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The deformation of thin films made from extruded 
starch 
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The deformation properties of thin starch films, approximately 2/lm thick, have 
been investigated. The films were made by casting from solutions of maize grits 
extruded at different temperatures and the strain to form shear deformation 
zones was measured. It was seen that the initial processing conditions of the 
starch affected the properties of the thin films. The deformation zones were 
initiated at granule remnants in films made from both unextruded maize grits 
and grits extruded at low temperatures. More homogeneous films were 
produced from maize grits extruded at higher temperatures and these films 
exhibited a higher strain for deformation zone formation. However, degradation 
was believed to be responsible for lowering this strain for films made from 
maize grits extruded at the highest temperatures. 

INTRODUCTION 

There have been few studies of mechanical properties 
of thin starch films. Some early studies (Wolff et al., 
1951; Lloyd & Kirst, 1963; Mark et al., 1964; Nakamura 
& Tobolsky, 1967) were inspired by the possible 
application of thin amylose films to the safe packaging 
of food products. For instance, the tensile strength and 
strain to failure of films cast from various starches were 
measured and the changes effected by varying the film 
thickness, degree ofpolymerisation, amylose percentage, 
and plasticiser content, were noted (Wolff et al., 1951). 
It was found that the strength and ultimate elongation 
were independent of film thickness, although the films 
were difficult to handle when thinner than 20/~m. 
Increasing the DP caused the strength and strain to 
failure of the films to increase, whereas increasing the 
plasticiser content resulted in a decrease in the strength 
but an increase in the ultimate elongation. 

Techniques for measuring the strain to form 
deformation zones and crazes, and the strain to failure, 
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for very thin films (< 1/~m thick) have been developed 
for synthetic polymers (Lauterwasser & Kramer, 1979). 
When thin films of glassy polymers are strained in 
tension they deform elastically until the yield stress, ay, 
is reached. However, beyond ay, rather than deform 
homogeneously, the films often form deformation 
zones (DZ) (Bowden, 1973, Donald & Kramer, 1981). 
These are localised regions of shear necking which are 
due to the polymer strain softening. They occur 
because the strain for further deformation, beyong the 
yield point, is reduced in polymers that shear soften, 
and so once an area yields it can then deform locally 
under a lower stress than the surrounding region. The 
deformation is concentrated in shear DZs and these 
grow perpendicular to the direction of applied principal 
stress (Bevis & Hull, 1970). The onset of deformation in 
the films will depend upon the yield stress of 
the polymer, which in turn may vary with the 
glass transition temperature, amount of cross-linking, 
molecular weight, amount of plasticiser present, and 
annealing time, as well as the strain rate and temper- 
ature of testing. For example, increasing the concentra- 
tion of plasticiser or decreasing the molecular weight 
decreases the yield point. It is generally found that any 
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