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A B S T R A C T 

The e x trac tion and some o f  the chem i c a l  and phys ical prope r ti e s  o f  

c omponen ts from �lant c e l l  wal l s  a r e  d e sc r ibed in thi s  thesi s .  Th e  

c hemi c a l  c omposi tion o f  the extrac ted polym e r s  and the morpholog i c a l  

and ph ys i c al chang e s  occurr ing in wheat bran a t  var ious s tages o f  an 

e x trac ti on se quenc e and the m e ta l  bi nding capac i ties of the e x trac ts 

wer e  d e te rmined . 

A sequential ex tr ac ti o n  procedur e us ing wa te r , amylase , oxalate 

and alka l i  ( before and a f ter del ign i fi c ation)  wa s used to i so l a te 

c omponen ts o f  plan t c e l l  wal l s .  Th i s  enab l ed wa ter soluble and wa ter 

i n so lub le fibres from bean , c abbag e , le ttuc e ,  toma to , peach , pumpki n ,  

k um er a ,  onion,  pear , whe a t  b r an ,  luc erne , c l over and ryegra s s  to b e  

ob ta ined . The wate r solub l e  fibres we re shown to be composed 

p r ed om i n an tl y  of arabinose , galacto se and ur onic aci d , whereas the 

wa ter in so lub l e  fib r e s  conta i n ed mainly a r ab inose and x ylose . 

The v i scosi tie s  o f  the alkali soluble fibres e x tr ac ted from whe a t  

b ra n ,  b e fo re and afte r  chlor i te d e l igni fica ti on , a n d  after 

s o lub i l i s a tion in N-me thyl-mo rpholine-N-ox ide we r e  d e te rmined . Th e  

a r ab inoxyl an extrac ted be f o re d elignificati o n ,  yi e ld of 7 . 9 g/1 00 g ,  

had a l imi ti ng v i sc os i ty num ber of 2 20 . 6  m lj g , wher eas the 

a r ab inoxyl an ex trac ted a f te r  c hlorite d e l i g n i fic a ti o n ,  yield o f  3 . 8  

g / 1 00 g ,  had a l im i ting v i sc osi ty numbe r o f  7 4 . 2 mlj g .  When the 

s o lvent N-me thyl-morphol in e-N-ox ide had been used to d i ssolve the 

n ond eligni fied arab inoxyl an , a considerab l e  d ec rease in v i sc o s i ty , to 

6 . 3  m lj g , wa s observed . It wa s c onc lud ed tha t d i r ec t extrac ti o n  ( no 

d el ig n i fic ation ) o f  whe a t  bran , enables a l e s s  deg raded arabinoxylan 

to be ex tr ac ted in ade qua te yie lds . The use o f  



N-me thyl-morphol in e-N-ox ide a s  a so lven t for arabinoxylan res ul ted in 

e x te n s i ve d eg rada ti o n .  

2 

The struc tur al chang e s  in wheat b ran a t  e ach s ta g e  o f  the 

e x tr ac ti o n  sequence and when d imethyl sulphoxide ( DMSO) wa s s ub sti tuted 

f o r  alka l i  we re observed usi ng light and scanning electron m i c ro sc opy . 

It wa s shown tha t the commerc i a l l y  g round sample o f  whe a t  b r an 

c on ta ined a high propo r tion of s tarch , whi c h  was removed afte r  the 

amyl ase tr eatmen t. Alkal i  r emoved cell wa l l  ma terial predom i n antl y  

f rom the a l e uro ne laye r . DM SO wa s not an e f fic ient ex tra c to r  o f  

a r ab i noxyl ans from c e l l  wa l l s , a yi eld o f  o nly 0 . 4 %  being ob tained and 

the aleur o ne c e l l  wal l s r emaining intac t.  The arabi noxyl an , e x tr ac ted 

wi th DM SO, had a hig her ferul i c  ac id and ace tyl conten t than the 

arabinoxyl an extrac ted wi th a lkal i . 

The i n te r ac tions o f  f ib re s wi th m e ta l  ions ( coppe r , i r o n ,  z i nc , 

c al c ium , po ta s s i um ,  m agnesium , mang anese and sod i um )  us i ng 

c oncen tr a tions tha t would be expec ted in the human sma l l  bowe l afte r  a 

' typical' mea l  were i nve stigate d .  It wa s found tha t the wa te r solub l e  

f ib res bound more c oppe r , i r o n  and zinc than the wa ter insolub l e  

f i b re s .  Th e  c opper , i ron and z i nc binding occ ur r ed wi th a 

d i s placemen t o f  c a l c i um , mag ne s i um  and manganese . The water i nsolub l e  

f i b res ( hemi c el lul ose s )  contained a highe r c a l cium conte n t  than the 

s o l ub l e  f i b r e s  ( pec tin s ) . Af te r ac id tre a tm en t ,  sod ium wa s b ound 

preferenti a l l y  r a ther than c a l c i um to hem i c e l lul ose . Po ssibly 

d iv a l en t  c al c ium ions pl a y  a role in s tabi l i s ing the hem i c el lulose 

c omponents of pla n t  ce l l  wa l l s . 
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The b i nd ing capac i ti e s  and mechan i sms o f  zinc bind i ng to whe a t  

b ran ,  i ts componen ts and to phyta te we re d e te rmined .  Zi nc b i nd i ng 

c apaciti e s  ( � M/g dry we ight o f  plant ma te r ia l )  i n  o rd e r  of magni tud e  

we r e ;  phyta te ( 6 5 8 2  ± 192 ) , DMSO solub l e  hem i c e llulose ( 5 0 8 9  ± 9 2 1 ) ,  

wa ter soluble fibre ( 4 0 3 8  ± 2 1 6 ) , cell wal ls ( 1 0 1 2 . 6  ± 19 3 ) , 

l ig noc el lulose ( 5 1 0 ± 4 1 . 9 ) , c old wa ter solub l e  fibre ( 4 40 . 0  ± 1 5 . 3 ) , 

a lk a l i  solub l e  hem i c e l lul ose ( 2 2 7 . 9  ± 6 1 . 4 ) , b r an ( 16 7 . 7  ± 1 2 . 7 ) , b r an 

ex ox a l a te ( 14 8 . 3 ± 50 . 0 ) , b r an ex e thanol ( 1 42 . 3 ± 4 . 4 )  and cellul ose 

( 5 7 . 4  ± 5 . 3 ) . 

The wa ter solubl e  f i br e ,  f ractionated us i ng ammonium s ul pha te , 

c omposed pr ed omin a n tl y  o f  arab inose ( 2 4 . 0 % ) , g a l ac tose ( 2 0 . 3 % ) , xylose 

( 1 8 . 6% ) , mannose ( 1 6 . 2% ) , g l uc ose ( 10 . 9% )  and rhamnose ( 6 . 0% ) , bound 

z i nc more strong ly than phyta te or the DMSO hem i c e l l ul ose . The 

Sc a tchard pl o ts of z i nc b ind ing to phyta te and to the fibre s ,  except 

f o r  the water solubl e  fibre s , we re concave and marked ly nonl inear , 

sugg e s ti ng tha t the b i nd ing mechani sm i s  by n eg a tive c oope r a tivi ty o r  

s i te he terog enei ty . Th e  Sc a tc ha rd pl ots o f  z i nc bind ing to the wa ter 

s o l uble fibres showed well pronounced maximum , i nd i c a ti ng the b i nd i ng 

m echan i sm i s  by pos i tive coopera tivi ty . 

Par t  I o f  thi s the si s d e sc r ibes the stud i e s  under taken to i so l ate 

a nd de te rm i n e  the chem ic al compos i tio n o f  d i f fe r ent type s of fibres 

f rom bean , c abbag e ,  s we e t  potato , le ttuc e ,  o nion , peach , pe ar ,  

pumpki n ,  toma to ,  whea t  b ran , whi te c l ove r , l ucerne and ryeg r a s s . Th i s  

s tudy ha s been pub l i shed i n  the Jour nal o f  the Sc ience o f  FOod and 

Ag r iculture 198 3 ,  3 4 :  1 2 36-1240 ( see Appendix F ) . 
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P a r t  I I  o f  thi s the s i s d e sc r ib e s  stud i e s  undertaken to inve stig a te 

the v i scosi ty o f  hemi c e l lulose s ob ta ined using the e x tr ac tion 

procedure and a fte r so lub i l i sa ti o n  in N-m e thyl-mo rpho l ine- N-oxid e .  

Th e wo rk has been publ i shed i n  Ca rbohyd rate Re search 1 98 5 , 1 4 3 :  

2 7 1 -2 7 4  ( see Append ix G ) . 

Par t I I I  d e sc rib e s  s t ud i e s  undertaken to obs erve the mo rpho l og ical 

s tr uc tur e o f  wheat b ran , chang e s  occurr ing dur ing the e x tr ac ti o n  

s equence and influenc e o f  DMSO when sub s ti tuted f o r  a l ka l i . 

Pa r t  IV d e scr ibe s  studi e s  o n  b i nd ing o f  me ta l s  to wa ter sol ub l e  

and i n so l ub l e  fibres from frui ts , veg e tabl e s ,  b r an and g r as se s .  

Par t  V d e sc ribe s  a more d e ta i l ed stud y  o f  zi nc b in d ing to wheat 

b ran , i ts fibre c ompo nen t s ,  and to ph yta te . 

The the s i s  conc l ud e s  wi th a g eneral d i scus s i on o f  the f i nd i ng s  and 

a s ummary o f  the conc lu s ions . 




