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Andrew S Ross
Oregon State University

• SOME HISTORY
• INSTRUMENT BASICS
• BASIC CURVE DESCRIPTORS
• UNDERLYING PRINCIPLES
• INCREASING AQUEOUS PHASE 

VISCOSITY  (η0)
• AMYLOSE & AMYLOPECTIN
• RETROGRADATION / SETBACK
• AMYLASE
• OTHER SPROUT EFFECTS



2

Some history
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1984: The concept “gels”
Combine the rotational sensing of apparent viscosity 

of the amylograph with the ballistic heating 
attribute of Falling Number
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1984-85 early paddles

Ross A.S., Orth R.A., Wrigley C.W., 1987. Rapid screening for weather damaged wheat. pp 577 
– 583 In: Fourth international symposium on pre-harvest sprouting in cereals. D.J. Mares, ed, 
Westview Press, Boulder Colorado, USA.
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Instrument basics
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Basic curve descriptors
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Breakdown

Underlying principles
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Photomicrographs
Ross A.S., (1995) Adding dextrans [1-6-alpha-D-glucans] to wheat flour:
effects on flour components, dough rheology and end-product quality. 
Dissertation Abstracts International, B 56 (7) : 3524, 1996, thesis publ. 1995

30 °C 95 °C

• At temperatures < 100 °C without mechanical shear, swollen starch 
granules, enriched in amylopectin through amylose leaching, 
maintain their integrity 

• The increase in volume fraction of starch granules in the 
suspension leads to an increase in viscosity of the paste

Granule swelling and paste viscosity
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• Einstein (Einstein A. 1906. Ann. Phys. 19, 289) derived an 
equation that gives an approximation for viscosity of particulate 
suspensions of spheres

• This works for dilute solutions/suspensions where ϕ is < 0.01 
after which flow disturbances and then high er order particle –
particle interactions make η increase faster than predicted by 
the above equation…

• At temperatures > 60 °C viscosity of starch pastes is dominated by the 
volume fraction occupied by the starch granules 

– @ >60 °C solubilised amylose is slow to, or does not, aggregate
– solubilzed amylose also causes η0 to increase further deviating from the Einstein 

equation 

• At concentrations > 6% w/w for cereal starches the swollen gelatinized 
granules fill the entire volume and the paste is viscoelastic

– In turn, its properties are affected by the deformability of the swollen starch 
granules and their relative susceptibility to breakdown by shear

– granule deformability becomes especially important in foods/gels made with 
minimum to no shear

Granule swelling and paste viscosity
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Granule swelling: constraints and enhancements

• Extent of amylopectin swelling is dependent on the extent of crosslinking* and the 
affinity of the network for the solvent - The network will swell until the osmotic 
pressure generated by the network, as a result of its affinity for the solvent, is 
balanced by the restorative stiffness of the network resisting swelling.

• Neutral amylopectins in general have similar affinities for water so it may be the 
effective crosslinking* of entangled amylopectin which limits swelling

– then shear needs to be factored-in. 

• Anionic amylopectins [e.g.; potato – lightly phosphorylated] swell greatly at low ionic 
strengths as like-charges aren’t masked [mutual repulsion and chain extension]

• * simple entanglements for native starches, for covalently crosslinked modified starches, 
crosslinking is an additional restorative force restricting the extent of swelling 

No shear or other mechanisms of granule breakdown

% granule swelling ∝ viscosity rate of granule swelling
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rate of granule swellingrate of granule breakdown

rate of granule swellingrate of granule breakdown*

% of potential for granule swelling ∝ viscosity

•Granule breakdown mechanisms
•thermal 
•shear
•amylase
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Pasting differences: inter-varietal
note RATES of swelling and breakdown
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Pasting differences: species
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Increasing η0
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Amylose & amylopectin
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normal partial waxy 

USDA ARS Rice Research Unit, Beaumont TX
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Amylase
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Flour versus starch
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Flour  4 g / 25 ml

Starch 3 g / 25 ml
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peak trough final % bd final/peak
FLOUR Sunco 4075 2378 4546 58.4 111.6

Penawawa 5061 2495 4346 49.3 85.9
ID377S 4972 2223 4323 44.7 86.9

STARCH Sunco 2624 2167 3434 82.6 130.9
Penawawa 3318 2599 3859 78.3 116.3
ID377S 3605 2915 4115 80.9 114.1
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OTHER SPROUTING EFFECTS
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