidase action is controversial and
two hypotheses are indicated below.

Bergatron and Holman Tappel, Boyer, and Lundberg

n\n RH

Lipoxidase Lipoxidase 9,

R B . 7] RH + 8302
Carotenoids ,
/'8 R‘s\\ ’ \ RO OOH

L ? Antloxidante —

L Oé H| or other N Lifozidaaa

i m&ﬂry
R R / | substances . ROOH
Chain ~=-3 Idpoxidase
reaction

ROOH (\__/\ Lipoxidase

Conjugated linoleate hydwoperoxides
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Bergstrom and Holmanwg postulated that lipoxidase initiates
a free radical chain similar to that involved in linoleate autoxidation
since oxidation products were similar and since coupled oxidation
of carotenoids and othexr substrates might be explained on this basis.

Tappel and his co—workeralﬁ

O pelieved & chain reaction of
this type to be unlikely partly because the kinetics of the system
were not typical of chain reactions, because they considered the
action of antioxidants was not typically chain breaking and because
they found no induection period.

More recently Tappéllsl

has conceded that lipoxidase catalysis
of unsaturated fatty acids could be regarded as a modulated free
radical chain reaction.

Blainlsa gsubsequently suggested that neither the system
proposed by Bergstrom and Holman nor that proposed by Tappel et al.
seems to be fully adequate to account for observations made on the

coupled oxidation of carotenoids and vitamin A.

Lipopenoxidase
Blain and Styles™>' indicated the existence of an enzyme
system in crude soya extracts which decomposed conjugated linoleate
poroxide with concurrent bleaching of carotene. This action is
similar to that known for haematina.
Subsequently, it has been found that linoleic acid hydroperoxides

could be shown %o be decomposed by an enzymic factor in soya



extmta.a'@"mg in the absence of carotene,

This type of activity was found to ocour &t pH 4 « 6, and
completely dnsttivated by heating st 75°C, It has also been found
that this enrywie factor could be inhibited with cyanides®t

Tﬁ;}pﬁlwﬁ undertook a serics of Inveatigations on the possible

role of hasmatin catalysts in fat oxidation. He made the observstion
that haemoglobin catsalyefe linoloste oxidstion only in emulsion
systems whercas soye bean lipazéidase catalyess oxidation both in
enulgificd end homogenous substrates. This difference between
haematin eatalysts and lipoxidase glvea a method by which the two
catalysts could be &iffarenﬁiated.

The haemstin compounds have been shown to be more active
at pii's avound 4,2213% ynereas 1ipoxidasos are more active at
higher pH's which inhibit haematin catalysis of linoleic acid, o

Cyanide and ascorbic acid were found to be specific for
haematin mhibiti.an}m

ERVECT OF MOISTURE JHVERS ON FAT OXIDATION
There have been a nunber of confliciing views as to tho exact
role thet wator plays when gmaant.‘ |
Fishor 0! observed that the .‘mte. at which flour absorhed

oxyzen at 60°C. inereassd as the moisture contont was decreased
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at low levels.

mthme ascribed the best keeping quality of fat o a law
noisture content. Hysn et a1.2%% matntained that water levels have
1ittle to do with the production of ram:id.ﬁy- Hinkelrm in eariier
publications considered moisture as a catalyst for the production
of rancidity, but in later work discounted it as a factor.

Fxperiments of Fine and ezml'“' indicated that fat rencidity
(4n patent flour, whest germ oil and other products} developed rapidly
in samples of moiature content of 2 5 or less, but moisture content
of 8% ox over were dof:tniﬁply protective. Glycerol was also found
to have a protective action with grain producte.

In conunection with their studies on the keeping quality of
milk powiers, Holm end Gmbankln*:‘ﬁ observed that the presence
of waler retaxds the development of tallowy odours. In discussing
autoxidation and the influence of moisture in this xeaction,
Greombank and }kglmw‘; ntaﬁa@ the explanation for greater tallowiness
at lower humidities, or lower moisture contents, lies undoubtedly in
the fact that in the absence of moisture, the autoxidation
proceeds to the aldehyde stage, while when moiature ie present 1t
procesds directly to the acid stage, thus giving little of the tallowy
odour produced by the aldehydes and the other by-products. Their
rosults have boen confimed by Anderegg and Nelscn.'!”

Guadet ot #“1?6 indicated that the developmant of fat acidity
is accelerated by moisture, merg;is oxidative rancidity is enhanced
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vhen the moistuve sontent of flour is reduced to low levels. Their
rapults wers in sproement with that obtained by Amireawslw who found
that the extent of rancidity was in inverge yelation to the molsture
content, Samples of flour containing 1.5, 4.0, and 8.0 % moisture
were rancld after 6 month'a storase at 40°¢. « Wheress these atored
Bt 11.0 and 13.5 % wore entirely free from rancidity.

The general conclusion from these obmervations would be
that either too low or teo high a moisture level may promote
Qﬁdntive rancidity.



EVBEGD OF VARIATION IN HOXKOIURE CONTENT ON
LIPOXIDASE CATALNZED FAT ORIDATION
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The effact of moisture lovel on fat oxidation in general
has heen the subject of only a few studies and no work appears
o hawve been done previously on the ai'feet; of moisture on
fateoxidising enmymes. _

Blatn et al., " using water/glycerol mixtures, indicated
that the activities of peroxidase and lipoxidase are wodified
by the availability of water smuch an thome of the hydrolytic
onTynes,

The activity of peroxidase appeaved to be much more
gennitive to change in water levels betwaen 50 and 100 per cent.
than aid that of haemoglobine

Lipoxidage { crude soys extract ) apnesred to have little
activity below 20 per cent. water content and shove that the
reaction rate was most susceptible o change in water levels
nup to about;70/%, ‘ ‘

It has been well known that m&a bean pesl does not
readily mhow oxidative rancidity despite its high content of
lipoxidase. This might be due to its relatively low moisture
content, to the natural antioxidants of soys béan 011, to the
lack of contsct botween enzyme and subatrate or a combination
of these fagtors. |

Iattle is knowm on theme points and the experiments
desoribed here were undertaken to attempt some clarifications
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While it is known that lipoxidase 1s the majoxr fat oxldising
catalyst in soya bean meal, it is recognized that other fgctors
may be important at low moisture levels.

This section ie divided into four parts:
Part (1) deals with experiments in which fresh soya flour was
conditioned to different moisture levels, either by hunidification
as deseribed in appendix (I) or simply by adding water in small
spounts with mixing and weighing to reach the desired levels, at
a tomperature of 20%¢, and the oxidation was followed from time
to time both by means of diene conjugation measurements and by
the thiocyanate technique.
Part (2) deals with the experiment in which soya flour was freed
from fat with ether, and the dried residue being divided into
two parts, one part was mixed with 10 % of soya bean oil, and
the second was mixed with 10 % of methyl linoleate. The same
techniques for humidification and messuring the oxidation were
carried out. |
Part (3) deals with experiment in which defatted soya bean flour
was first moistened in order to modify sny natursl state of
distribution of lipoxidase, then freeze~dried. Oxidation was
followed at regular intervals in the ususl way.
Part (4) deals with experiments in which soya lipoxidase was
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oxtracted with wator then fresze-dried and the dried material
wes mixed with potato starch.

In addition, lentils and potato wore examined, since
they heve besp reported to eontain lipoxidase.lal’l‘?a
& note on the conposition of soya bean meal will be

found in appendir VIX,



PART (2)

Initially, experimenta were carried out to find how
soya bean meal lipids were affected by oxidation in the meal
at diffexent mism levela.

Soya bean seeds were grmmﬁtumsaéﬂmshsieve
( the yleld was 91.6 7 ) of the total welght of beans ), being
well mixed and then kept in tightly stoppered jJar. The flour
had initially 20 % oil and 7.5 % moistuve,

To determine the effect of varying moisture content
upon the rate of oxidation, samples were atored over saturated
solutions of chemical matexials at a temperature of 20°C. ( see
appendix I ).  The relative humiditien used were 20, 33, 52, 58,
7246, and BL , wiich correspond to moisture contents of 6.4,
Tely 1041, 30.7, 15.2, and 21.2 % vespectively at equilibriume
An absorption isotherm: was plotted and is shown in Figure 2.

Oxidation was followed by making ethanol extracts and
measuring the diene conjugation at 232.5 millimicrons on one
sample and by determination of hydroperoxide in another ( mee
appendix II. )

A second experiment was xun at the same time and in the
same humidification vessels to find whether the actual diatribution
of lipids within the structured elements of the meal affoid
protection from oxidation. To do this a 50 gm. sample of the
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need we moistened with 50 uls. ether which is en effectent
fatecxtractor solvents The ether was then evaporated off from
the meal under vacuum. It was amsumed that this process would
cause redistribution of the soya oil within the meal. This
Tiour was then treated exactly as was the sample which had not
been exposed to ether,

Tables ) and 2 show the pemilis obtalned. From the
tgb;as 3t is readily spparent that the rate of soym bean oii
autoxidation meen to be very slow within this range of noisture
Tevels { 1.3 to 21 % ).

At 211 molsturs levels examined hexe only negligible
peroxide values were cbtained, whereas the diens conjugation
values did incremse to some elight extent. This disparity way
be due to hydropercxide decumposition, shich might be catalywed
by the haematin compounds present, naturally, in soya beans ox
by the enzgymic factor which scts on iinrfamed lincleic hydroperoxides,
to which Blain st al 2202 nave given the name 1ipoperoxidsse.
This factor destroyed hydroperoxide without a corresponding
destruction of diene conjugation.

The increase in the diene conjugation values poticed
after 45 days would not necesisarily be due to enzyme action,

It will be seen that 'klie ath‘ewbreaté;l, but not extracted,
sample was not more prone to oxidation than was the untreated
sanple.
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TABLE 1. Spectral absorption of the products of soya bean il
autoxidation at 20%. (aiens contents at 232.5 m }1)

E+i. Nois., Sample Optical density at 232.5 nillimicrons
% c;nt. 4 10 14 21 28 3B 49 68 83 days
Pa()s 113 A -002 1042 104‘3 0032 .038 Qﬁﬁg 0660 -14@ .089
}3 * 051 - » 067 [3 053 ] 019 L] 064 ) 0:'54 - -
2{3 604 A - - -~ - - tl@i‘g -105 .159 62@4
- - b - - . 6?5 * 098 ° 180 . 193
23 Tel A 026 002 064 L0300 .042 .083 045 .160 .143
B . 06? - ¢°54 » 038 . 037 » 095 » 103 a165 0125
52 10.1 A Jd12 026 002 L106 067 .120 .134 .158 .206
B .091 .039 .J0L ,085 .10} .151 .127 .082 ,182
58  10.7 A 065 020 095 070 L1119 L0955 L2130 054 L1650
B 0051 0030 &089 1672 - 1150 c100 a082 0202
72.6 15,2 A Q03 031 096 LOT0 L0800 L137 130 118 .240
B 067 2041 L1211 .0%59 058 W111 .080 .179 .196

8L.7 21.2 A 132 046 150 L1111 W1B5 W153 - -
B L (}78 L] 931 » 15() 1129 - 122 » 136 bl -

& = untreated B = ether-treated
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TAPLE 2. Speotral sbsorpbion of he products of soya bean oil
autoxidation st 20°C, (peroxide contents at 470 m u).

ReHs lHoists Sample Optivul demsity at 470 wmillindcrons
% cont, 4 10 314 21 28 35 49 68 8Y days

%

h 4

/== 10 Ancrease:
?2{3 ks 1.3 & - - m - - - 016 010

33 - [ L] -~ L] . | - ;@15 QBQB
23 6!4- & - - o e - e - i{;ls .013
13 - e . - -~ - e .Q},ES .GW
33 ';? «i A - - - - - - e 0015 'mﬁ

" - g-o- - - - - 001? .902

52 :{001 .ﬂ. Lo - - ' we - - .013 -
- - - - - - 026 005

58 107 A = e e e = e e = 00T
B - e - - w - 06 W00

72i6 15#2 A foed i bl bt fand ol "™ 006 008
- - - it v - . tﬂi}g nw

81&? al.il' A -~ el ey -~ - ey - - ™




In the second experiment the autoxidation of soya bean
0il at higher moisture contents (fxem 1 to 47 %) was studied.
A now sample of soya bezn was used. Proparation of the samples
was the same sa in the first experiment. A few drops of
chloroform were added as & precaution against possible microblal
growth which might take place at the higher relative humiditics.
Tables % and 4 and figures 2 - 7 ghow the deta obtained.

TABIY 5. Lipoxidase catalysis on soya bean oil at high woisture
levels (diene contents at 232.5 millimiorons).

R.J. Moist. Optical density at 2%2.5 millimicrons

% c(}gnt. 2 g - 9 1% 16 20 26 daya
3

"a"s' 1.0 .03 .046 .045 015 028 063 .054
15 5.3 .030 L043 052 .025 .024  .047 .040
8.7 19.7 - L9 168 L1%0  L137  L,193 168
88 268 132 252 (260 240 287  WBLT G257

g%.1 41.0 .224 513 .15 .610 .640 .YO5 -
97 47.3 054 - 440 660 1Jd30 = -
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TABLE 4. Iipoxidase catalysis on soya bean oil at high
woisture levels (peroxide gontents at 470 millimicrons).

RiHo  Moist. Optical demsity at 470 millimicrons
i cont, 2 5 9 13 16 20 26 days

%

P05 1 0,005 0.015 0,020 0,010 0.018 0,018 0.013
15 53 0,015 0.025 0,010 0,010 0,010 0.010 0,010
8.7 19.7 = 0.025 0.010 0Q.010 0.015 0.0%0 0.020
88 24,8 0.050 0,055 e-.eaé 0.0%5 enm 0.045 0.025
93,1 410  0.080 0.135 0.265 0.140 0.155 0.255 -

91 413 = 0.030 0.155 0.370 0.800 =~ -

From the resulis oblained, shown in tables 3, 4 and
Tigures 2 = 7, 1t will be observed that the rate of oxidation
developed coxresponds very closely with the smount of moisture
present in each of the samples. In the range of moisture levels
examined here, it is readily apparent that the rate of oxidation
increases as the moisture level fs raised, and that the reaction
incresses notably at higher moisture levels { at 25 ¥ and over ),
figure 7.

It has also bean shown that the oxidation started early
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at the vory high moisture levels ( 40 % ) and that it was
followed by the decomposition of both the peroxides and the

dienes produced during the oxidation. Atf moisture content of

47 % the rate of soya bean oil oxidation seemed to be faster
than that found at 40 % moisture content but a longer induction
period wae noticed. The reason for that is unknown, but possibly
& high value had been reached before 2 days end decreaped agein
a8 is sometimes geen.

With the objJeet of comparing both of the two methods for
adjusting the moisture in the samples (humidification and direct
addition of water) a third experiment in which water was added
by mixing was carried out. A freshly milled sample of soya bean
flour was so adjusted o moisture ca‘r;t‘ex;ts of 20, 30, 40, and
50 % o Oxidation was followed from time to ¥ime both by
measuring conjugated diene and hydroperoxide, Results obtained
are shown in tables 5, 6.

TABLE 5. Lipoxidase catalysis on soya bean oil at 30 % moisture
content (direct addition of water).

Time Poroxide walus Conjugated dieme

ot aong)  StRswA),
I hour 0.157 0225
3 " 0.170 0.324




51

TABLE 6. Idpoxidace catalysis on s0ya bean oil nt high

noisture levels { 40 and 50 % ).

Hoisture Peroxide value Conjugated diene

content Gora time 4 duys Zaro ‘time 4 days
%

40 0.510 1.191 0.738 0.795

50 0.600 0.940 1. T4

1t was found that at 20 % wator contemt no oxidation
was observael even sftor 4 days.

A%t all the other levels oxidation m very rapld and
in fact even when samples were extracted with ethenol just ofter
mixing in water, oxldation was already woll-advanced,

Yrobably it is not possible to avoid local high
concentrations of wator for a short tims after addition and it
would seem that this produces too rapid catalysis for the method
to be as wreliable as the humidification technique.

However it would meem that at levels below 20 % the
binding of watex is sufficiently rapid for no reaction to teke
place,

Althouzh the fect that an inerease in both absorption

at 232.5 millimicrons and thiocyanate values made it appear
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very probably that the effects measured were in fack due to fat
oxidation. It was thought advisable to donfirm this by plotting
an absorption curve on the ethanol extract in the U.V. range.

TABLE 7. Speotral absorption of the products of soys bean oil
eutoxidation with vardation in wave length.

e

Toloture content ¥ Wave lensthu (mitlimic.] Opticnl deasity

50 | 220 1,570
225 1.TI0
230 24900
232.5 2,950
235 1.9%0
240 1.660
245 24300
250 0,850
255 04600
260 0548
265 0,554
270 0,512
275  0u456
260 0,403

It can bo seen from tsble ¥ and figure 8 that the data
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obtained dniicates sn shsorption peek at 232.5 mildindcrons
‘which i gonssstent with formation of conjugated ddene.

The results of this series of sxperiments indicate that
lipoxidase can catelyse the oxidation of soya bean ¢il under
conditions of restricted moisture. The rate at which the changes
acour incrguses as the moisture content was miaed- At 811
the woisture contents examined moya bean oil shows an induction
period. It hem also beem chown that both the peroxides snd
the dienies valypes mey decreased markedly at moisture ievel of
40 % as the oxidation progressed. This decresse in opticel density
noticed at the high moisture levels was suggested to be due to
the destruction of both the dienes and pemxidea.lm " However,
4t has also heen shown that ether extractable lipids of flowr
becomes "bound” when the flours are wetted op draughé&el?ﬁ
Phoapholipida were found to be bound preferentially in comparison
with other flour lipids, and moet of the lipids were found
associated with that fraction of gluten proteins usually referred
to a2 glutanin.’®®  This euszestion has been also made by
NeCaig " who claimed that  protein-1ipid complex is formed
when wheat flour is mede into dough.

Taking this into congideration it 48 possible that the



decrsase in both ddene and poroxide valucs noticed at 40 7
moisture content was due to lipid binding in soys flour, since
soya bean contains about 41.3 % proteine, although not glutenina.

The dependence of the reastion upon the proportion of
water present gave rise to the thought that the engyme lipoxidese,
might reaot only in the liquid phase, since it has been indicated
that the dxy flour in dough binds 27.3 % of its welght of water,
If a sindilar situation axists in soya meal as might be expected
from its sorption isotherm it should explain why the oxidation
did not progoed merkedly at moisture contents below 25 % and
that the rate of oxidation was conaiderable at moisture contents
of 4¢ % and over.

The results of these meries of experiments may be
conpared with the previous work on whest products of Irvine -2
sho indicated that the rate of destruction of xanthophyll
pigments during the mixing stage of macavoni provessing inoreases
with inereasing absorption of water to & maximum at about 3%,
Ho believed that the destruction of pigment ocours through a
goupled reaction involving the peroxidation of unsaturated fat
by the enzyme lipoxidasc.
| Adding the water directly to the samples by spraying
did show the mame gemaral pattern of resulis although the reaction
was much faster than the humidified.
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It has also been demonstrated that the etherwtreated,
but not extracted, sample of soya meal showed that the ether
treatuent did not affeot the rate of oxidation. From obaervation
by H-:a‘w.asr.m‘ﬂ?'&t it would seem that an amlogom situation exists
for solvent treatment of sheal flour.
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PART (2)
INFLUFNCE OF ANTYOXIDANTS ON THE RATE OF AUTOXIDATION OF
SOYA BRAY O1%

The experiments described in part (1) susgested that
the amount of moisture avallable would not be as important as
the form of moilsture in which it ic available, sines much
gnaller peroxide and diene values have been chtained at molsture
contents below 25 % , where the water molecules are belioved
to be bound by functional groups of proteins and carbohydrates.
On the other hand there is an assumption that the natural
entioxidents preserﬂ: in égya. bean oil,; are of great importance.

Po check this point thé following experiment wa.s carried
out, in which soya bean oil was compared with methyl linolente.

A freshly milled sample of soya bean flour was ether~defatted,
then divided into two lots. One was mized with 10 % of its
waisht of soys bean oil, and the other with 10 % of its weighi
~ of frech unoxidized methyl linoleate which is known %o be free
from antioxidents. Methyl linoleate used was of high purity
(Hormol Inet.) which had been repacked in vacuum in 100 mg.
quantities. Soya bean oil was prepared as in appendix I1I.

 Small quantities .(0.2 o1, ) of each .aample were brought
into equilibriun with relative humiditics of the air, in small
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desiooators as described previously. Relstive humidities
used vewes 0, 52y 58, T2.6, and 81.:/?'5 which are corvesponding
to noisture contents of 1.3, 10.1, 10.7, 15.2, and 21.2 &%
respactively. Measurement of oxidation was caxried out as

degsoribed befove.

TATLE 6. Idpoxidese catalysis on methyl limoleate at low
moisture levels (conjugated diena welues at 232.5 r u).

“h oont. 8 days 19 days 26 days

% BeB0s MuIe  S.Bu0. M, S.8.0. ML,
R0 1.3 010,027 WO7TL 097 021 L0310
52 10,1 006 1% 067 018

021 .03
Teeb  15.2 025 «100 Q60 2138 £36 217

81,7 21.2 .041 510 083 .366 LT74  J36L

SeBe0s = Soya besn oil
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TABLE 9. Idpoxidase catalysis on methyl linoleate at low
molstuve levels (peroxide values at 232.5 m u).

R4, HModst. Optical density at 470 miliimicrons
G cont, 8 days 19 daye 26 daye
% BeB0s Mol SuB:0s Ml S.Ba0.  Mube

1’395 1.3 v - LT L0098 - -

52 10.1 - - L10 005 v -

58 10.7 - - 004 - - -

T2.6 15.2 - - - - - -

81.7 21.2 026 035 - W020 - 026
:S.B.{}. = Soya bean a:ll' .M.Iu. = H@*ﬁl iinoleste

It can be soen from tebles &, 9 and figurs ¥ that at
lowsr moisture dsvels (below about 15 % ) the methyl linoleate
shows 1ittle more susceptibility to oxidation than the soya bean
oil and only at higher moisture levels is there much difference.
At 21 % moisture content it ia clear that the moya bean oil is
mach moxe resistant to oxidation. At this level of moisture
nethyl lincleate was oxidized within eight days in contrast to
the suya boan oil which showed an induction period of 26 days.
This was presumably due to the effect of the ngtural antioxidants
in soya bean oil, which without then would bo expecied to be
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mora roadily exidised than linolente Decouse of its contont
58 1inolanates
Again thers 15 & mavked peroxide decomposition et all

the notature levels exymined heves

Effect of the mﬂmmtn on 1:1 'daan mfﬁ.ﬂ by

B by oty e e - e e e it e o bty s e

{uaing liquid

system)

In the previous experiment, 3% was demonstrated that the
natural lipid moluble antioxidanis in soya besn meal are of moxe
importance at low moisture levels than the molsturs contont in
maintaining atability, sinoe there waes a considerable difference
batween the behaviour of soys dean oil and methyl linoleate in
the dried system.

In the experiment described here confirmation of this
was sought by exanmining the relation between the natural
sntioxidants and 1ipoxidase activity in the ldquid system.

Materials ond mothods

The systam used here is given in appenéix VIII. 'The
results obtainad are shown in table 9A and figure 9A.
fesulte |

It can be seen from figure YA that the natural antioxidants,
prasent in soya bean oil, affented the reaction to & marked
oxtents Sincs soya besn oil has o very high Jinolente acid
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TAMR {94, Effect of the antioxidants on liporidsse sctivity
(neing I3quid system).

Time Optical donsity at 470 millinicrons

15 seconds 04060 0.042

1 minute 0.140 0420
" 0,220 0.078
0 0,268 0,080 -
n 0.345 0.200
0 0340 a2
" 0.380 | 00122
G5 ‘ 0319
0 0,405 0.155
o o2 0.148
0ud50 | 0.142

Wy g e 33& L% TR N
]

o
23
=

hour 0!520 V200
- 0.380

Houw N
=

- 0.183
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content and the other fatty soids present would manifest competitive
inhibition to an insignificent extent at the levels present, C>

1t mecms resmonable to atiribute the diminished reaction rate

to antioxidant present. Soya bean oil is known to contain
tocopherols.
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pans (%)

The exporiments desoribed suggested that only when
free wator was available could the enzyme have access to substrate.
This raised the point as to whether, if the enzyme were
redistributed by wetting and then drying, differences might
result,

In the experiment described here, defatted soya flour
was fivst moistened and vacuum dried in the frozem state (see
appendix IV.) being well mixed and kept over silica gel until
constant weights were achieved. ‘'The dried material was then
mixed with 10 % of ite weight of freshly prepared soya bean oil.

The procedures for humidification and measuring the
oxidation were the ssme aa used previously.

Tables 10, 11 and figures 10 to 15 show the data obtained

TABLE 10. Effect of wetting and freeze-~drying on lipoxidase
catalysis on soya bean oil (diene contents at 232.5 m j).

R, loist. Optical dersity at 232.5 millimicrons

%  cont. 3 A 5 7 10 12 14 22 24 days
A

}’2{)5 1.3 020 054 .027 .015 .018 009 028 055 =
20 7.9 005 065 .040 .OO7 .OL7 005 .00 =~ -
58  11.0 .03T 085 063 042 .060 058 080 ,104 .089
65  16.6 JIT5 L1955 JA95 W133 LA50 W43 L2130 L2333 185
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TETE 10, (continued)

R.He HMoist. Optical density at 2%2.5 millimicrons

/# eonkh % 4 5 T 30 12 14 2 24 daye
of, )
& ‘

72.6 15 107 145 220 110 118 L350 110 430 260
81,7 2L 165 245 (192 JATL 208 B9 = 335 .2%9
88 P5.5 264 207 .297 275 325 360 = = -
93 40 1.255 24440 1.400 14400 1,550 14450 1.202 1,500 =

TABLE 1l. BEffect of wetting and fresze-drying on lipoxidase
catalysis on soya bean oil (peroxide values at 470 m u ).

R.f. Moist. Optical demsity at 470 millimicrons
% comte 3 4 5 7T W 12 14 22 24 dsyms

i
a

POy 1.5 040 .040 040 .045 .022 030 .020 .040 -
20 T4 040 040 LO35 O35 J022 045 020 - =
58 11.0 040 045 0% =~ 4020 005 .030 830 015
65 16,6 000 090 LOT5 065 060 070 .050 .102 .105
7246 15,0 070 070 .080 065 050 075 .035 310 .225
817 21,0  LO70 120 L060 065 040 058 050 4070 065
83 25,5 162 170 .70 o225 200 200 =~ -
93  40.0 1.600 1.620 1.520 1,520 1.570 1.755 1.600 1.670 =
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The data obtained, shown in tables 10, 11 and figures
10 %o 15 , indicated that altering the ordered state in soya bean
flour through moistening and freeve-~diying has affected the rate
of sutoxidation of soys bean oil to some extent. At all the
mointure levels examined here, the peroxide values were higher
than that obtained in part (1) and part (2) and in general rates
of oxidation were very much increased.

The pattern of oxidation being greater at higher moisture
lovels than at the lower ones persisted. At moisture levels as
iow as 15 ¥ , oxidation 48 now observed.

From figures 14 and 15 4% can be seen that at 40 % moisture
content, oxidation is very rapid and thereafter the level of
~oxidised product fluctuates, This phenomenon is not uncommon
in fat oxidation. The rate of decomposition of linoleate
hydroperoxide and conjugated diene tends to become greater as
ita concentration increases so that en wnsteady equilibriwm is
reached.
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It has slrendy been shown that wetting and drying gives
high oxidation rate in soya bean mesl presumably by making enzyme
and substrate move available to each other. In the experiment
described here the lipoxidase (and other water-soluble substances)
were removed and mixed with another matrix to see whether the
matrix was of major importance in oxidation rates.

CUyude lipoxidase was first extracted from defatted soya
flour, with water as described in appandix V., being frecze-dried
and kept in a desiccator over silica gel to remove am much water
as posaible. The dried waterial was then mixed with potato
starch (2 parts of frecze-dvied crude lipoxidase : 3 parts of
potato starch) so that the lipoxidase extracted would be present
in the sane weight of mixture as in the originel soya.

The mixture was then mixed with 10 $% of its weight of
freshly prepared sample of soya bean oil and humidified as
deseribed in appendix I.

Oxidation was followed from time to time by measuring
both conjuzated diene and peroxides.:



TABLE 12.

Influence of the matrix on lipoxidase eatalysis

of soya bean oil {diene contents at 232.5 m u).

RH. Moist. Optical density at 252.5 millimicrons
% ocont. 2 5 7 9 12 16 23 27 days
%

P0g 1.3 .030 031 005 034 .000 040 203 .07
20 Tl J025 L0 W06 035 006 040 W08 070
35 8.3 085  JO4L J009  J035 000 L0485 A3 075
58 14.6  .040 055 025 .045 012 L067 118  .095
66 15.7 J045 .060 L0B8 128 .282 129  .256  .266
T2.6 18,5  J050 JOTF 040 LO72  L050 098 WAL M43
81 205  .068 JO070 .046 080 085  .095 LTS5 136
88 24.0 100 100 096  L120 L1368 141 238 220
93  36.4 W17 W22 13 TS .80 281 - -




67

TABLE 13. Influence of the matrix on lipoxidase catalysis

on soys bean oil {poroxide contents at 470 m u).e

RH. HNoist, Optical density at 470 millimicrons
o sonte 2 5 [ 9 iz 16 23 27 days

PO L3 G020 W05 L0453 L0400 WO75 065 W00 0D
20 Tk LH20 025 L0355 026 050 W35 W20 200
33 B.3 Q15 030 050 080 058 050 A% 220
58 1l4.6 | +050 | L0500  J085 .060 .655 | .0‘55 .13{3 “ ‘13(3
66 15.7  JO50 W05 LR00 JA15 J960 W350  L60D  .86H
T2.6 18.5 Q65 L0800 W00 W185 B2 150 230 275
8.7 20.5 Q92 L300 L0890 WJA300 M40 355 220 215
8 2448 212 L2l5 W245 280 JHLE 300 400 W485
95 S6.4 <8225 G200 W30 420 NS0 LT85 - -




TARIE 14, Influgnce of the matrix on lipoxidase catalysie
on moys besn oil (peroxide contents st 470 m M),

B.Hs Moist, Optical density st 470 millimicrons

% comte 2 3 4 5 6 8 it 1l days
% |
P?ﬁ,j P 40 068 LOTO L0090 L1200 220 L340 L1210

20 8.9 010 045 L0500 045 .03 065 .053  .045
33 10.0 000 .00 050 060 050 J055 062 0855
50 14,3 020 L0656 040 070 060 060 065 4060
§5 397 00 200 60 .30 L35 30 A5 WA
72.6 T2 080 W15 J20 .40 180 165 L7015
BT WA DR M5 QA0 T A0 0 25
B8 20.8 25 W35 5 555 810 1,030 .850 14060

93 BLO 030 14600 1.610 1.520 1.520 1.900 1635 1.620
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Hesults
The rasults obltainad, shown in tables 12, 13 and figures

16 - 18, indicated that the matrix has a considevable offect

on lipoxidase activity since oxidation rates were grezbercand
in general, the peroxide values obtalned were higher relative

to the conjugated diene values than in previous findings. This
point will be discussed subsaquently.

It would appear ‘&ha‘b at a moiature content of 214 % to 15 %
there is a peak in li.paxidasé activity. However the peroxide
value seemed anomalously hizh in velation to ddene.

~ To check this point another experinent was conmmenced.
In the second experiuent magmasium acetate was used for humidity
control \inataa& of podium nitrite. The remulis of this oxperiment
are ahoﬁx in table 14; |

Although magnesium acetate is gald to give the seme
porcentoge of zolative hnmidity at 20°¢. (R, 65 9 ), unfortunately
4t pave a high nmoistura content than predicted by the tables as
een be geen in figure 19.

It was assuned that the apparent high oxidation using
sodiunm nitrite was due to decomposition and liberation of ox:i;ﬂes

of nitrogen.



70

+ for 1
Lentils end potato as sources for lipoxiduse

The purpose of this expeorinant was to compore the effect
of myigture levels on ldpoxidase aotivity in both of lentile
and potato, which have been shown %o be sources of lipoxides
action with a pattern similar to that of soya, lentil being a

sourse of comparable activity to saye...ma

and dried potato being
conatderably loas active on a woight basia X1  Tne potato
provides a natrix low in proteins.

Tentils was firat milled to pase a 60 mesh sieve, defatted
in e soxhlet apparatus for about 18 hours and the ether was
evaporated wnder an infraved lamp.

Potato was firot washed and the skin removed, thon
honogenised and freeze-dwied. The Liceze-dried matorial was
other=defatted in a soxhlet apparatus foxr about 18 hours and the
ether was evaporated under an infraved lamp, to avoid moistening.

Both defatted lentils and defatted potats were atored in
5 desiccator over PO, for abuut ouo week in order to yemove
a5 muoh waber as possible, then each mixed with 1 % of its dried
weight of fresh methyl Linoleste. Both lentil flowr and
freoze=dried potato powder wers conditioned to a different
ralative hunidities as deseribed in appendix I.

The results obtained are shown in tables 14 = 17 and
figures 20 - 23.



TABLE 14.

Influence of moisture levels an oxidation of methyl linoleate

with dofatted lentil flours {dleone contents at 232.5 m u).

R.H. loiet. Optical density at 252.5 millimicrons

4 conb. & 3B 5 6 8 1L 19 21 days

POz A7 Q00 L0009 L0199 L0333 030 052 035

15 9,2 LHO0T 000 008 020 W0R0 L0l 05

32 10.5 L00 L0100 L0090 L0188 L025 W017 W05

58 15.0 WO27T 010 W20 027 L0735 W0%8 018

&8 2446 020 L0027 L0390 L0100 L0483 055 .050

03 1 %1 Q3L 087 A% 38 W30 091 W05

a7 40.6 J235 0 124 18 L4 12 092 075

TADLE 15. Influence of moisture lewvels on oxidation of methyl linoleate
with defatted lentil flowrs (peroxide contents at 470 m u).

Rui.  Moist. Opticsl density at 470 millinterons

i cont. & 3 5 é 8 11 21 days

POy LT W0M 0I5 0I5 W05 W20 W0H0

15 9.2 000 00 L0100 010 L0106 010

32 10.5 05 W010 LO05 W00 L0200 L0210

58 15 .0 -005 ¢010 -005 OQJ-O 0010 -025

88 2446 U5 L0 0RO 035 W00 040

93 37 03 1919 -0?5 .135 .243'} 0165 .080

97 40.6 L0722  a90 W40 L1150 030 W07




TABLE 16.

T2

Influence of moiature levels on oxidation of methyl linoleate

with freeze-drded potato (diene contents at 232.5 m u).

RH. Hoist. Cptical denaity at 232.% millimigrons
¢ gont. 5 2 4 7 15 17 days
Pa"s 1.0 023 «158 o365 137 2100
15 6.3 73 212 o545 1G4 085
33 12.4 002 24 X0 025 23
64 18.5 031 . «045 03 O30 2032
86 25.2 085 095 008 063 058
935 49 * 3 1098 0092 ] 0}:5 - -
TABLE 17. Influence of moisture levels on oxidation of methyl linoleate
with freeze-dried potato (peroxide contents at 470 m u).
RH. Hoiet. Optical density at A7) millimlerons
% cont. % 2 4 7 15 17 days
PEOS 1.0 050 N i) 0340 <720 425
33 12.4 020 .018 015 030 030
65 18.5 032 OO 015 020 025
88 25.2 062 0% W05 028 .03
93 40-§ 09&8{, 00‘59 » IEQ bl -
97 4404 0030 0630 9015 - had
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The results for lentils ave not strictly comparable
~with these for soya since the concentration of linoleate was
smaller ( -%5 }» in conformity with natural levels of fat.

The lentil flour behaved in a fashion rather sinilar
to the soya flour which had not been wotted in that oxidation
at the lower moieturc levels (under 25 % ) was negligible even
after three weeks. Again the resistance of well dispersed
methyl linoleate to oxidation is surprising since one assunes
that the natursl antioxidants of the secd material are removed
by ether-defatting.

Tho potato gives a very different picture from previcus
results in that oxidation at moisture levels below 10 % occurs
more rapidliy than at higher levels. This is more in keeping with
the general ohservations by many workers that dried fLoods
oxidise readily at these low moisture levels, where it will be
noticed that the ratio of peroxide to conjugated diene is high.
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General discussion and conclusions

Tha results obtained in this section indicated that the
effects of molsture levels on the oxidation of unsaturated fats
in ground seed material rich in lipoxidase are complex and
involve a number of factors but certain points can be made.

In the absence of previcus work on the effect of watex
content on oxidative enzymes it might have been snticipated
1ipoxidage would have resembled ls.pgae in seeds since both act
on fatty substrates. However while lipase is active at moisture
lovels down to 6 = 755 1t seems that lipoxidase would require
levels of between 20 and %0 7% unless disrupted from its natural
state by wetting and drying when a level of 14 = 15 % appeaxs
to initiate action.

It is also clear that the stability of soya meal towards
oxidation is not caused only by oil soluble antioxidants in the
oil since at low moisture levels methyl linoleate is wore stable
with soya bean meal than might be expected, as will be secn
from subsequont observations with methyl linoleate on starch.

Since the use of freeze-dried orude lipoxidase with
starch matrix leads to more rapld oxidation, the non~fat portion
of soya, whether due to protein, or some other factor insoluble
in othor, appears to be important in stabilizing the fat against
oxidation.
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A complicating faotor is the lack of constant xatio
between. conjugated diene and thiocyanate peroxide values which,
it is supgested, way result from different rates of destruction
of the hydroperoxide and conjugated diene parts of the molecule
since thexs appesrs te be destruotion bf both at higher oxldation
levels. |

At the level of accuracy which the methed permits one
eannot pihpain‘b any definite moisture level as permitting enzyme
action but it is clear ﬁza'!: this is 'lilzely. to be significant
et moisture levels over 15 % . This data confimm the work of
Hutchins.lea who foﬁnﬁ that the soya hean oil quality depends
or the moisture content of‘ thé soya boen meels &t the tine of
pilling, Hie resuwlts indicated that the oil obtained from soya
beans of 8 - 12 % modsture content was good, and that between
12 and 13 % moisture content th;a quality began %o deteriorate
and became rapidly worse above 13 %,

The oxida‘bioﬁ was found to inerease more rapidly as
higher levols reached aﬁaut 25 s

It seems that points of inflection on the absorption
isotherm might co:lnci&é with thase values as can be seen in
fisure 2 suggesting changes in modes of water binding.

Vhaether because of differance in catslytic faétom or

low protein matrix or some other unidentified factors the behaviour
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of froeze~dried potato is very different from that of the
seed-meala.

The amount of haematin compounds present in vegetable
naterial may also affect both formation of oxidised fat and its
destruction but this is very difficult to measure. It was
decided to examine haemoglobin (as a typical haematin readily
obtained in the pure state) as a catalyst. This seems valid
becsuse the work of Tappel suggested that the iron-porphyrins
such as haemoglobin, cytochrome ¢, catalase, and peroxidase are
similar in their action in oxidising fats.

Humidification methods are used in subsequent experiments
gince it was shown in this section that mixing in water is likely
to give results which are not consistent with equilibrium
moisture content effects.

The humidification methods have the advantage of permitting
simil taneous measurements to be made on many samples at different
humidities with very simple equipment. Moreover, the level
of moisture in all the samples remains practically the same
throughout the time of storage.

While it is conceivable that drying at an elevated
temperature might give a slightly high values for moisture
content, this method has been used because it is relatively

rapld and practicable,



CHAPTER XXX,

EFFECT OF VARIATION IN MOISTURE CONTENT
ON HAIMATIN CATALYSEHD PAT OXIDATION
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Tt was sugsested in the previous chapter that haematin
compounds in soya bean meal might cémplﬂ.oate the oxidation of
lipids by lipoxidase and it mseemed useful to deviase model systems
to examine the effecta of moisture level on haematin-~catalysed
oxidation of unsaturated fats. This is also of intrinsic interest
since the importance of haém;tina in oxidation rancidity in meat
products is known and there has been speculation on their role
in prodﬁciﬁg fat oxidation in plant producta. In view of their
high activity towards unsaturated fats and their occurrence in
most natural products this seems likely.

Haemoglobin wag used in ﬁost of these studies since it
may be obtained as a relatively pure and defined material.
| Tappel has shown that the other iron~porphyrin proteins act in
8 very similar fashion to haemoglobin in promoting oxidation of
linoleate. |

P@taté starch (ﬁ.D.H. Chet. D:ﬁision) was used as a
matrix except where otherwise stated. Soya bean 0il has been
used as a aubstfa.te mostly.

No previous reports have appeared on the effect of
noisture levels on haematin catalysed fat oxidation although
the experiments of Koch“"* have indicated that haemoglobin has
greater activity in freeze-dried emulsions of unsaturated oils
then in the untreated emilsions.
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Before examining the action of haemoglobin on lipids
in dry oyatems it secmed advisabie to eonfimm that haemoglobin
would oxidige m§ only methyl linoleate but also soya besn 0il
In 1iquid emulsion systems to obtain some impression of the
antioxidants of soya bean vil with haewogiobin since it has been
shown that Jipoxidase catalysls snd haemoplobin catalysis show
differont sensitivity to different antloxidentst ?

The procedures uged here were the same as those given

in appendix VIII. 'The results obtained are shown in table 18.

TABLE 18. Haemoglobin catalyzed fat oxidation (using liquid

system).

Tine Optical density at 470 millimicrons

A Methyl linoleate Soya bean oil

A B A B
Blank 014 029 +0%30 «Q50
10 minutes  J0B4 «085 037 020
00" 107 94 014 011
1 hour 214 114 014 024
2 " «129 «13% 2024 024
% f 2169 »149 - 015
4 " «164 154 - 015
24 v »295 235 135 «205
26 " . 245 «225 «195 185
4 v 270 «200 065 085

43'7 "0 208 095 085
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From table 18, it can be seen that the soya bean o0il
show a markedly greater induction period.

It can also be seen that peroxide values reach a
maxim value then tend to decrease, a feature which is marked

in the "dry" systems.

oxidation

levols

sl dr e vy

The object of this experiment was to compare the effact
of moiature levels on lipoxidase and haemoglobin activity.

In experiment deseribed here, purified haemoglobin (Sigms
chemical Co.) was used.

Iipoxidase was iareparad from defatted soya flour as
described in sppendix V, then frecze~drvied. The Lreeze-dried
materisl wan alored in a desiccator over sllica gel for seven
days in order to remove as much water as possible.

Starch was dried over P205 for one month to achieve an
initially low moisture level. This was 3.7 % mince natursl
granular sterch dries very slowly. Water was then mixed in
simply by adding in small amounts with mixing and weighing to
reach the desired levels.  The crude lipoxidase ox hasuoglobin,
digpersed in driled starch, was then mixed in. |



gapples with ethanol snd using aliguots for hydroperoxide and

Hoasureuent of oxddation was carried oulb by extracting

eonjugatad dieno entination (see appendix I¥ ).

The regults obtained ave shown in tablen 10 and 20.

Rigamsn 24 - 30 show the differonce between the two catalysts.

TABLE 19.

Comparison between lipoxidase and haemoglobin catalysis
of moys hean oil Qxida.‘tibn at aifforent moisture levels.

Optical density at 232.5 millimicrons (diene contents)

NModst.
cont, 5 3 4 & 10 13 12 13 17 20 daye
3.7 Ee 010 = = K0 010 015 062 011 025
» Hb. -(}12 - - 1623 quR -029 1-972 1036 013-3
87 e 012 = = 018 010 .016 061 .034 025
Ebe. 191'5 Lad -~ ¢166 0178 1194 .251 1683 am
13 L 7 I& » oﬁl4 ot had oan .Gl}. » 017 QQ&? 3 046 0023
m . ¢014 L - ;1?2 . 180 [ 194 » 279 0099 .051
2307 }Jo .016 - - -()25 0012 OQI.B 0077 nQ}g -024
Hbo. 0015 - - QQSS .033 . .052 -13.0 .181 -1%
33T L. 021 = = 040 014 L0358 .104 .050 134
Hb, 4021 - -  JO75 087 L1300 184 L1TL L184
43 0? IJ . - 043. - hoaud [ 666 . Q46 t076 Ql?l . 3.69 e ?..01
Hb. -~ - « 245 2283 0353 A8 L0785

041

+ 268

‘ﬂbn ] H&mglﬁbm
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TABLE 20, UComperison betwoecn lipoxidase snd hasmoglobin cutalysis
of soye bean oll oxidation ot different moisture levels.

-

Moist. Optical density at 470 millimicrons ’(peroxide contents)

cont, 5 3 4 6 10 1 12 13 17 20 days
3.7 L - = e = e 020 = = G015

an - - - .030 -030 .94-5 0040 .9?5 0290
8.7 L. - - - - - 015 - 018 023

Hb [ - b o 1422 .53& . 635 073..5 - 236 0179

13-7 rh - - - - band u033 .- fand QOIS
Kha - - c(}ss .4-27 053»1 u611 o683 im -188

237 ke - - -~ - - 035 - - 062
Hb. - - 025 062 .0681 .087 .00 .181 .3%62

33.7 3. bt b - 493@ q(}ss o(}57 005? 0075 0242
Hu. - - 'G?l -123. 0164 i242 b285 ‘435 !500

43.7 ke = W55 087 J16 W50 L1833 L1837 460 608
Hb- bt ;Qﬂl -358 n616 I783 QSSQ 6859 v4§5 1233

A L = Dipoxidese Hb, = Hoeomoglobin

The data obtained from those siudies indicates that
haemoglobin acts as a more powsxrful oxidative catalyst thsn does
lipoxidase at the concentration used. It was found to catalyze
the oxidation of soya bean 0il at low and high moisture levels,
vhereas the aotivity of lipoxidase appears to be negligible helow

%0 %5 moisture and the renetion rate is most susceptivle to
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change in woter levels up 2o 40 % .
- According to x!fgmam soncentration of the order of § mgse.
haentin por 100 mge. dvy weight may be found in cecd tissuc.
The amount added here is voughly egnivsients
The sequence of foywation and breskdown of povoxides
and conjusated diene in the system is shown iun filgures 28 and 30
at molsture levols of 8.7 % and 435.7 % «

Here the oxiﬂaﬁén appears to take place most readily
at volues around 9 = 14 % modstuve lével, but ﬂzﬁthaz dry:mé
e’ie&eaﬂes the ‘kenﬁe&cy to oxidation. _

To check this point another expérimgn‘b was carried out.
The procedures used here in the preoment experiment wero the weme
| as those employed previously except that chlgroforn was added in
a few drops to stop the bacterial astion and mould's growth.
fthe xesults ave given in tables 21 and 22.

'iﬁa resultal of 'hhia experimenf, given in ‘rtablea‘ 21,22,
confirmned those previously obtained.

Adding chloroform did not sppear to modify the rate of

oxidation to & great extent. .
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TABLE 21. Effect of moisture levels on haemoglobin activity
(direct addition of water)

Moisture content

Optical density at 232.5 millimicrons

% 4 8 15 17 days

3.7 074 031 050 063

8.7 2000 L2000 057 043

23.7 075 L0368 027 043
23.7(n0 chloxof.) .080 031 031 020
33,7 035 037 040 034
33.7(n0 chlorof.) .060 Q37 OTL 028
38,7 043 061 250 090
43,77 150 180 160 «200
025 015

Blank (3.7) 057

2016

TABLE 22, Effect: of moisture levels on haemoglobin activity

(direct addition of water)

Moisture content

Optical density at 470 millimicrons

020

020

7 4 8 10 15 17 days

3.7 065 «050 035 090 155

8.7 .180 660 w05 213 .223

25.7 015 052 044 072 OT7
23.7(no chlorof,) =~ £O65 044 037 087

33.7 045 078 056 .080 130
35.7(no chlorof.) 086 056 080 130

38.7 ~ 34 107 A3 283
43.7 215 540 610 950 870
Blank 055 018

015




This experiment was conducted to determine whether
changing the type of starch would alter rate of soya bean oil
oxidation in the presence of haemoglobin, and hence to gain some
information of whether the obmerved aft‘aéts of molature level
on hassoglobin activity were general or peculiar to the system.

Haemoglobin and soya bean oid and potato starch were as

described previously; soluble atarch (M & B Chem. (0.), was tested also.
© In the previous exploratory experiment water had been

mixed in, tut in view of previous findings which indicated that

this method was less reliable, the humidification technique was

used here.

Starch was firat dried by atoring in a desiccator for two
months over silica gel to 4 5 moisture content, being mixed with 1 %
of its veight of soya bean oil, then haemoglobin-mtarch mixture
similarly dried was mixed in. Samples of the mixture ( starch +
041 + haemoglobin ) were equilidriated with atmospheres ranging
from O to 97 % relative humidity.
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TARLE 23, Bffect of molsture levels on the rate of oxidation of
soya bean oil using a mairix of potato atarch + haemogiobin.

Moist.  Optical demsity at 470 millimicrons

R.H.

% aontb 3 5 6 1 13 34 17 118 2 25 dayr
PO, 24 005 (025 .03 050 060 ,OT5 115 .42 (245 520
15 9.0 007 .020 010 .045 215 .215 .525 .610 .660  .240
35 16,0 025 .020 .015 .025 ,015 ,015 .020 .020 .020  .O40
58 19,0 015 .025 .025 .0%2 .05 .050 055 .040 020  .220
65 22,5 015 020 020 .020 025 025 .020 020 .020  .040
81.7 25.5 010 .020 0I5 .020 OO0 .020 .020 .020 020 .0%0
B8 26 .05 010 J015 018 .015 .L0B3 .0M0 L0100 .020 028
9%  %5.5 025 025 .0%0 .05 .050 065 .0%5 .060 .090  .095
97  39.0 010 .45 065 085 080 150 105 .240 .275

TABLE 24. Effect of moisture lévels on the rate of oxidation of soys

| m oil using & matrix of soluble atarch + haeuoglobin.

!'Io:l.a'b;

_ Optical density at 470 millimicrons

$i eonth 3 6 7 10 11 14 1B 2 25days
P.?Q'ﬁ 2,5 015 025 L0 030 W03 (45 055 W15 L1335
15 9.1 012 025 .020 LO0% 020 090 420 650 .590
33 16.5 L014 010 L020 W05 020 020 L045 040 045
58  19.5 010 .010 O30 020 .020 .020 050 .035

65 24,7 015 010 015 020 090 L020 050 LOZ5 .O%
81,7 27.0 015 010 020 020 .020 .020 050 .035 .043
88,0 29.0 (014 015 .020 ,030 .020 020 040 0% .035
9% 36,5 015 .025 .035 035 L0680 .085 LA40 L1700 L2300
97  40.7 .018 «200 235

050

«100
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The dats obtained from this experiment, shown in tebles 2%,24
and figures 31 -~ 345, in general confirms the previous findings
that haemoglobin is much more active at lower molsture levels
(of the order of 9 = 14 % ) then in the range from 16 to 29 % ,

It bias also been found that, at the very high moisture
levels, the reaction started early and that was followed by a
decomposition in the peroxide value, figure 35.

in general while the soluble starch mixture, at low
moisture levels, is more resigstant to oxidation than that of
the potato staxch, the pattern is very similar.

msousaign

The experiments described in thie part show conclusively
that hesmoplobin acts in low concentration as an efficient
catalyst in the oxidation of soya bean oll at both low and high
moisture levels.

In studying the relationship betwsen soya bean oil oxidation
and moisture levels ranging from (2 ¥ = 43 % ~ dry basis), in
the presence of hacmoglobin, it was observed that there was an
apparent rango of moisture levels (from 16 %o 20 ¥ ), above and
below whiclh the development of fat oxidation occursd more rapidly
during storage. The induction period was shorter at the vory
high moisture levels { 40 $% and over ). |
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Generally the peroxide and diene conjusation concentrations
reached a maximum values and then decressed as shown in figures
28, 30, 3, and 3H. This appears t0o bo due to the decomposition
of both the peroxides and the diene formed during the oxidation.
This corrclates with sinmilar resulis on liquid systems vhere it
has heen ahcwn that while soya extracts destroy hydroperoxide
without destruction of diene™ haemoglobin destroys both
conjugated diene and w&mperoxides.wl

The major point brought out by these experiments is
that, unlike lipoxidase, hasmoglobin is an active catnlyst at low
moisture levels. In genoral it has been accepted that h&ematm
oxidation of unsaturated fatty acids is sinmilar to autoxidation
in pattern. lHere, hasmoglobin catalysis, unlike that of lipoxidase,
appears to loan closer to the pattern which many workers have
observed for fat oxidation in that drying inoreases the tendency
to oxidise.

It geens clear that if the pattern of fat oxidation in
fouds 1s similar to that in this nodel system, then the heematins
ave more likely to Be involved in most materials than are lipoxidases
pince molsture levels in weals and flours are most Lreguently
of the order of B ~ 15 ¥ ,

It nust bo remembored that the tests used here for measuring

fat oxidation are crude compared to organoleptic effects and that



rancidity will probably occur before the end of the induction
period.

It has heen found that changing the type of staxch did
not grastly alter the main pattorn. Vith hoth potato and
soluble starch the rate of soya besn oil oxidation, in the
presence of hacmoglobin, was much greater at molsture level
around 9 % and 40 % , but while haewmoglobin was active in
potato starch at 2 % molature content, it has been noticed
that soluble starch mizture was resistant to oxidation at this
level of modsture, although the sorption isotherm for both the
two starches was similar, fisuwrse 3.

It can be taken that the oxidation in sll cases is due
to haemaplobin catalysin since only negligible peroxide and
conjugated diene values have beon obtained when this in omitied,
tobles 21 and 22.
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Hffect of nolgture levels on

3 tae%arame caﬁa}.zsm on_soys

hean oi:. o:ti&at:i.pn

The experiment degeribed hexre is concerned with the
poseible effects of veriation in uoisture content on cytochrome c
activity.

It was found in the previous experiments that haemoglobin,
unlike lipoxidase, is an active catalyst at low moisture levels
and it scemed of interest to see whether coytochrome ¢ would
behave like haemoglobine.

The system previously derived to study heemoglobin
activity at the different moisture levels was used here in an

egamination of oytochrome €.

Materialn wad methods

Fure oytochrome ¢ (Horse heart, Y100 % purity,” Seravac
Laboratoriss) was used as a catalyst. The weight used was the
pane &3 for hocmoglobing so that on & molar exgmivalent baois
the haeuatin concentration is somowhat higher. Hoya bean oil
and potato starch were the pame as descrlbed previously.

The procedures used here for preparation, humidification,
and neasucing oxidation wero as those ciployed in the previous
exporinent,

The relative hunidities usoed hexe weres 0, 15, 20, 33,
58, 65, 81, &3, 93, and 97 % , which correspond to moist{zra
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contents of 2.5, 11.2, 1.7, 12.6, 17, 23, 23.5, 27, 35, and ’
%6.5 % rempectively.

The sensitivity of cytochrome ¢ catalysis to the
different molature levels is shown in tables 25 and 26, and

figures %6 - 38.

TABLE 25. Bffect of moisture levels on cytochrameceatalysis on

soya baan oil oxidation.

ReHa  Hodst, Optical density at 470 millimicrons

% conk. 5 5 7 11 15 17 20 days
&

ngg Se3 010 015 010 010 025 065 L120

15 1l.2 L0155 W015 L0 L0200  LU25 065 LO70
20 L7 W020  L015 L020 LO0R0 L02D W65 .06
35 12.6 L0200 L0200 052 W1T9 L2850 .620  L.780
58  17.0 L0100 L0100 L0400  L0B0  LII0  .200  .235
65 25,0 L0085 W0I0 020  J030  L015 L0455 .040
81,7 5.5 05 010 L0I0  J010 .00 L0355 L040
83 27,0 L005  L010 L020  .020 .00 L0300 .025
93 3B.0 L0055 WO L020 L0255 L030  J065  .066
g7 6.5 005 L0 W00 L035  LJO40  L100 G100
5%  1l.2 ZET0  BOTO — St — 010 010

apE 36.5 ZETO  ZeYo — - — 4010 010
* = (ontrol '
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TABLE 26« Effect of moisture levels on cytochrome ¢ cat&lyaia on
moys bean oil oxidation.

ReH. Moisture cont. Optiocal density at 232.5 m n

s g 3 17 20 days
P05 2.3 053 056 054
15 11.2 045 053 042
20 11,7 052 +050 038
32 12.6 023 243 +200:
58 170 043 103 +110
65 23.0 030 049 033
817 235 42 055 030
a8 27.0 027 044 025
93 35.0 045 »054 038
97 565 067 064 2055
15 (cont.) 1.2 043 030 016
97 (cont.)  36.5 1045 29 018

From the results of this experiment, shown in tables 25, 26

and figures 36 - 38, 1t is clear ynat cytochrome ¢ could catalyse
the oxidation of soya bean oil at the low moisture levels and
that the highent oxidation rate wam at moisture level of 12.6 7 .
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At moisture levels of 17 ¢ +the rate of oxidation was higher than
that at 23 7> molsture content and over.

To check this point a second experiment was commenced,
in which cytochrome ¢ activity was examined only at the low
moisturo levels.

Materiels and nethods were the same as those employed

proviously. The results obtained are shown in table 27.. .

TABLE 27. Cytochrome ¢ catslyzed soya bean oil oxidation at
low moisture levels.

RH. Moist. Optical density at 470 millimicrons

i cont.e 6 B g 11 15 23 days
P05 240 010 020 025 035 070
15 $9,1 L010 020 045 2080 140
20 11.0 010 040 040 +060 115
33 12.0 010 220 300 600 203
58 17.0 2010 »120 175 270 575
65 22.0 010 090 «220 370
%5{conta J12.0 — — 010 £10 010

58(cont. )17.0 — — W00 010 030

cont. = no cytochrome ¢
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It can be seen from the data obtained, table 27, that
the cytochrome ¢ 1s similar to hasmoplobin in showing low
activity at both high and very low moisture levels but appears
to differ somewhat in the actusl range found.

It would appear that cytochrome ¢ 1a most active under
the conditions examined between 12 i and 22 % although over
longer periods it is active at moiature level as low as 9% .
Haemoglobin has a corresponding high activity range at lower levels
and it is close to its maximal at 9 > molsture content while
cytochrome ¢ is very much more active at 12 % moisture content
than that 9 5.  Again cytochrome ¢ 3is active at 17 % moisture
content whereas hacwoglobin is relatively inactive at this level.
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Effect of moisture lovols

In this experiuvent an attempt was mmde to discover the
offect of vapriation in wmolstuve content on peroxidase acltivity,
It was hoped to mske some comparison between the activity of
haemating in forming wnd destroying lipid poroxide with their
action on hydrogen peroxide, using peroxidase as the harsmatin
goupound.,

Since hydrogen peroxide is unstable in the presence of
organic matter the more satable compound, urea peroxide, was
used with o-dienisidine which gives a reddish colour on oxidation.
¥atorials and methods

Potato starch, descrited befors, was used as a matrix.
Urea hydrogen peroxide was used as a substrate. Purified
horae radish peroxidase (Stgms Chemical Co.) was used as a
catelyst.

The starch was initiaily 20 % moisture content, it was
mixed with 0.1 ¥ of its weiaht of urea hydrogen pexoxide and
0,1 % of o-dienisidine. Samples of that mixture were adjusted
to moistuve levels off 40, 50, 60, 70, and 82 % » ‘The solid
poroxidase was then mixed in, in oconcentration equal to that
_used for haemoglobin preparation. |



Results

It wos noticed that the colour dn the mixture, after
the addition of peroxidase, developed immediately and no further
changes in the colour were noticed when the samples were stored
for longer time. Although many solvents were used it was not
found possible to extract the colour which developed.

It was nmeasured in the starch using an B E L reflactance
spectrophotometer at 601 millimicrons. All the readings were
taken against a blank of atarch and urea hydrogen peroxide
mixture with the same moisture contents.

Tt was also found ddfficult to measure the samples
all at once without changing in the mq:lsture content, since
a great deal of water has been noticed. te evaporate when
prepaving the sample for measurements. The difficulties of
tecinique were too great to obtain useful results and the
experiments were not continued. However the resulis obtalned
by reflectance measurements are included for interest (figure 39).
Bacause of the unsatisfactory naturé of the technique lower
moisture levels wers not examined.
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SUMMARY AND CONCLUSIONS

The results obtainsd in this work are,on the whole,
empirical, There is no comprehensive theory available to which
observation may be mfe#«& and the results obtained here can
only add to the empivical data which exists. It is probably
the case that & great dm‘mm empirical data will have to beconw
available before any major generaliszation can be made.

Since haematin compounds are found to be more active at
the low moisturs levels, probably that oxidative rancidity in
stored food materials may be promoted by hamtina present.,

On the other hand Mmzidasé is unlikely to act in etored meals
in spite of its high activity, since it requires relatively high
moleture levels which would permit its action. Thie would apply
o situations such as those which occur in doughs.

Remults with cytockrome o and haemoglobin show the same
general. pattern and this is not significantly aitered by altering
the type of starch used 8o that it would seem valid %0 suggeat
that the pattern of fat oxidation by hasmatin compounds, naturally
present in foods, might wnder some ciraumetances similate that
found here. This would 1ot ba expected o confirm o observations
made on food materials which have undergone blanching or heat
treatsent before dehydration. While pbservations on Jehydrated
poteto would confirm to this, these on soys bean might ba expected
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10 show indications of the haematin compounds known to bs presant
by a pesk in activity at moisture levels of § - 12 %5,  Pomaibly
aifference of thise and lentil to potato may be due %o high
protein content, as amino acids are known to inhibit fat oxidation
under some condifions. Unfortunately 4%t was not possible to
study profein effects in the time available., At molsture levels
above 25 &6 4t secma that hasmoglobin and 1ipoxidase yespond to
increase in modisture levels in g very similar fashion msuggesting
that below 25 % moisture dn stavch 4s not frees This is consistent
with what is known of water-binding by astarch.

The peglk in hasmoglobin activity at moisture levels around
9% tol3 7% is difficult to mccount for on the basis of known
theordies: Some qualitative experiments which have not been
reported in the preceding section showed that haemin added to soya
bean oil in acetone (which was then remcved by distillation in
vacuo ) esused rapid oxidabion in the sbsence of moisture. This
was shown menometyically. Here the haemin was actually in
gsolution in its aubstrate. Thus if the haematin and substrate
gre effectively brought into conlaet water iz not esseniial.
It may be that below a certain level of hydration the lipophilie
properties of the haematin protein are more pronounced.

However, on the model systems the numbex of variables
which may opevate are congiderable. Swelling of the matrix on



hydration, the degree of hydration of the protein catalyst, the
ratio of chain resctionsy in this physically complex systewm, and
diffugion of the catalyst ab levels of hydration shove the nonclayer
value mey 21) he involved and there iz Ineuflicient lmwla&ge
o juatify speculation,

It i alse obvious that the »ote of ,lineleat's; hyQropercxide
Zornotion and breskdown may both be altered by mish_.;re levels
and sines the ratic of diens conjugation to hydmz;mxi&e varies
ecconding to ths celalysat these resulis confirn earlier chaervgtions
(in 1iquid syotens) that destruction of Gonjugeted diene noed not
follow thet of Ezydmyemxme!\

Mot studies op Fetb @:;S.éation do not seem to have taken
thig foctor inte accownt 4w folleving the course of oxidative
rangidity in atored materdele by a single technigue.

In geporxal the results atress that for Lipoxidese to aod
in foodetulls moisture levels must be much higher than fox hacmotine.
Since the two types of catalyst respord in o different fashion to
difierent antioxidemty these resuits night be of value in indicating
& nefural besia for selection of enticwxddenis secording to the
level of meoisture in foodetuffe where both lipoxidese and hoensbing
ave present as in snimal foed wixes, A% present sntloxidenis ave

vaed very rmch on an empivinel basin,
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APPENDIX Y. HUMIDIFICATION THCHNIQUE

Samples of soya bean flour of 0,2 grams were placed
in eluminiun foil containers in small desiccators each of which
served as & constant-humidity chamber. The vapour pressure of
water In a desiccator was controlled by satursted solutions of
chemical salts of known relative humidity, and the desiccators
were kept at constant temperature, so that the relative hunidity
within the desiccator wag fixeds. The water content of the sanples
placed in tho desiceators chenged with the time until equilibrium
was reacheds 7o determine the water contents correspending
to tho relative humidity used, two samples from each desiceator,
vere romoved at various intervels and weighed. When no further
change In weight ocoured, as indicated by two successive weighings,
the sample was considered to have reached equilibrium. In all
casos equilibration was virtually complete in 24 hours at 20°¢.
The modiature content of the sample was obtained from the difference
between the weight at eéuilibrimn and the weight of the éample
after complete removel of water by drying at 110°C. for 24 hours.

The desiccators were all glass, about 6 inches in diameter.

The samples were thin and have large surface to facilitate
the exchange of water vapour between the interior of the sample
. and the surrounding atmosphore. Ilach desicecator was capable

of holding about ten samples.



In the case of comparing tuo enzynie ecatalysis,larger desiceators,
12 inches in diamoter and capable of holding 40 somples each,wore used.
Ton desiceotors vers used;esch one containing a different
saturated solution to cover a range of welative humiditiod from
ghout 0 to 97 por cent.
The humidity in the depiccators was obtained fronm tables
given by The British electrical and allicd industrial rescarch asesacia'i:i@nl%
for tho percontages wxolative humiditics over saturated solutions

and related information.

Sold Percenta;ge volative humidity
at ?5%.
Phosphorus pentoxids (3?305) 0
Lithiva chioride (Li C1 1-120) | 15
Potagsiun acetate ((2!{36‘0016) . 20
Mesmosion chlovide (Mg C1.61,0) 53
Sodiun hydrogen sulpha‘te(m‘aﬂs%.ﬂzﬂ) 52
Soddun bromide (HaBr.EHQO) 58
Hegaosiun acotate | (G 000), Mg, 4L | 65
Soddum nitrite (Va z\roz) 66
Asmoniuwn chioridetPotassiwn nitrate nixture T2.6
Mzmondvm sulphate [(mzé) 2 59, ] 8Le7
Poteseium chromate (Kg(}r%) a8
Ammoniun dihydrogen phosphate(NH 4 120 4.) 93.1
Potagsiun dihydrogen phosphate (IG12 PO 4) o7

Potassiun sulphate (X g
i ( 9 w@: > 99-4



APPENDIX 12, DEVERINATION OF HYOROPIROKILE AUD CONJUGATRY NIENS
(A) Yor o dotcamdnation of conjugabed dicne 10 mls.of reddstilicd
ethenol wore cdded 0 042 sml.of tho vesction system,fron each
desicestor,in o contvifuge twbe,to oxtract the produsts retuliing
froa the ozidation end the mixturse was centrifuged.them 1 ml.of

the oxtriet tas pipotted into 12.5 nlz.of 100 % rodistilled

ethenol $o dilute for mossuring the dicde conesntration. The
ebsorhency wes wead, asgainot a blank of 100 % ethanoi, with the

use of an Optica 04 Spootrophotowetor and 1 cu. cuvette at 232.5 mps

(B) Dotexmination of hydropsroxido
The thiocysnnts method of Kachl% was cheéén to measurs
the hydroporoxides produced during the oxidation. e eié*caile@
progciure used in this wozk follous:

0 0.2 g of the reaction mizturs from each desiccator,
10 pis. of redistilled ethanol were added to oxtract the hydroperoxides,
and the mixture wao contrifuged, Then 1 ml. of the supeznatent
nquﬁ.é wan pipotted into 12.5 mlo. of redistilled othenol and this
d4lution wno used for povoxide estination.

To carry out the colouw méctmn, 0.1 ml. conc. hydrochloric
scid end 0,025 wl. of 2.5/ forrous exmonium sulphato solution
in 3% &wﬁmc&ﬁoﬁe aéiei wore added. Precisoly 30 agépnﬁa aftor
the To' " eddition, 0.5 nl. of 20 % emmonium thi@uyanaté was added

Exactly 5 adaubos 'Iates:' the aboorbance of the coloured

solution was moasured using an B B L Spectra Spoctrophotometer

ith 1 ane eelly, at 470 millinicrong.



APPIRDIX IIE.  SOYA BRAN OIL PRERARATION

20 grems of soya beans were fivst milled to pase o
20 megh sleve and oxntracted with 500 mls. pure ethor. The
extract was filtered and the other wes eveporated under vacuum
as o precowtion against any oxlddation. The ol wao packed
in omall ampoules in 300 was. guantities in vecuwo and stored

at -22°¢,



APPEIDIN IV, TFRESZE-DRYTNG THCHNIQUE

For fresse-dvying xsateri,a; was rapidly fromen in o
shallow layer in a round botton flask (1 1iter sizs) by
dmmersion dn solid  <GO,- ethanol. fi?h,a fleshs wore then
comnected to o vgeuun apparatus and the material dried at
sbout 0.1 o Hg. . The dried naterial was removed and wtorsd

over silica gel, in oxder to remove as much water es possible.



APETIIRIN Ve  &0YA DBAN ENTRACT FOR FRDIZU-DRYING

Soya bean flour wes extracted with water (10 ge.flour/100 mls.
of water) ond the mixture s centrifuged; the clear supcrnatant
solution o freczewdried ao in appendix IV.



APFIAIX Vi, DYRNCY ADDITION OF VAYBR T0 HATRICES BY MEXING

& simple techniaus wes used for studying the effeot of
noisture lovels on fat oxidation; it consisted in bringing the
engyme and oll into close contact. The otarch was firot nized
vith 1 % of its weight of unsaturatod oil. Samples of thal
miztore { 1 = 2 ga. ) wove adjusted %o the desired moisture
contonds by monually nmixing in the amoma‘i;a of water vhich had
beon ealenlated to zive tho desived moisture contont. The
wator was added in inercments of 0.01 mi. fm a micro=buretie
over & poriod of about ten pinutos. Aetual final content was
obtained by dried weight. The samples were then mixed with
10 % of thoir weight of haemogiébin and starch mizture (14 mes.

haemoslobin for 1 gn. dried starch) and kept at fized temperature
{ 20%. ).



AUPEUDER  VIX. iR QMHEMNOAN GOMPOSINION OF SO¥A pmAYy

Soye bepas consist prinedpally of lipids, proteing,.
earbohydrates, and mineral constituonis, Tables 1 and 2 shoy

the chanleal cohpboition of tho compovent poris of soya boang.

TABIE 1.
Part Portion lNoisture Proteins Suzers  ¥ab  Ash
of the
seed %

Cotylodons 9092  10:57 4135 14460 20,73 4.3
Tobayo 1.5-2.0 12,01 36,05 . I7.32  10.45  4.08
Secd cont 6 =8 1255 7.00  £0.02  00.60 3.83

L.H. Palléy et al., Geresl Chem., 12 , 441, (1935).



TABLE 2.

Comparieon of iodive value smd distribubtion of fatty acids derived

fron various soya besns oil.

Seed Saturated fatty Unaaturated fatty acids
variety acide & Total Oleic Linoleic ILinolenic
funfield 12.0 &30 60,0 2523 2.9
Pokdng 1244 876 2442 5642 Tol
Seneca 11.9 83.1 2445 55«6 8,0

Wild beans 1345 86.5 113 6%.1 12.1

Pl Dollear ot als , 041 & Somp 4 A7 s 120 - 121 , (1940).



APPENDIX  VIII, LIPORIDASE ASSAY IN LIQUID SYSTEM

Materialas Methyl linoleats and soya bean oil were used as a
substrate in concentration of 1 mg./ml. ethanol.
(2) Phosphate/citrate buffer pi 6.5. This was made up as
followns
14.2 mle. of Q.2 ¥ disodium hydrogen phosphate + 5.8 mls of
0.1 M oitric scids The mixture was diluted to 100 mls, with watery.
(3) Pozymes: |
8+ lipoxidase preparations to Q.5 gms. of defatted soya flour
40 mle. of distilled water were added. After thoroughly
mixing for 10 minuteé the aqueous extract was centrifuged
at 4000 zpm for 15 minutes in an M 5 E Major centrifuge.
The clear supernatant was filtered and the filtrate was
used for experiment.
be. Haemoglobin was prepared in a concentration of 9 mga, of
pure haseoglobin/10 mls. distilled water.

Reaction nixture was propared as follows:

10 mls. phosphate/citrate butfer pH. 6.5, 1 ml. substrate
and 1 nl. of the engyme molution.

On the addition of enzyme solution 'tG the resction mixture
e stop-clock was started and 1 ml. was taken into 10 mls. of 100 %
ethanol at various time intervals.



The thiceyanato assay was used for measuring the
oxidation &9 deseribed in sppendix I1., except that here 10 wl.
of the ethenolic solubtion of oxidised fat wore used instend
of the 12.5 mla. used proviously. The gquantities of reagonts

wera corraespondingly roduced.
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