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A B S T R A C T 

Starch i s  a ma jor component o f  many of  the wor ld ' s  food 

supplies . In  order to util ise  these supplies  ef fective ly 

the properties of  s tarch must be ful ly under stood . 

Although starch systems have been inve stigated quite 

extens ive ly , there is re lative ly l ittle information 

concerning the phys ico-chemical  behaviour of starch 

under conditions re levant to food proce ss ing . 

The texture of  many f abr icated foodstu f f s  i s  regulated 

by adding starch . In many cases the addition of starch 

causes food systems to behave as vis coelastic  pastes . 

In  Aus tralasia , wheat s tarche s are generally  used to 

control texture . However starches from some wheat 

cultivars do not impart the des ired rheological  

characteristics to  foodstuf fs  and thi s  the s i s  concerns 

an inve stigation into thi s  phenomenon which  was 

investigated in three sections . 

In  section I ,  a fundamental study o f  the rheo logical  

properties of  wheat starch pastes was per formed . 

Measurements were made o f  the f low behaviour of  pas te s  
under both osc i l latory and s teady shear conditions . 

Pastes formed under a range of  exper imental conditions 

f rom various wheat var ieties were s tudied . Both wheat 

varieties and paste preparation condition s  were found 

to i n f luence rheolo gical  behaviour . The results show 

that d i f ferences  i n  the pasting properties o f  s tarch 

pastes may be attr ibuted to two factors , namely the 

swe l l ing capac i ty o f  the starch ( the volume which the s tarch 
gel partic les  would occupy when close  packed i f  exces s so lvent 

were present ) and the s i ze distribution of the granule s .  
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The rheological propert ies depend on the source of  starch 

s ince thi s e ffects particle swell ing capacities  and s i ze  

d i s tr ibuti ons . Paste preparation conditions influence 

rheo logi ca l properties s ince they alter the volume 

occupied by ge latinised granules .  

The rheological behaviour o f  starch pastes changes with 
t ime when the pastes a re s tored . The e f fect  o f  storage 

on dynamic rigidi ty was investigated and the results 

suggested that a crystal l i sation process  i s  responsible 

for the increase in dynamic r igidity with time . The 

results we re there fore eva luated us ing the Avrami equation . 

I n  section I I ,  an investigation was made o f  the degree 

o f  crystall inity , that is the propo rtion o f  polymer chains 

that a re in an ordered state , in a numbe r  of wheat starch 

varieties  that have d i f ferent swe l l ing capacities . 

Measurements of  the X-ray c rystall inity index , enthalpy 

change and spec i f ic volume were used to inve stigate 

crystal l inity . The results show that highe r swe l l ing 

c apacities  are a s soc iated with relative ly di sorde red 

arrangement s o f  polymer chains within g ranules . The 

c rysta l l inity results  for the va rious starch f ractions 

wi th narrow s i z e  ranges con f i rm previous s tudies showing 

that sma l l  granules  tend to be more crysta l l ine . However 

sma l l  granules were found to have h1gher swe l l ing 

capac i ties than l a rge granules . In  this  instance the 

inc reased swe l l ing capac ity of sma l l  g ranules  as compa red 

to la rge i s  p robably due to the decreased amount of  l ipid 

per unit  area at the su rface of the sma l l  partic le s .  
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In  section Ill , Proton ( 1H )  and Carbon- 1 3  ( 1 3c )  NMR were 

used to investigate s tarch pastes made from d i f ferent 

wheat var ieties that have different pasting properties . 
l . 1 t' ( T  ) 1 t . . l . . H sp1n- at lce 1 re axa lOn tlmes , H spln- spln 

( T2 ) relaxation times , po lymer hydration coe f f ic ients ( h )  

and 1H d i f fus ion coe f f ic ients ( D )  of  s tarch-water systems 

were determined . Line-widths at hal f-heights (6V�) of 

peak intens ities at various carbon pos itions and total 
1 3c l iquid signals  were also  obtained . 

I n  a l l  cases  the NMR parameters were not found to be · 

dependent on wheat var iety . 

The polymer hydration coeffic ient , that is  the amount of. 

water mo lecules that are ln the bound state , was 

estimated from the ratio of the amplitude o f  the 1H 

signal due to unfrozen water at 2 5 8K to the ampl itude of  

the 1H signal at 3 0 3K .  A value o f  0 . 3 4 gH20/g dry starch 

was obtained . 

The T1 and T2 magnetis ation recovery curves for s tarch 

pastes were found to be s ingle exponential functions . 

Thi s  suggests a fast  molecular exchange o f  water molecules  

between d i f ferent s i te s  in the system . A two- state model 

based on exchange between bulk and bound water was shown 

to be adequate in  describing the relaxat ion behaviour 

of water protons in the system . 

D i f fus ion measurements of  water molecules show that there 

is no restricted or barrier l imi ted diffusion occuring in 

s tarch paste s . The d i f fus ion coe f f icients were i nterpreted 
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us i ng various models . The best model was found to be 

one which takes into account both the obstruction and 

hydration e f fects . Thi s  gives a shape factor for the 

suspended ge l particles  which indicates that water i s  

d i f fus ing through oblate e l l ipsoids . The se are probably 

amylopectin mo lecules present in the starch pas tes . In 

an attempt to conf irm thi s  pos s ibility , 1H NMR mea surements 

were repeated on a pure amylopectin-water sys tem . The 

d i f fus ion coe f f icients o f  the amylopectin-water sys tem were 

interpreted us ing the same model  and s imilar result was 

obtained for the shape factor o f  amylopectin mo lecules . 

The 1 3c l iquid signal results confirm that sharp 

resonances , which correspond to liquid- like behaviour on 

the NMR t ime- scale of the polysacchar ide chains , are only 

observed when the starch is  gelatinised . The decrease in 

the l ine-widths at hal f  he ights of  the peak resonances 

at  various carbon pos it ions when the pasting temperature 

is increased is  probab ly due to an increase in  mobi l i ty 

o f  the po lymer chains . In  the various wheat s tarch pas te s  

s tudied , a loss  of  about one-th ird of  the total 1 3c l iquid 

s igna l wa s observed . Thi s  was attr ibuted to the 

crystal l is ation of polymeric material , l ipid-amylose 

c omplexes and remnants of ordered structure s  in  the 

s tarch pastes . 
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