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SUMMARY: An overview is made on the "food polymer science" approach 
developed by the authors. The quality and performance of flours for the 
production of cookies and crackers have been shown to depend upon the major 
functional polymeric components of flour: gluten protein, damaged starch, and 
pentosans. Of these, damaged starch and soluble pentosans in soft-wheat flours 
are detrimental to the commercial production of low-moisture cookies and 
crackers. The detrimental effects of soluble pentosans in flours can be 
eliminated through the use of pentosanase enzyme in cookie and cracker 
doughs. Three commercialized applications of this industrial enzyme 
technology have been patented by Nabisco. The "food polymer science" 
approach to balung technology has also been used to study finished-product 
attributes such as texture, in the context of the thermomechanical properties 
(e.g. modulus) of glassy solid and rubbery liquid matrices. Results of various 
studies have clearly demonstrated that products in a glassy solid physical state 
(at T < TJ are hard and crisp in texture, but upon increasing plasticization by 
water (such that T, is depressed below the observation T), are transformed to a 
rubbery or viscous liquid state, wherein textural hardness (and mechanical 
modulus) and crispness are dramatically reduced. 

We have used the "food polymer science" approach ',I4) to study flour functionality and 

ingredient technology in biscuit Results of our studies have demonstrated that the 

quality and performance of flours for the production of cookies and crackers depend upon the 

major functional polymeric components of flour: gluten protein, damaged starch, and 

p e n t o s a n ~ ' ~ ~ ' ~ . ' ~ ) .  Of these, damaged starch and soluble pentosans in soft-wheat flours are 

detrimental to the commercial production of low-moisture cookies and crackers2s25'. Soluble 

pentosans are high-MW, non-starch polysaccharides that have an extremely high water- 

holding capacity and an ability to form three-dimensional, entangled, viscous, gel-like 

networks in typical cookie and cracker doughsI6'. Owing to these properties, flours 

containing higher levels of soluble pentosans require more water to produce machinable 

doughs, and the water in such doughs is more difficult to remove during baking'*'. The 

presence of a soluble-pentosan network restricts the spread of cookie doughs and the spring of 
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cracker doughs during baking2.16’. The new AACC Wire-Cut Cookie Method 10-534,8i has 

been used to diagnose such detrimental effects of higher soluble-pentosan contents in flours 

from Pacific northwest soft white wheats 25). Alveography (increased P value) and 

solvent-swelling tests have also been used for similar diagnostic purposes 2,18). 

The detrimental effects of soluble pentosans in flours can be eliminated through the use of 

pentosanase enzyme in cookie and cracker doughs 22). In three commercialized applications 

of this industrial enzyme technology, which have been patented by N a b i s ~ o ~ . ~ ~ . ~ ” ,  pentosanase 

enzyme has been used to reduce the viscosities and water requirements of doughs, and to 

facilitate moisture bake-out and associated cookie spread or cracker spring, thereby: a) 

controlling the extent of starch gelatinization in a fat-free cracker with optimized texture3); b) 

reducing the extent of color fading in coolues during shelf-lifel’.2”’; and c) reducing the extent 

of checking in crackers2’), 

The “food polymer science” approach to flour functionality and ingredient technology in 

biscuit baking has also been used to study finished-product attributes such as texture15’, in the 

context of the thermomechanical properties (e.g. modulus) of glassy solid and rubbery liquid 

matrices2”. Measurements of the glass transition in cookies and crackers, in terms of 

mechanical modulus as a function of moisture content, have been reported I ) .  

Modulus has also been correlated with the sensory hardness of cereal-based products”’, and 

with the development of crispness in cookies during baking“”. The relationship between the 

sensory crispness of baked products (or breakfast cereals“’) and their critical values of 

relative vapor pressure 

and the effect of plasticization by water”). Experimental evidence for a direct 

relationship among T,, water plasticization, and sensory crispness has recently been reported 

for baked cookiesI2’ and extruded products’! All of these studies have clearly demonstrated 

that products in a glassy solid physical state (at T < TJ are hard and crisp in texture, but upon 

increasing plasticization by water (such that T, is depressed to below the T of observation), 

such products are transformed to a rubbery or viscous liquid state, wherein textural hardness 

(and mechanical modulus) and crispness are reduced”). Interestingly, it has also been shown” 

that while fat may act as a tenderizing ingredient which reduces the hardness (or modulus) of 

a cookie matrix, fat does not act as a compatible plasticizer (unlike water), in that it shows no 

depressing effect on T, of a cookie matrix. 

has been explained on the basis of glass transition temperature (T,) 
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