
Grains and 
nutrition:  

a cereal scientist’s 
perspective:  

cereal starches, fibers, 
and gluten 

Dr Andrew Ross 



Outline 
Full disclosure 

Some basic assertions 

Interactions between cereal 
and nutrition sciences 

Raw material development 

Primary Processing 

Secondary Processing 

Gluten 





Pacific Northwest Wheat Quality Council 
Serving the Needs of the Wheat Industry 



Some basic assertions… 



1: Wholegrain consumption leads to 
health benefits in humans 

 

Fardet, A. "New hypotheses for the health-protective mechanisms of whole-grain cereals: 
what is beyond fibre?." Nutrition Research Reviews 23.01 (2010): 65-134. 



For example: this broadly inclusive definition. 
 
“dietary fiber consists of all carbohydrate 
components that are non-digestible to 
mammalian enzymes”  
 
 
 
 
 
 
MCBURNEY, M. I. 2010. Dietary fibres insights and opportunities. Pp 153-166 in Dietary fibre: new 
frontiers for food and health. J.W. Van Der Kamp, J.M. Jones, B.V. McCleary, & D.L. Topping eds. 
Wageningen Academic Publishers,. 

2: Dietary fiber can be defined 



3: More than just fiber 



4: Whole grain does not = fiber 
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Wheat 

Multiple species and 
mulitple varieties 
within species  

 

Barley 

Multiple varieties 

 

Rye, oats, sorghum, 
millets, teff, rice, 
pseudo-cereals… 

Growth environment 
 

 

Einkorn    (diploid) 

Emmer, Durum, Kamut  (tetraploid) 

Spelt, Aestivum   (hexaploid) 

 

 

Raw materials 

Einkorn  



Raw materials: considerations in plant 
breeding 

 

Types of fiber: AX vs BG; both; partitioning between 
soluble and insoluble 

Other nutrients and anti-nutritional factors 

Anatomical locations 

Molecular weight and viscosity building potential of 
fiber [physiological effects and food texture/mouthfeel] 

Types and accessibility of starches 

Type, digestibility, and quality of proteins 



http://coloradowheat.org/ 

Inertia 





Raw materials: The OSU food barley experience 

Hulled versus hull-less 
Interacts with whole-grain definition[s] 

Beta-glucan 
Variable levels: GxE interactions 

Starches 
Waxy 
Normal 
High amylose [RS] 



Raw materials: OSU Food Barley 
Fiber 

Primarily beta-glucan [BG] 
Increase arabinoxylan [AX] in endosperm  
Change AX in hulls [see processing] 

Functionality 
E.g. hard versus soft 

Water absorption in flour applications 

Texture in whole-kernel applications 



GI was correlated with total fiber (r = -0.75, P = 0.002) but not 
with measures of starch characteristics… 

 
GI of barley is influenced by cultivar, processing, and food form but is 
not predicted by its content of amylose or other starch characteristics 



Raw materials: other components 

Fardet, A. Nutrition Research Reviews 23.01 (2010): 65-134. 





Primary processing 
Effects of milling or other primary processes on 
composition of the process intermediate [e.g. flour 
refinement, “pearls”] 
 
Interactions between raw materials and primary process 

E.g. hardness and milling & hardness and flaking [e.g. Streaker 
flakes] 

 
Effects of milling on particle size distributions of derived 
flours and downstream processing effects 
 
Potential partitioning of fiber rich or depleted fractions 

E.g. conventional milling and separation of endosperm 
and bran 
E.g. separation of beta-glucan rich barley endosperm 
fractions 

 
 





Atwell 2001 

Tempering 



Edited by Len Marquart, Joanne L. Slavin, and 
R. Gary Fulcher 

Whole Grains, Whole Wheat, and White 
Flours in History G. A. Spiller  Refined flour becomes 

 universally available 



Multistage milling for fine flours 

Sieving 

Tempering  
[emmer can be hard like durum]  

Samuel, D. 2010. Experimental grinding and Ancient Egyptian flour production. Pp. 456-477 in S. 
Ikram & A. Dodson (eds), Beyond the Horizon: Studies in Egyptian Art, Archaeology and History in 
Honour of Barry J. Kemp. Cairo: American University in Cairo Press. 



Secondary processing/cooking 
 

Palatability, visual appeal, culinary qualities… 
 

Fate of fiber components 

E.g. Changes in extractability [± molecular weight; ± 
viscosity] 
 

Changes in digestibility and accessibility of starches 

Production of RS3 in situ 

e.g. sourdough and reduced post-prandial insulin response 
Exploitation of RS1 





Secondary processing/cooking 
 

Changes in protein digestibility 
E.g. mixed lactic acid bacteria (LAB) and “wild” 
yeast fermentations, versus single culture LAB 
or Saccharomyces fermentations  
 

Changes in mineral availability 
E.g. phytic acid degradation in cereal soaking or 
mixed LAB/wild yeast fermentations 
 





Gluten 
The emergent property of 2 protein classes… 

Glutenins (glutelins) also part of “elastomer” superfamily 

Gliadins (prolamins) 

I have no idea what gluten is either. 
But I’m avoiding it just to be safe. 



HMW glutenins 

N terminal domain repetitive domain C terminal domain 

 An x-type high molecular weight glutenin 

Molecular Modeling of Unusual Spiral Structure in Elastomeric Wheat Seed protein. 2001. O. 

Parchment, P. R. Shewry, A. S. Tatham, and D. J. Osguthorpe.  Cereal Chem. 78(6):658–

662 



Gliadins 



Deduced Amino Acid Sequence of an Alpha-Gliadin Gene from Spelt Wheat 
(Spelta) Includes Sequences Active in Celiac Disease 

Authors: Kasarda DD. DOvidio R. 
Source Cereal Chemistry. 76(4):548-551, 1999 Jul-Aug 

http://wheat.pw.usda.gov/ggpages/topics/gliadin.jpg 

Notably, almost all of the immunogenic sequences of α-gliadins map 
the N-terminal 57-89 region corresponding to the 33-mer peptide 



Celiac disease 



Non-celiac  
gluten-intolerance 



Conclusions 
 
…One possible explanation is that the selection of wheat varieties 
with higher gluten content has been a continuous process during 
the last 10,000 years, with changes dictated more by technological 
rather than nutritional reasons.  
 

Has gluten fundamentally changed in the 
modern era? 



Has gluten content 
 increased? 



Hammed, A. M., & Simsek, S. (2014). Hulled Wheats: A 
Review of Nutritional Properties and Processing Methods. 
Cereal Chemistry, . 





Questions of quality? Is functionality a bad thing? 
 
“In 1793, nothing marked the limits of the Revolution… 
more powerfully than the fact that for some time [people] 
have been eating grayish bread of poor quality that smells 
dusty and gives most people a stomach ache.  
 
Concern with quality was a matter of ordinary 
dignity, not a question of luxury or displaced envy.” 

“GOOD BREAD IS BACK: A contemporary history of 
French bread, the way it is made, and the people who 
make it.” 

Steven L. Kaplan 
Cornell 



Has gluten changed qualitatively,  
and therefore,  
 

have wheat breeders been engaged  
in an epic conspiracy of  

monumental proportions? 



“It's an 18-inch tall plant created by 
genetic research in the '60s and 
'70s, this thing has many new 
features nobody told you about, 
such as there's a new protein in this 
thing called gliadin. It's not 
gluten”.  



Looking back over the last five decades, several trends are 
apparent in wheat consumption: an increase in wheat 
consumption per capita (Rubio-Tapia et al. 2009)  
(http://www.ers.usda.gov/AmberWaves/september08/findings/wheatfl
our.htm) 
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