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SUMMARY

I t  ±B known d u rin g  th e  s to ra g e  of wheat f lo u r?

l ip a s e  a o t iv ity  le a d s  to  an in e ro a se  In th e  amounts of f r e e  fa t ty  

ao id s  p re s e n t  in  th e  f lo u r . I t  has been shown by in d i r e c t  means 

that th e  fr e e  f a t t y  a c id s  a re  a s s o c ia te d  w ith  th e  development and 

character o f th e  rheologicaX  p ro p e r t ie s  o f f lo u r -w a te r  doughs, The 

strengthening (improvement) o f doughs i s  an o x id a tiv e  p ro cess  and 

can occur n a tu r a l ly  or due to  th e  a d d i t io n  of o x id is in g  ag en ts  ( f lo u r  

im provers). Improvement i s  g e n e ra lly  though t to  in v o lv e  ox id ation  

of su lp h y d ry l groups of th e  s t r u c tu r a l  p ro te in s  o f dough (g lu ten )  

to  in term olecu lar d isu lp h id e  groups. Improvement du ring  th e  m ixing 

of f lo u r -w a te r  doughs i s  accompanied by th e  a b so rp tio n  o f atm ospheric 

oxygen® F ree  f a t t y  ac ids?  and in  p a r t i c u l a r  i l n o l e i e  and l in o le n ic  

ac ids?  a re  in v o lv ed  in  the a b so rp tio n  of oxygen? which i s  la rg e ly ?  

i f  n o t e n t ir e ly , an ensymic p rocess, ■ I t  has been su g g ested  th a t  

th e  mechanism of th e se  p ro cesses  i s  l ip o x ld a s e ^ c a ta ly s e d  o x id a tio n  

o f f r e e  l in o l e io  and l in o le n ic  ac id s  of th e  f lo u r ,  w ith  coupled 

o x id a tio n  o f g lu te n  su lp h y d ry l g roups,

i'iie th e s i s  d e s c r ib e s  a d i r e c t  s tudy  o f th e  f a t t y  a c id s  

o f f lo u r  and f lo u r -w a te r  mixtures.©

Methods were developed f o r  t h i s  s tu d y , and, a f te r  

elim in ation  of a l l  p h o sp h o lip id a  and g & la c to lip id s?  th e  l i p i d s  

were se p a ra te d  in to  f r e e  and e s t e r i f i e d  f a t t y  ac id s?  and t h e i r  

com positions determ ined  by gas chrom atography©



A re a p p ra is a l  of d a ta  p u b lish ed  by o th e r  au th o rs  showed 

th a t  th e re  was reason  to  b e lie v e  th a t  l ip o x id a s e  a c t i v i t y  was n o t 

th e  com plete e x p la n a tio n  o f  th e  a b so rp tio n  of oxygen by flour© 

KxajBination of th re e  f lo u r s  confirm ed t h i s ,  s in c e  i t  was found th a t  

th e re  were n o t enough l i n o l e i c  ajid l in o le n ic  a c id s  p re s e n t to  account 

f o r  th e  knovm oxygen absorptions©

A nalysis o f th e  f r e e  and e s t e r i f i e d  f a t t y  a c id s  recovered  

from f lo u r -w a te r  m ix tu res  showed th a t  lo s s e s  had o ccu rred  only in  

th e  f r e e  f a t t y  ac id s?  and th e se  were duo to  enzymic oxidations©

The lo s s e s  wore shown to  bo due to  o x id a tio n  of l i n o l e i c  and l in o le n i ' 

a c id s  by lip o x id a se ?  o r  a. s im i la r  enzyme? and to  g e n e ra l o x id a tio n  

o f a l l  f r e e  f a t t y  a c id s  by enzyjaes o f  th e  type in v o lv ed  in  i3-o x id a tio ; 

The l a t t e r  i s  a  novel f in d in g  in  f lo u r -w a te r  mixtures©

The th e o r e t i c a l  oxygen ab so rp tio n  o f th e  f lo u r  was c a lc u lâ t  

on th e  b a s is  o f th e se  two types o f f a t t y  a c id  o x id a tio n , and was 

found to  ag ree  w ith  p u b lish ed  values© lip o x id a s e  a c t i v i t y  was 

c a lc u la te d  to  accoun t f o r  1 volume in  17*6 volumies o f th o  oxygen 

absorbed , and t h i s  was shown to  ag ree  w ith  th e  known le v e ls  o f 

l lp o x id a s e -c a ta ly s e d  coupled  o x id a tio n s  in  flour©

Experim ents i n  which o x id is in g ?  reducing  and a a t io x id a n t  

c o n d itio n s  were p re s e n t  d u rin g  th e  m ixing p ro cess  were describ ed ?  

and th e  r e s u l t s  d isc u sse d  in  r e l a t io n  to  th e  two ty p es of f a t t y

a c id  oxidation©

The th e s i s  has a supplem entary s e c t io n  c o n ta in in g  a 

d e s c r ip t io n  o f rh e o lo g ic a l  dough t e s t in g  experim ents? and r e p r in t s



o f  th re e  pub lished  papers re le v a n t to  th e  th e s is .
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ï/h © at-flo iir  GOïitains i n  one hundred p a r ts ?  s ta r c h  68, 
g lu te n  24s gummy su g a r and v eg e tab le  albumen l.^©  G luten  i s  
a  su b s tan ce  c h ie f ly  o f v e g e ta b le  n a tu re ,  «®o<.© i t  c o n ta in s  a z o te ; 
in  p u tr e fy in g  i t  ex h a les  an odour o f p u tre s c e n t  anim al m a tte rs  
a f a t t y  m a tte r  has even been d isco v e red  in  i t  a f t e r  i t  has undergone 
p u tre fac tio n ©

When g lu te n  i s  worked as d esc rib ed ?  n o t i n  w a te r, b u t 
in  a la rg e  q u a n t i ty  of a lc o h o l a  p a r t  d is s o lv e s  ©oo© c a l le d
g lia d in s  too* th e  re s id u e  i s  c a l le d  zimomin *©eo i t s  most rem arkable 
p ro p e r ty  i s  t h a t  o f form ing a  b lu e  c o lo u r  when mixed w ith  powdered 
gueiacum and as much w a te r  a s  W .ll form them in to  a paste© % e  
c o n ta c t  o f a i r  i s  n e c e ssa ry  to  th e  change o f co lour*

Tho jo u rn a ls  o f H olland have fo r  some tim e announced th a t  
s u lp h a te  o f copper? o r  b lu e  v i t r i o l ,  was employed i n  t h a t  countzy 
to  a s s i s t  i n  th e  fe rm e n ta tio n  o f b read  (Brande^s Jo u rn a l?  1029)o

Hew f lo u r  n ev er makes good b read ; i t  sh o u ld  l i e  over 
f o r  th r e e  months b e fo re  i t  w i l l  be f i t  f o r  th e  baker© On th e  
o th e r  hand, to o  much age damages flour©  The summer o f 1016 was 
exceed in g ly  w èt; th e  q u a l i ty  o f  th e  g ra in  was f a r  below av erag e; 
and i t  was a lm ost u n iv e r s a l ly  malted® I t  i s  c h ie f ly  th e  g lu tin o u s  
p a r t  which i a  a l t e r e d  in  co rn  which has been e ^ o s e d  to  humidity©
The g lu te n  a lm ost e n t i r e ly  lo s e s  i t s  ad h esiv e  pow ers, and d isso lv e s#

from th e  C ab inet C yclopaedia? U sefu l A rts ,
Domestic Economy, Vol® 1? C hap ter X©

by Ms Donovan.®

Longman? Rees? Orme, Brown, and Green; and John Taylor?
London? IS^O*



fh© author Mehea to reoord hi# gratitude to  

Professor John Hawthorn who in it ia te d  and supervised  

the work dasarlhed in  th is  thesis*

Thanks a re  a ls o  due to  many co lle a g u e s  in  

s e v e ra l  departm en ts o f th e  Royal C o llege o f Sol©nee 

and Technology f o r  h e lp fu l  d is c u s s io n  end advioe* In  

p a r t i c u l a r ,  th e  au th o r  w ishes to  thank  Mr, J. W ight, 

i n  eouneotdoa w ith  gas ohrom atography, Dr* J*A* B laln? 

in  Goimeetj.on w ith  enzyme s tu d ie s ,  Dr* W*D* W illiam s, 

in  oonneo tion  w ith  u l t r a v i o l e t  and in f r a r e d  s p e o tro -  

SGopy, and Mr, BoB® C oussin  and Miss G®E* Meek who 

c a r r ie d  o u t much o f th e  work on th io o t io  ao ld  under 

th e  a u th o r ’ s s u p e rv is io n .

Thanks are also due to Messrs* J, & E, 

Snodgrass (Flour M illers), Glasgow for g i f t s  of 

flou r used in  the experimental work of the th e s is , 

and to Miss J*H* Hepburn for teohnioal assistance  

of a high quality .



C O N T E R T B

PRIîFAOE â o © © o * © O 0 © o e o ©  Q Xs

mmoDUCTioN * * * * <, © * * * * , © * 4.
PART I

lITEmTUm REVIEW
Ca)‘ G eneral o © ® ® © © © © © » © ©  6©
(b) D istribution, Extraction and Analysis of

Flour Lipids . * @ o © « o o * ®  9«
(o) The E ffect of Oaggen on Doui#is © ® ® © 12#
(d) Oxidising Agents Added to Doughs * # # # Ig.
(e) Free Fatty Acide in  Flours and Boughs * # 21#

P;1RT II

E^ERI&mTAL PLAN # # # # ® © # © # # 2$,

MATEH,X AXfS ® » 9  f » « © D @ o o 0 © ®  2/©

m m oD s
( a )  F lo u r P re p a ra tio n ?  Mixing and F re e z in g  © © 28,
(b) F lo u r  Moistu r e ^ E q u l l lb ra t io n , S o lv en t 

Extrao*feLon © © © © ® © & © © ® « 2g©
(c )  Removal o f  P h o sp h o lip id s  and G a la o to lip id s  30©
(d ) Weighing o f A liq u o ts  o # # © , © © ©  30#
(e) Phosphorus D ete rm ination  © . # © # © 31#
( f )  I l t r o g e n  D eterm ination  © 33*
(g) U l t r a v io le t  Spectrophotometry^ of L ip id s  ® 33*
(h) Iod ine Value Boterm lnatiom  * * © . . ® 33*
( i )  A lk a li Washing to  Remove Free F a t ty  Acids

from L ip id s  o * e , o ® ® * * © ®  34#



mTHODS (Continued©)
( j )  S a p o n if ic a tio n  o f  E s te r i f i e d  F a t ty  Aoida?

Beeovery o f the F atty  A cids o © © * 33*
(k) M éth y la tio n  o f F re e  F a t ty  Acid# . © * # 36<
(1 ) P u r i f i c a t i o n  o f  Methyl E s te rs  by Vacuum

Dis t% H  a t i  on ® © » ® o © o o ® a  3 Ï*
(m) Gas Chromatography o f  F a t ty  Acid M ethyl

E s te rs  3B*
in )  C alcu lation  o f  Percentage Free F a tty

Acids in  L ip id s  * * . * © * © * ©  39*

PART I I I

»

©

mPmiMBRTAL AND RESULTS © © © # # . * 4I
Comparison o f  'F lou r L ip id s  © * * » . . # 42#
F lo u r  Mixed I n  A ir 42©
F lo u r  Mixed Under Varying C o n d itio n s © ® © 43#

Oxygen and Nitrogen # , # # # * # ©  43#
Enzyme I n a c t lv a t lo a  © © © D . # » *  43#
^UlphiZte 0 o o 0 o ô a © s » e e  44#
H E th y l Maloimzde * # # © o « b © o 45
Nor d ihy  d roguai a re  t i c  Acid * * , * © ,  45#
Br  ornat e o o © » © © © © » © © ©  46©

Model Systems C on ta in ing  O xidised  L in o le ic  Acid 46#

DISCUSSION » « .  * * * . o * * ,  . 50.
(a) The A nalysis  o f F re e  aad E s t e r i f i e d  F a t ty

A cids i n  F lo u rs  50#
(h) F lo u r  L ip id  C o n stan ts  © , * © . , ©  52.
(o) E s te r i f i e d  F a t ty  Aeids i n  Mix3.ng Experim ents 52.
(d) Free f a t t y  Acids i n  Mixing Experim ents © 53#

( i )  M ixing experim ents i n  a i r  .  . .  . 54®
( i i )  C a lc u la tio n  o f oxygen uptake? and

a c t i v i t y  of f a t t y  a c id -o x id is in g
enzymes © © « © © « © o © © ©  55#



(cl) F re e  F a t ty  Acids i n  Mixing E xperim ents
(G oatinucdo)

( i l l )  Oxygen req u irem en ts o f Im om
o x id a tio n  r e a c tio n #  i n  fXèm? * © » 58,

( i t )  The e f f e c t  o f  oxygen te n s io n  © ® ® 60*
(v) The e f f e c t  o f s u lp h i te  © © 61®

( v i)  The e f f e c t  of I-*e1txyl m aleim idë « ® 63®
( v l i )  The e f f e c t  o f  n o rd ih y d ro g u a ia r e t lo

aejrtd * @ o © '* @ 3 0 0 0  6. 64®
( v i i i )  The e f f e c t  of hromat© * * * * © 65*

(0) S u g g estio n s f o r  F u tu re  I n v e s t i  g â t io n s  ® * 66©
( f  ) Oonolusxons © o o © © © © © © ©  67 0

PART IV

DEVELOPMENT OF mmODS OF mAlYSIS
(a) Solvent Extraction of Flour Lipids © @ 71©
(b) Weighing of Aliquot® © * * * , © ,  74®
(o) Phosphorus Determination , © * , © ©  74#
(d) Recovery o f F re e  F a t ty  Aolds © © © © ® 75®
(e) P re p a ra tio n  o f Methyl E s te rs  ,  ,  , # , 77»
( f  ) Vacuum D is t il la t io n  of Methyl Esters © © 78#
(g) Gas Chromatography and A nalysis  of Fatty

Aold Methyl Esters 79®

PART V

SUPPhmmTARY WORK
(a) Dough Testing Using Chopin Alveograph © 83®

( i )  IntroduotioB 83#
(11) Materials and methods 85®

( i l l )  Experimental and resu lts © © © ® $7*
(iv ) Discueslon * © , « . « * © *  88#

(h ) M é th y la tio n  of Long Ghedn F a t ty  Acid w ith
Diazoraathane @ © © © @ © 0 © © ©  91 «

(0) T h io o tlo  Acid i n  Wheat F lo u r  , * ,  « * 92
(d) Summary * , * « , © * 0 0 * * ©  93®
R e p rin ts  o f  P u b lish e d  P apers © « * , © 0 94#



BEfBREHGJiiS

9 7 .

99.



PRS'âCK



'X*

PRKfc'âCE

Wheat? and th e  produo ta  derived from I t  by g r in d in g  and 

m il l in g  p ro c e s s e s , have lo n g  been of d ie ta ry  s ig n if lo a n e e  to  man©

Muoh o f  th is  sigixificano©  i s  due to  th e  f a o t  th a t when wheat f lo u r  

i s  mixed w ith  water a  co h esiv e  e l a s t i c  dough i s  form ed, and as a  

r e s u l t  wheat f lo u r  can be used to  make an enormous range of p ro d u c ts , 

most o f which are p a r t  of th e  bakers® craft©  In  t h i s  r e s p e c t  wheat 

d i f f e r s  from a i l  o th e r  c e r e a ls .

These unique p r o p e r t ie s  can be measured by rh eo lo g ica l 

means, b u t th e  underlying physico-chem ical system s which produce 

them a re  s t i l l  in co m p le te ly  understood. Moreover, as would be 

expected from any system  d e riv e d  from a b io lo g ic a l  source? la rg e  

v a r ia tio n s  occur i n  th e  b a lan ce  o f  th e se  p ro p erties  among wheat 

v a r i e t i e s ,  and even in  th e  same va,riety grown under d iffe r e n t  

conditions* I t  has n o t y e t  proved p o s s ib le  to  d e te c t  any s ig n i f i c a n t  

chem ical d if f e r e n c e  which m ight account f o r  th e s e  d iffe r e n c e s , and 

t h i s  problem  has been a  lon g-stan d ing  ch a llen ge to  cere a l chem ists, 

There i s  a lso  th e  a d d i t io n a l  in c e n tiv e  th a t  a  b e tte r  understanding 

o f th e  f a c to r s  in v o lv ed  would alm ost c e r t a in ly  lead  to  a  g rea ter  

degree o f c o n tro l  over a rather v a r ia b le  raw material© The 

economical and tech n o lo g ica l s ig n if ic a n o e  o f th is  can hardly be 

exaggerated when i t  i s  remembered t h a t  w heats o f good breadm aklng 

q u a l i ty  can only be grown i n  a  few co u n tr ies , and a re  consequently  

r e l a t i v e l y  expensive in  c o u n tr ie s  such as Great B rita in o
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I t  has long been known t h a t  th e  p ro p ertie s  o f a dough 

a re  la rg e ly  th o se  o f th e  p ro te in  c o n s t i tu e n ts ,  known c o l le c t iv e ly  

as gluten© G lu ten  can he recovered  from a dough hy washing away 

th e  non -co h esiv e  s ta r c h ,  c e l lu lo s io  m a te r ia l  and s o lu b le  m aterials©  

The r e s u l t in g  mass i s  found to  he hydrated p r o te in  to  which most of 

th e  f l o u r  l i p i d s  a re  f a i r l y  f irm ly  hoimd, mid i t  has been described  

as a  mixture o f g l ia d in  and lipoglutenin©  The fo rce s  b inding th e  

p r o te in  m olecu les to g e th e r  are b e lie v e d  to  a c t  th rough  d isu lph id© , 

t h i o l e s t e r ,  su lp h y d ry l and in d o le  groups, w ith  hydrogen bonding and 

s a l t  l in k a g e s  a ls o  p la y in g  a part© Without doubt th e  most im p o rtan t 

l in k a g e  so f a r  d isco v e red  ia  th e  in te rm o le e u la r  d is u lp h id e  group, 

and much a t t e n t io n  has been g iven  to  i t s  ch em istry  d u rin g  th e  p a s t  

decade*

Dough q u a l i ty  depends on th e  b a lan ce  o f p l a s t i c  and e l a s t i c  

p r o p e r t ie s  o f th e  dough m ass, and may be improved by th e  a b so rp tio n  

o f a tm ospheric  oxygen d u jln g  m ixing, o r  by v ery  sm all amounts o f 

o x id is in g  ag en ts  known commercially as f lo u r  improvers"© A 

c h a r a c t e r i s t i c  f e a tu r e  o f f lo u r  impz’o v er a c t io n  i s  th e  la rg e  change 

in  rh e o lo g ic a l  p rop erties brought about by a few pop.m# o f improver© 

Flour l i p i d s  appear to  be in d ir e c t ly  in vo lved  i n  the a c tio n  of a t  

l e a s t  one improver (po tassium  brom&te), and th e  f f e e  l i n o l e i c  and 

l in o l e n ic  a c id s  o f f lo u r  are of im portance I n  th e  enzymic a b so rp tio n  

of a tm ospheric  oxygen© Much re se a rc h  e f fo r t  i s  b e in g  expended on 

th e  p h o sp h o lip id s  and g a la e to l lp id s  o f f lo u r , but th e  dough chem istry
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o f even th e  s im p le r  l i p i d s  i s  n o t y e t  f u l l y  understood^

In t h i s  tm esis  the l i t e r a t u r e  on th e  f r e e  f a t t y  ac id s  

and o th e r  sim ple l i p i d s  has been c r i t i c a l l y  reviewed? to g e th e r  

w ith  th e  l i t e r a t u r e  oa th e  up take  o f oxygen toy doughs d u rin g  mixing* 

I t  has been concluded t h a t  th e  p u b lish ed  f a c t s  do not form a 

s a t i s f a c to r y  ch a in  o f  ev idence , and th a t  th e  f r e e  f a t t y  a c id s  a re  

p ro b ab ly  in v o lv e d  in  some, as y e t ,  wdmown chem ical réactions©

The experim ental part of t h i s  th e s i s  i s  a  prelim inary in v e s t ig a t io n  

o f the ch em istry  o f th e  f r e e  f a t t y  a c id s  of f lo u r  d u rin g  m ixing, 

and in c lu d e s  p a r a lle l  o b se rv a tio n s  on th e  o th e r  s im ple  f lo u r  l i p i d s  

which have been grouped togeth er  under the term  " e s t e r i f i e d  f a t t y  

acids"© Some a d d i t io n a l  experim ental work which was necessary  

i n  th e  developm ent o f the main work has a ls o  been included©
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IHTRODOCa'IOH

This th e a is  has been divided  i n to  f iv e  p a r t e ,  each of 

which i s  a s ta g e  in  th e  developm ent o f th e  whole work* Part I 

i s  a review o f th e  re lev a n t l i t e r a t u r e  with a  c r i t i c a l  r e - a p p r a is a l  

o f some o f  th e  p u b lish ed  r e s u l t s « Part IX d e s c r ib e s  the m ateria ls  

and methods used in  the main work* P a r t  I I I  c o n ta in s  th e  main 

experim en ta l resu lts?  and a  d is c u s s io n  o f  th e  resu lts*  Part IV 

d e s c r ib e s  the experim ental work re q u ire d  to  develop  th e  methods 

g iven  in  P a r t  I I  to  a  s u f f i c i e n t ly  r e l i a b l e  le v e l  f o r  ro u tin e  

a n a ly t ic a l  work* Part V d e s c r ib e s  some p a s t  and p re s e n t  work 

which i s  B uppleiaentarj to  th e  main work of the thesis©

Throughout th is  th e s is  i t  I s  necessary to  r e f e r  freq u en tly  

to  s e v e ra l  words and term e which can be con ven ien tly  a b b re v ia te d , 

and th e s e  a r e  l i s t e d  below*

SH -  th e  su lp h y d ry l or t h io l  group 

S3 -  th e  clis u lp h id e  group 

FF A -  f r e e  or u n e s te r i f ie d  long  chain  f a t t y  a c id s  

BFA ^ f r e e  e s s e n t i a l  f a t t y  a c id s  ( l i n o l e i c  and l in o le n ic )  

BstdoFA -  e s t e r i f i e d  f a t t y  a c id s  (gis g ly c e ry l  o r  s te r o l  e s te r s  

a l l  g a la c to l ip id s  and p h o sp h o lip id s  a re  ab sen t)

GLG -  g a s - l iq u id  chrom atography (gas chrom atpgraphy)

16s0 -  p a lm it ic  a c id

1710 ss m argario  a c id  

18&0 -  s te a r ic  ao ld  

10.§1 îs; o le  9 o le ic  ac id
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18g2 a  a l l  o is  g , 12 l i n o l o ^ o  a c id

1813 ai l  018 g g 12, 15 l in o le n io  aold

EOsO -  a ra o h ld io  ao ld

20 g 1 sa o ia  9 g ad o le io  ao id

20M’ -  a i l  o is  59 8? 11, 14 a m ch id o n lo  a o ld
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UÏESATORBl fiSVIEW

The unique property of fo im lng  a dough from m ixing wheat 

f lo u r  and w a te r  i s  due to  th e  gluten-fo%'ming c a p a c ity  of f lo u r  

proteins©  Vühéat i s  th e  on ly  c e re a l  with t h i s  p ro p e rty ?  a lth o u g h  

rye  can form a poor g lu te n  under s p e c ia l  c ircu m stan ces  (9 4 ), and in  

th e  n o n -c e re a ls  caroh  germ f lo u r  ie  a lso  sa id  to  have t h i s  p ro p e rty

(136, 139) ,

I t  i s  g e n e ra lly  accep ted  th a t  in term oleou lar S3 l in k s  a re  

o f m ajor s ig n if ic a n c e  i n  g lu te n  s t r u c tu r e  (111? 1 5 7 ), h u t th e  sim ple  

th eo ry  whereby o x id a tio n  o f  SH to  S3 in c re a s e s  dough stren gth  and 

re d u c tio n  o f 33 to  SH decreases i t  does n o t f i t  a l l  th e  observations  

o f  dough behaviour* There does not appear to  be any c o r r e la t io n  

between the t o t a l  3H and 33 c o n te n t of f lo u r  and dough q u a l i ty  ( 5 , 149) ,  

b u t t h i s  may be due to  some SE being u n a v a ila b le  f o r  r e a c t io n  ( 31, 34)® 

Thera i s  a rough c o r r e la t io n  between 3H lo s s e s  d u rin g  m ixing and 

dough strength  (149)® The f a c t  th a t  s p e c if ic  3H blocking ag en ts  

have an e f f e c t  s im ila r  to  o x id is in g  ag en ts  i s  c o n tra ry  to  what would 

to© expected  from th e  above th eo ry  ($2? 62, 149, 155)®

A more recen t theory p o stu la te s  an exchange mechanism (52,

62; 111, 155) ^8 shown*

' I —- '—" sh e a r  —"-j— — -y—-
8* 8** 8* 8**

q 9 9*
sh ear.



dough i e  su b je c te d  to  a deform ing a t r e e  a an oS under s t r a i n  

can be reduced by an a d ja c e n t 3H? w ith  th e  fo rm a tio n  o f a new SH 

and a new SS which i s  r e l a t i v e l y  stra in -free*  #hen f r e e  SH a re  

s p e c i f i c a l ly  b locked  no exchange can talce p la c e , and enough work 

e v e n tu a lly  le a d s  to  ru p tu re  o f th e  SB© O xidising ag en ts  have th e  

same e f f e c t  rh e o lo g ie a l ly  s in c e  they  remove SII by o x id a tio n  to  SS© 

I t  i s  known (52) t h a t  i n  model system s th e  o x id a tio n  of p ro te in  3H 

toy io d a te  can p roceed  anywhere between th e  l im ite ?

10% 4" 6E8m I'
3 &

and J . Q -  ^  j j g g  ^  rso„H * l' 
3 3

The more o x id is e d  su lp h ln ic  and su lphon lo  a c id s  cou ld  have an e f f e c t  

l i k e  s p e c i f ic  SH blocking ag en ts  (5 2 ), and could form  s a l t s  and 

e s t e r s .  In  doughs? o x id is in g  ag en ts  a re  n o t a b s o lu te ly  s p e c if ic  

f o r  SH (42? 93) ,  tout th e  rh e o lo g ic a l ly  s ig n if ic a n t  a c tio n  i s  most 

p robab ly  th a t  le a d in g  to  th e  fo rm atio n  of S3 linltis between p ro te in  

m olecules ( 52)© S ince g lu te n  p ro te in s  a re  w ell o r ie n ta te d  (65? 74,  

161)§ in tram olecu lar SS are l ik e ly  to  toe much l e s s  f re q u e n t and 

im portant than in te rm o lo c u la r  SS* deducing agen ts?  which in crea se  

th e  amount o f  SH-in th e  dough, f a c i l i t a t e  exchange r e a c t io n s  and 

thus s o f te n  th e  dough© O xidising ag en ts  decompose in  r e s t in g  

dough, tout th e ir  impro'ving a c t io n  i s  on ly  no ted  when the dough has 

been m ech an ica lly  worked (1 6 ).

In  s tu d ie s  of g lu te n  com position  i t  has been found th a t
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n e a r ly  a l l  th e  f lo u r  l i p i d s  a re  a sso c ia ted  with th e  p ro te in  in  

varying d eg rees o f  f i rm n e s s ( r e s is ta n c e  to  so lv e n t e x t ra c t io n )  (10?

29, 30 , 63 , 74, 75, 76 , 102, I I 4 , 116, 129» 1 )0 , 138 , 143, 152» 161,

164)9 and i t  has been found by X-ray a n a ly s is  t h a t  th e  p h o sp h o lip id s  

a re  p re s e n t as p l a t e l e t s  o r ie n ta te d  p e rp e n d ic u la r  to  th e  main p ro te in  

a x is  (65, 161)© This a s s o c ia t io n  i s  q u ite  d i f f e r e n t  from th a t  i n  

f lo u r , and appears to  be formed d u rin g  m ixing (74a)© I t  has been 

suggested  t h a t  th e  l i p i d s  a c t  as a lu b r ican t in  th e  g lu te n  stru ctu re  

by being  o r ie n ta te d  to  form l i p i d  su rfa c e s  on th e  g lu te n  which a c t  

as  s l i p  p la n es  (63)# I t  has a lso  been suggested  t h a t  l i p i d  polym er­

i s a t i o n  could  have an in te rm o le o u la r  p ro te in  bonding e f f e c t  (148)©

The r o le  of f l o u r  l i p i d s  i n  th e se  alieiDiical changes has 

remained obscure, b u t i t  seems th a t  FFa are p a r t i c u l a r ly  a c t iv e ,  

and Estd»FA may a ls o  have some e f f e c t  (17? 41, 64 , 95, 142, 144?

145, 158)0 This i s  review ed in  d e t a i l  below, b u t a t  th is  p o in t  

i t  may be noted th a t  th e re  i s  no d ir e c t  r e la tio n sh ip  between th e  

io d in e  valu© of th e  t o t a l  l ip id s  and dough p ro p ertie s  (68)*

T h lô c tio  ac id  i s  a  l ip id - ty p e  co-enzyme which has r e c e n tly  

been id e n t i f i e d  i n  f lo u r  (125? 154)? and i t s  r o le  i n  f lo u r  o x id a tio n  

h as been th e  s u b je c t  o f sp ecu la tion  (154)* S ince t h lo e t ic  a c id  

i a  n o t d i r e c t l y  e x tra c te d  from f lo u r  by l i p i d  so lv e n ts  i t  has n o t 

been in c lu d e d  in  th e  main work of t h i s  th e s is ;  experim ents d ir e c te d  

towards i t s  ex tra c tio n , i d e n t i f i c a t i o n  and q u a n t i ta t iv e  e s tim a tio n  

a r e  d e sc r ib e d  in  Part f  o f t h i s  t h e s is .
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ïVheats and f lo u r  a a re  a r b i t r a r i l y  d iv id e d  in to  s tro n g  

and s o f t  types according to  w hether they form s tro n g  e la s t i c  doughs 

or not* There has so f a r  been no chemical means o f  d is t in g u ish in g  

such wheats? and s in c e  th e  problem  i s  lin k ed  w ith  t h a t  o f th e  

fo rm a tio n  o f dough stru ctu re  th e ir  so lu t io n s  probab ly  l i e  i n  th e  

same d irection *  Because of t h is  lack  of knowledge on which to  base 

experiments t h i s  in v e s t ig a t io n  was la r g e ly  confined  to  one f lo u r  o f 

good breadmaking q u a lity , as has been customary w ith  many other  

in v estig a to rs*  A ll referen ces h er e in a fter  to  f l o u r  r e fe r  to  t h i s  

ty p e  o f f lo u r , u n less otherw ise stated*

(b) D is t r ib u t io n ,  E x tra c t io n  and A n aly s is  o r n o u :

The d i s t r i b u t io n  o f l i p i d s  in  th e  main p arts o f the  

wheat grain  i s  g iv en  in  Table 1®

Table 1©

The D is t r ib u t io n  o f  L ip ide  in  th e  Wheat G rain

T issu e L ip id , wtm# T issu e $  o f T o ta l L ip id s
— ..................- — .............- ...................................1---------------------
P h o sp h o lip id 8 | N oii-phospliolipids

Bran

Germ

Boutellum

Endosperm

3 -  5 .6  

6 - 1 5  

30

0 .7 5

P © rioarp , t e s t a  

E m bryo,scutellum  

O uter endosperm 

In n e r  endosperm

25

10

7

58

51

19

7

45

R eferences 8 , 14» 27, 73, 83 , 153*
“w <1 m ■■ 1 » 'I I» '.! 1 !". ■! i Ifl ■' '" 'W 'A ' V i.A''1 k'l ij' <1 Ti-V." ..-I'. ■«.■'. ■ '!■■ " ' ! ' J“,'i?'.!V?Vr:r,rT M .Aw'.'.!* ■ ■■' ■ '' ,L' ' !'.l.‘..'’J g? i.* Wir*^<l.'J ?■*■■. ? J1" j \  'rFr_» "TLU f f  f I f :  W.
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111 f lo u r  the l ip id  oonteat depoMe on th e m illin g  

extr& otlon ra te , th a t i s  the y ie ld  o f  f lo u r  expreeeed as a percentage  

of the wheat fed  In to  the m il l .  As the ex tra c tio n  ra te  f a l l e  and 

the proportion o f  l ip id ~ n o h  hran, germ and Goutelluw f a l l s ,  the  

f l^ u r  l ip id  content a lso  fa l ls *  The r e la t io n sh ip  l e  com plicated  

by the fa c t  th a t about o f f lo u r  l ip id s  are from l ip id s  expressed  

from the germ during m illin g*  w ithout th e  germ i t s e l f  being reta ined  

in  the f lo u r  (IgO)# The re la tio n sh ip  between f lo u r  ex tra c tio n  ra te  

and l lp ld  content i s  shown in  Table 2o

l ip id  Content o f  Flours o f  Varying E xtraction  Rato (1

E x tra c tio n  A&te* %

In conducting an a lyses such as th ose  in  Table 2 the  

f ig u r e s  depend on bhe so lv e n t used to  ex tr a c t  th e  l ip id s  (30 , 7))*  

In  order o f e f fe c t iv e n e s s  in - f lo u r  th ese  are: l i g h t  petroleum*

d ie th y l ether* ethanol«*ether 3/1 (v /v )  (j&loor*s so lv e n t)  * methanol
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fo llow ed  by m ethaao l-ob lo ro fo rm  1 /1  (v /v ) ( 38)* and w a te r - s a tu ra te d

u -b u tan o l {113)0

0}he com plété a n a ly s is  o f a l l  th e  o laao es of l i p i d  p re s e n t 

has n o t been made® b u t th e  m ajor sub-d iv ls io n s  are A 10 -  14^'e 

g ly c ery l e s te r s  s t e r o l  e s te r s  4#8/g g a la o to -  and p h o sp h o lip id s

37'Â app roz lau ite ly  (49# 116* 167)o 'fhe conventional l i p i d  a n a ly se s  

a re  g iv en  in  'fab le  3#

fa b le  3

A nalyses o f Wheat l i p id a

S a p o n if ic a tio n  v a lu e  

Io d in e  value  

U n sap o n iflab le  m a tte r  $ 

FFA $9 new f lo u r  

FfA $9 o ld  f l o u r

164 -  187 

105 .  146

4 -  5*6

5 -  10

up to  72

References 8, 129 13# 17* 37® 38* 41, 
59, 64, 669 85, 95, 108, 142, 156* 
1 5 9 * 1 6 9 .

In  re c e n t y ea rs  0LC has enab led  a c c u ra te  f a t t y  ac id  

an a ly se s  to  be made, and Table 4 shows value s which a re  r e p r e s e n ta t iv e  

o f th e  com position  o f  bo th  p h o sp h o lip id s  tuid non-phospho lip id se  

The r e l a t i v e l y  la rg e  amount o f  l i n o l e i c  a c id  i s  o f  s ig n i f ic a n c e  

i n  th e  ex perim en ta l work to  be co n s id e red  la ter*
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Wable 4

t y  Acid C o m p o s it io n  o f  F l o u r  l i p i d s

Acid M o le  %

I 6 s 0 1 4  ** 24

1 8 :0 O06  -  2 .5

1 6 :1 8  •  16

1 8 :2 58 « 66

1 8 :3 1 -  ^# 5

2 0 :1 1 •  10 4

o t h e r s up  t o  Co 2 e a c h

Eei*0x*©)aoes 5^» 9^9 99 9 108

(o) The K ffeo t ot' OxvA'eîi oii Dou/dis 

F o r th e  study  o f th e  up take o f oxygen by doughs d u rin g  

th e  p ro ce ss  o f mj.Jd.ng i t  i s  o f te n  more co n v en ien t to  use  sponges 

(w a te r  -  1 to  10 tim es f lo u r  w eight) r a th e r  th an  doughs (w a te r -  Oeh^ 

to  O065 tim es f lo u r  w e ig h t)* In  e i t h e r  system  th e  chemiosJ p ro c e sse s  

ap p ear to  be th e  a lth o u g h  th e  r a t e s  o f  r e a c t io n  a re  a lte re d *

Sponges were used i n  th e  p re s e n t y/ork f o r  ea se  o f  fre eae ^ d ry in g ?  

and more p r e c is e  te rm .n a tio n  of enzymic r e a c t io n s  by sudden deep 

freojaingo

A com plete su rvey  o f th e  l i t e r a t u r e  on th e  ro le  o f oxygen 

in  th e  m ixing o f b read  doughs has been p u b lish e d  r e c e n t ly  by Hawthorn (70,



and th o se  a s p e c ts  which a r e  o f p a r t i c u l a r  re le v a n c e  to  t h i s  th e s i s  

a re  review ed and d isc u sse d  helov/o

The f a c t  t h a t  doughs show o, resp o n se  to  atm ospherio  oxygen 

has been reco g n ised  s in c e  abou t 1918* and has been used  in  commercial 

p ro c e s se s  (6p 7® 54p 559 56g 'JÔ  71» 86p 8 7 )* The *’Oxygen E ffe c t"  

r e s u l t s  i n  an improvement o f dough s tr e n g th  ( s im i la r  to  th e  e f f e c t  

o f  o x id is in g  ag en ts  g q^Va in fra .)  and in  p a r t i a l  b le a c h in g  of th e  

f l o u r  p igm ents (67$ 71 )* The r a t e  a t  which s t r a i n  i s  re la x e d  in  

s t r e tc h e d  doughs i s  p ro p o r t io n a l  to  ‘the oxygen ten sio n *  The uptalee 

o f  oxygen i s  pH dependent ( 39s 144) 9 hav ing  an optimura i n  'bhe same 

re g io n  as wheat l ip o x id a s e  (141)* When th e  u p tak e  o f oxygen by 

doughs i s  p lo t t e d  ag a .ln st th e  FFA c o n te n t o f  th e  f l o u r  a l i n e a r  

r e la t io n s h ip  i s  found above oa* 16$ FFA  ̂ and i s  c a lc u la te d  to  he 

e q u iv a le n t to  th e  a b s o rp tio n  o f 1 mole oxygen p e r  mole o f EFA (144)* 

T his and s im i la r  ev idence  s tro n g ly  su g g e s ts  t h a t  oxygon i s  absorbed  

by an B FA ^lipoxidasa system^^ and i t  seems c e r t a in  t h a t  coupled 

o x id a tiv e  r e a c t io n s  cause pigm ent b le ach in g  and o x id a tio n  o f 8H 

to  88, r e s u l t in g  i n  dough improvement ( 39p 40» 719 96? 979 144? 145)* 

( I t  i s  known th a t  pea  lip o x id a e e  can o x id is e  th e  8H o f g lu ta th io n e  

in  a  coupled  r e a c t io n )  (106)* I t  has a ls o  been found th a t  o a ta la s e  

can prom ote pigm ent b le a c h in g  d u rin g  a e ro b ic  dough m ixing (71)* 

L ipojcidase i s  an ensyme which c o n ta in s  no m e ta l l ic  

p r o s th e t ic  g roup , and from  most so u rces ( in c lu d in g  whea/b and soys) 

i t  i s  n o t SH dependent (85)0 L ipox idsso  a c t s  by o x id is in g  f a t t y
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a c id s  c o n ta in in g  a m e th y le n e^ in te rru p te d  double bond system  (BFa) 

to  co n ju g a ted  byd roperox idesf and can cause  coupled  o x id a tio n  o f 

secondary  s u b s t r a te s  (25* ?0 )« Secondary s u b s t r a te s  su b seq u en tly

added to  l lp o x ld a s a  and iFA hydroperox ides a re  n o t o x id ised^  t h i s  

would n o t be a coupled  o x id a tio n  exjioe I t  would ta k e  p la c e  a f t e r  

th e  EFA o x id a tio n  (70)o The term  lipox ldas©  xb u sed  in  th is  review  

and e lsew here  i n  th is  th e s i s  as i f  i t  mim th e  only enzyme capab le  

o f c a ta ly s in g  th e  o x id a tio n  o f WA w ith  coupled o x id a tio n s  o f  other  

s u b s t r a te s  (70)* I t  i s  however reco g n ised  th a t  unsaturated f a t  

o x id ases  would be a  more g e n e ra l and a c c u ra te  term  to  u se , s in c e  

there l a  no p ro o f  t h a t  lipoxxdas©  i s  th e  enayme r e s p o n s ib le  f o r  

the observed  phenomena* There i s  a lso  the p o s s i b i l i t y  th a t  iron*  

porphyrin compounds (haem atins) could  e x e r t  a  s im i la r  e f f e c t  i f  

some preformed EFA hydroperoxide was p re s e n t  (25^ 7 0 )«

S ince  th e re  i s  no known in h ib ito r  o f l ip o x id a s e  which 

could be used  to  t e s t  t h i s  theory th e  b e e t approach has been to  

remove the l i p i d  su b stra te  by s o lv e n t d e f a t t in g  the f lo u r  before  

m ixing (71)® Experim ents w ith  d e fa t te d  f lo u r s  (u s in g  l ig h t  

p e tro leum  or e th e r )  have shown bo th  response (71) and no resp o n se  

to  oxygen (97? 148)* according to  d if fe r e n t  workers* I t  has 

th e re fo r e  been concluded t h a t  ( i )  oxygen improvement as d i s t i n c t  

from b le ac h in g  i s  n o t dependent on l lp o x id ase*  but i s  due to  d i r e c t  

o x id a tio n  of p r o te in  (71) or to  another ensyme system  (70)*

(11) s in c e  a l l  the l i p i d s  cannot be removed by d e f a t t in g  w ith  l ig h t
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petro leu in  o r  e th e r ,  X lpoxidase i s  s t i l l  a c t iv e  using* th e  r e s id u a l  

l i p i d  (60* 97S3 148)* In  su p p o rt of th e  l a t t e r  argum ent i t  has 

been found th a t  d e f a t te d  f lo u r s ,  w ith  o r  w ith o u t a supplem ent of 

soya llp o x id ase*  show an oxygen response  on ly  when EPA i s  added

(96),

S in ce  th e  o r itlo ls ff i o f  th e se  experim ents i s  hasad on 

com pleteness o f l i g h t  petroleum d e f a t t in g  i t  i s  im p o rta n t to  c o n s id e r  

what i s  ex tra c ted *  From published d a ta  (38* 73) i t  seems th a t  

n o n -p o la r  s o lv e n ts  remove FFA* EstdeFA and sm all amounts o f p o la r  

l ip id s *  le a v in g  in  th e  f lo u r  only  th e  p o la r  l i p i d s * I t  has a ls o  

been found th a t  FFa su p p o rt 10 tim es th e  oxygen uptake of Eatd*FA 

(1 4 4 )p and th a t  th e  dough re s is ta n c e  to  mixing of d e f a t te d  f lo u r  

can be alm ost f u l l y  r e s to r e d  to  normal by F£'A* b u t n o t a t  a l l  by 

FstdaFA or phospholip ids (1 4 5 ), Tn & model system  llp o x id a se  

was found to  use  BstdoFA and p o la r  l i p i d s  from f lo u r  as

s u b s t r a te s  in  the r a t i o  3 : 1 a 0* d e s p ite  th e ir  f a t ty  ac id  

com positions b e in g  s im i la r  (124 ), When th e  w ater-so lu b lea  of 

f lo u r  are b o ile d  and returned to  th e  f lo u r  i t  i s  found th a t  th e  

oxygen uptake i s  very s l i g h t  (39, 144), There does n o t appear 

to be any c o r r e la tio n  between f lo u r  stren gth  and lip o x id a se  a c t iv i t y

(144) o

On re-exam ining the published graphs o f oxygen uptake/g, 

f lo u r  f a t  a g a in s t  $FF/k or $KFA (144)9 i t  i s  seen th a t  on ex tra -  

p o la tio n  to  0$ FFA or FFA there i s  a resid u a l uptake of 3 -  6 m l*/

50 ge f lo u r*  This was n ot pointed o u t by th e  authors, but i t
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su g g e s ts  t h a t  th e re  i e  am u p tak e  mot due to  th e  lipox idasa/E F A  

system* Table 5 shows th e  oxygen up take  o f  f lo u r s  calculated to 

a  common b a s ts  from o th e r  authors® re s u lts *  C ross mixed 18 g& 

f lo u r  in  450 ml* 1/QM ICOl i n  th e  p resen ce  o f a ir*  and m easured 

the oxygen uptake polarographlo&lly* Smith and Andrew# measured 

the uptake o f dough# mixed under oxygen by & manometrie method* 

Cosgrove mixed - f lo u r  and w ater sponges under nitrogen, and a fter  

5 minutes changed the atm osphere to a ir  over a mow s t a t i c  sponge; 

he then measured the oxygen uptake manometnioally* but because 

the method r a i l e d  on d iffu sion  o f oxygen in to  a  previously mixed 

sponge i t  l a  not t r u ly  comparable although the trend of th e  resu lts  

was comparable* In flou rs o f the ty p e  used there would be not 

more than 0*8$ l ip id , c o n ta in in g  about 10$ so th a t  in  30 g* 

f lo u r  there would be mot more than 18 mg# KEhU I f  a l l  t h i s  M a  

mm to ta lly  consumed by lipox idas®  in  20 minutes (which l e  most 

u n lik e ly  s in c e  oxygen uptake continues well past t h a t  tim e) th e  

absorbed oxygen on a mole/mole basis would be lo44  ml* I t  Is  

therefore reasonable to  deduce t h a t  there must be some o th e r  

E'FA o x id a tio n  (a )  to account f o r  the discrepancy in  oxygen 

u p takes ©



(Table 5

A Comparison o f  th e  P u b lish e d  Oxygen Uptakes o f F lo u rs

R eference | R eac tio n
Time,

M inutes

^ L-.1 JrL' .w J h  LI' -, ,V|-j|Ji'| ',, , ill II jt’i ii-i t*!,li;i|.‘

Measured Uptake 

/id.9/ 50^0 P loue

SPa R equ ired  i’h e o r e t io a l ly ,  

on Mole/Mol a B a s is , mg.

Cross (40) 10 3.45 43.1
20 5.80 48 .5

i Smith (144) 10 3 .60 45.0
and 20 4.20 52.5

Andrews 30 4.00 6 1 .7

Cosgrove (59) 10
60

O060

i .70
7.5

21.0

T here l e  a  m easurab le  lo s e  of 8H i a  doughs made from 

d e fa t te d  f l o u r s ,  sad  i a  th e e e  doughe th e  oxygen u p tak e  l e  to o  am&ll 

to  be m easurab le  (145)* AtmospheriG oaygeu I n h ib i t s  brom ate 

decom position  acco rd in g  to  th e  ozygen te n s io n  ( )3 , ^6 , 42)* A n ti-  

o x id a n ts  such as n o rd ih y d ro g u a ia re tie  a c id  and a - to c o p h e ro l a c e ta te  

p a r t i a l l y  i n h i b i t  pigm ent b le a c h in g , b u t do n o t a f f e c t  lo a f  volume 

( 70, 71) ,  O ther a n t io x id a n ts  i n h i b i t  th e  r a t e  o f  brom ate decom position  

i n  dough only  i n  th e  p re sen ce  of oxygen ( 3̂ )*

The p ic tu r e  i s  thus very confused, but th e  fo llo w in g  

p o in ts  summarise # ie  more im portant fa c t s  on which the experim ental
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p a r t  o f t h i s  th e s i s  I s  la r g e ly  baseds

1 , A tm ospheric oxygen a c ts  as  a  dough Improver®

2, Most o f th e  u p tak e  o f  oxygen d u rin g  dough m ixing 

can he a t t r i b u t e d  to  enjsymla l i p i d  oxidatioU o

3o T here i s  some ev idence o f r e s id u a l  u p tak e  o f oxygen

which i s  independen t o f u n s a tu ra te d  f a t  o x id ase  action®

4® 8H groupa a re  very oxygen s e n s i t iv e  in  d e f a t te d  f lo u r s  

(i*e@ where unaaturated f a t  o x id ase  a c t i v i t y  i s  l i k e ly  

to  he ab sen t)#

5® There i s  no evidence to  show th a t a l l  oxygen improvement 

i s  enaymic®

6® There i s  evidence th a t  l ip o x id a s e  o x id a tio n  i s  re s p o n s ib le  

fo r  some o f  the im proving e f f e c t  o f oxygen by cau sin g  

secondary  o x id a tio n  o f SE®

7® The b le ach in g  o f  f lo u r  pigm ents I s  due to  t h e i r  a c t in g

as a secondary  s u b s t r a te  i n  l ip o x id a s e  ca ta ly sed  o x id a tio n  

o f  EFA,

#0 There i s  reaso n  to  b e lie v e  th a t  l ip id  o x id a tio n  d u rin g  

dough m ixing in v o lv e s  ensymic a c t iv i t y ,  o ther than  

l ip o x id a se , which u ses more oxygen th an  would normally 

be a t t r i b u te d  to  l ip o x ld a s e  a o t iv i ty o



(d) O x id is in g  Agents Added to  hou/A'is 

There i s  a c o n s id e ra b le  l i s t  o f su b s tan ces  vjhioh have 

a  f lo u r  im proving e f f e c t  (88)» Most o f th e se  a re  o x id is in g  a g e n ts , 

and th e  o th e rs  in c lu d e  a s c o rb ic  a c id  which a c ts  i n  th e  form of 

d eh ydroasco rb ic  a c id  to  o x id is e  3K ( I 05, 112, llj?)»  and which

cou ld  a c t  as  a  p ro * o x id an t c a te ly s t  o r as  a  SH b lo ck in g  agen t w ith  

th e  same e f f e c t  (33-37)® The e f f e c t  o f  th e  p re se n ce  o r  absence 

o f f lo u r  l i p i d s  on th e  dough ehemiatxy o f two o x id is in g  agents* 

h r  ornate and p e rsu lp h a te*  has been ex m ln ed  (42* 100)» Commercial 

f lo u r  b le a c h in g  ag en ts  such as c h lo r in e  d io x id e  a ls o  have an 

im proving e f f e c t ,  and th ey  a re  found to  cause some lo s s  o f  to c o p h e ro ls  

and s l i g h t  l i p i d  p e ro x id a tio n  in  th e  dry  f l o u r ,  which could  have an 

im proving e f f e c t  (43» 53? 121» 122)®

P otassium  brornate m%l io d a te  a re  used  com m ercially  a t  

ca® 15 30 ppm* o f f lo u r  w eig h t, and p e rs u lp h a te  a t  ca« l6 ü  ppm*

(71, 89* 148)0 In  term s o f  a v a i la b le  oxygen th e s e  brom ate and 

p e rs u lp h a te  le v e ls  a re  s im i la r  (71)® Im provers a re  decomposed 

in  th e  p ro c e ss  o f e x e r t in g  an im proving e f f e c t  in  douais* Iodate*  

which i s  a  f a s t* a c t in g  improver* i s  la rg e ly  decomposed in  a  m a tte r  

o f m inutes (31)» bu t th e  decom position  of brom ate ta k e s  over 3 hours 

( 32* 33)® I t  i s  custom ary to  measure th e  r a t e  a t  which brom ate 

o r  o th e r  im provers decompose in  doughs* and to  s tu d y  th e  e f f e c t  

o f ex p erim en ta l c o n d itio n s  on th i s  ra te*  D e fa tt in g  f lo u r  w ith  

w a te r» s a tu ra te d  n*'butanol has th e  e f f e c t  o f g r e a t ly  low ering  th e
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r a t e  o f  brom ate decomposition* and th e  r a t e  cannot be r e s to r e d  to  

normal by r e tu rn in g  th e  l i p i d s  to  th e  dough (42)* P e rsu lp h a te  

i s  n o t a f f e c te d  by th is  tre a tm e n t (100)* D e fa tt in g  f lo u r  w ith  

l i g h t  pe tro leum  has a  sm a lle r  e f f e c t  on brom ate decom position* 

and th e  e f f e c t  can be re v e rse d  by r e tu rn in g  th e  l i p i d s  to  th e  

dough (42)0 A proposed  e x p lan a tio n  o f th ese  r e s u l t s  i s  t h a t  th e  

b u tan o l removes t i g h t l y  bound l i p i d s  from s p e c i f i c  s i t e s  in  th e  

g lu te n , arid* s in c e  t h i s  s t r u c tu r e  i s  no t reco v erab le*  s p e c i f ic  

brom ate o x id a tio n  i s  n o t p o s s ib le  (42)* S ince  th e  o r ie n ta t io n  

of p ro te in s  and l i p i d e  i n  f lo u r  i s  d iffe r e n t  from t h a t  i n  dough (74,

73, 129) and s in c e  w a te r - s a tu ra te d  n -b u tan o l can c o n s id e ra b ly  in a c t iv a te  

enzymes (124) and g lu te n  p ro ta in e  (2 0 ), i t  seems to t h i s  author 

t h a t  enzyme damage i s  an equally  p la u s ib le  explanation® This 

would r e q u ir e  an enzyme in term ediate in  th e  decom position  o f  bromate, 

and in  su p p o rt o f  th is  su g g e s tio n  i t  has been shown th a t  peroxidase  

can u se  brom ate as a  su b stra te  (58)* P e rsu lp h a te  presum ably a c ts  

by a d i f f e r e n t  mechanism*

From th e  above c o n s id e ra tio n s  i t  m ight be th o u g h t t h a t  

brom ate rea c ts  d ir e c t ly  w ith  th e  l ip id s ,  but no evidence of any 

r e a c t io n  i s  found when th ey  are mixed in  d ioxane s o lu t io n  (99)®

The ra te  of brom ate decom position  i s  decreased by 

in crea sin g  oxygen ten sio n  during m ixing (33g 4 2 ) , and by th e

p resen ce  o f  hydroperoxides*  io d a te , benzoyl p e ro x id e  and c h lo r in e  

d io x id e  (35* 36* 39, 98) ,  The a n tiox id an ts b u ty la te d  h y d ro x y an lso le  

and n -p ro p y l g a l l a t e  d ec re ase  brom ate decom position  only  i n  th e



p resen ce  o f oxygen ( 36)* S ince  l i g h t  petro leum  remove# some 

to c o p h e ro l a n tio x id a n to  along  w ith  l ip i d e  i t  m ight he expected  to  

in c re a s e  th e  r a t e  o f  brom ate deoom poaition* h u t th e  in c re a se d  oxygen- 

s e n s i t i v i t y  o f th e  f lo u r  e x e r ts  a  more pov/erful in h ib i to r y  e f f e c t  

(34s 39)0

O x id is in g  absents a re  sad,d to  be n o n - s p e c if ic  i n  t h e i r  

a c t io n  (569 42* 9 8 ) , b u t on th e  o th e r  hand brom ate and io d a te  a re  

s a id  to  be v i r t u a l l y  s p e c i f i c  f o r  SH o x id a tio n  ( 5I 9 33)»

In  y e a s te d  doughs ‘th e re  i s  a  marked lo s s  o f a th e r - e x t r a c ta b le  

l i p i d s  on ly  i f  brom ate i s  p re s e n t  (15?)®

In  summary i t  can be s a id  t h a t  th e re  i s  some in d i r e c t  

co n n ec tio n  between th e  mechanism o f brom ate a c t io n  and th e  p resen ce  

o f f lo u r  l i p i d s ,  b u t o th e r  im provers seem to  be in d ep en d en t o f  th e  

f lo u r  l ip id s o

(c ) F re e  F a t ty  Acids i n  F lo u r  and D ou^srhn

Much o f th e  in fo rm a tio n  concern ing  FFA has a lre a d y  been 

m entioned i n  co n n ec tio n  w ith  o ^ g e n  u p ta læ , b u t i s  re p e a te d  h e re  

f o r  completeness® In  h ig h  g rade  f lo u r  th e re  i s  abou t 0^B% l i p i d  

which c o n ta in s  from  10̂ % FF A ( f r e s h  f lo u r )  to  38 -  FFA (■very 

o ld  f lo u r )*  The in c re a s e  i n  FF A co n to iit i s  due to  l ip a s e  a c t io n  

d u rin g  s to ra g e  (17 , 41» 61, 64, 95? 142)® Old f lo u r  e x h ib i ts  

typ icfü . o v ero x id a tio B  p r o p e r t ie s  on a e ro b ic  m ixing ( I 52) ,  and t h i s  

h as  been a t t r i b u t e d  to  th e  in c re a se d  FFA c o n te n t (9 5 ), or to  EFA 

h y d ro p ero x id es (153)® A u tox id ised  FFii added to  d e f a t te d  f lo u r
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mixed under n itro g e n  g iv e  a  dough eq u iva len t to  t î i a t  obtained from 

a e ro h ia  m ixing o f  u n d e fa tte d  f l o u r  (145)® T his a b i l i t y  o f dough 

to  u t i l i s e  au to z id iB ed  KFA f o r  o x id a tiv e  pu rposes in d io a te s  t h a t  

a  coupled o x id a tio n  by lip o x id a se  i s  n ot n e cessa ry  f o r  th e  o x id a tiv e  

e f fe c ts#  " T his does n o t however mean t h a t  coupled  o x id a tio n s a re  

hot th e  norm al mechanism when EFA a re  ensym ioally o x id ise d  and g iv e  

r i s e  to  th e  normal o x id a tiv e  e f fe c ts #  O xidised tr ig ly c e r id e s  do 

n o t a f f e c t  dough q u a lity *  as measured by th e  volume o f a  lo a f  baked 

from  th e  dough (ll§ )®  B stdoF l can account fo r  some of th e  oxygen 

absorbed during m ixing (144)* but th e  same a u th o rs  found th a t  Estd^Fii 

a lo n e  cannot, r e s to r e  a  d e f a t te d  f l o u r  to  i t s  u n d e fa t te d  q u a l i ty  as 

judged by aerobic mixing t e s t a ,  although EFA d id  (145)9 There i s  

no c o r r e la tio n  between th e  io d in e  value o f th e  t o t a l  f lo u r  l i p i d s  

and th e  f l o u r  stren gth  (6 8 ), and i t  seems u n lik e ly  t h a t  FPA would 

show a c o r r e la tio n , a lth o u ^  th is  has n o t bean demonstrated* There 

i s  no evidence t h a t  FFA o r  any o th e r  p a r ticu la r  l ip id  i s  in volved  

in  th e  mechanism o f  bromate action* b u t i t  i s  assumed t h a t  the  

B F â /lip o x id a ee  system  does compete w ith  brom ate f o r  the same s u b s t r a te s

(36)#

I t  i s  s ig n if ic a n t  t h a t  there have been no p u b lish ed  r e s u lts  

o f  experim ents i n  which th e  FFA o f  f lo u r s  and doughs have been examined 

to  demonstrate changes in  th e ir  com position i n  conform ation w ith  the  

above statem ents* S ince n early  a l l  th e s e  statem ents have been 

arrived  a t  by a d d i t io n  and/or s u b tr a c t io n  o f l i p i d s  from f lo u r  b e fo re
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m ixing, they can only be accep ted  ae evj,denoe in  support o f th e  

p a r ticu la r  theory being examined# I t  has already been shown t h a t  

there i s  a  f a u l t  in  the deductions from th e  experim ental evidence, 

s in c e  th e  oxygen up take  o f  high  grade f lo u r s  cannot be reasonably  

accounted fo r  in  terms o f  BFA/lip©xidas@ a c t iv i t y ,  and o th e r  FFA 

ox id ation  mechanisms must th erefore  be involved® There i s  no 

su g g e s tio n  from th e  inform ation above to  in d ic a te  th e  n a tu re  o f  

the mechanisms, The purpose o f th e  main p a r t  o f  t h i s  th e s is  i s  

to  males a prelim inary exam ination  o f th e  FF A o x id a tio n s o f a h ig h  

grade f lo u r*  by a n a ly s is  o f FFa before and a f t e r  m ixing experim ents* 

to  c la r i f y  t h i s  point®

In  the l i g h t  o f current knowledge i t  i s  p o s s ib le  to  draw 

up a scheme o f  o x id a tiv e  reaction s which a re  l i k e ly  to  occu r in  

doughs mixed ae ro b ic a lly *  b u t th is  does not exclude th e  p o s s i b i l i t y  

of other mechanisms which may be more s ig n ific a n t®  I t  i s  assumed 

t h a t  o th e r  r e a c t io n s  in v o lv in g  FFA are in s ig n if ic a n t ,  b u t th is  p o in t  

i s  d e a l t  with in  the ex p erim en ta l p a r t  o f th e  thesis®

O xidant Mechanism o r 
P rim ary  S u b s tr a te ■

Prim ary or  
Secondary S u b s tra te

Oxygen
D ire c t  O x idation  
Uasp © oifi ed Enzymes 
FFn/Ensymes ( ' H
iSSt'3STtwro$iK«6»5iti>TPl»N'e<a«FctsiwSs^^Etia

p H
J  O aro tenoids 
I im tio x id a n ts  
\ Unknown

Bromate

D iro o t O xidation
-A / id p id  Intenaedi& tes

Enzymes

SH
Unknown



—24™

JSH
P e rsu lp h a te  "  ' ' ■'> D ire c t  O x id a tio n .... ........... MUnloiovm

it'hi H ydroperoxide > P robab ly  Enzymes »"■"■'■■■ As f o r  Oxygen

There i s  no o rd e r  o f p r i o r i t y  suggested* b u t one must 

e x i s t  i f*  f o r  example, oxygen can d ec rease  th e  r a t e  o f brom ate 

decom positions The in v e s t ig a t io n s  re p o r te d  in  P a r t  I I I  a re  

concerned w ith  th e  th r e e  u n d e rlin e d  mechanisms and th e  a s s o c ia te d  

su b stra tes®
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The purpose o f th e  In v e s t ig a t io n  was to  examine th e  

r o le  o f th e  FF A o f  a s in g le  h ig h  g rade  s p r in g  wheat f lo u r  in  

th e  o x id a tiv e  changes which occur d u rin g  sponge or dough mixing® 

The EstdoFA were examined a t  th e  same time® From th e  l i t e r a tu r e  

su rvey  i t  was a n t ic ip a te d  th a t BFA changes due to  lip o x id a s e  

a c t i v i t y  would be found, and other FF A o x id a tiv e  changes might 

a ls o  be expected . To fu rth er  c l a r i f y  r e s u l t s  o b ta in ed  from 

mixing o f f l o u r  and water aerob ica lly*  and to  a s c e r ta in  the  

r o le  o f  FF A o x id a tio n s  in  f lo u r  c o n ta in in g  a d d i t iv e s  which 

a f fe c t  dough rh eo lo g y , ad d itio n a l experim ents were designed  

in  th e  l ig h t  o f  th o se  r e s u lt s  already o b ta in e d , th e  d e t a i l s  

o f  which a re  g iv en  l a t e r .  The g en e ra l scheme o f  a n a ly s is  

which was thought s u i t a b le  fo r  t h i s  purpose i s  shown on th e  

fo llo w in g  page.
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At th e  o u ts e t  i t  was c l e a r  th a t  e x i s t in g  analytical 

methods were n o t always d i r e c t ly  a p p lic a b le  to  th is  scheme of 

a n a ly s is  f o r  te c h n ic a l  reasons# and much development work was 

re q u ire d  b e fo re  ro u tin e  a n a ly s is  o f f lo u r  and dough l i p i d s  

was p la ced  on a  r e l i a b l e  baeiso  i 'h is  developm ent work i s  

g iv en  in  some d e t a i l  i n  F a r t  IV#

The f l o u r  used  th roughou t most o f  th e  -work was from 

a  s in g le  sample o f  unbleached# u n tre a te d  h ig h  g rad e  sp r in g  

wheat f l o u r  from a  mixed M anitoban g rist©  I t  was s to re d  in  

g la s s  j a r s  a t  oa® 0 # and was found to  be only s l i g h t l y  

a lter ed  d u rin g  s to ra g e  (q.v* F a r t  I I I ) *  In one experiment 

two f lo u r s  used by Gross were examined s in c e  t h e i r  oxygen 

u p takes d u rin g  m ixing had been measured (40)© They had been 

s to re d  in  th e  same manner as  the f lo u r  m entioned ahovBj b u t 

f o r  much lo n g e r  periods#  and were o f s l i g h t l y  low er g rade 

™ ioG# th ey  were o f higher ex tra c tio n  ra te  and co n ta in e d  

more lip id s*

All chem icals and s o lv e n ts  ware o f reagent grade 

where obtainable, and th e  nitrogen was th e  com m ercially  

a v a i la b le  oxygen-free q u a l i ty  w ith o u t f u r th e r  purifioation*
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METHODS

(a) FXour F s w a m tlo n #  AbLxing and F re e z in g  

The c o n tro l  f lo u r#  a g a in e t  which a l l  l i p i d  changes were 

assessGd# was used s t r a i g h t  from  sto rag e#  b u t a llow ed to  warm to  

room te m p e ra tu re  b e fo re  s o lv e n t  e x tra c tio n *  The m o is tu re  c o n te n t 

vms m easured v/ith  a  Marconi m o is tu re  me to r*

F lo u r  was mixed acco rd in g  to  iiie  fo llo w in g  procedure*

40 go o f f lo u r  were weighed and allow ed to  warm to  room ternperatureo 

40 mlo v /a ter were added to  a  250 ml® Atomlz mixer# fo llow ed

by th e  f lo u r#  th en  a fu rther*  40 ml© o f th e  w ater# and m ixing s t a r t e d  

a t  one©* lU xing f o r  10 seconds on h a lf - s p e e d  fo llo w ed  by 5 seconde 

on f u l l  speed gave a c l e a r  a e ra te d  eponge® Chemical ad d itiv e s#  

vfhen used# were d is s o lv e d  in  th e  w a te r o r  added to  th e  w ater i n  

1 - 2  ml® o f a s o lv e n t such as e th an o l to  form  an omulsiono An 

atm osphere en ric h e d  w ith  oxygen was o b ta in e d ,by blow ing oxygen a t  

■J* p®s®i® in to  th e  Atomlx mi.xer by a  tu b e  th ro u g h  th e  lid© Where 

an atm osphere q f n i tro g e n  was req u ired #  d ry  f l o u r  was p u t in to  th e  

m ixer and th e  c o n ta in e r  f lu s h e d  w ith  n itro g e n  for* 20 M n u to s , th e  

dry  f lo u r  b e in g  d is tu rb e d  a t  i n t e r v a l s  by sw itc h in g  on th e  Biixer 

f o r  a  second* s a t e r  f lu s h e d  w ith  n itro g e n  was th e n  added# m a in ta in ­

in g  a p o s i t iv e  i n t e r n a l  n itro g e n  p ressu re#  and m ixing c a r r ie d  o u t 

as u su a l w ith  a, c o n s ta n t flow  o f n itro g en *  The te m p era tu re  o f 

th e  w ate r was a d ju s te d  to  g iv e  a  sponge a t  20^©

The sponge was allow ed to  l i e  i n  th e  m ixer f o r  a g iven  

r e a c t io n  tim e under th e  a p p ro p r ia te  atxaosphere# and th en  t r a n s f e r r e d
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to  a 1 l i t r e  round"hottom  f l a s k  and f ro z e n  to  form a  s h e l l  w ith in

th e  f la sk #  u sin g  an a c e to n e /s o l id  carbon  dj.oxide mixture© F or th e

ip m inute r e a c t io n  tim e th e  f l a s k  was p re v io u s ly  immersed in  a bucket

o f  f r e e z in g  m ix tu re  and th e  sponge poured in  as  soon as i t  was mixed*
oA fte r  f r e e z in g  th e  sponge was s to re d  a t  -^0  u n t i l  i t  cou ld  he vaouuia 

driedo  Vacuum d ry in g  was done u s in g  an Edwards, Speedivao model XBO5OB 

vacuum pump a t  f u l l  vacuum w ith  an a c e to n e /s o l id  carbon  d io x id e  

coo led  w ate r trap® The d ry in g  f l a s k  was p e r io d ic a l ly  b a th ed  w ith  

co ld  w ate r to  remove i c e  and h a s te n  d ry in g  which took  a,bout 2k to  

3 hours#

(h) F lo u r  M o is tu ro -B c iu llib ra tio n , S o lv en t E x tra c t io n

To maJce th e  s o lv e n t  e x t r a c t io n  o f p rep a red  f lo u r  as 

Gompa,mble to  t h a t  of th e  o r ig in a l  f l o u r  as  p o s s ib le ,  th e  f lo u r  

was ground and s ie v e d  th rough  a  ny lon  sieve*  sp read  o u t a s  a th in  

la y e r  on p ap e r and allow ed to  come in to  e q u ilib r iu m  w ith  a tm ospheric  

m o is tu re  overnight®  T his gave a  m o is tu re  c o n te n t o f  12 to  14$®

©io danger o f l i p i d  changes o c c u rr in g  was c o n s id e re d  s l i g h t  s in c e  

f l o u r  o f  14/^ m o is tu re  c o n te n t i s  s ta b le  i n  a i r  f o r  væeks® A b ig g e r  

so u rce  o f e r r o r  would have been th e  low ered y ie ld  o f  l i p i d  from a  

dry f l o u r  (72)©

To e x t r a c t  f l o u r ,  30 g® were s l u r r i e d  w ith  120 ml© m ethanol 

and allow ed to  l i e  f o r  k  hou r to  com plete swelling®  G lass columns 

3 cm® d iam ete r and drawn to  a  neck a t  th e  fo o t  w ere f i t t e d  w ith  a  

p lu g  o f  d e f a t te d  c o tto n  wool i n  th e  neck# The m e th a n o l-f lo u r  s lu r r y
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was poured  in to  the-colum n fmd r in s e d  i n  w ith  a  few bU.© o f methanol® 

When th e  m ethanol le v e l  had dropped to  th e  f l o u r  s u r fa c e  th e  column 

was r e f i l l e d  w ith  200 ml© o f I s l  (v /v ) methmiol^chloi*oform# ttücing 

c a re  n o t to  d is tu r b  th e  f l o u r  surface© The t o t a l  p e rc o la te d  

e x t r a c t  was c o lle c te d #  ev ap o ra ted  to  d ry n ess under vacuum W.th a 

n i tro g e n  le a k  a t  a te m p era tu re  abou t 40^? and re d is s o lv e d  i n  ca ,

20 iolo of d ie th y l  ether©

(c) Removal of P h o sp h o lip id s  and G a la e to l ip id s  

10 g© s i l i c i c  a c id  (M allinckrod t#  100 mesh# s u i t a b le  

f o r  a n a ly s is  by th e  method o f Ramsey sJid P a tte r s o n )  were p rep ared  

by h e a tin g  a t  130°  f o r  2 to  3 hours and co o lin g  in  a  desiccato r©

The s i l i c i c  a c id  was th en  added to  th e  e th e r  s o lu t io n  o f crude 

l i p i d  which b o ile d  due to  th e  h e a t  o f s o lv e n t adsorption®  A fte r  

s w ir l in g  to  en su re  com plete m ixing th e  m ix tu re  was f i l t e r e d  througli 

a  Ho© 44 Whatman f i l t e r  p a p e r  in to  a  100 ml© g rad u a ted  flask© I t  

Was n ec e ssa ry  to  cover th e  f i l t e r  w ith  a  w a tc h -g la ss  to  reduce 

s o lv e n t e v a p o ra tio n  and. to  tho rough ly  wash th e  f i l t e r  p ap e r w ith  

ether© T his p ro ced u re  e f f e c t iv e ly  d r ie d  th e  l i p i d s  i n  s o lu t io n  

and removed p h o sp h o lip id s  and g a la c to l ip id s o

(d) Weighing of A lj^ u o ts  

Two 10 ml© a l iq u o ts  were p ip e t te d  i n to  p re v io u s ly  

e q u i l ib r a te d  and ta r e d  v/eighing bottles©  The s o lv e n t  v/as - removed 

by a  stream  o f n itro g e n  w ith  th e  b o t t l e s  immersed in  a w ate r b a th
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a t  oa© 40^0 The b o t t l e s  ware th en  d r ie d  and p la c e d  in  a  desiccato r®  

The d e s ic c a to r  co n ta in e d  ca lc iiM  c h lo r id e  d e s ic c a n t  and shav ings 

o f  h a rd  p a r a f f in  v/ê x to  remove so lv e n t vapour© The b o t t l e s  were 

l e f t  under vacuum overn ig h t*  th en  allov/ed to  e q u i l ib r a te  w ith  th e  

bo lanoe atm osphere f o r  a t  l e a s t  1 hour b e fo re  weighingo The 

p ro ced u re  was repea ted#  and r e p l i c a te  w eighings u s u a lly  ag reed  to  

w ith in  Ü0O2 mg. Two b lan k s were always run  conow zren tly  to  c o r r e c t  

f o r  hum id ity  f lu e tu a ,tio n e  o f th e  atm osphere in  th e  balance*

(e )  PhoaphoruB h a te rm in a tio n  

T his method combined f e a tu r e s  o f  th e  methods o f Harvey (69) 

Fogg aaid W ilkinson (51) a and B everidge and Johnson (10)® The 

fo llo w in g  re a g e n ts  were r ©quireds

W ater -  d e io n ise d  q u a lity #

S u lp h u ric  acid# 0@G* 1#B4#

Hydrogen peroxide# 530 (*’100 volum es")

Sodium s u lp h i te  ** a  350 (w/v) aqueous s o lu t io n  o f

HagBO .THgp

M olybdate re a g e n t -  10 g« c r y a t a l l i i i a  ammonimi m olybdate

were d is s o lv e d  i n  100 ml* w ater and 

added to  a coo led  m ix tu re  o f 60 ml® 

s u lp h u r ic  a c id  and I 50 ml© water# 

and f in a l l .y  made up to  56O ml, w ith  

water*

A scorb ic a c id  -  s o l id



S tan d ard  phosporus s o lu t io n  -  an aqueous s o lu t io n

o o n ta ia in g  0*10069 gv 

NaHgF0^#2H^0 per l i t r e

(207 phosphorus p e r  m l , )

Procedure

il s u i t a b le  a liq u o t o f  l i p i d  s o lu t io n  (con ta in in g  up to  

10 mg® B ollda) was evaporated to  dryness .in  a JO ml® K jo ldah l 

fla sk *  1 ml® o f su lp h u r ic  ac id  added* and th e  f l a s k  h ea ted  over 

a  sm all miorohurner flam© f o r  5 m inutes to  c h a r  and p a r t i a l l y  

o x id is e  th e  o rg an ic  matter® 2 - 6  drops of hydrogen peroxide  

wore added# shak ing  th o rough ly  between a d d it io n  o f  each drop# u n t i l  

the s o lu t io n  became co lourless®  I t  was e s s e n t i a l  to  shake very  

tho rough ly  otherw ise low phosphorus y ie ld s  were o b ta in e d  th rough  

Incom plete o x id a tio n  o f o rg a n ic  matter® H ea tin g  was co n tinued  

f o r  10 m inutes# th e  f l a s k  was th e n  coo led  and th e  con ten ts t r a n s ­

f e r r e d  to  a  100 ml® b eak e r w ith  w ate r to  g iv e  a f in a l  volume o f 

JO -  55 mlo 1 ml. su lp h ite  s o lu t io n  was added* then 4 ml® molybdate 

re a g e n t and 0®1 g® a sc o rb ic  acid® The beak er was sw ir le d  to  

d is s o lv e  th e  ascorb ic  acid  and then b o ile d  f o r  1 minute® A fte r  

c o o lin g  the s o lu t io n  was mad© up to  JO o r  100 ml® w ith  w ater and 

the o p t ic a l  d en sity  a t  622 mp. measured a g a in s t  d i s t i l l e d  water 

u s in g  1 cm® g la s s  cells®  The h eteropoly  b lue c o lo u r  formed by 

th i s  method was very  s ta b le #  and obeyed Beer^a Law# the equation
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oeing#

O p tic a l D en sity  -  0*01%6 x Y phosphorus*

The method was s e n s i t iv e  to  phosphorus c o n te n t bu t s t a b le  to  

v ax d a tio n s  o f  re a g e n ts  o r  tim e o f  b o i l in g  of a t  l e a s t  -  JO;L 

Reagent b lan k s were always run  co n c u rre n tly  W,th sam ples in  duplicate©

( f )  H itro g en  D ete rm ina tion  

The AoOoiioCo m lc ro k jo ld ah l p ro ced u re  (2a)'was used  f o r  

some 0x p lo ra ,to ry  s tu d ie s  m entioned in  P a r t  IV# b u t was n o t p a r t  

o f th e  ro u tin o  rmalysls©

(s)
1 Ail* o f  th e  t o t a l  l i p i d  s o lu t io n  o r  o f  EstdeFA s o lu t io n  

-iW,B ev ap o ra ted  to  d ryness under n itro g e n  and r e d is s o lv e d  in  4 o r  8 ml, 

o f  s p e c tro s c o p ic a l ly  p u re  oyclohexane resp ec tiv e ly ©  The a b so rp tio n  

o ver th e  rang© 220 bîjj. to  JOG a g a in s t  cyclohexaxie was measured 

u s in g  1 CHio q u a r tz  c e l l s  © The in s tru m e n ts  u sed  were an O ptika Gif 4 

sp ec tro p h o to m e te r w ith  au to m atic  reco rd ing*  and a H llg e r  Uvispek 

sp ec tro p h o to m e te r w ith  manual o p em tio n o

(h) Iodi.n0 Value D ete rm in a tio n  

The AoOûAoCo method u s in g  HanuB® io d in e  re a g e n t (2b) 

was s c a le d  down to  l/J th ©  The p rocedu re  wass

10 ml, a l iq u o ts  o f l i p i d  were ev ap o ra ted  to  d ryness 

under n itro g e n  i n  100 ml© f la t-b o t to m  f la s k s  w ith  B24 ground nooks®
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The dry  l i p i d  was red iaaolved  in  1 ml, qhloroform* and 2 ml® Hanusi’ 

io d in e  s o lu t io n  were p ip e t te d  in to  e&oh f l a s k  a llo w in g  e x a c tly  

BO seconds d ra in in g  time® The f la s k s  were p rep a re d  a t  5 m inute 

i n t e r v a l s  b o  t h a t  each cou ld  have JO m inutes r e a c t io n  in  th e  d ark  

and be t i t r a t e d  b e fo re  th e  n e x t f l a s k  was due f o r  titra tion ®  A fte r  

the JO minute r e a c t io n  time 1 ml# 1J0 (w/v) aqueous po tassium  io d id e  

was added* th en  10 ml® w a te r  and th e  ex cess  ha lo g en  t i t r a t e d  w ith  

H/20 sodium th io a u lp h a te  u s in g  s ta rc h  ind ica to r®  The io d in e  v a lu e  

was c a lc u la te d  in  the u su a l manner from th e  d i f f e r e n c e  between b lank  

and sam ple t i t r a t io n s  ( in  d u p lic a te )#

T his was n o t a t r u e  micromethod b u t s u f f ic e d  f o r  th e  

p re s e n t  work* and was p ro b ab ly  much s im p le r and more a c c u ra te  th an  

a t r u e  micromethod ( 1 4 7 )p judging by published  r e s u l ts #

( l )  A lk a li  vifashlzig to  Remove F re e  F a t tv  Aoida from  Li p i de

The method o f  M attiok  and Lea (110) was used to  remove 

and recover FF A and Batd®FA m  two r e l a t i v e l y  pure fr a c t io n s , the  

whole p ro c e ss  b e in g  sca led  down to  1/lO tli# B efore  removing th e  

FFA a 5 ml# a l iq u o t  c o n ta in in g  1 . J  mg. margaric a c id  (1?30) in  

l i g h t  petroleum  (B#?t. 40°-60°) was p ip e t te d  in to  a 35 ml# a l iq u o t  

o f  lip ids®  The margaric a c id  se rved  as a q u a n t i t iv e  y a rd s t ic k  

from which th e  p e rc e n ta g e  FF A in  the l i p i d  or f lo u r , and the degree 

o f removal o f FF A from Estd.FA was c a lc u la te d  from Q-W analyses©

The 40 ml* o f l i p i d s  were evap o ra ted  to  dryness under
@n itro g e n  over a w ate r b a th  a t 40 * and red isso lv ed  in  a  s o lv e n t
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Gomprising ^0 p a r t s  l i g h t  pe tro leum  (BoFt» 40^ -  6 0 ^ ), ?0 p a r t s  

â i e t h j l  e th e r  and 23 p a r t s  e th an o l and t r a n s f e r r e d  to  a 50 ml* 

s e p a ra to ry  fiim iel u s in g  16©5 s o lv e n t mixture© 3 BÜ.* 1$ (w/v) 

aqueous sodium ca rb o n a te  were added and th e  s to p p e re d  fu n n e l shaken 

f o r  30 seconds© i'he low er la y e r  was rim  o f f  and retained©  To 

th e  fu n n e l a  f u r th e r  0^5 ml# e th an o l and 3 ml* sodium ca rb o n a te  

were added? th e  fu n n e l shaken f o r  JO seconds and th e  low er la y e r  

run  o f f  and r e ta in e d  w ith  th e  p rev io u s  e x tra o t*  T his was re p e a te d  

u s in g  0*5 ml© e th an o l and 2 ml* sodium carbonate?  and f i n a l l y  w ith  

2 ml© water* The e th e r e a l  la y e r  i n  th e  fu n n e l co n ta in ed  th e  

Batd*f A? and th e  aqueous la y e r  th e  soaps o f  th e  W jU

The WA  were recovered by a c id ify in g  w ith 2 ml* lOÿ (v/v) 

h y d ro o h lo rio  a c id  ( to  pH 1 to  2) and e x t r a c t in g  th ree  tim es with  

a 1;1 (v /v ) m ix tu re  of l i g h t  petroleum and dlcfïhyl ether© The 

combined e th e r e a l  e x t r a c t  was washed once w ith  2 ml* w ater and 

d r ie d  w ith  anhydrous sodium su lpha te*  The Estd®FA was l ik e w is e  

dried*

( i )  S anon ifidaddon  o f B s te r i f ie d  F a t ty  Acids* Recovery of the F a t ty  Aoids.

F re sh  a lc o h o lic  po tassium  hydrox ide was p rep a red  fo r  each 

s a p o n if ic a t io n  by d is s o lv in g  0*Y s o l id  po tassium  hydrox ide in  

l e s s  th an  X ml* w ate r and making up to  25 ml* w ith  95% ethanol*

T his s o lu t io n  i s  abou t and d id  n o t appear to  a f f e c t  th e  HFA (44) 

d u rin g  sa p on ifica tion *  The Bîstd*Fà s o lu t io n  was evap o ra ted  to  

dryness under n itrogen  in  a 2g ml© pear-ah&ped f la s k  in  a water
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10 ml* a lc o h o lic  p o ta sh  and re f lu x e d  under n i t ro g e n  f o r  JO m in u tes© 

The soaps were t r a n s f e r r e d  to  a  JO rnl« se p a ra to ry  fu n n e l w ith  I j  «

20 ml© w ater? a c id i f i e d  to  pH 1 to  2 w ith  d i l u t e  h y d ro e h lo r io  a c id

( s u lp h u r ic  a c id  was n o t used  heeaiiBO po tassium  s u lp h a te  i s  n o t very  

s o lu b le  in  e th a n o lio  s o lu t io n )  and th e  f a t t y  a c id s  e x tra c te d  w ith  

petro leum  e th e r  (BoFto below 40^} t i l l  th e  aqueous phase ‘was c l e a r .  

The low er l a y e r  was run  o f f  and th e  petro leum  la y e r  d r ie d  w ith  

Êinliydrous sodium su lp h a te*

(k) M éth y la tio n  o f  F ree  'F a tty  A cids

I t  was o r ig in a l ly  in te n d e d  to  p re p a re  f a t t y  a,cid m ethyl 

e s t e r s  u s in g  diazomsthan©? b u t i t  was found t h a t  a r t i f a c t s  were 

b e in g  formed which I n te r f e r e d  w ith  G-IC o f th e  esters©  F u r th e r  

work showed th a t  th e  boron f lu o rid e -m e th a n o l (118) re a g e n t was 

q u i te  s u i t a b le  and very co n v en ien t f o r  t h i s  p u rp o se  (127) » and

i t  was used  in  t h i s  work (se e  P a r t  XU).

The re a g e n t was p rep a red  by s lo w ly  b u b b lin g  boron f lu o r id e  

gas in to  c h i l l e d  m ethanol u n t i l  i t  had g a in ed  12©5% weight* The 

re a g e n t was k e p t s to p p e re d  and dry? and was s ta b le  f o r  months* To 

m eth y la to  FFA th e  s o lu t io n  o f a c id s  was ev ap o ra ted  to  d ry n ess under 

n i tro g e n  and 1©5 m l. boron f lu o r id e  -  m ethanol re a g e n t added to  th e  

a c id s  in  a t e s t  tuba© The t e s t  tu b e  was h e a te d  in  a b o i l in g  w a te r 

b a th  f o r  2 m inu tes end im m ediately  co o led  by add ing  10 ml© co ld  w ate r
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imâ 20 mXo o f l i g h t  pe tro leum  (B*Pt© below 40^)© The m ix tu re  was 

t r a n s f e r r e d  to  a  s e p a ra to ry  fu n n e l and shaken t i l l  th e  aqueous 

la y e r  waa c le a r?  and i t  was then  ran o f f  and th e  p e tro leu m  s o lu t io n  

o f e s t e r s  d r ie d  w ith  anhydrous sodlim  su lpha te*

(X) P u r i f i c a t i o n  o f M ethyl E s te rs  by Vacuum D i s t i l l a t i o n

M ethyl e s te r a  from  FFa c o n ta in  EstdlFl e n tra in e d  in  th e  

se p a ra tio n ?  and th o se  from Estd.FA  c o n ta in  u n sa p o a lf ia 'b le  m a tte r  

which shou ld  be removed b e fo re  GDC? to  p re v e n t bu lld»up  o f m a te r ia l  

on th e  <1LC column which m ight su b seq u en tly  decompose and g iv e  r i s e  

to  sp u rio u s  peaks o r  b a s o - l ln e  wandering* M ethyl e s te r s  o f long  

ch a in  f a t t y  a c id s  can be d i s t i l l e d  and a J mg@ lo ad

q u a n t i ta t iv e ly  reco v ered  i n  60 m inutes a t 60 % 2^ and 0*2 1 OolJ mm* 

m ercury p re s s u re  ( I J l ) ,  In  p r a c t i c e  i t  was found t h a t  62  ̂•  

and 0*03 mm* m ercury f o r  JO sd n u te s  gave com plete recovery  o f lo ad s  

o f e s t e r s  up to  60 rag* i n  th e  p a r t i c u l a r  p o t s t i l l  used* The 

d es ig n  i s  g iv en  i n  P a r t  XV® The d i s t i l l e d  e s t e r s  were washed 

o f f  th e  condenser w ith  ca* 1 - 2  ml* l i g h t  p e tro leum  (B*Pt#40*- 60^)? 

v ia  a f i l t e r  fu n n e l w ith  a  draw n-out stem? in to  2 ml© ampoules*

The ampouleb were co n cen tra ted ?  s e a le d  under vacuum and s to re d  

a t  oa® 0^ t i l l  r e q u ire d  f o r  GIG an a ly s is#

(la) Gas ChromatqgTaphy o f  F a tk f  Aoid M ethyl E a te rs

A Pye gas ohrom atograph w ith  an argon  io n i s a t io n  d e te c to r  

was used* The column c o n s is te d  o f  a  4 f o o t  g la s s  column o f  4 mm*



i n t e r n a l  diam eter* The pack ing  was 80 -  100 mesh C e ll t e  co a ted  

w ith  I J ÿ  (w/w) LAG-2-E446 ( a  l i n e a r  p o ly e s te r  o f e th y le n e  g ly c o l 

and a d ip io  a c id  o ro a s - lin k e d  w ith  p e n ta e r y th r i t o i ) and 2% (w/w) 

o rthophoaphorio  acid© The phosphoric  a c id  was in te n d e d  to  s t a b i l i s e  

th e  colnmn pack ing  a t  h ig h e r  tem p era tu res  (200 -  2J0®) f o r  GIC o f 

FFâ (117) b u t a t  th e  tem p era tu re s  f o r  m ethyl e s t e r s  (170 -  185^) 

i t  has th e  e f f e c t  o f g iv in g  th e  column a  p ro longed  l i f e *  In
' O  'p r a c t ic e  th e  column was run  a t  182 w ith  an argon flow  r a t e  o f  

40 ml®/minute and a  d e te c to r  v o lta g e  o f 1000 o r  IJOO v o l t s  a t  k  10 

am plification* D e te c to r  resp o n se  was l i n e a r  w ith  m olar c o n c e n tra tio n  

o f e lu te d  peak m a te r ia l ,

When e s te r a  were to  he analysed th e  ampoule was opened 

and th e  volume o f  so lv e n t reduced under n itro g e n  to  ach iev e  th e  

n ecessa ry  c o n c e n tra t io n . The opened ampoule was th en  c a r e fu lly  

m an ipu la ted  to  wash th e  In s id e  w a lls  w ith  th e  rem aining so lv en t?  

and p la c ed  in  a s to p p e red  w eighing b o t t l e  con ta in in g  a  sm all amount 

o f th e  s o lv e n t to  s a tu r a te  th e  enc lo sed  space* T h is  p rev en ted  

changes i n  c o n c e n tra tio n  of th e  © stars? o r  f r a c t i o n a l  c r y s t a l l is a t io n  

o f th e  s a tu ra te d  esters®  The e a te r s  were s ta b le  a t  room tem peratu re?  

i f  k ep t away from l ig h t?  f o r  s e v e ra l  day© as judged by id e n t ic a l  

GIiO analyses*

The method o f B a r t l e t  and Smith (11) was used f o r  

q u a n t i ta t iv e  a n a ly s ia  o f the chromatograms? in  which the a re a  o f  

a G aussian cu rve i s  g iven  by th e  form ulas



a re a  -  s ta n d a rd  d e v ia tio n  x  h e ig h t

The s ta n d a rd  d e v ia tio n  i s  th e  peak b re a d th  a t  0*885 

h e ig h t?  'k peak b re a d th  a t  0*607 h e ig h t?  o r  l / j  peak b read th  a t  

0,332  height© A p lo t  o f  s ta n d a rd  d e v ia tio n s  a g a in s t  peak r e te n t io n  

tim es gave a, l i n e a r  r e la t io n s h ip  o f th e  ty p e  y sa m% o® C a lib ra t io n  

p lo t s  were made from  numerous peak measurements? and f o r  ro u t in e  

o a lo u la t io n s  th e  s ta n d a rd  d e v ia tio n  was d e r iv e d  from measurement 

o f r e te n t io n  tim e co n v e rted  g ra p h ic a lly ?  o r  by th e  eq u a tio n  

d e s c r ib in g  th e  graph© D e ta i ls  and ty p ic a l  chromatogrmns w ith  

f u l l  c a lc u la t io n s  a re  g iven  in  P a r t  IV*

(n) C a lc u la tio n  o f P e rcen tag e  F ree  F a t ty  •‘̂ cids i n  L ip id s  

By m easuring th e  amount o f m argaric  a c id  p re s e n t  as a 

p e rc e n ta g e  o f th e  t o t a l  n a tu ra l  a c id s  p re se n t?  th e  p e rce n tag e  FF A 

in  th e  l i p i d s  was g iv en

%FFA =» where w -  th e  v7eight o f  a 10 ml©
3©5 X ?/ X B

a l iq u o t  i n  m illig ram s and s th e  

p e rcen tag e  m argaric  acid©

I f  s* -  th e  p e rc e n ta g e  r e s id u a l  m arg a ric  a c id  i n  th e

BstdoFA e s te r s  th en  th e  p e rce n tag e  reco v ery  o f FFA by a l k a l i

washing was g iv en  byg

fa  reco v e ry  % 100 -  ^ ^
B



•*40*»

I t  was g e n e ra l ly  found t h a t  re c o v e r ie s  wore o f  th e  o rd e r  g8 -  99% 

and a t  t h i s  le v e l  r e s id u a l  FFA would h a rd ly  a f f e c t  th e  EstdeFA 

an a ly se s  o
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EXPEHIM a^ïAL AM» RESULTS

A ll l i p i d  sam ples were r o u t in e ly  an a ly sed  f o r  phosphorus 

and found to  c o n ta in  l e s s  th an  0*02% phosphoru.8? th e  normal f ig u r e  

being  below 0*01 %© T h is would co rrespond  to  n o t more th an  0*25% 

p h o sp h o lip id  c a lc u la te d  as lec ith in ©  The ea ïip le s  were th e re fo r e  

assumed to  be f r e e  from p h o sp h o lip id s  end o th e r  p o la r  l ip id s ?  and 

no f u r th e r  m ention o f  t h e i r  phosphorus c o n te n t i s  made below®

The u l t r a v i o l e t  s p e c t r a  o f th e  reco v ered  l i p i d s  showed 

a  typ icarl a b s o rp tio n  from  215 to  260 mh i n  a l l  sam ples (Fig* 1)©

The r e la . t iv e ly  sm all absoa?ption due to  d im e  c o n ju g a tio n  su p e r­

imposed on t h i s  co u ld  n o t be a c c u ra te ly  measured© The fo u r  s p e c tr a  

o p p o s ite  (Flgo 1) show th e  e f f e c t  o f th e  observed  In c re a s e s  o f  d ien e  

co n ju g a tio n ?  w ith  th e  m agnitude in d ic a te d  by a  number of s ig n s  

a g a in s t  each curve*

I t  was confirm ed t h a t  th e  main f a t t y  a c id s  i n  wheat l i p i d s  

a re  p a lm itic ?  s te a r ic ?  o lo ic ?  l ia o lo ie ?  l in o le n io  and g a d o le la  

(of® T able 4)® Although gadoXolo a c id  v/as found in  norm al amount a 

in  Bstd.PA i t  vms fou#d to  be v i r t u a l l y  a b se n t from  l;‘FiU F o r 

convenience g ad o lo ic  a c id  and a l l  o th e r  t r a c e  components were 

o m itted  from  G-IG c a lo u la t io n s  w ith o u t i n  any way a l t e r i n g  th e  

tre n d s  o f  th e  resu lts©

A ll m ixing experim en ts were done 2 - 6  tim es? and each 

GhO sam ple J  4 tim es ? i n  o rd e r  to  o b ta in  ad eq u ate  s t a t i s t i c a l  

data*
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Comparlsom o f IcWlda of 

T able 6 shows th e  r e s u l t s  o f  s e v e ra l  f lo u r  a n a ly se s  

which were c a r r ie d  ou t to  determ ine w hether th e  com position  o f 

d i f f e r s  s u f f i c i e n t l y  from th a t  o f th e  SstdoFA to  accoun t f o r  

t h e i r  d i f f e r e n t  e f f e c t s  in  doughs mixed a e ro b ic a l ly » The "horm al”

f lo u r  was th e  one used  th ro u g h o u t th e  main ex p erim en ta l work^and 

f lo u r s  EoCoX and E»QéXI were s l i g h t l y  low er g rade  f lo u r s  which 

had been used  f o r  s tu d ie s  o f  oxygen uptal^e d u rin g  m ixing (40)»

A ll f lo u r s  were unb leached  and u n tr e a te d  w ith  im proverso

F lo u r  Mixed i n  M r  

T able 7 shows th e  r e s u l t s  o f experim en ts i n  which f lo u r  

« w ate r sponges were mixed in  a i r  and allow ed to  l i e  f o r  v a ry in g  

p e r io d s  o f tim e ( r e a c t io n  tim es) b e fo re  f r e e a in g  and drying* I t  

i s  a common o b se rv a tio n  t h a t  i f  f lo u r  and w a te r a r e  e f f i c i e n t l y  

mixedg th e  ty p ic a l  rh e o lo g lc a l  p r o p e r t ie s  a re  w e ll developed 

w ith in  10 m inutesg and presum ably th e  a s s o c ia te d  chem ical changes 

have m ostly  taken  p la c e  w ith in  th e  same time® R eac tio n  tim es of 

0(no mixj.ng)  ̂ 2 , 10 and 60 m inutes were given* In  an o th e r

experim ent f l o u r  was autoola.ved in  an a,ttem pt to  i n a c t i v a te  th e  

enzymes w ith o u t a l t e r i n g  th e  lip ids®  The experim ent f a i l e d  i n  

t h a t  th e re  appe^ired to  have been a c c e le ra te d  enzyme a c t i v i t y  

b e fo re  in a c tiv a tio n ®  The r e s u l t  i s  th u s  ak in  to  i n f i n i t e  

r e a c t io n  tim e and has been in c lu d ed  o u t o f in te re s t®
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F lo u r  Mixed llader farm ing G oM ltiona  

Table 6 ebowe th e  r e a u l ta  o f  a s e r i e s  o f experim ents 

designed  to  s tu d y  th e  e f f e c t s  o f  c o n d itio n s  knovm to  a f f e c t  dough 

rheo logy  and l i p i d  o x id a tio n ^  and to  h e lp  In  th e  i n t e r p r e t a t i o n  o f 

th e  r e s u l t s  i n  T able % on tlie  prevâ.ous page*

Oxygen and B itro g en  

The w ell known e f f e c t s  o f oxygen on f l o u r  water system s 

have been d isc u sse d  in  th e  l i t e r a t u r e  review , and i t  was p o in te d  

ou t th a t the mechanisms a re  unknown, a lth o u g h  much o f th e  ev idence 

favours up tak e  la r g e ly  by ensymio l i p i d  oxidations* By m ixing 

sponges i n  atm ospheres of oxygen or n itro g e n  th e  changes wMeh may 

occu r i n  th e  l i p i d s  due to  th e  in c re a se d  or d ec reased  oxygen e f f e c t  

can be studied* In  p r a c t i c e  n eith er  of the atm ospheres was q u i te  

pure, but an adequate  c o n c e n tra tio n  o f each gas was o b ta in ed  to  

demonstrate th e  e ffe c ts*  The sponges showed changes in  pouring  

c h a r a c t e r i s t i c s  comparable to  doughs mixed under th ese  g a ses , and 

in  f a c t  t h is  o b se rv a tio n  a p p lie d  to  a l l  sponges mixed w ith  a d d i t iv e s  

which a f f e c t  dough rheology*

Mzy@eJLnao tiv a ti.o n

In o rd e r  to  d e term ine  th e  c o n tr ib u t io n  o f ensyme a c t i v i t y  

to  th e  FFA changes d u rin g  m ixing, i t  was dec ided  to  p re p a re  f l o u r  

in  v/hich th e  enzymes were In a ctiv a ted  bu t th e  l i p i d s  unaltered*

T his f l o u r  i f  used f o r  mixing experim ents would a lm ost co n c lu s iv e ly
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e s ta b lis h  w hether th e  observed  B'FA changes were enzymio o r  not#

Aa p re v io u s ly  n o ted  a f i r s t  a ttem p t to  p re p a re  th e  f l o u r  by au to -  

o la v in g  f a i l e d  i n  t h a t  th e  l i p i d e  were a lte re d #  In  a second a ttem p t; 

f lo u r  was added to  b o il in g  m ethanol under n itro g en , and th e  methanol 

then evaporated off© The f lo u r  was w ell mixed, s ie v e d  and re* 

e q u i l ib r a te d  w ith  a tm ospheric  m o is tu re , and although a l ig h t  changes 

in  th e  l i p i d s  had occurred, m  shown by th e  u l t r a  v i o l e t  s p e c tr a ,  

th e  f lo u r  was adequate  f o r  th e  purpose intended© One group o f  

m ixing experim ents w ith  10 m inutes r e a c t io n  tim e was done© T his 

f lo u r  was p e ro x id a se  n e g a tiv e  a,t a l l  tim e s , and i t  v/aa assumed th a t  

a l l  o th e r  enzymes had a ls o  been inac tiv a ted ©

M v S Ë iiâ

S u lp h ite  o r  b is u lp h i te  i s  a  red u cin g  ag en t which has a  

d r a s t i c  s o f te n in g  e f f e c t  on doughs (7^s lOg, 126, 1 4 5 )p and i s  

presumed to  a c t  by reducing  in te rm o le o u la r  SS in  g lu te n  to  su lp h y d ry l 

and th iosu lp h on ic  a c id  (10^)© I t  i s  p o s s ib le  t h a t  su lp h ite  cou ld  

a c t  as a  p r e f e r e n t i a l  s u b s t r a te  f o r  l ip o x id a s e  secondary  o x id a tio n  

s in c e  i t  has been found t h a t  th e  e f f e c t  o f su lp h ite  i n  dough can 

be o f f s e t  by a d d i t io n  of l i n o l e i c  ao id  and m ixing i n  th e  presence  

o f oxygen© S u lp h ite  was th erefore  added a t  a, le v e l  which had 

p re v io u s ly  been found to  have a  d r a s t i c  s o f te n in g  e f f e c t  on doughs 

mad© fx'om th e  same q u a l i ty  o f  f lo u r  (12 6 ), t h a t  i s  2 ml© 0©03M 

s u lp h i te  were added to  4^ g© f lo u r  which was mixed w ith  78 ml© water*
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H « e th y l  Alaleiraicle 

SU h look iiig  a g e n ts  have an e f f e c t  i n  dough s im i la r  to  

t h a t  o f  f a s t - a c t i n g  im proving ag en ts  such as io d a ta ,  and to  some 

e x te n t t h i s  has been ex p la in e d  by th e o r ie s  which c e n tr e  on th e  SS 

and SH groups o f g lu te n  (52 , 62, 111, 149s> 155^* I t  was expected  

th a t  b lo ck in g  SH groups would remove a secondary  s u b s t r a te  f o r  

l ip o x id a s e  a c t io n ,  and a t  th e  same tim e i n h i b i t  a l l  SU^dependent 

enzymeBo Most w orkers have used  U *ethyl m aloim ide (BBMl) o r  o th e r  

>SH b lo ck in g  ag en ts  a t  a le v e l  co rresp o n d in g  to  th e  SH c o n te n t o f 

f lo u r  which i s  abou t 1 •  1©5 f lo u r  (52, 111, 155)# F o r

th e  maximum e f f e c t  on th e  r a t e  o f broma'bo decom position  abou t 10 

tim es t h i s  l e v e l  was r e q u i r e d (33)# and in  t h i s  work i t  v/as dec ided  

to  u se  t h i s  la rg e  excess to  be c e r t a in  o f th e  maximum e f fe c t#  80 mg* 

HkMI/40  go f l o u r  wore d is s o lv e d  i n  th e  m ixing w a te r  j u s t  p r io r  to  

m ixing by th e  u su a l method©

Hord ihydrogiüaiareti0 a c ld  

There i s  no known in h d b ito r  o f l ip o x id a a e , b u t th e re  

a re  r e p o r ts  tho ,t n o rd ih y d ro g u a ia re tic  ao id  (HBQ-A; has th e  g r e a t e s t  

e f f e c t  (40 -  60% maximwa in h ib i t io n )  (24 , 71)q The optimum miount 

o f NBQ-A f o r  f lo u r  ae m easured by ca ro te n e  b le a c h in g  co rresponds 

to  240 mgft/ 80 ml* m ixing w ate r ( ? 1 ) , and t h i s  was p rep a red  by 

d is s o lv in g  in  2 ml© e th an o l and adding  to  th e  v /a te r  to  form an 

emulsion© HD8A had a s tro n g  u l t r a v i o l e t  a b s o rp tio n  \c lth  a maxi.mum 

a t  285*5 mp in  e th a n o l, and a l l  a b so rp tio n  due to  l i p i d s  was sv/amp.ed
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so t h a t  no ro u t in e  s p e c tr a  were obtained© An eipx^roximate m easure 

o f th e  M'DQA i n  th e  a jliq u o ts  Y/aa o b ta in ed  s p e c tro s c o p ic a l ly ,  and by 

s u b tr a c t io n  th e  vm ight o f  th e  l i p i d s  in  th e  eJ.iquo te ob tained# 

hDQA was a ls o  o x id ise d  n o n -s to io h im e tr io a l ly  by Hanuo’a io d in e  

re a g e n t i n  th e  method used  i n  t h i s  work, and hence no io d in e  v a lu es  

w e re 'o b ta in e d  from  th e s e  experim ents#

Bromata

fo ta s s iu m  brom ato appears to  be un ique among f lo u r  

im provers i n  M iat i t  i s  i n d i r e c t ly  in v o lv ed  w ith  l i p i d s  (42 , gO)* 

I t  was th o u g h t t h a t  FFA were p o s s ib ly  in v o lv e d , so experim ents 

w ith  brom ate were included© The r a t e  o f  brom ate r e a c t io n  i s  

slow , so  60 m inu tes r e a c t io n  tim e was g iv en  to  sponges mixed i n  

a i r ,  c o n ta in in g  brom ate d is s o lv e d  in  th e  m ixing Y/ater a t  th e  

norm al le v e l  o f jO ppm@ o f  f l o u r  weight*

Aiodcl Systems C on ta in ing  O xid ised  L in o le io  Acid#

S ince th e  r e s u l t s  i n  ta b le s  7 e,nd 8 show th a t  th e re  

was a  lo s s  o f K0'A d u rin g  th e  m ixing ex p erim en ts , and s in c e  th e  

l i t e r a t u r e  review  su g g e s ts  t h a t  l ip o x id a s e  a c t i v i t y  cou ld  be a 

cause  of t h i s ,  i t  was co n s id e red  n ecessa ry  to  stu d y  th e  behav io u r 

of ox3.di3ed i i n o l e i c  a c id  i n  th e  m é th y la tio n  and CtLO s ta g e s  o f 

analysis©  Sine© th e  f i r s t  p ro d u c t o f l ip o x id a e e  c a ta ly s e d  

o x id a tio n  o f l i n o l o i c  a c id  i s  th e  same as t h a t  from  a u to x id a tio n , 

namely co n ju g a ted  l i n o l e io  ao id  h y d roperox ides (4B, 132,  133)# 

a u to x ld a tio n  was used as th e  s im p le r method o f p re p a r in g  th e



hydroperoxide© The b eh av io u r o f o ilie r  o x id a tio n  produo t a  o f 

l i n o l e io  a c id  w i l l  be d isc u sse d  la te r*

A range o f  s y n th e t ic  m ethyl e s te r s  o f  f a t t y  a c id s  ( l6 :0 ,  

lYsOp 18§0, 18§1, 16s2) was prepared* and p a r t  o f  th e  m ix tu re  was 

allow ed to  a u to x id is a  a t  room tem p era tu re  t i l l  a p p re c ia b le  d ien e  

co n ju g a tio n  had developed* as ahomi by an a b s o rp tio n  maximum in  

th e  U¥ spectrum  a t  232 «» 234 (Fig* 2)©

Some o f the au to ^d d isad  e s te r s  were trea ted  w ith  the  

boron f lu o r id a -m e th a a o i re a g e n t in  o rd e r  to  d ete rm in e  th e  e f f e c t  

o f  t h i s  re a g e n t on th e  hyd roperox ide  groups, m  d i s t i n c t  from th e  

carboxyl group which i t  i s  norm ally  used  to  methylate* The t r e a te d  

e s t e r s  were found to  have a  aoaiplex UV spectrum (Fig* 2 ) ,  and th e re  

was no ev idence  o f  d ien e  conjugation* B a rt o f  th e  complex spectrum  

was due to  co n ju g a ted  t r l e n a  (131)» which was presum ably formed by 

boron f lu o r id e  c a ta ly s e d  d eh y d ra tio n  o f th e  co n ju g a ted  l in o le io  

ao id  h y d ro p ero x id es , w ith  th e  fo rm a tio n  o f a  new double  bond 

co n ju g a ted  to  th e  o th e r  ones*

(110 o f th e  two m ix tu res  o f a u to x id lsed  e s te r s  showed, by 

comparison w ith  th e  o r ig in a l  m ix tu re . I d e n t ic a l  p a t te r n s  o f peaks 

in  th e  chromatograms, Ydth th e  a d d i t io n  o f tvm sm all peaks due to  

co n ju g a ted  t r io n e s  (mixed o ia - t r a n s  and a l l  tram s) which appeared  

long a f t e r  th e  u n a l te re d  e s t e r s  (120* 123)/® I t  ap p ears  t h a t  th e  

c o n d itio n s  in  th e  Q-LG column a lso  dehydrated th e  hydroperox ides 

to  th e  same p ro d u c ts  as th e  boron f lu o rid e -m e th a n o l reagent® I t
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waB alBO ahown © xxjerim entally th a t  tre a tm e n t o f u n o x id iaed  l in o l e io  

ao id  w ith  th e  s t r e n g th  o f  a l k a l i  nsed  to  sa p o n ify  Estd#FA does n o t 

g iv e  r i s e  to  d ié n e  oon jugationp  i n  o o n tra a t  to  th e  e f f e c t s  o f 

s tro n g e r  a l k a l i  (44)*

A s im i la r  s e r i e s  o f  experim ents wa,s conducted  u s in g  f r e e  

ao id s  in s te a d  o f  e s te rs *  'fhe f r e e  a c id s  were found to  a u to x id is e  

more r e a d i ly ,  and in  a l l  ca ses  gave s im i la r  ÜF sx )ec tra  (Fig® g ) ,  

ex cep t t h a t  th e  co n ju g a ted  t r i  one ap ec trm i was p u re , as judged by 

th re e  peaks a t  260, 2?0g and 280 rn,u which a.re i d e n t i c a l  i n  p a t t e r n  

to  p u b lish e d  s p e c t r a  o f co n ju g a ted  t r i a n e s  (12g* 151)® A fte r  

m é th y la tio n  th e  e s t e r s  formed from th e  a o id s  were an a ly se d  hy G-LQ, 

and com parison w ith  th e  u n o x id ised  m x tu r©  showed th a t  a  lo s s  o f 

oa® 4^ l i n o l e io  ac id  had o cc u rre d , which i s  c lo s e  to  th e  c o n te n t 

o f co n ju g a ted  l in o l e io  ac id  hydroperox ide  c a lc u la te d  from th e  UV 

spectmm® I t  was a ls o  confirm ed t h a t  th e  G-LG d e te c to r  resp o n se  

was p ro p o r t io n a l  to  th e  m olar o o n o e n tra tio a  o f  esters®  The GLG 

tr a c in g s  showed peals:© due to  co n ju g a ted  t r i  o nes , as in  th e  p rev io u s  

ex p erim en ts , h u t th e re  were a ls o  two peaks due to  c i s - t r a n s  and 

tra m s - tra n a  co n ju g a ted  d ie n es  which appeared  a f t e r  th e  l in o le n io  

a c id , and th e s e  presum ably were formed by a u to x id a t io n  of o le ic  

a c id  fo llo w ed  by d eh y d ra tio n  o f th e  hydropero^ddo( s ) i n  th e  same 

way as w ith  l i n o l e io  acid®

The a c t io n  o f l ip o x id a s e  on l i n o l e io  a c id  i s  th o u g h t 

to  p roduce a  co n ju g a ted  d ie n e  s t r u c tu r e  and f r e e  r a d i c l e s ,  in c lu d in g
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hyd ro p ero x id e  r a d ic l e s ,  which a re  osddlBOd in  coup led  r e a c t io n s  (25)* 

The f i n a l  p ro d u c ts  a r e  l i n o l e io  ao id  h y d ro p ero x id es and a v a r ie ty  

o f  o th e r  p ro d u c ts  which a r e  co n ju g a ted , po lym eric  o r  d e g ra d a tio n  

p ro d u c ts  (48)# From th e  above experim ents i t  was concluded t h a t

X ipoxidase a c t i v i t y  g iv in g  r i s e  to  c o n ju g a tio n  would be r e f l e c te d  

in  a lo s s  o f c i s ^ c i s  l i n o l e io  a c id  i n  GIG t r a c in g s ,  and t h a t  th e re  

m ight be peaXcs due to  co n ju g a ted  d ien es  o r  t r i  ones wMch would appear 

much la te r *  Polym eric m a te r ia ls  would n o t be expected  to  d i s t i l  

d u rin g  th e  p u r i f i c a t i o n  o f th e  e s t e r s ,  and d e g ra d a tio n  p ro d u c ts , 

such as Gg a ldehydes and k e to n e s , would n o t be condensed a long  w ith  

th e  f a t t y  a c id  e s te rs #  In  GLG th e se  p ro d u c ts  would n o t be ex p ec ted  

to  i n t e r f e r e ,  and would ap p ear as a  lo ss*

A b  w il l  be shown l a t e r ,  th e re  was a ls o  a  lo s s  o f s a tu r a te d  

a c id s  th rough  enîsymlo o x id a t io n s , and i t  l a  s u f f i c i e n t  to  sa,y t h a t  

th e  lo s s  o f more th an  4 co,rbon 8,toms from  th e  c h a in  would r e s u l t  

i n  a c id s  which ?/ould no t ap p ear i n  th e  CrLC t r a c in g s ,  o r  would g iv e  

o th e r  p ro d u c ts  which would be most u n lik e ly  to  in te rfe re ©

Thus, a l l  b u t th e  most s u p e r f i c i a l  ensyftiio o x id a tio n  

o f any FF A would ap p ear a s  a lo s s  of Fl̂ 'A in  th e  GIG t r a c in g s  i n  

th e  method o f a n a ly s is  u sed  i n  -fchls v/ork*

There i s  no p u b lish ed  ev idence o f th e  e f f e c t  o f  th e  boron 

f lu o rid e -m e th a n o l re a g e n t on long  ch a in  f a t t y  a c id s  c o n ta in in g  

co n ju g a te d  u n s a tu ra t io n  (11$)# The above r e s u l t s  in d ic a te  t h a t  

7/hile h y d ro p ero x id e  groups a d ja c e n t to  im s a tu ra te d  groups a re
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dehy d ra ted  w ith  th e  form ation o f a  mew double bond co n ju g ated  to  

the o r ig in a l  o n e (a ) , th e  r e su lt in g  oonjugatiom does mot seem to  he

r e a d i ly  a l t e r e d  hy th e  re a g e n t,  and i a  p ro b ab ly  r e la t iv e ly  stab le#

m80U8sù[0m

Im th e  fo llo w in g  d iaoussiom  enzyme ac tiv a ,ty  i s  accep ted  

as th e  prime cau se  o f a l l  the observed FF A ©hang 00# S ince  f lo u r  

représenta a  biologioaJ* system  which has hem  alm ost com plete ly  

d is o rg a n is e d , i t  i s  reaao n ab le  to  expect en&yme b eh av io u r in  f lo u r  

and water apomgea to  have some F iim ila r lt ie e  to  t h a t  in  germ inating  

g ra in , but on th e  o th e r  hand there w il l  be c o n s id e ra b le  d ifferences©

The d if fe re n c e s  w i l l  in c lu d e  a lter ed  r a t e s  of re a c tio n , and s t r a y  

re a c t io n s  which would be s l ig h t  o r ab sen t in  th e  grain© F u r th e r ,  

c e r t a in  rea ctio n s might n o t occur in  the d iso rg a n ise d  system# A 

t r u e  understanding o f  the enzymic p ro c e sse s  can be had only  by s tu d y in g  

th e  f lo u r  i t s e l f ,  and s in c e  such data f o r  l ip id « o x id is in g  emaymes 

in  h igh  grade f lo u r  i s  non-e x i s te n t ,  c lo s e  a n a lo g ie s  w ith  w ell 

d efined  emsyme system # canno t be dravm,

(a )  The Analyel© of Free and F s te r if ie d  F a tty  A cids i n  Flours

I t  shou ld  be noted when com paring th e  r e s u l t s  in  Tables 6 

and 7 th at minor d if fe re n c e s  between the "normal/* f lo u r  f ig u r e s  a re  

due to  th e  u se  of two GIO columne# This does n o t app ly  to  # ie  

l a t e r  ex perim en ts .

The le v e ls  o f FF A in  f r e s h  f lo u r  are in  agreement w ith
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p u b lish e d  v a lu e s  (T able 3 ) ,  and th e  higher l e v e l s  in  th e  o ld e r  

f lo u r s  show th a t  th e  s to ra g e  tem p era tu re  i a  not s u f f ic ie n t ly  low 

to  prevent slow l ip a a e  action* There i s  a  remarkable s im ila r ity

in  com position  between FFil and kstd*FA, and from  t h i s  i t  i a  concluded 

th a t  th e  marked e f f e c t  o f FFA i n  doughs, compared w ith  t h a t  of 

Bstd#FAg i s  due to  t h e i r  being  u n e a t© rif le d , and n o t to  co m p o sitio n a l 

d if fe re n c e s^

S ince  th e  FF A and Fatd.PA a re  very s im i la r  in  com position , 

i t  seems l i k e ly  th a t  f lo u r  l ip a s e (0 ) are non-s p é c i f ia  In  th e  p o s i t io n  

o f th e  e s t e r s  th ey  h y d ro ly se , or th e  d i s t r i b u t io n  o f f a t t y  a o id s  i n  

th e  hydrolysed e s te r a  i s  n early  random*

I t  i a  now p o s s ib le  to o a le u la te  th e  th e o r e t i c a l  oxygen 

up take  of th e s e  f lo u r s ,  assum ing th a t  i t  lo  e n t i r e ly  due to  l lp o x id a s e  

a c t i v i t y  u sin g  1 mol© oxygen/m ole ÏSFA (144)» 50 g# f lo u r  contain

0*5 » 1*0^ l ip id ,  o f which 10 -  15^ i s  FF A, or 7 -  121̂  BFA* I f  

a l l  th e  EFA a re  consumed, and i f  th e re  i s  no l i p a s e  a c t io n  (which 

i s  the co n c lu s io n  reached  la t e r  in  th is  d is c u ss io n ) , th e  re q u ire d  

u p tak e  i s  O08 -  2*4 ml* oxygen/30 g* flour*  T his i s  w e ll below  

the v a lu es  found by experim ent a t  even 10 minutes r e a c t io n  time (40, 

144)9 and s in c e  oxygen up take continues f o r  a t  l e a s t  30 minutes 

(59, 40, 144)9 i t  i s  concluded th a t th is  evidence su p p o rts  the  

proposal th a t th ere a re  o th e r  l i p i d  o x id a tio n s  ta k in g  p la ce  

co n cu rren tly *  This i s  more co n c lu s iv e ly  shown by the analyses  

o f  WA  from m ixing experim ents, and i s  d iscu ssed  i n  the next pages.
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(b) F lo u r  l i p i d  Oonatsiats
* *  «srmw=ssHw«îS*^a#ftsn'iriftuiîslkB»«BifFïW<^^

T ables 7 and 8 show th a t  th e  io d in e  v a lu e s  o f  th e  l i p i d  

sam ples fo llo w ed  th e  t r e n d  o f d e c re a s in g  u n s a tu ra t io n  shown by GIG 

a n a ly s is  o f th e  FFA* This i s  p ro o f t h a t  th e  lo s s e s  a r e  r e a l ,  o r  

t h a t  th ey  a re  due to  c o n s id e ra b le  c o n ju g a tio n  of d ie n e  and t r i  en e 

(which g iv e  low io d in e  v a lu e s  compared w ith  t h e o r e t i c a l  v a lu es)»

S ince th e  l i p i d  sam ples showed no ev idence of such  c o n ju g a tio n  

(Fig* 1 ) ,  i t  i s  concluded  t h a t  th e re  was a  p ro p o r t io n a te ly  g r e a te r  

lo s s  o f  u n s a tu ra te d  acids*

Taking round f ig u r e s ,  th e  io d in e  v a lu e  o f th e  l i p i d s  

was found to  be 116, and th e  io d in e  v a lu e  c a lc u la te d  from GLC d a ta  

was 128* From t h i s  i t  i a  deduced t h a t  th e  m s a p o n if ia b le  m a tte r  

was 7»8^'o T his i s  somewhat h ig h e r  th an  th e  f ig u r e s  g iv en  f o r  

c ru d e  f l o u r  l i p i d s  (T able 3)# and i s  p rob ab ly  due to  th e  f a c t  th a t  

th e  l i p i d s  c o n s is te d  o f  FFA, g ly c e ro l  e s t e r s  and s t e r o l  e s t e r s  on ly , 

whereas th e  o th e r  l i p i d s  would a ls o  c o n ta in  p o la r  l i p i d s  i n  v a ry in g  

amounts®

U sing th e  GIG d a ta ,  i t  was a ls o  c a lc u la te d  t h a t  th e  mean 

m o lecu la r w eigh t of th e  f a t t y  ao id s  was 275» and th e  s a p o n if ic a t io n  

v a lu e  o f th e  l i p i d s  was 180® Using a  m ic ro s a p o n if ic a tio n  p ro ced u re , 

th e  s a p o n if ic a t io n  v a lu e  was found to  bo 169 ^ 175* which compares 

w ith  p u b lis h e d  v a lu e s  -  (T ab le  3)*

(a) I s t e r i f i e d  F a tM  Acide i n  Fdxing E xperim ents

The GLG an a ly se s  o f th e  Fstd*FA i n  t a b le s  7 and 8 a r e ,
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w ith in  1 standard d e v ia t io n . I d e n t i c a l* This means th a t  th e  K atd^fâ

were q u a l i t a t iv e l y  u n a l te re d  d u rin g  the experiments* When th e  weight 

o f th e  W A  ± b  deducted  from  th e  weight of l i p i d  e x t r a c te d  from th e  

sam ples, i t  i a  found th a t  th e  rem ain ing  Estd.FA rem ained c o n s ta n t 

a t  0*512 -  0*547/^9 a t th e  1 s ta n d a rd  d ev ia tio n  le v e l*  From th e s e  

co n sid era tio n s i t  i a  concluded th a t  during m ixing experim ents w ith  

a rea ctio n  tim e o f up to  60 m inu tes, and in  some case#  in  the p resen ce  

o f abnormal c o n d itio n s  due to  a d d i t iv e s  o r a lte r e d  oxygen te n s io n , 

Bstd*FA a re  n o t s ig n i f i c a n t ly  a lte r e d , and can be presumed in ert*

(d) F re e  F a t ty  Acids- During Mixing Experim ents

To o b ta in  a  b e t te r  i n t erp reta tion  o f  the r é s u l t é  th ey  have 

been reca lcu la ted  to  show ( i )  FFA as a p e rc e n ta g e  o f th e  t o ta l  l i p i d ,  

( i i )  each a c id  as a  percentage of the t o t a l  l i p i d ,  and ( i l l )  the r a t i o  

o f th e  w eight o f each ao id  r e la t iv e  to  th e  w eigh t p a lm it ic  ao id  as 

unity* These f ig u re s  are given in  f a b le  g#

An approxim ate mmsurememt of the d ie n e  conjugation , 

ex p ressed  as l in o le io  ao id  was made from th e  UV sp ec tra  o f th e  

l i p i d s ,  tak in g  22,600 as  th e  molar e x t in c t io n  c o - e f f ic ie n t  o f o is*  

trails conjugated l in o le a te  (133), a^d t h is  i s  included  in  fa b le  g*

F or the purpose o f  s im p lify in g  th e  c a lc u la t io n s  which 

fo llo w , l i n o l o i c  aoid d a ta  n m  used to  represent a l l  the EFA, and 

th e  error o f oa* ¥/hioh i s  incurred i s  considered  n e g l ig ib le  

compared w ith  th e  m agnitude o f  I  standard d e v ia t io n  o f th e  l in o le io  

a c id  f ig u r e s  alone*
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( i )  Mixin# experiHienta i n  air*

ïîhe résulta ± n  lïîable g show that there la  n o  s ig a lf ic a a t  

differenoe between the oontrol a%é # ie  eaiperimente at & and 2 minutes 

reaction time g talcing the 1 standard deviation lev e l as the cr iter ion  

of signifioanoe* %e resu lts at 10 and 60 minutes raaotion time 

are s iitn if io a n tlj  d ifferen t from the oontrol (but not from each 

other)g and are the basis of th is  discussion and the la ter  comparison 

of the e f fe c t  of additives and oxygem tension# Unless otherwise 

stated , a l l  mixing experiments referred to hereinafter were of 10

minutes reaction time, and a l l  the information required for the

calcu lations i s  derived from B&ble 9 or from references*

Ü?he methanol treated flou r, which was enaymisally in active , 

and the same flou r mixed in  a ir , showed no s ig n lflea n t d ifference

in  quantitative or q u a lita tive  analyses of th eir  FFA® The same

experiments with normal ensym icallj active flou r showed large  

sig n ifica n t d ifferen ces, and i t  i s  concluded that a l l  the PFA 

changes observed in  mixing experiments were enzymic in  origin*

Since oxygen uptake i s  almost en tire ly  ensymio, and i s  mostly 

directed towards l ip id  oxidation, th is  finding i s  in  accord with 

previous findings (p*18) and con stitu tes a more d irect proof*

On the basis of the resu lts  of the nitrogen experiment, 

i t ,  i s  assumed that lip a se  a c tiv ity  was s lig h t  or absent in  short
■*r

reaction times®

S ince th e  r e l a t i v e  r a t io s  o f palm itic t  stear ic  § o le ic



- 55-

ao id s  were constant throughout a l l  th e  experiments, within th e  l im i t s  

o f X s ta n d a rd  d e v ia t io n , i t  i s  concluded that th e re  was no sa tu ras©  

o r  deB atu rase  a c tiv ity  a ffectin g  th e  o r ig in a l  a c id s  present*

The io d in e  v a lu e  d é te rm in â t!ona show th s .t the apparent 

lo s s e s  o f EFA were r e a l ,  and th e  tre n d  of th e  weight re c o v e r ie s  o f 

l i p i d s  (T ab les 7 and 8) ind icate th a t  FFA lo s s e s  had occurred. Since 

there was no great o v e ra l l  lo s s  of FFA i n  th e  nitrogen experiment, 

i t  i s  concluded t h a t  the o v e ra l l  lo s s e s  of FF A in  mixing experiments 

in  a ir were n o t due to re -ea ter ifioa tion .

From th o se  considerations i t  appears that th e  observed 

lo s s e s  o f FFA must be attributed to  ensymic l i p i d  oxidations®  The 

most probable enzyme systems are l ip o z id a s e  and p « o z idation® A lthough 

i t  I s  recognised that these terms shou ld  be broader and shou ld  in c lu d e  

other p o s s ib i l i t ie s ,  they  are used f o r  convenience in  t h i s  clisoussiono 

h ipozidas©  i s  sp e c if ic  f o r  EFA, that i s  th o se  acids 

c o n ta in in g  methylene*interrupted double bonds* P -o z ld a tio n  i s  

usually more sp e c if ic  f o r  a  range of f a t t y  ao id  ch a in  lengths, being 

u n a ffe c te d  by the unsaturation which may be p r e s e n t ,  but th e re  i s  

no information on {â^oxidation sp e c if ic ity  i n  wheat* I t  would be 

expected  t h a t  both enzyme systems would a c t  c o n c u rre n tly , and perhaps 

have a m u tu a lly  competitive e f f e c t  since they would bo th  use  M?A, 

and in d irectly  require oxygen*

( i l )  G a lo u la t io a  o f  oxyg en .
( i i )  C a lc u la tio n  o f oxygen uptake, and a c t i v i t y  o f f a t t y  a o id -o z id is ln g

S ince  th e  ratios o f p a lm it ic  s s t e a r i c  $ o le ic  acids were
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v i r t u a l l y  c o n s ta n t ,  a l t h o u ^  lo s s e s  o f a l l  acicle had o c c u rred , i t  

i s  assumed t h a t  p -o z ld a tio n  used  th e se  a c id s  p ro  rata, and by 

extension E!FA also# I t  i s  thus possib le to  c a lc u l a te  th e  lo ss  

by p-oxidation o f th e se  a c id s  from th e  lo s s  o f p&lmitio acid# In 

th e  ca se  o f AFA, th e  r a t i o s  r e l a t i v e  to  p a lm it ic  dropped a f t e r  

m ixing, due to  l i p  o x id ase  a c t i v i t y ,  and to  c a lc u la te  th e  lo s s e s  

due to  0 ‘-o x id a tio n  th e  average o f the r a t i o s  to  p a lm it ic  b e fo re  

and a f t e r  m ixing i s  used*

Thus, for f lo u r  mixed in  a i r ,  the lo ss  o f p a lm it ic  ao id  

was 2#28 * 1*55 ^ O@750# and the average r e l a t i v e  r a t i o  o f lln o le io  

ao id  to  p a lm it ic  ao id  was (3*47 2*50) * 2 -  2*985# The lo ss  o f

l i n o l e i c  a c id  due to  p-oxidation was thus 0*73 K 2© 985 = 2*l8^o 

The t o t a l  lo s s  o f l l n o l e i a  a c id  warn 7*91 * 3*88 -  4« 03$@ and by 

d if fe re n c e  th e  lo ss  due to  l ip o z id a s e  was lo85#&

S ince l in o l e io  a c id  has been tak en  a s  r e p re s e n tin g  a l l  

#FA, th e  t o t a l  l lp o x id a s e  a c t i v i t y  i s  c a lc u la te d  to  have used  

1 ,85#  BFAo The t o t a l  lo s s  of FFA was 12*0 -  6®5 ™ 5*5## 8o t h a t ,  

by d if f e r e n c e ,  th e  t o t a l  p«ox3.dation a c t i v i t y  used  3*65# FF A®

This and sim ilar c a lc u la t io n s  f o r  the o th e r  experiments a re  

summarised in  Table 10*

I t  i s  now p o s s ib le  to  c a lc u la te  the approximate oxygen 

requirements of these l i p i d  oxidations* On the basis of 1 mole 

oxygen/mole EFA (144)9 lipox idaa©  a c t i v i t y  would require 0*26 ml* 

oxygen/30  g@ flou r. On th e  assum ption th a t  each ao id  co n ta in ed
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& ox i& lsab le u n i t s ,  and t h a t  th e  system would require 1 mole 

oxygen/Op u n it ,  0 -o z id a tio B  would r e q u ire  4®07 ml. oxygen® The 

t o t a l  oxygen requirement o f th e s e  l i p i d  o x id a tio n s would thus he 

4 ,33  ml. oacygen. This i s  c lo s e  to  th e  observed v a lm e  a t 10 minutes 

r e a c t ! OB, tim e, and i s  ev idence  t h a t  th e  assumed l i p i d  o x id a tio n s  are  

a reasonable exp lanation  of the experim entally determined oxygen 

u p tak es o f flo u r-w a ter  m ixtures (40, 144)© I t  i s  a ls o  in te r e s t in g  

to  note t h a t  th ere  was very l i t t l e  W à  o x id a tio n  a f te r  10 minutes 

r e a c t io n  tim e , and t h a t  oxygen uptake and o x id a tio n  o f SH a re  a ls o  

la r g e ly  completed in  th e  same time#

The re la tiv e  a o tly ity  of llpoxidase oxidation to ^-oxidation  

based  on th e  FFA o x id is e d  was 1 t 1 ,2 , and based  on th e  oxygen 

consumed 1 § 15,69

In th e  mixing experiment on which the above o a lc u la t io n s  

are based, 1 ,45#  of the 1F4 was found to  be co n ju g a ted  (Table 9 ) ,  

whereas 23# 4# o f the was accounted fo r  by l ip o x id a s a  activ ity#  

Conjugated lln o le io  acid derivatives can therefore represent only 

a  t r a n s i e n t  sta te  i n  the llp o x i d ase-in itia ted  a t ta c k  o f l i n o l e i c  

acid in  flour-water sponges mixed aerobically .

Since i t  has been shown that a l l  th e  WA are n o t oxidised  

i n  even 60 m inutes reaction tim e , th e  conclusion a r r iv e d  a t  in  th e  

f i r s t  part o f  th e  d is c u s s io n  (p, g l) i e  s u b s ta n t ia te d ,  a s  reg ard a  

h ig h  g rade  f lo u r s  o f re la tiv e ly  low FFA content, The behav iou r 

of a range of lower grade flou rs remalna to be etudied, and ^Tith the
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Oalpulated Llposidasi

Mixing 
Bxp Griment

Reaction
Time,

îîünutes

mTA Used
by Llpox®

BFA Ueed 
by p-oxidn .

FF A Used 
by p"OXidn,

Air 10 1 .8 5 2 .18 3*65

N itrogen 10 0 .6 2 0 . 86 1 ,38

Oxygen 10 1 ,81 1 .2 6 2.19

S u lp h ite 10 1*38 1*19 1 ,82

mmii 10 1 ,1 8 1 .3 4 2.02

NDOA 10 3*79 0 .2 9 0 .78

M r 60 1 .59 2 .6 4 4 ,2 1

Eromate 60 1 .35 2 .8 2 4 ,55
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a id  o f  more e la b o ra te  and ex ten siv e  experim ents more g e n e ra l 

conoXusions may be a r r iv e d  at®

( i l l )  Oxygen requi remonte o f  k n o w  o x id a tio n  r e a c t io n s  i n  flour®

I t  i e  known t h a t  th e  c a ro tsn o id s  o f f l o u r  a re  p a r t i a l l y  

b leached  i n  a  coupled  o x id a tio n  in v o lv in g  BFA and l ip o x ld a s e , o r  

some s im i la r  enzyme (71)* I t  i s  a ls o  Imown th a t  some o x id a tio n  

o f HK o ccu rs  (149)? and th a t  i t  i s  la rg e ly  due to  secondary  o x id a tio n  

by l lp o x id a s e  (1 4 5 ), I t  fo llo w s from th e s e  s ta te m e n ts  t h a t  th e  

c a lc u la te d  oxygen req u irem en ts  shou ld  f a l l  w ith in  th e  c a lc u la te d  

v a lu e  f o r  l ip o z id a s e  a c t i v i t y ,  and s in c e  th e r e  a re  no o th e r  m ajor 

o x id a tio n s  which a re  known, i t  m ight be expected  t h a t  th e  d isc rep an cy  

would n o t be large® The o a ro te n o ld s  of f l o u r  a re  m ainly x an th o p h y ll 

(21, 22, 1 6 8 ), and a re  p re s e n t  a t  0*23 -  4 ,0  ppm® o f f l o u r  w eight 

(22, 168)® The c a ro te n o id s  o f th e  f lo u r  were e x tra c te d  w ith  

v/ater*»s a tu r a te d  n « b u tan o l, and found s p e c tro s c o p ic a l ly  to  be 

e q u iv a le n t to  1 ppm* o f th e  f lo u r  weight® Only abou t 30# o f  th e  

c a ro te n o id s  a re  b leached  in  a  norm al dough mixed in  a i r  ( 7 1 ,  111)®

I f  th e  c a ro te n o id s , c a lc u la te d  ae x a n th o p h y ll, were b leached  

by lip o x id a s o  u s in g  1 mole oxygen/Wole c a ro te n o id , th e  oxygen 

re q u ire d  would be O0OOO394  ml®/gO g* f lo u r*  Taking 10 tim es t h i s  

le v e l  a s  a  re a so n a b le  maximum f o r  th e  a c tu a l  b le a c h in g , th e  up take  

o f 30 g . f l o u r  would be 0 ®00394 ml#

Flour con ta ins ca* 1©3 SH/g® (4 , 3 , 31, 149), and 

d u rin g  a e ro b ic  dough mixing oa* 30# o f th e  SH I s  o x id is e d  in  10



-39-

m inutes, a f t e r  which l i t t l e  fu rth er  ox id ation  oocux‘s  (143# 149)#

AsBurning th e  eq u a tio n

2 EüH i- E2'A ■!* 0„ lzpoxiaa8 0 | g Kssm -s- eto»

the lo s s  o f 13 SH in  3 0  g# f lo u r  during 10 minute© mixing and

rea ctio n  would requ ire 0.168 ml* oxygen, which i e  eq u iva len t to  

1 ,21#  &FA.

These o a lcu la tio n a  ©how th a t the lo s e  o f  FFA due to  

lip o x id a a e  a c t iv i t y  io  adequate to  promote known secondary oxidation© , 

and th a t i t  i e  u n lik e ly  th a t o ther major secondary ox id ation e occur 

a t th e  same tim e, S ince SH 1© the main su b stra te  fo r  iodat© and 

bromata o x id a tio n s , i t  would be expected th a t they would a ct  

oom petitiveXy w ith lip o M d a se , and there i s  ev idence o f th is  happening 

with bromate (33® 36, 4 2 ),

From the above d iscu ss io n  i t  seems probable th a t the oxygen 

uptake o f f lo u r  during mixing ie  la r g e ly  due to  enzymic l ip id  

o x id a tio n s, which are caused by enzyme system© o f  the lip o x id a ee  

and p -o x id a tio n  ty p es , L ipoxidase i s  imovni to  cause secondary 

ox id ation  o f  f lo u r  SH, and i s  thus connected w ith  th e  o x id a tiv e  

improvement of dough q u a lity  (145)# In  the fo llo w in g  d iscu ss io n , 

the r e s u lt s  of experim ents, in  which a d d itiv e s  which a f f e c t  dough 

q u a lity  were p resen t, are d iscu ssed  w ith  p a r ticu la r  reference to  

the probable lip o z id a se  a c t iv i t y  o f the sponges. The e f f e c t  o f  

one an tiox id an t i s  a lso  d iscu ssed .

I t  has been shown above th a t the experim ental a n a ly s is
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o f FFâ from f lo u r  aad f lo u r -w a te r  sponge© mixed in  a i r  shoi? d if fe re n c e s  

wMcli ean be re la ted  to  th e  known oxygen uptake of f l o u r  d u rin g  

m ixing, i f  i t  i e  assumed th a t  two o o nourren t FF A o z id a tio n o  oocur 

-  namely, l ip o z id a s e  ox id ation  o f BFA, and p -o x id a tio n  of Bt'A® The 

c a lc u la te d  le v e l  o f l ip o z id a se  a c t i v i t y  corresponds w ith  th a t  re q u ire d  

f o r  known secondary  ox id a tion s of c a ro te n o id s  and 3Ho In th e  l i g h t  

of th e s e  f in d in g s ,  the la t e r  ex perim en ts , where f l o u r  was mixed under 

varying oxygen te n s io n s  o r  in  the presence of  c e r ta in  a d d i t iv e s ,  can 

now be considered# S ince lip o z id a se  a c t iv i t y ,  BE o x id a tio n  or 

redu ction , and dough s tr e n g th  are a l l  in te r - r e la te d , and s in ce  a l l  

th e  ex p erim en ta l con d ition s are known to  a f fe c t  a t  l e a s t  one of th e se  

f a c t o r s ,  th e re  shou ld  be some a l t e r a t i o n  i n  th e  c a lc u la te d  lip o z id a se  

a c t iv i t y ,  compared with normal ae ro b ic  m ixing, i n  every ca se .

( iv )

Reduced oxygen ten sio n  was obtained in  th e  case  o f the  

n itrogen  experim ents, s in c e  i t  was known th a t a l l  th e oxygen could  

n o t be purged, and th ere  was ev idence of s l ig h t  oxi dation  of FF A in  

the r e s u lt s .  The p rev iou sly  d iscu ssed  experim ents mixed in  a ir  

represented  normal oxygen ten s io n , and the experim ents mixed in  

oxygen represented  an atmosphere of a t  l e a s t  gO# oxygen.

From T able 10 i t  can be seen  th a t  l ip o x id a a e  a c t i v i t y  

changed w ith  in crea sin g  oxygen te n s io n , using 0 .6 2  « 1*83 -  1*81#

FFA in  each case* Taking in to  account th e  m agnitude o f 1 s ta n d a rd
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d e v ia tio n  of th e  w eigh t p e r  c e n t o f WA reco v e red , I t  can be s a id  

t h a t  there vma an In c re a s e  in  l ip o z id a s e  a c t iv i t y  when there wae a  

change from low to  normal oxygen te n s io n , b u t th ere was no s ig n if ic a n t ,  

change on fu rth er  in crea sin g  th e  oxygen tension® S ince oxygen can 

o x id is e  0H d ir e c t ly  under sp e c ia l clrcum stancee (d e fa tted  f lo u r s  

Mixed under impure n itro g en , a ir  or oxygen), oxygen m ight compete 

w ith  l ip o z id a se  fo r  3H in  f lo u r  mixed under oxygen, and s l ig h t ly  

su p p ress  l ip o z id a se  a c t iv i t y ,  i n  which case  the s l i g h t  drop in  

ca lcu la ted  lip o z id a se  a c t iv i t y  from 1 ,8 5  to  1*6.1# BFa consumed 

could he r e a l ,  a lth o u g h  th ere i s  no s t a t i s t i c a l l y  s ig n if ic a n t  

d iffe r e n c e ,

From T able 10 i t  can a ls o  be seen th a t p -o z ldation  was 

a ffe c te d  by in cr ea s in g  oxygen ten s io n , and 1*38 -  3*65 -  2*19# FFA 

wae o x id ised  i n  th e  th ree experim ents, This r a th e r  unexpected  

b ehav io u r i s  undoubtedly  r e a l ,  s in ce  th ere are p a r a l l e l  changea 

in  b o th  th e  p a lm itic  ao id  and o le ic  aoid r e c o v e r ie s , th e  form er 

being  s ig n if ic a n t ly  d if fe re n t*  The s te a r ic  a c id  f ig u re s  cannot 

be g iven  any w eight because of the d i f f i c u l t y  o f measuring th e  

s te a r ic  ao id  chromatogram peaks a ccu ra te ly , There i s  no apparent 

e x p la n a tio n  o f t h i s  in v erse  e f f e c t  o f h igher oxygen ten sio n s on

0 -o x id a tio n , a lthough  a p o ss ib le  exp lanation  h as been p u t forward 

above i n  th e  case o f  l ip o z id a se .

(v) The e f f e c t  o f sulphite®

S u lp h ite ,  or more u s u a lly  b is u lp h ite , i s  added to  f lo u r
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b e fo re  mixing in  o rd e r  to  g r e a t ly  weaken th e  dough formed® I t  i s  

b e lie v e d  t h a t  t h i s  e f f e o t  i s  due to  a  re d u c tio n  of in term olecu lar  

;3S in  g lu te n , which weakens th e  s t r u c tu r a l  r ig id i t y ,  and in crea ses  

th e  ea se  o f  d lsu lp h id e -su lp h y d ry l (33 -  3H) in te rc h a n g e  r e a c t io n s  

by form ing  new 3H (76, IO9 , 126, 145)© The re a ctio n  io s

R83R 4̂ = R8H R330" (lOg)

At the pH o f sponges (5*5 6*5) su lp h ite  e x is te  as b isu lp h ite  io n s ,

and a c ts  according to  the above equation#

The amount o f s u lp h i te  added was capable o f red u cin g  3S 

to  produce .45 3E and 45 #Fq@ th lo e u lp h o n ic  acid  in  gO g* f lo u r ,

acco rd in g  to  th e  above equation® Thus th e  t o t a l  SEC c o n te n t o f 30 g* 

f lo u r  was 90 ^Bq#, and th e  lip o z id a se  a c t i v i t y  (T able 1 0 ) , which 

used 1*38# BFA, was cap ab le  o f  o x id is in g  only IT®3 SH# There

was th ere fo re  a la rg e  o v e r a ll in c re a s e  in  th e  SH c o n te n t o f th e  

f lo u r , wMch was adequate  to  cause d r a s t ic  weakening o f the sponge 

or dough® This co n c lu s io n  m s  supported by th e  f a c t  th a t the  

sponge was very  th in  and runny*

The thlQBulphoBlo aoid  groups formed from th e  su lp h ite  

m ight be th o u g h t o f  as blocked SH groupa, bu t the 33 -  SH interohange  

system would be u n a f fe c te d  s in c e  there was s t i l l  a  la rg e  exoaa© o f 

3E p r e s e n t .

From th e  above con sid eration s i t  m ight have been expected  

th a t th e re  would have been more lip o z id a se  a c t i v i t y ,  due to  th ere
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being  more o x id is ab le SE present® TMs cou ld  have le d  to  d ecreased  

0 -o x id a tio m  l a  a  l im ite d  oxygen supply* Table 10 shows a p ro p o r tio n a te  

in crea se  i n  l ip o z id a s e  a c t iv i t y , compared w ith p -o x id a tio n , b u t both

oxidation©  were a t  a  c o n s id e ra b ly  low er le v e l  than i n  th e  sponge 

mixed w ith o u t a d d i t iv e s  in  air© T his i s  a  s u r p r i s in g  r e s u l t ,  s in c e  

i f  oxygen was d i r e c t ly  absorbed  by a l l  the s u lp h i te  to  form s u lp h a te , S

thereby red u c in g  th e  en%ymioally a v a i la b le  oxygen te n s io n  to  a  le v e l  |
I

below norm al, only  0*504 ml. oxygen would have been removed, w hereas y
/

th e  drop i n  t o t a l  ca lcu la ted  oxygen up take  was 1*86 ml*

(v i)  The e f f e c t  o f E - e t to l  maleialde®

1 -e th y l  m aleim ide (BBMI) combines i r r e v e r s ib ly  with SH, 

and i s  commonly used to  i n h i b i t  8H-dependent enzyme re a c tio n s . In  

th e  sponges considered here the r é a c t io n s  in h ib ite d  in clu d e 0 -o x idation  

(b locking of the 3E o f Doenzyme A), and secondary  ox id ation  o f SH 

by lipoxidase®  Table 10 shows th a t  th e re  was oa* & 50# decrease  

in  0 - o x id a tio n , and ca. a 30# d ec re ase  in  lip o x id a se  a c t iv i t y ,  

compared w ith  th e  experiments w ith o u t a d d i t iv e s  mixed in  a ir*  I t  

i s  known t h a t  MBMI has no e f f e c t  on the coupled b le ach in g  o f e a ro te n o ld a  

(1 1 1 ), and th e  c a lc u la te d  lip o z id a se  a c t i v i t y  was q u i te  adequate  in  

th e se  experim ents fo r  norm al o a ro te n o id  bleaching (of* s e c t io n  (o) 

above)* I f  i t  i s  assumed th a t  a l l  a v a ila b le  g l u t e n -SH were b locked , 

there i s  no ev idence to  su ggest th e  mechanism o f th e  s t i l l  con sid erab le  

c a lc u la te d  lipox idaa©  a c t iv i t y  and th e  coupled o x id a tion s which took



plac©* Cou|Kl©d oxidatdon© o r  doB tructiou . o f  l iD o lo io  ao id  hydro- 

peroxide muet have ooaurrod ex ten a iv o ly , atnoe th ere warn l i t t l e  

d ione  o o a ja g a tlo n  p re h e a t i n  th e  Mx>ld© (T ab le  9)0  0 - oxi d a t io n

not to ta lly  in h ib ited  by BBlü, and iw lees soma other FFn 

oxidation indopendent of SE oooiirrod, th is  finding must bo attributed  

to the vary Inoomplotely understood conditions pertaining In flour*  

water apongeso

( v l i )  The o f f e o t  o f  nord ihydrogU B la^tio a o id .^  i*;i:T3.4t3=i.:iy3^i=i*tMycc%A*a4W4*3a A>tAW9hAi%yY%tfwR^MT*m'}«w.'fr#wii3 f s»>fiïp«Eiiafc*ï^a.^

H orâiliydroguai arütdc aoid (ilOlEà) was added in  an attempt 

to p a rtia lly  in h ib it  lip ozid ase a c t iv ity , ainoo i t  h m  been ohovm 

to prevent oarotonoid bloaoM-ng, presumably by preventing coupled 

oxidation by llpozidane, Table 10 shows, however, that there was 

about double the lipoxidaDO a c tiv ity  and 1 /6 th of the0“Oxidatlon 

which occurred In the control exporimonte mixed vdthout additives  

in  air# EWA therefore had a pro*ozldant e f fe c t  oa lipozid ase In 

theso olroumstanoeo. I t  ham recently boon shown that in  larger  

amounte (which wae the ease in  tho oxporimente) RD&A accelerated  

the rate of décomposition of lia o lo a te  hydroperoxide (22 , 132) #

The r e s u lt s  are th ere fo re  o o n eie ten t w ith  the e f f e c t s  o f la r g e  doeee 

o f  KDÜA on hydrcporoxideo, i f  th e  acoeler& ted breakdown o f l in o le lo  

acid  hydroperoxide in  f lo u r  could  lea d  to  a cce le ra ted  form ation o f  

the hydroperoxide by lip o z id a se  by di.aturM ?ag the rea c tio n  equ ilibrium .

Table 10 a ls o  ehcwa th a t 0 * o zid a tio n  was g r e a tly  depreosod, 

and s in c e  th e in creased  uptake duo to  lip o z id a s e  was o f  the order



of 0*26  Bilo o z jg m /5 0  gq f l o u r ,  t h i s  would mot s u f f i o i m t l y  reduoe 

th e  oxygen temsiom i n  th e  sponge and have t h i s  effect®  A p o s s ib le  

e x p la n a tio n  i a  t h a t  th e  veay heavy dose of NDGA had an in h ib i to r y  

e f f e c t  on 0 - o x id a tio n , s in c e  i t  i s  known to  h m e  t h i s  e f f e c t  on a  i 

range o f eaisymes (IO6&). hence th e  l ip o z id a s e  a c t i v i t y  m ight

im affeotedg or represent very groat a c t iv i t y  depressed to  the observed  

l e v e l .

The oxygen uptake o f  the sponge was ca lcu la te d  to  he 

1*36 mlo/3 0  g* f lo u r , which, as the so la  c r it e r io n , would su ggest  

th a t the NBQ-A had had an an tloz id an t e f f e c t .  S ince i t  i s  necessary  

to invoke hBQ-ii-catalysed decom position o f  hydroperoxides to exp la in  

the r e s u lt s ,  i t  I s  f e a s ib le  th a t th is  would prevent secondary 

ox id a tion  o f carotenoids a t  th e amae tim e.

( v l i i )  The e f f e c t  o f bromate*

In dough# bromate o x id ise s  8H more or l e s s  s p e c i f i c a l ly  

(31, 33)9 and the ra te  a t  which th is  occurs l e  ra th er  slow* In 

a dough con ta in in g  0*$0 mg* bromate/3 0  g . f lo u r  (corresponding to  

30 ppm* bromate o f  f lo u r  w eigh t), 0 .1 2  mg. bromato i s  decomposed 

in  60 minutes ( 32,  33)9 which i s  eq u iva len t to  th e  ox id ation  o f  

4*33 &&̂g# SH* I t  i e  assumed th a t the ra te  o f bromate decom position  

i e  s im ila r  in  sponges, in  which case the bromate o x id a tion  i s  assumed 

to  have been as above. The liposddaae a c t iv i t y  (Table 10) was 

eq u iva len t to  I . 33# BFA, which would have o x id ised  16*3 8E,
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BO t h a t  th e  t o t a l  SH oxldxBod mould have heea 20 .6  This

rep resen t©  an inoreae©  o v er th e  Ig  |il3q* o f  SH whieîi i s  norm ally  

oxixliaed (145* 149)? and would hair© an Im proving e ffe o t*  However, 

th e  v a lu e s  fo r  lip o z id a se  a t  10 and 60 minutee r e a c t io n  tim e d if f e r  

by nearly  th e  same amount ae th e  v a lu es  a t 60 m inutes w ith  and 

w ith o u t bromate, so t h i t  no w eight qan be given  to  th ese  figures©

The on ly  conoXusion which can be drawn i a  that there i s  no evidenoe 

from th e s e  experiments to  su g g e s t that bromate a c t io n  i s  involved  

w ith FFA (33, 36, 42)* other than  by competition w ith  lipozid ase  

o x id a tio n  of SH * which ia  th e  cono lneion  arrived a t  i n  the l i t e r a t u r e  

review Cpp© 20, 21),

There are a ls o  differenoea In th e  amounts of p -o x id a tio n  

i n  th e  experiments a t  10 and 60 minutes, and a t  60 minutes w ith  

broBiat© added® The recoveries of palm itic a c id  oa which these are 

based are n o t s ig n i f i c a n t ly  d ifferen t, and a lth o u g h  the trends may 

be rea l, no 'co n c lu sio n s  have been drawn,

(e ) S uggest!one f o r  F u tu re  In v e s t i g a t i ons 

From the litera tu re  review and work in  t h i s  th e s i s  i t  

i s  apparent t h a t  there i s  a  r e la t io n s h ip  between oxygen u p tak e ,

FFA o x id a tio n s , secondary o x id a tio n s  o f  c a ro te n o id s  and SE, and 

oxidative^Improvement o f dou^i strength. The s tu d y  of any one 

of th e s e  s u b je c ts  i s  a  major undertaking, and each has already 

occupied  cereal chem ists  for  many y e a rs  without being fu lly  understood,



N ev e rth e le ss  th e  in fo rm a tio n  %?hioh cou ld  he gained  from a  sim ultaneoue

stu d y  o f a l l  th e s e  a sp eo ts  o f  th e  ohem iatiy  o f a  p ie c e  o f  dough 

would he 80 v a lu a b le  t h a t  th e  e f f o r t  would be w ell w orth w h ile .

While th e s e  a re  th e  most important ra a o tio u s  and a s p e c ts  o f  th e  

problem  o f dough improvem ent, f u tu r e  work may uncover o th e r  im p o rtan t 

r e a c t io n s  and le a d  to  new d is c o v e r ie s  concern ing  dough s t r u c tu r e  ami 

rheologyo

Very l i t t l e  i a  Imowa abou t th e  emmymea which o x id is e  FFx 

and BFA in  f lo u r , and th is  w i l l  bo a d i f f i c u l t  but rmmMing f i e l d  

fo r  iavoetigatiom » Most s tu d iœ  arc confined  to  h igh  grade f lo u r s ,  

b u t am exten sion  to  in c lu d e  a l l  grades and ty p es  of f l o u r  i a  d e s i r a b le ,  

and t h i s  may ev en tu a lly  lea d  to  am um derstanding  o f  why d i f f e r e n t
■Ky

f lo u r e  and ivheats have such d if fe r e n t  dough p rop erb iee. The tech ­

n o lo g ic a l and economic s ig n if ic a n c e  o f  th ie  has already been mentioned. 

The f i e l d  i s  not a new one, but the approach to  one sm all 

a sp ec t, which has been th e  purpose o f  th is  th e e ie ,  hue g iven  a new

in s ig h t  in to  the problem, and th e re  a re  s e v e ra l  obvious l i n e s  o f  

in v e s t ig a t io n  to  fo llo w  which must s u re ly  y ie ld  v a lu a b le  r e s u lt s .

V) jZssGiWaaa
1 . The l i t e r a tu r e  concerning the uptake o f atmospheric oxygen by

f lo u r -w a te r  sponges o r  doughs wae review ed, and i t  wae deduced 

th a t , contrary to  what has been assumed by o th e r  a u th o rs , th e  

uptake o f oxygen cannot be s o le ly  a t t r i b u t e d  to  lip o z id a se -
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c a ta ly s e d  o x id a tio n  o f  l i u o l e l s  and l in o le B le  acids© Tills was 

proved exx ierim en tally  by showing t h a t  th e re  i s  n o t enough o f 

th e s e  a c id s  p re s e n t  to  p e rm it th e  observed  oxygen u p ta k e s©

2. I t  was shown th a t  d u rin g  a e ro b ie  m ixing o f  f lo u r -v ia to r  sponges 

changes o ccu rred  i n  th e  oom poaition o f  th e  f r e e  f a t t y  a c id s ,  b u t 

no changes were observed  in  th e  e a t e r i f i e d  f a t t y  a c id s  d u rin g  

r e a c t io n  tim es up to  60 minutes®

3® The changes which o ccu rred  i n  th e  f r e e  f a t t y  a c id s  were shown to  

be due to  enaymlc o x id a tio n  o f  bo th  e s s e n t i a l  and o th e r  f a t t y  

a c id s .

4* The f r e e  f a t t y  a c id s  and © a te r if ie d  f a t t y  a c id s  c o n ta in  very  

s im i la r  x^roportions o f  p a l in i t ie ,  e t e a r io ,  o l e i c ,  l i n o l e lo  and 

l in o le n io  a c id s ,  and th e re  i s  n o th in g  to  e x p la in  th e  marked 

e f f e c t  o f f r e e  f a t t y  a c id s  as opposed to  e s t e r i f i e d  f a t t y  a c id s  

i n  doughs mixed a e ro b ic a l ly ,  a p a r t  from t h e i r  b e in g  uneet a r i f led®

5« From an a n a ly s is  o f th e  re c o v e r ie s  o f f r e e  f a t t y  a c id s  in  m ixing 

experim en ts i t  was deduced t h a t  two ty p es  o f f r e e  f a t t y  a c id  

o x id a tio n  o ccu rred  s im u lta n e o u s ly , and t h a t  th e s e  were most 

p rob ab ly  lipox ldae©  o x id a tio n  o f e s s e n t i a l  f a t t y  a c id s  and 

0 « o x id a tio n  o f a l l  f r e e  f a t t y  a c id s ,  o r  r e a c t io n s  o f a s im j,la r  

n a tu re .
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6o The imovm oxygen up tak e  o f  f lo u r  oan be s a t i s f a c t o r i l y  accounted  

f o r  by th e  oxygen requ irem en t#  o f th e e e  ty p e s  o f  enzymic o x id a tio n  

a t  th e  l e v e ls  found i n  th e  e x p e r ia o n ts .

7» The le v e l  o f  lipoxidaB©  a c t i v i t y  which was deduced from th e  

ex p e rim en ta l r e s u l t s  i a  im agreem ent w ith  t h a t  re q u ire d  f o r  

known lip o x id aB e-d ep en d en t oxJ-dations o f  o a ro to n o id  pigm ents 

and su lp h y d ry l groupe*

80 Experim ents were conducted  w ith  th e  a d d i t io n  o f su b sta n c e s  which 

a f f e c t  th e  rh e o lo g ic a l  p r o p e r t ie s  o f dough, o r  l ip o x id a a e  a c t i v i t y ,  

and th e  r e s u l t s  were d isc u sse d  in  term s o f  th e  p ro b ab le  l ip o x ld a o e  

and 0 -o x id a tio n  ac tiv ity ®  Most o f  th e  r e s u l t s  were r e a d i ly  

e x p la in e d , b u t some p o in ts  rem ained in e x p lio a b lo o

9o F lo u r  l i p i d s  were an a ly se d , and i t  was shown t h a t  g ad o le io  a c id  

i s  p re s e n t  i n  s ig n i f i c a n t  amounts on ly  i n  th e  e s t e r i f i e d  acids*  

S to rag e  a t  0̂ ™ 4^ i s  n o t s u f f i c i e n t  to  p re v e n t slow l ip a s e  

h y d ro ly s is  o f e s t e r i f i e d  f a t t y  a c id s  e s te rs *  F lo u r  l i p a s e ( s )  

a re  e i t h e r  n o n - s p e c if ic ,  o r  'the h y d ro ly sed  e s t e r s  a re  o f n e a r ly  

random f a t t y  acid, com position* L ip id  c o n s ta n ts  were c a lc u la te d  

from  th e  r e s u l t s ,  and found to  ag ree  w ith  p u b lish e d  values* They 

weraë
Io d in e  v a lu e  118
iJn sap o n ifiab le  m a tte r  7*8#
Mean mol* wt® of f a t t y  a c id s  275 
S a p o n if ic a tio n  v a lu e  160

Phosphorus c o n te n t l e s s  th an  0 ,02#
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10® S u g g estio n s f o r  th e  f u r th e r  developm ent o f  th e  s tu d y  o f  f r e e  

f a t t y  a e id  ox ida tlcm e d u rin g  m ixing p ro c e s se s  have been made,
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To s im p lify  th e  sheading of th e  a c tu a l  ex p erim en ta l work 

and th e  methods o f  a n a ly s is  used  'th e re ln , a l l  th e  developm ent work 

neoesstiry  to  a r r iv e  a t  th e s e  methods has been combined to  form 

P a r i  IV o f th e  th e s is #

(a )  S o lv en t E x tra c t io n  o f F lou r  L ip ide

Two problem s had to  be so lv ed , namely how to  c o n s is te n t ly  

e x t r a c t  a l l  th e  l i p i d s  from bo th  f lo u r  and f r e e a e - d r ie d  dough, and 

how to  remove w a te r , su g a rs , p r o te in s , p o la r  l i p i d e  and o th e r  extran™ 

ecus m a te r ia l  by a, sim ple  and ra p id  method* In  th e  f i r s t  in s ta n c e  

i t  was u s e le s s  to  examine n o n -p o la r  s o lv e n ts  s in c e  th ey  cannot e x t r a c t  

a l l  l i p i d s ,  e s p e c ia l ly  from  freegie«*dried doughs (129)® In  a com parison 

o f d e f a t t in g  by p e rc o la t io n  w ith  © th an o l-d lo th y l e th e r  2 $ 1 ( v /v ) ,  

and by m ethanol, fo llow ed  by m ethanol-oh loroform  1 $ 1 ( t /v )  th o  

y ie ld s  were 1*044# 1*053# o f crude l i p i d  resixectively®  S ince

methan-ol and ch lo roform  form  an a seo tro p e  o f  low er b o i l in g  p o in t  

th an  e i t h e r  component they  a re  easy to  remove, and s in c e  r e s id u a l  

m ethanol i s  o f  a low er b o i l in g  p o in t  th an  r e s id u a l  e th a n o l, th e  

e th a n o l« d ie th y l e th e r  system  had d isad v an tag es  and was n o t f u r th e r  

considered®

In  th e  n ex t s te p  m ethano l-ch io roform  p e rc o la t io n  was 

compared w ith  e x t r a c t io n  u s in g  w a te r-sa ,tu ra te d  n«bu tano l by th e  

method o f Meohgya and Mohammed ( I I 3) ,  in  which an a l iq u o t  o f  b u tan o l



was ta k en  from  a  c e n tr ifu g e d  m ix tu re  o f  f lo u r  and butanol® In  bo th  

cases  the crude l i p i d  was ra™ extracted  w ith  chloroform, d r ie d  with 

anhydrous sodium su lp h a te  and f i l t e r e d  th rough  a  Ho®44 Whatman f i l t e r  

p a p e r , or a p le d g e t o f c o tto n  wool® The b u tan o l l i p i d s  were 

in v a r ia b ly  c loudy , and bo th  system s gave i r r e g u l a r  y i e l d s ■and 

n itro g e n  § phosphorus (H § P) r a t i o s  on a n a ly s is  o f  th e  lip ide®

M ethanol- ohloroform  W ater-aatd® n™butanol
Orttde -lipxd y ie ld  i ,o g  .  1 ,36^  1 .3 2  -  1 .34$

H s P rati©  2 .11  -  3 .32  1 .3 9  -  2 .26

These r e s u l t s  are obv iously  u n satisf ac tory ? and s in c e  # e y

were th o u g h t to  be du© to  p h o sp h o lip id , ga lacto llp id  and p ro te in

v a r ia t io n s  i t  was dec ided  to  p ro ceed  w ith  s i l i c i c  acid chromatography 

u s in g  the method o f H irsch  and Ahrens (77) as a p p lie d  to  wheat l i p i d s  

(49) .

The FFA and Eatd.FA components o f wheat l i p i d s  a r e  e lu te d  

from s i l i c i c  aoid by varying amounts o f ether in  l i g h t  petroleum up 

to  100# ether, a n d -p o la r  l i p i d s  are e lu te d  by v a ry in g  amounts of 

methanol in  ether (49)® The chromatography was th e r e fo r e  lim ited  

to  a sin g le  elu tion  w ith  ©thar* At th e  same tim e a  com pariaon 

was made by adding s i l i c i c  a c id  to  an ethereal so lu tion  of crude 

l i p i d s  and then removing i t  by f i l t r a t i o n  t h i s  i a  analogous w ith  

th e  same process using chloroform as solvent (137)» but when t r i e d ,  

chloroform d id  n o t retain  a l l  th e  desired lip id s  in  s o lu t io n  as 

shown by low yields* The resu lts o f th e s e  comparisons were;



-7 3 -

Solvent Bxtraotlcia sad H e ld ,
S ilio id  Aoid MetWd $ of n o w  Wt. ^ fhosphorw

M e t h a n o l - c h l o r o f o r m ,  c h r o m a t o g r a p h y  0 * 6 0 3  •* 0 * 6 7 3  0 * 0 0 6 8  -  0 * 0 1 6 2

M ethanol-ohloroform , f i l t e r e d  0*578 * 0*588 0*OOgg -  0*009)

B utanol a l iq u o t ,  chromategrmphy 0 .6 0 )  -  0*645 0.0159 * O.OlQf

The résu lté  from the phosphorus smalyaee are sa tie fa o to iy  

and there are oïfLy s lig h t  varl&tiom of y ie ld  which do not matter 

ia  a comparative study* Am Wtfmol i e  & d if f ic u lt  solvent to reaove 

methanol-ehlorOform v m  preferred, and e in o o  the procedure o f adding 

e i l io io  aoid to an ethereal so lu tion  of crude l ip id  ie  both eimi>le 

and ra p id  i t  wae also  adopted* The e l l io lo  aoid © ffe a tlv e ly  drlee 

the l ip id s  i n  s o lu t io n  i f  the h u lk  o f th e  water removed from th e  

f l o u r  by the m ethanol i e  a u h s ta j i t ia l ly  d is t i l le d  o f f  w ith  th e  solvents* 

P rev io u s  a t  temp ta  to  remove polar lip id s  by ace to n e  

precip ita tion  or by d ia ly s is  (15) were u n e a t la fa c to ry  and a re  not 

reported*

Oomparieon of the in f  reared apeotra of crude lip id s  and 

a i l io ic  w id - f i l te r e d  lip id s  showed that the s i l l  d o  a d d  had 

completely removed a l l  absorption due to -CO#ME-, and

that there was no evidence o f  trm e imsaturatlon* T his ev idence
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Biiov/©d t h a t  th e  l i p i d s  were f r e e  from p h o sp h o lip id s  and polyp op t i d e s ,  

and th a t  changes i n  f a t t y  ao id  s t r u c tu r e  had p ro b ab ly  n o t occurred.

I n i t i a l l y  " s o lv e n t- f ro e ^  l i p i d s  were weighed f o r  phosphorus 

a n a ly se s , b u t e r r a t i c  r e s u l t s  were e v e n tu a lly  t r a c e d  to  th e  hygro­

sco p ic  n a tu re  o f  p h o sp h o lip id s  and to  th e  d i f f i c u l t y  o f  removing 

l a s t  t r a c e s  o f l i p i d  s o lv e n ts  from b u lk  lip ids©  iVhen a l iq u o ts  o f 

l i p i d  s o lu t io n  i n  e th e r  were used  e x c e l le n t  r e p l i e s .tion  was o b ta in e d , 

and th e  w eighing o f sm all a l iq u o ts  f o r  c a lc u la t io n  pu rposes proved 

sa tis fa c to ry ®  The p ro ced u re  f o r  w eighing g iv en  on pp® )0 , 31 was 

adopted  w ith o u t developm ent t r o u b le s ,

(e ) Phosphoru s  D etem aination  

In  th e  s .n a ly s is  o f  " p h o sp h o lip id -fre e "  l i p i d s  th e  m a te r ia l  

an a ly sed  f o r  phosphorus was a lm ost e n t i r e ly  hydrophobic and caused 

d i f f i c u l t i e s  duii.ng d ig e s t io n  to  d e s tro y  o rg an ic  m a tte r  by wet 

o x id a tio n #  The u se  o f p e r c h lo r ic  a c id  f o r  wet ox:ld a t io n  o f o rg an ic  

m a tte r ,  as  i n  th e  method o f  A llen  (1 ) , proved u n s u i ta b le  because 

o f lo s s e s  due to  s p u r t in g  and th e  co lo u r  of c h lo r in e  compounds which 

were confused  w ith  th e  c h a rr in g  o f o rg an ic  matter® D ig es tio n  w ith  

su lp h u r ic  a c id  and hydrogen p e ro x id e  to  d e s tro y  o rg a n ic  m a tte r  

acco rd in g  to  th e  method o f Harvey ( 69) v/as s a t i s f a c to r y  w ith  c a se in  

and s im i la r  m a te r ia l s ,  b u t w ith  l i p i d s  a  l o t  o f  m a te r ia l  steaiii- 

d i s t i l l e d  up th e  w alls  o f  th e  d ig e s t io n  tu b e  and ag a in  caused
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d i- f f ic u l t ie e  in  oompXeting digastion^» (The method o f  Bexreridge mid 

Johnson (16) u ses  a r e la t iv e ly  la rg o  amount o f  s u lp h u r ic  a c id  and 

th i s  d is s o lv e s  t r ig ly c e r id e s  and g iv e s  an easy d igestion©  T his 

method was th e re fo r e  adopted, and th e  on ly  f u r th e r  troub le was 

caused by i n s u f f i c i e n t  shaking when adding th e  hydrogen peroxide© 

lü c ro k je ld a h l  f l a s k s  were found to  h© b e t t e r  th an  t e a t  tu b es fo r  

d igestion s*

There are many methods f o r  th e  fo rm a tio n  o f h e te ro p o ly  

b lu e  from th e  o rthophoaphorio  ae id -m olybdate  complex^ b u t th e  method 

o f Fogg and W ilkinson ( 5I )  appealed  because i t  g iv e s  a  v ery  s ta b le

b lu e  o f  h ig h  o p t ic a l  density© A lthou#i th e  method o f  B everidge 

and Johnson (18) destroys excess hydrogen peroxide which would 

i n t e r f e r e  w ith th e  fo rm a tio n  o f th e  h e te ro p o ly  blue? sodium s u lp h i te  

as used by Fogg and W ilkinson was r e ta in e d  as an e x t r a  sa feg u a rd  « 

i t  has no i n t e r f e r in g  e f f e c t  (5 l)«  Ho f u r th e r  t ro u b le s  were 

experienced, and t h e 'f i n a l  method I s  g iven  on pp* )1")5« T esta  

showed th a t  th e  o p t ic a l  d e n s ity  developed from  a  s ta n d a rd  amount of 

phosphorus was u n a ffe c te d  by a  tw ofo ld  in c re a s e  o f any re a g e n t, 

and th e  method i s  th u s  f a i r l y  p roo f a g a in s t  e r r o r s  o f measurement 

o f  reagents®

(à)

S ince i t  was dec ided  to  uee s i l i c i c  a c id  to  remove p o la r  

lip id s^  th e  b est way to  i s o l a t e  FFA appeared  to  be by s e le c t iv e  

e lu t io n  from  a  chrom atographic column® H irsoh  and Ahrens (77)
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have done so , h u t o th e rs  have f a i l e d  to  e lu te  FFA as a  p u re  c l a s s ,  

p ro b ab ly  due to  l e s s  e la b o ra te  p re c a u tio n s  d u rin g  th e  p re p a ra t io n  

o f th e  column (28, 166)® In  p re lim in a ry  t r i a l s ,  t i t r a t i o n  o f 

column e lu a te s  o f  wheat l i p i d s  chrom atographed acco rd in g  to  F is h e r  (49) 

showed t h a t  th e  FF A were sp read  over a  range which in c lu d e d  t r i »  

g ly c e rid e s*  A tte n tio n  was th en  g iv en  to  o b ta in in g  FF A from *feîae 

l i p i d s  which had been t r e a te d  by th e  s i l i c i c  a c id  f i l t e r i n g ;  te ch n iq u e  

which had been adopted*

Io n  exchange r e s in s  were abandoned a f t e r  t r i a l s  in  which 

some o f th e  fo llo w in g  f a u l t s  were observed^

1$ E th y l e s te r a  can be formed when e lu t in g  FFA w ith  
e th a n o lic  h y d ro c h lo r ic  ao id  (140)®

2* Recovered a c id s  a re  p a r t i a l l y  decomposed, and 
reco v e ry  i s  incom ple te  (28)*

3® FF A m eth y la ted  on th e  r e s in  a r e  ao'!;, e lu te d  in  th e  
same p ro p o rtio n s  ao i n  t h e i r  o r ig in a l  an a ly s is*  
R ecoveriea w ith  tak en  a s  100^, b e in g  41
to  G , = m /ü  (81)

4® E th a n o lic  h y d ro c h lo r ic  a c id  d is s o lv e s  r e s in  m a te r ia l  
which can be p r e c ip i t a t e d  from  th e  a c id s  a t  a  l a t e r  
stage®

The lo n g -e s ta b l is h e d  method o f  a l k a l i  w ashing to  remove 

FFA (110) v/as t r i a d  and adopted* The p o s s i b i l i %  poor reco v ery

o f IT A o r  o x id a tiv e  changes m ight occur was n o t r e a l i s e d ,  even when
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no p ro o au tlo n s  ymvo tak en  to  exc lude oxygen® The method xe gzlven 

i n  d e t a i l  on pp« 54 and 55® The p o a a lM li ty  o f  p r e f e r e n t i a l  

e x t r a c t io n  o f  some ao ld s (o r aoapa) from on© phase in to  a n o th e r  

was a ls o  cheeked, and found n o t to  occur® S im ila r  r e s u l t s  were 

o b ta in ed  when e x t r a c t io n  o f m ethyl e s te r s  a f t e r  m é th y la tio n  was 

œmmined» ,

(e )  P re p a ra tio n  o f  M atte l E a te rs  

A lthough FF A can be an a ly sed  d i r e c t l y  by GLO (11?}, th e  

u se  o f  t h e i r  m ethyl e s te r s  p e rm its  o f e a s ie r  p u r i f i c a t io n  by vacuum 

d i s t i l l a t i o n ,  and low er tem p era tu res  f o r  GLC w ith  l e s s  r i s k  o f therm al 

decom position  and much lo n g e r  column l i f e *  T ra n n -a s te r i f io a t io n  as 

a means o f form ing m ethyl e s te r s  (Ig* 101, 107, 165) was only  examined 

in  th e  ca se  of th e  boron f lu o rld e -m e th a n o l re a g e n t (4 3 ), b u t w ith  

a  r e f lu x ln g  tim e o f  1 hou r on ly  y ie ld  was o b ta in ed  and th e  GIG 

a n a ly s is  was n o t th e  aame a s  t h a t  from th e  adopted  procedure* T his 

method was n o t examined f u r th e r  a t  th e  tim e , and m é th y la tio n  o f FF A 

was p re fe rre d *  S ince i t  had  a lre a d y  been shown t h a t  diamometh&ne 

forms a r t e f a c t s  which i n t e r f e r e  w ith  GIC o f f a t t y  a c id  m ethyl e s te r a  

(127) th e  boron f lu o rld e -m e th a n o l re a g e n t (117) was used as d e sc rib ed  

on ppp 56 and 57= Ho d i f f i c u l t i e s  were encoun tered  w ith  t h i s  

re a g e n t and i t  was s ta b le  f o r  a t  l e a s t  s e v e ra l  months (117)« As 

w ith  a l l  a c id -c a ta ly s e d  m é th y la tio n  p ro ced u res  i t  i s  n ec essa ry  to  

u se  anhydrous m ethanol, and th e  s p e c ia l  g rad e  f o r  K arl F is h e r  

m o is tu re  d e te rm in a tio n  was found to  be most co n v en ien t f o r  p re p a r in g
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th e  reagent®

C o nd itions fo r  m ioro-so& le vaouum d i s t i l l a t i o n  o f methyl 

e s te r s  (128) have been g iv en  fo r  an American ty p e  of apparatus (151) 

which was n o t d e sc r ib e d  i n  deta il®  Accordingly a  sim ple  p o t s t i l l  

wae designed as shown in  Fig» g, and op tim al w orking con d ition s  

a r r iv e d  a t  by experiment® Pig» 4 shows th e  vapour pressure/tem perature  

r e la t io n s h ip s  o f the to  saturated  f a t t y  a c id  methyl e a te r s  

(91)o Those e s te r s  w ith  double bonds and hydroxyl groups fo r  which 

d a ta  a re  g iven  have vapour pressure p ro p ertie s  very c lo s e  to  th e  

co rresp o n d in g  saturated  e s te r  (91 , 107)® The w orking con d ition s  

described  (1 5 1 ), and th ose used  in  th is  work, were g en era lly  60^ j  2® 

a t  p ressures o f  0*05 to  0*005 mm» Hg* Under th ose  c o n d itio n s  e s te r s  

o f  0^. and lo w er a c id s b o i l ,  and w ith  e s te r s  th e re  i s  con sid erab le  

danger o f  the e s te r s  not b eing  r e ta in e d  on the condenser a t 10 to  

15° (163)9 The 0^  ̂ and 0.^ e s te r s  a re  however the ones o f c h ie f  

i n t e r e s t  in  th is  work, and they do not b o i l  under th ese  co n d ition s  

o f d is t i l la t io n »  They can th erefore  only be o b ta in e d  by a slow er  

p rocess governed by th e  r a te  a t  which th e  condenser removes e s te r s  

from  the vapour s t a t e ,  and the ra te  a t  which the h ea ted  p o t s u p p lie s  

e s te r s  to  th e  vapour sta te#  H igher vacuum cou ld  not be o b ta in ed  

w ith  the pump i n  u se , which was an Edwards® Speedivac Model ISC 50 B, 

and i n  any c a se  more se v e re  con d ition s would have in creased  th e
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l ik e l ih o o d  o f  s t e r o ls  and perhaps o th e r  m a te r ia ls  d i s t i l l i n g .

%he f r e e  path o f a ir  i s  g iven  ^proxj.m ately hy

"3
moan f r e e  path len gth  (om. ) .  )

At 0*0g mm. pressure the mean f r e e  path i s  0 .1  om. and a t 0 .005  mm. 

pressure th e  mean f r e e  path i s  1#0 ora. fhe gap between the condenser 

and the pot i s  oa. 0 .5  om# so  that» du%i.ng d i s t i l la t io n »  conditiona  

approach m olecular d i s t i l l a t i o n  in  which the gap between the condenser 

and p o t i s  l e s s  than the mean f r e e  path o f the m olecules in  the 

vapour sta te#

Loads o f  e s te r s  o f  ca# 5 mg# (from  I<'Xf*A) appeared  to  d i s t i l  

com plete ly  in  l e s s  than 10 minutes» and lo ad s  o f 40 to  60 mg* (from  

BstdsFA) in  50 minutes* In p r a c tic e  a t  l e a s t  $0 minutes d i s t i l l a t i o n  

a t  60 •  6§^ and f u l l  vacuum (0*005 mm* ) were used® fh e re  was no 

evidence o f o x id a tio n  o f th e  unsaturated e s te r s  a t  any time» and 

a l l  e s te r s  were co lou r less*

(g) das O hrom atograpto and An a ly s is  o f F a t ty  Acid; Methyl. Este r s .

The Pye argon gas chromatograph which was used  f o r  a n a ly s is  

o f  f a t t y  mold m ethyl e a te r s  was made a v a ila b le  by Mr* J* Wight o f 

the Fpod Science Dep&irtment in  which the work in  t h i s  th e s i s  was 

done» and no development work was required®

The r e so lu tio n  o b ta in e d  on th e  column appeared to  be as 

good as any pub lished»  o r  seen  elsew here» f o r  a  column of on ly  4 f t*
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lengtiio  Fig* 5 shows two ty p io a l  chrom âtograraa » I 65A from FFA» 

and I 75Ü from  iistd .FA . The b a s e - l in e  to  each peak has been drawn 

in» toge 'bher w ith  th e  s t a r t i n g  l i n e  from which a l l  m easurements of 

r e te n t io n  tim es were made© Fig# 6 shows a  c a l ib r a t i o n  p lo t  o f 

r e te n t io n  tim es (m easured as c h a r t  d is ta n c e ,  th e  c h a r t  tz 'a v e l l in g  

a t  1"/10 m inu tes) a g o in s t th e  m easured s ta n d a rd  d e v ia tio n s  o f a . 

range o f chromatogram peato* The s ta n d a rd  d e v ia t io n  was tak en  

as th e  b re a d th  o f th e  %)eak a t  0*885 ^  peaJ^ h e ig h t ,  o r  as  % th e  

b rea d th  a t  O06O7 x  peak h e ig h t ,  o r  as  1/3  th e  b re a d th  a t  0*332 % 

peak height© A lthough a  s t r a i g h t  l i n e  v/as d r a m , th e re  v/as a 

s in u s o id a l  s c a t t e r  v/iiioh was b e lie v e d  to  be a  f e a tu r e  o f th e  r e c o rd e r , 

s in c e  th e  s ta n d a rd  d e v ia tio n  was found to  v ary  w ith  th e  pealc siæ e 

(Fig# 7) in d ep en d en tly  o f th e  Im d  o f  e s t e r s  o r  d e te c to r  vo ltage#

At c e r t a in  r e te n t io n  tim es th e  pealm were alw ays e i t h e r  sm all o r  

la r g e ,  because  o f th e  f a i r l y  c o n s ta n t gas flow  r a t e  used  and th e  

c o n s ta n t column te m p e ra tu re , hence th e  s in u s o id a l  c a l ib r a t i o n  

p a tte rn #  .

I t  i s  sometimes neooseasy to  app ly  c o r r e c t io n s  to  o b ta in  

th e  t r u e  a re a s  o f o v e rla p p in g  peaks,, b u t t h i s  was n o t n ec essa ry  i n  

th e  ca se  of s t e a r i c  and o le ic  a c id s ,  which were th e  only  ones to  

o v e rlap  s l i g h t l y  i n  th e  chromatograms*

The method o f c a lc u la t in g  peals a re a s  (11 , I 46) and e s t e r  

com position  used  h e re  i s  b e t t e r  th an  most o th e r  methods ( in c lu d in g  

t r ia n g u la t io n  o f th e  p eak s , p la n im e try , and c u t t in g  o u t and w eighing
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o f  the peaks); havimg a v a r ia tio n  o f l e s s  than 2%̂  and b ein g  f r e e  

from s ig n l f io a n t  s u b je c t iv e  error.

(Dhe mole p e rc e n t com position  o f th e  a s t e r s  (and hence of 

th e  o r ig in a l a c id s ) was o b ta in e d  by summation o f th e  areas of th e  

peaks ; d iv id in g  each area by th e  t o t a l  a r e a ,  and ex p re ss in g  the  

r e s u l t  as a percentage* $he area of a peak i s  given  by

area -  % s ta n d a rd  d e v ia t io n  x  h e ig h t

In  p r a c t ic e  th e  standard devi a tion  was c a lc u la te d  from th e  r e te n t io n  

time and the equation r e l a t i n g  re ten tio n  time to  s ta n d a rd  d e v ia tio n  

(shown in  Fig* 6 ) ,  and th e  commmi f a c t o r  J2m was om itted  from the  

c a lc u la tio n s *  llae p e rce n tag e  FFa and reco v ery  o f  FF A from the  

crude l i p i d  were c a lc u la te d  u s in g  th e  eq u a tio n s  given  on p* $9*

Worked examples f o r  chromatograms 1&5A and 1750 a re  g iven

below.

Ghromatogram 10%

Acid. E (oma.) h (om s.} c r < r -h mole %
I6s0 2.55 15 .33 0.0579 0.8890 2 3 .0
1 7 sO 3.30 19.16 0.0753 1.4420 ( 37. 5 )
18s0 4 .5 0 1.08 0.0972 0,1049 2*7
13 8l 5 .02 4 .19 0 .U 8 7 0,4975 12 .9
18:2 6.2 4 17 .70 0,1289 2.2800 59*2
18:5 8 .02 0.49 0,1613 0.0791 2*1

T otal exoludlng’ 17:0 3.8505 99*9

10 ml. a liq u o t wt. «  l 6«92 mg.

FFA = 1 .5  z  ^

SS 0#75^ Of IX pld
5 .5  X 16 .92  X 57.5



A oid H (o m s .) h  (c m s .) cr-' O' l i m ole

I 6 s 0  2.34 10.74 0.0577 0 ,6 2 0 0 19.2
17âO 3,23 0.03 0 .0 7 3 9 0.00282 (0. 06s)
188 0 4 .5 5 0.35 0 ,0 9 8 1 0.0343 1.1
18 a  5.05 3.87 0.1072 0.4155 1 2 ,8

18:2 6.23 1 6 .1 2 0 .1 2 8 7 2.0740 64.1
13s5 7.97 0.54 0,1604 0,0866 2é7

T o ta l e x c lu d in g  I'JfjO 3.2304 99.9

rn-if -irvA G & 0 6 8  X  1 0 0iFA r@ooifO.xy — IQQ- ss yymQ2"p
.5
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SOPPLSMffiHTABX WOia<
Tho ex p erim en ta l work g iven  below i s  n o t  p a r t  o f  th e  main 

■liiesie, b u t s in o o  i t  l a  r e le v a n t  to  th e  work and d is c u e s io a  of th e  

main th e a is  I t  been Inoluded* work oonoern ing  rh e o lo g io a l d o u ^  

t e s t i n g  l a  d e sc r ib e d  i n  some d e t a i l ,  and p u b lish ed  work i s  m entioned 

i n  a b b re v ia te d  form s in c e  r e p r in t s  o f  # e  p ap e rs  have been bound in  

a t  th e  end#

(W to & sâ a o M s»

tShe Chopin alveograph i s  one o f sev era l em p irica lly  

designed dough t e s t in g  instrum enta fo r  oomparlng the Imldng q u a li t ie s  

o f doughs* I t  works on the p r in c ip le  of in f la t in g  a d isc  o f  doug^i, 

con ta in in g  a f ix e d  r a t io  o f  s o l id s  s w ater, to  a bubble a t  a oonstant 

r a te , and reoording th e  pressure on a Isymograph to  g iv e  a trao in g  

o a lle d  an alveogram* Fig# 8 (top ) shows a somewhat id e a lis e d  

alveogram* %his procedure was thought to  represent the oon d ition s  

p re v a ilin g  in  a ferm enting dough whioh was expanding due to  production  

of carbon d iox id e  by y e a s t , but th is  I s  n ot co rrect (79)* â more 

fundamental in te r p r e ta t io n  o f the alveogram can be made i f  the  

alveograph i s  considered  as a s tr e s a -e tr a in  recording instrument#

The tra c in g  of pressure (heij^ it o f th e  alveogram) can be reca lcu la ted  

as the r e e is ta n o e , or p ressure a t  u n it bubble w all th io lm ese, and 

i t  i s  then found to  become a curve w ithout an in f le c t io n  near th e
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'beginning (F igo G9 S inee  th e  bubble i s  blown from a

fl% 0& volume o f dough i t  io  eq u a lly  v a l id  to  m u ltip ly  th e  p ran eu re  

by th e  bubble s u r fa c e  a re a  { l / t h io k n m s  “» area/voXmae)© .a f u r th e r  

tra n s fo rm a tio n  o f th e  alveogram  can be ma,de by p l o t t i n g  th e  reo iestanae 

K a re a  a g a in s t  th e  a re a  d u rin g  th e  bubble blow ing p ro ced u re j and 

t h i s  g iv e s  a  s t r a i g h t  l i n e  r e la t io n s h ip  (Fig# Gg b o tto m )o fo rm a lly  

i t  i s  enough to  m easure th e  r e s i s ta n c e  of a dough as th e  heigh  i o f 

the alv'eogram a t  f i tte d  b abb le  s i s e j  andj depending on th e  dough 

s t r e n g th 9 t h i s  wêis m easured as th e  h e ig h t a t  2# 3 o r  3o 5 onu from th e  

beg in n in g  o f tiie  aXvoograra i n  th e  work re p o r te d  la te r *

In  th e  normal a lveog raph  p ro ced u re  230 g© f lo u r  a re  made 

up to  a  dough and ex tru d ed  as a s h e e t from th e  mixer® D iscs a re  

c u t from t h i s  sheet*  and a f t e r  r e s t in g  a re  i n f l a t e d  to  bubbles as 

d e sc r ib e d  above® There i s  a  m o d if ic a tio n  o f  t h i s  p rocédure  in  which 

p ie c e s  o f  dough a re  manualXy moulded to  form d is c s  (16)* and t h i s  

g iv es  a much b e t t e r  r e p r e s e n ta t io n  o f  dough q u a lity *  e s p e o ia l ly  when 

im provers a re  present®  Ginoe th e  m ixing p ro c e ss  i s  extx*avagant 

end clumsy* a  sm all s c a le  p ro ce ss  u s in g  40 go f lo u r  was developed , 

to g e th e r  w itli m inor changes i n  th e  m oulding procedure*  end t h i s  i s  

d e sc r ib e d  in  th e  work re p o r te d  below* Using t h i s  p rocedu re  th e  

aXveograph i s  more a e n a i t iv e  th an  most in s tru m e n ts  o f i t s  k in d , 

and i s  p a r t i c u l a r ly  s u i te d  f o r  d e te c t in g  sm all changes in .d o u g h  

quality®

T his alveogTaph p ro ced u re  was developed  as a  means of
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measuring f lo u r  and dough ohangw caused by d e fa tt in g  and other  

experim ental prooedures applied  to  one or two flo u rs*  Gome o f  

Hie experim ents demonstrated th e behaviour o f  th e f lo u r  used in  

f a r t s  I I  and I I I  under oon d ition s re lev a n t to  the main d iscu ss io n  

o f th e  th ee isg  and they are desoribed la ter*  Other %?ork o f  a 

s im ila r  nature was com plete in  i t s e l f *  and was published  as a paper 

e n t it le d  "The S îffeet o f  Atmoepherie Gulphur D ioxide on # ie a t  H o u r  

A rep r in t o f  th ie  paper i s  attached  a t the end o f  t h is  s e c t io n  o f  

the th es is*

( i i )  M aterials and methods

Two f lo u r s  were used; f lo u r  A f/ae an A ustra lian  f lo u r  

whiûh was weaker than th e  f lo u r  used in  Parts I I  and I I I ,  and f lo u r  B 

was th e same type of f lo u r  ae need in  th ose  p arts o f  the th esis*

A ll reagents were o f a n a ly tic a l q u a lity , and d i s t i l l e d  

water was used fo r  the dough-molclng, s a l t  so lu t io n  and other so lu tion s*  

A Simon Minorpim p in  mixer was used f o r  mixing doughs, and 

s in c e  the power o f  'bhe motor was rather lim ite d  the g r e a te s t  amount
j

o f f lo u r  which was mixed was 40 g*

The doughs were made to  con ta in  40 &# f lo u r  (14^ m oisture) 

and 22 m3.* o f (w/v)^ s a l t  so lu t io n , or th e same proportions o f  

s o l id s  I water where the f lo u r  m oisture was d ifferen t*  By keeping  

the workroom and m a ter ia ls  a t  24^ i t  was found th a t a dough temperature 

o f  27  ̂ was obtained o o n s is tm t ly ,  the temperature r i s e  b ein g  due to
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th e  head o f  hydration o f th e  f lo u r  and to  th e  heat developed by 

mixing* The a lveog raph  was th e rm o s ta t ic a l ly  c o n t ro l le d  to  27̂ @

The procedure f o r  making th e  d isco  of dough f o r  t e s t i n g  

was a s  follows®

The s a l t  so lu t io n  warn p laced  in  th e  m ixing bowl, fo llow ed  

by th e  f lo u r , and th e s e  wore mixed to  a dough fo r  e x a c tly  3 minutes* 

A dd itives were introduced as  a  s o lu t io n  in  l i e u  o f  some o f  the s a l t  

solution®  Where an atm osphere of n itrogen  or oxygen was required  

the f lo u r  was p u t in to  th e  howl f i r s t ,  the howl covered with a  c lo s e -  

f i t t i n g  hood w ith  gas or water I n le t s ,  and th e f l o u r  dry-mixed under 

the appropriate g a s, The s a l t  s o lu t io n  was f lu s h e d  out w ith th e  

g a sg and a f te r  both had been flu sh ed  fo r  20 m inutes the s a l t  s o lu t io n  

was added and the dough mixed fo r  )  minutes as before*  m a in ta in in g  

a p o s it iv e  gas pressure under the hood*

The dough was then removed, and l i g h t ly  r o lle d  i n to  a  

c y l in d r ic a l  shape* Three 20 g* p ie c e s  were o u t from the dough, 

and placed under covers to  prevent drying* Bach p ie c e  was then  

moulded by p la c in g  under the funnel o f  the m oulding ap p a ra tu s  (Fig* 9 , 

l e f t )  and r o ta t i n g  th e  funnel w ith in  the g u id e  r in g  40 tim es In  

ex a c tly  13 seconds* The b a ll  o f  dough was then pressed  to  a  d ie  a 

in  the p re s s in g  apparatus (Fig» 9? r ig h t) , taking 3 seconds to  p ress  

down, and h old ing  fo r  5 seconds. The dough was p rev en ted  from 

s t ic k in g  by o i l in g  th e  fa c e s  o f  th e  p ressin g  apparatus w ith p a ra ffin  

oil® A fter p ress in g , th e  dough was rested  in  th e  a lveograph  r e s t in g
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o aM n et f o r  ZO m inu tes and th en  te s te d  by th e  norm al alveogre^h  

procedure*

0)he alveo^rame obtained from th is  procedure by ^  e%pez*lenced 

operator are e x a c tly  reproducible, unlike th o se  from the s ta n d a rd  

procedure In which the average o f f iv e  curves Is weed* I t  i s  hoped 

to  develop a  m eohanlaal moulding procedure, and by ao elim inating  

the major so u rce  o f variation  maixe the method equally e ffe c t iv e  in  

re la tiv e ly  unskilled  hands#

Defatted f lo u r s  were prepared by s t ir r in g  f lo u r  and l i g h t  

petroleum (ILPt* 40^- 60^) to g e th e r  i n  a beaker, allo w in g  to  s e t t le ,  

d ec an tin g  th e  solvent, and repeating t i l l  the s o lv e n t was no longer 

coloured by c&rotenold pigm ents0 fh© f lo u r  was th e n  assumed to  be

f u l l y  e x tra c te d  (w ith in  the oapaM lities o f th e  s o lv e n t) ,  and was 

air  d r ie d  and sieved fo r  use#

(i& i)

$here are varying r e p o r ts  o f th e  e f fe c t  o f d e f a t t in g  on 

the mixing p r o p e r t ie s  of doughs (p* 1 4 ), and experim en ts were th e re fo r e  

carried o u t w ith  f lo u r  and d e fa t te d  f lo u r  mixed under atm ospheres o f 

a ir  and nitrogen. F lo u r  f a t  was also re tu rn e d  to d e fa t te d  f lo u r  

to  de te rm in e  th e  e f f e c t  o f  th e  solvent on th e  f lo u i\  8 in ee  oxygen 

h as an improving e f f e c t  on f l o u r  i t  was dec ided  to  examine the e f fe c t  

of oxygen on dzy f lo u r#  F lo u r  was s to re d  overnight in  a ir  and i n  

oxygen In d e s ic c a to r s ,  then mixed in  a i r ,  and th e  r e s u l t s  compared
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w ith  th e  o r ig in a l  f lo u r  mixed under oxygen. tDhe r e s u l t s  o f th e se  

experim ents a re  summarised in  S ab le  11#

A ris in g  from th e work on the e f f e c t  o f  su lp h u r  d io x id e  

oa f l o u r ,  experim ent8 were done w ith  the two f lo u r s  to  determine 

th e  e f f e c t  of v a r io u s  reducing agents on dough q u a lity , fhe r e s u l t s  

a re  shown g ra p h ica lly  In  Fig# 10#

S ev e ra l o th e r  experim en ts a r i s in g  from  th e  r e s u l t s  shown 

in  Fig# 10 were a ls o  done, and th e s e  are described  In  (Table 12#

( iv )  D iscu ssion
C’eiy 4jÆ*it.ay.Æaaca!t3»iigat^

(The e f f e c t  of oxygen ten sio n  on doughs I s  shorn  i n  Table 11

(nos# 1 ,- 2  and #)# These r e s u l t s  are i n  accord w ith  a l l  the 

observations on th e  "Oxygen E ffect"  (p# 1 3 ) , and ware found w ith  

sev era l o th e r  f lo u r s  which w ere s im ila r ly  tested #

The e f f e c t  o f d e fa tt in g  f lo u r  has been re p o r te d  to  have 

an improving e f f e c t  i n  some c a se s , and in  o th e r  o ases to  have a  

d e tr im e n ta l  e f f e c t  on dough q u a lity  (p® 1 4 )o The r e s u l t s  i n  T able 11 

(nos# 1«5)' show t h a t  the d efa tted  f l o u r  was more oxygen s e n s i t iv e ,  

and v/iien mixed under n itrogen  resid u a l tra ces  o f  oxygen s t i l l  had 

an improving e f fe c t#  When the extracted  f a t  was returned to  th e  

f lo u r  b efore th e  s ta r t  of mixing the dough was found to  be norm al, 

from which i t  I s  concluded t h a t  th e  so lv e n t had ao ir r e v e r s ib le  

e f f e c t  on th e  f l o w .  T his agrees w ith  o th e r  au th o rs^  f in d in g s  (145)* 

There i s  no ev id en ce  in  th e s e  r e s u l t s  to  im p lica te  BFA i n  the improving



Table 11

' A lvoograph E xperim ents w ith  F lo u r  B

F......

Bo# Experim ent B e s ie ta n o e , mm*,
m easured a t  

3» 3 cm*

I# F lo u r  m ixed i n  a i r  ( c o n tro l) 80

2# F lo u r  mixed i n  n itr o g e n 66

3® F lo u r  d e f a t te d ,  m ixed i n  a i r 94 .5

4# F lo u r  d e f a t te d ,  m ixed i n  n itr o g e n 69,5

5* F lo u r  d e f a t t e d ,  f a t  ra=added, m ixed i n  a i r 79

6a F lo u r  s to r e d  i n  a i r ,  m ixed i n  a i r 80

7 . F lo u r  s to r e d  i n  oxygen , m ixed i n  a i r 80

$3 F lo u r  s to r e d  i n  a i r ,  m ixed in  oxygen o v er  110
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e.ot.ioa o f  ùx^geUf amâ t h i s  l e  probably îiia to  th e  a e n s i t iY i ty  o f  

BE; l a  th e  d e f a t te d  f l o u r  to  o ^ g e a  (145)*

%he ImproYlBg e f f e c t  o f ogygea apparently oooura only l a  

w etted  f l o u r  ($ab le  11g moa@ 6 -$ ) ,  whioh le  oonaiate& t w ith am 

enaymie meehamiam awoh aa aeeomdary ox id ation  by th e  llp a x id a se  

system*

Fig* 10 ahowa the e f f e c t  o f Y arioua amounts o f auhatEUoae 

which weaken doughs, and i t  can be seen th a t th e  q u a l i t a t i v e  e f f e c t s  

are th e  same in  the two f lo u m ,  a lth o u ^  the q u a n tita tiv e  e f f e c t s  

d if f e r ,  as would be expected  s in c e  one f lo u r  wae c la ssed  as  stron g  

and th e o ther ae so ft*  The probable r e a c t io n s  o f oyanide and

b is u lp h i te  in  dough a t  pE g  ̂6 are

HGE * asBB at aam * &80M

E80C * a aaa  = &&& * R880I

These rea ctio n s  are s im ila r , and i t  might be expected th a t the

th e o lo g ic a l  e f f e c t s  would bo s im ila r , but t h i s  was c l e a r ly  not th e  

eaae* A s im ila r  trend has been found when th e  BE o f g lu ten  d leperaions  

was measured in  th e  presence o f in crea sin g  amounts o f b isu lp h ite  (lOg)» 

The e f f e c t  o f  su lph ide i s  o b scu re , and s in c e  there was copious 

ev o lu tio n  o f  hydrogen, s u lp h id e  during th e  m ixing, q u a n t i ta t iv e  

GonclU8ion& cannot be drawn* C ysteine probably a c ts  by eupplying  

m obile BE fo r  th e  3H/BB in terchange reaction®  The f a c t  th a t  th e  

c y s te in e  ourves are id e n t ic a l  to  the b isu lp h ite  curves in  the i n i t i a l
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s ta g es  probably means th a t  both ex e r t  the maximum weakening e f f e o t  

on the same rea d ily  aeeesslM ®  88 o f  g lu te n  a t  th e s e  l e v e l s ,  b u t 

rea et d if f e r e n t ly  &t the la t e r  s ta g e  where the ourvea diverge* The 

The p o in ts  where th e  oyanlde curves end rep resen t th e  s ta g es  a t which 

fu r th er  additions of cyanide had no more weakening e f f e c t ,  The 

p o in ts -‘"Where th e  other ourves end represent th e  s ta g e s  a t v/hioh th e  

doughs became mnvorkably s o f t  and sidoky, S ince th e  l a t t e r  do not 

represent com plete weakening i t  i a  mot p o ss ib le  to  u s e fu lly  c o r r e la te  

them w ith  the 88 con ten t o f  th e  f lo u r . I t  was shown (p , 62) t h a t  

th e  end o f the b la m lp h ite  curve corresponded to  a  doub ling  o f the  

f l o u r  311 co n ten t, but th ere would s t i l l  be 6 -  8 mole# 38/mole 3H 

i l l  th e  dough (4f 5 , 51, 149)#

Further experim ents were done w ith a d d itio n  o f  th e se  

re ag e n te  (Table 1 2 ) , I t  was found th a t s u lp h i te  trea ted  dough 

was s t i l l  oxygen e e n e i t iv e  (nos, 1 1 -1 3 ), and t h i s  i s  a t t r i b u t e d  to  

th e  a b i l i t y  o f  the f l o w  llp o x id a a e  system  to  counteract the e f f e c t  

o f su lp h ite  in  th e  presence o f  oxygen (14 5 ), The weakening e f f e c t  

o f cyanide i s  a lso  s l i g h t ly  r e v e r s ib le  by in cr ea s in g  the oxygen 

ten sio n  (nos, 16, IT) or by adding hydrogen peroxide (nos, 6*9), 

lo d a te , which i s  a powerful and rapid improver, could  not reverse  

the e f f e c t  o f cyanide (nos, 1 , 3 -5 ) ,

Bince c y s te in e  i s  supposed to  a c t  by f a c i l i t a t i n g  3H/S3 

in terchange r e a c t io n s , i t  i s  not su rp ris in g  th a t reduced oxygen 

ten sio n  d id  n ot fu r th er  weaken dough trea ted  w ith  a  la rg e  dose o f
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Alveogîîapli Bxpejrimenta w ith  Plows â and A dditives

Mo* Experim ent Resistance, mm#, 
measured at

3® 3 cm®

1* F lo u r  mixed in  a i r 68
2e F lo u r  mixed in  oxygen 104

3* F lo u r  mixed i n  oxygen,  ̂ 5 $1* 0*03 M KOM 17
4® F lo u r  mixed i n  a ir , $0 ppm# KIO^ over 110

5# F lo u r  mixed in  a ir , t  50 ppm* 5^1* 
0 .0 5  M KCH below 15

Resistance, mm., 
measured a t

2*5 cm.

6* F lo u r  mixed i n  a i r 64

7* F lo u r  mixed i n  a i r ,  1 ml# "1 volume" HgÔ 70*5
Q* F lo u r  mixed In  a i r ,  1 ml* "1 volume" 

* 5 ml. 0 .0 5  M KOm 17

9o F lo u r  mixed in  a ir , 5 ml# "1 volume" 
+ 5 ml. 0 .05  M KOM 28

10 F lo u r  mixed in  a i r ,  * 1 ml* 2 % 10*^M cytochrom e 
0, 63*5

l i e F lo u r  mixed in  a i r ,  4- 2 ml. 0. 03‘M s u lp h i te 15
12* F lo u r  mixed in  oxygen, 4̂ 8 ml* 0.03M su lph ite 28

13# F lo u r  mixed in  nitrogen, 4* 1 ml* O.OJM a u lp b i te 4

14# F lo u r  mixed in  a i r ,  ^ 1 ml# 0e03M c y s te in e 10

15# F lo u r  mixed in  n itro g e n , 1 ml® 0@03M c y s te in e 10

16o Flour mixed i n  a i r ,  4- 0#3 :sl# O.O5M ICCM 57
17* F lo u r  mj.xed in  oxygen, 4- 0*3 ml* O.O5M KCM 61*5



cyetelm e (nos® 14 and 15)*

OytoohroB© G \ia.B addoâ im on© experim ent (no* 10) to  

d e term ine  w hether a haem atin  cou ld  promote o x id a t iv e  improvement 

by a mechaniam s im i la r  to  l ip o x i i a s e ,  b u t i t  was found to  have no 

effeo to  S inoe th e metba&ol trea ted  f lo u r  showed no FFA lo s s e s  in  

m ixing (p* $4) i t  eeemo probable th a t  haemati&s and th e ir  degradation  

p ro d u c ts  a re  n o t th e  prim e cause  o f  BFA lo s s e s  or o f oxygen uptake*

These experim ents show th a t th e  mechanisms by which doughs 

oau be weakened are complex and th a t th e  weakening 1& not d ir e c t ly  

r e la te d  to  th e  t o t a l  83 which has been reduced. There i a  a  %?ide 

f i e l d  f o r  in v e s t ig a t io n  h e re  which i t  i s  hoped w i l l  be developed 

in  th e  fu tu r e . The r e s u lt s  however serve to  i l l u s t r a t e  th a t  th e  

f lo u r  used behaved normally under th e  ex p erim en ta l c o n d itio n s  used  

i n  P art I I I  o f t h i s  t h e s i s ,  and th erefore  add w eigh t to  th e  c a lc u la tio n s  

and asaum ptione Involved in  th e  h iao u as io n  in  P art IV*

(b ) M éthylat i o n  o f Long Chain F a t 'tv  Acid e  w ith h i asomethane®

When th e  work reported i n  F art IV was being done, some 

co llea g u es  in  another laboratory were having d i f f i c u l t y  w ith  th e ir  

QhQ a n a ly se s  o f f a t t y  a c id  methyl © stars from blood  plasma® The 

d i f f ic u l t y  appeared in  th e  form o f  peaks in  the chromatograms, which 

only appeared  in  some c a se s , and represented  acid s  which had n ev e r 

been reported  in  blood l ip id s  before* The problem was referred  

to  t h i s  author, and in  due course the peaks were traced  to  a r te fa c ts
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formed from th e  dlaBomothaBe mhieh had beea need to  m ethylate th e

aoida* The i a v e a t ig a t io a  formed th e  s u b je c t  o f  # p ap er e n t i t l e d  

"Ey-produots Formed During the M éthylation o f  Long Ohain, F a tty  Acids

w ith  B iaso ae th an e" , and a  r e p r in t  of t h i s  p ap e r l a  a t ta c h e d  a t  th e  

end o f t h is  s e c t io n  o f th e  th e s is»

(o)

M ention h as been made o f th e  p re se n ce  and p o s s ib le  r o le  

o f  t h io a t i c  a c id  in  wheat f lo u r  (p® 8)* When i t  was le a rn e d  t h a t  

th io ü t i c  a c id  had been i d e n t i f i e d  In  wheat f l o u r ,  i t  was dec ided  

t h a t  i t  would bo o f  i n t e r e s t  to  i s o l a t e  it®  Taking th e  long term 

view t h i s  cou ld  open up ways fo r  th e  fu rth er  s tu d y  o f a  p o te n t ia lly  

very a c t iv a  s u lp ta r - e o n ta la ln g  oo-@n%yme i n  th e  o x id a tio n  meohanisms 

o f f lo u r -w a ter  doughe#

T his a u th o r  in i t ia t e d  work which le d  to  th e  i d e n t i f i c a t i o n  

o f  tM o c t io  a c id  in  # o l e  wheat f lo u r ,  u s in g  novel te ch n iq u es  f o r  

th is  substanoe* This worlt haa recen tly  been published  in  a paper 

e n t i t le d  "Thiootlo Aold in  # e a t  Flour", and a re p r in t o f  the paper 

i s  attached a t  th e  end o f  th is  s e c t io n  o f the ih ee is*

In the paper i t  l a  s t a te d  th a t f u r th e r  work i a  in  hand to  

p re p a re  t h i o c t i c  a c id  ex tr a c ts  which are much l e s s  contam inated  by 

im puritiesQ  This work i s  a t  presen t b e in g  carried  o u t, and so  fa r  

has shown th a t th e  contam ination i s  la r g e ly  due to  BFA which have 

been au tox id lsed  during th e  acid  d ig ee tlo n  s ta g e , g iv in g  r i s e  to



co n ju g ated  triera© and te tra e a ©  acids® The u l t r a v i o l e t  a b so rp tio n  

o f th e  co n ju g a ted  tetrcaene a c id s  has am a .bso rp tion  maximum s u f f i o i e n t l j  

c lo s e  to  t h a t  of t h io c t io  ao id  to  oauae # .e  a-teormal a b so rp tio n  

spectrum  found f o r  th lo o t lo  ao id  ex trac tS o  P re s e n t work i a  b e in g  

oonoexitrated on th e  rem oval o f  th o se  co n ju g a ted  acids®

(d)

Experim ents i n  which f lo u r s  were rh o o lo g io a l ly  t e s te d  to  

d em onstra te  th e  oxygen e f f e c t  on norm al m à  d e f a t te d  f lo u r s  have 

been described*  O ther ex perim en ts , i n  which th e  e f f e c t  o f red u c in g  

ag en ts  on doughs was exaiained, have been d e sc r ib e d  and d isc u sse d  in  

r e l a t i o n  to  th e  d is c u s s io n  i n  P a r t  I I I  o f t h i s  t h e s i s «

Work which was Garr;ied o u t supplem entary  to  th e  main 

work o f  t h i s  th e s i s  has been in tro d u c e d , and th ro e  p ap e rs  d e s c r ib in g  

th e  work a re  a t ta c h e d  on th e  pages fo llo w in g  t i l l s  one®
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