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Cereal polysaccharides, which can be divided into starch and 
nonstarch polysaccharides, are an important source of energy 
and dietary fiber in the human diet. From an energy perspective, 
it is well known that starch is poorly digested in its native form. 
Thermal treatment is required to induce changes (gelatinization) 
in the native starch granule structure that render starch molecules 
more accessible for digestion by enzymes. However, the increas-
ing occurrence of type 2 diabetes, which is due, in part, to con-
sumption of high levels of rapidly digestible, refined starches, 
has led to increased demand for low glycemic index (GI) foods.

The role of cereal fibers in the prevention of many chronic 
diseases is well established in the literature (a summary of the 
most recent published papers is presented by the Oldways 
Whole Grains Council online at https://wholegrainscouncil. 
org/whole-grains-101/health-studies-health-benefits/what-are-
health-benefits), which has led to dietary recommendations that 
call for increased intake of whole grain products or products 
rich in cereal fibers. In response, food manufacturers are tailor-
ing processing conditions to develop food structures that deliver 
the desired physiological functionality (e.g., high fiber, low GI, 
cholesterol lowering effects, etc.) while maintaining good sen-
sory properties. This article highlights the influence of com-
mon cereal processing operations, such as milling, fermenta-
tion, baking, and extrusion, on the predominant functional 
cereal polysaccharides: arabinoxylan and b-glucan.

Milling and Fractionation
Dry milling and fractionation generally results in flour frac-

tions that are enriched with different components of cereal 
polysaccharides. The mechanical forces experienced during 
dry milling and fractionation have a minimal effect on cereal 
fiber properties (e.g., molar mass, solubility, etc.), and the pro-
cess does not induce enzymatic activity that can degrade the 
fiber. Djurle et al. (7) found that other than an improvement in 
extractability there was no difference in the molar mass distri-
bution of arabinoxylans in kernels or flour. Improved extract-
ability of fiber due to degradation of the native grain macro 
structure and reduced particle size is important for subsequent 
processing and physiological functionality of cereal polysac-
charides.

The combination of different ingredients, including water and 
lipids, during cereal processing can result in degradation of ce-
real fiber due to enzymatic and microbial activity, depending on 
the conditions encountered. Rakha et al. (13) studied the fate of 
arabinoxylans and b-glucan during the making of porridge us-

ing whole grain rye. The study showed arabinoxylans were more 
stable than b-glucan. This can be attributed to the simpler struc-
ture of b-glucan compared with arabinoxylans, which makes 
b-glucan readily accessible to digestion by b-glucanases. Exten-
sive enzymatic degradation of b-glucan is expected, therefore, 
in processes involving long incubation times (e.g., during proof-
ing in breadmaking). Shortening proofing, omitting fermenta-
tion, or incorporating barley flour after fermentation of wheat 
dough to obtain a final bread product with high molar mass 
b-glucan has been suggested. Furthermore, coarsely ground 
flour or intact flakes that limit enzyme access during bread-
making can be used to obtain high molar mass b-glucan in the 
final product (2,14). Kilning of oats, the primary aim of which 
is to inactivate lipases, results in inactivation of endogenous 
b-glucanases as well (1). Consequently, the degradation of kilned 
oat b-glucan is mainly due to the activity of b-glucanases from 
other ingredients, such as wheat flour.

Fermentation
Fermentation, either during bread baking or sourdough fer-

mentation, has a significant influence on fiber properties. Lactic 
acid bacteria fermentation of whole grain flour or bran increases 
solubilization of arabinoxylans, decreases the molecular weight 
of arabinoxylans, and/or induces formation of prebiotic arabi-
noxylan-oligosaccharides (6,10). These effects can be achieved 
using fermentation alone or specific enzyme hydrolysis. Cereal 
b-glucan is very easily degraded during short yeast fermenta-
tion (3,14,17) and even more intensively degraded during sour-
dough fermentation (15).

Thermal Treatment
Baking, extrusion, steaming, and boiling are the common 

thermal treatment processes utilized in cereal processing. 
Cereal fibers are generally heat stable, but their stability can 
be altered depending on processing conditions, such as low pH 
or the presences of oxidants such as ascorbic acid, which height-
en the susceptibility of cereal fibers to nonenzymatic degrada-
tion during thermal treatment (5,8,9,11,12,16). Baking typically 
has minimal effects on the molar mass distribution of arabi-
noxylans and b-glucan (2,14). Therefore, in bakery products 
the main changes in cereal fiber quality occur during mixing, 
proofing, or sourdough production.

Extrusion
Extrusion, in which a combination of high heat, high pres-

sure, and shear forces are utilized, affects the extractability, sol- 
ubility, and molar mass distribution of cereal fibers. Extruded 
bran has been shown to have a higher solubility and swelling 
capacity and an increase in apparent viscosity compared with 
nonextruded bran (4,7,18). These changes result from the dis-
ruption of cross-linking between cereal polysaccharides, disag-

1	E-mail: henry.maina@helsinki.fi

2	E-mail: kati.katina@helsinki.fi

https://doi.org/10.1094/ CFW-63-3-0114

© 2018 AACC International, Inc.

Effects of Processing on the Functionality 
of Cereal Polysaccharides

Ndegwa H. Maina1 and Kati Katina2

Department of Food and Nutrition Science, University of Helsinki, Helsinki, Finland

PERSPECTIVE

https://wholegrainscouncil.org/whole-grains-101/health-studies-health-benefits/what-are-health-benefits
https://wholegrainscouncil.org/whole-grains-101/health-studies-health-benefits/what-are-health-benefits
https://wholegrainscouncil.org/whole-grains-101/health-studies-health-benefits/what-are-health-benefits
mailto:henry.maina@helsinki.fi
mailto:kati.katina@helsinki.fi


CEREAL FOODS WORLD / 115

gregation, and/or thermal degradation of the polysaccharides. In 
addition to variation in extrusion conditions and raw material 
characteristics, the simultaneous occurrence of these changes 
(e.g., matrix disruption, disaggregation, thermal degradation) 
may explain the varying results obtained in extrusion studies (4).

Conclusions
Cereal processing can have a profound influence on the func-

tional properties of cereal polysaccharides. However, effects are 
fiber dependent and can be tailored using optimized processing 
conditions. Alterations in the nutritional properties of fibers are 
likely to be dependent on processing-induced changes in these 
polysaccharides, and a more in-depth understanding is required 
to create or maintain polysaccharide properties that provide both 
nutritional and technological functionality. A more detailed eval-
uation of the effects of processing on cereal fiber is currently be-
ing reviewed by members of the Health Grain Forum and will 
be published in 2018.

Cereal processing has a significant influence on the quality of 
grain polysaccharides and is very likely to alter the physiological 
functionality of grains processed using different methods. How-
ever, the exact impact of processing on human responses to grain 
polysaccharides is not well understood or studied. An example 
is the degradation of b-glucan during processing, which influ-
ences its viscosity-forming ability and may reduce the cholesterol-
lowering properties of b-glucan. On the other hand, low molar 
mass glucans can have prebiotic effects on gut microbiota, pro-
viding health-promoting properties that have not yet been iden-
tified.

References
1.	 Ames, N., Storsley, J., and Tosh, S. Effects of processing on physico-

chemical properties and efficacy of b-glucan from oat and barley. 
Cereal Foods World 60:4, 2015.

2.	 Andersson, A. A. M., Armö, E., Grangeon, E., Fredriksson, H., 
Andersson, R., and Åman, P. Molecular weight and structure units 
of (1→3, 1→4)-b-glucans in dough and bread made from hull-less 
barley milling fractions. J. Cereal Sci. 40:195, 2004.

3.	 Andersson, A. A. M., Courtin, C. M., Delcour, J. A., Fredriksson, 
H., Schofield, J. D., Trogh, I., Tsiami, A. A., and Åman, P. Milling 
performance of north European hull-less barleys and characteriza-
tion of resultant millstreams. Cereal Chem. 80:667, 2003.

4.	 Arcila, J. A., Weier, S. A., and Rose, D. J. Changes in dietary fiber 
fractions and gut microbial fermentation properties of wheat bran 
after extrusion and bread making. Food Res. Int. 74:217, 2015.

5.	 Bagdi, A., Tömösközi, S., and Nyström, L. Hydroxyl radical oxida-
tion of feruloylated arabinoxylan. Carbohydr. Polym. 152:263, 2016.

6.	 Boskov Hansen, H., Andreasen, M., Nielsen, M., Larsen, L., Bach 
Knudsen, K., Meyer, A., Christensen, L., and Hansen, Å. Changes 
in dietary fibre, phenolic acids and activity of endogenous enzymes 
during rye bread-making. Eur. Food Res. Technol. 214:33, 2002.

7.	 Djurle, S., Andersson, A. A., and Andersson, R. Milling and extru-
sion of six barley varieties, effects on dietary fibre and starch con-
tent and composition. J. Cereal Sci. 72:146, 2016.

8.	 Faure, A. M., Knüsel, R., and Nyström, L. Effect of the temperature 
on the degradation of b-glucan promoted by iron(II). Bioact. Car-
bohydr. Dietary Fibre 2:99, 2013.

9.	 Johansson, L., Virkki, L., Anttila, H., Esselström, H., Tuomainen, 
P., and Sontag-Strohm, T. Hydrolysis of b-glucan. Food Chem. 
97:71, 2006.

10.	 Katina, K., Laitila, A., Juvonen, R., Liukkonen, K. H., Kariluoto, S., 
Piironen, V., Landberg, R., Åman, P., and Poutanen, K. Bran fermen-

tation as a means to enhance technological properties and bioactiv-
ity of rye. Food Microbiol. 24:175, 2007.

11.	 Kivelä, R., Nyström, L., Salovaara, H., and Sontag-Strohm, T. Role 
of oxidative cleavage and acid hydrolysis of oat beta-glucan in 
modelled beverage conditions. J. Cereal Sci. 50:190, 2009.

12.	 Mäkelä, N., Sontag-Strohm, T., and Maina, N. H. The oxidative 
degradation of barley b-glucan in the presence of ascorbic acid or 
hydrogen peroxide. Carbohydr. Polym. 123:390, 2015.

13.	 Rakha, A., Åman, P., and Andersson, R. Characterisation of dietary 
fibre components in rye products. Food Chem. 119:859, 2010.

14.	 Rieder, A., Ballance, S., and Knutsen, S. H. Viscosity based quanti-
fication of endogenous b-glucanase activity in flour. Carbohydr. 
Polym. 115:104, 2015.

15.	 Rieder, A., Holtekjølen, A. K., Sahlstrøm, S., and Moldestad, A. Ef-
fect of barley and oat flour types and sourdoughs on dough rheol-
ogy and bread quality of composite wheat bread. J. Cereal Sci. 55:44, 
2012.

16.	 Rumpagaporn, P., Kaur, A., Campanella, O. H., Patterson, J. A., 
and Hamaker, B. R. Heat and pH stability of alkali‐extractable corn 
arabinoxylan and its xylanase‐hydrolyzate and their viscosity be-
havior. J. Food Sci. 77(1):H23, 2012.

17.	 Vatandoust, A., Ragaee, S., Wood, P. J., Tosh, S. M., and Seeth- 
araman, K. Detection, localization, and variability of endogenous 
b-glucanase in wheat kernels. Cereal Chem. 89:59, 2012.

18.	 Zhang, M., Bai, X., and Zhang, Z. Extrusion process improves the 
functionality of soluble dietary fiber in oat bran. J. Cereal Sci. 54: 
98, 2011.

Ndegwa H. Maina, Ph.D., is a lecturer in bio-
production chemistry at the University of 
Helsinki, Department of Food and Nutrition 
Science. He obtained his Ph.D. degree in food 
chemistry from the University of Helsinki in 
2012. His research focuses on understanding 
the structural properties of polysaccharides 
in relation to their technological and physio-
logical functionality. He is involved in various 
projects on the production and characteriza-
tion of microbial exopolysaccharides during 

bioprocessing and the oxidative degradation of cereal b-glucans. He 
also is working in close collaboration with universities in Africa to pro- 
mote health and food security through consumption of whole grain 
products based on indigenous grains such as sorghum and millet. 
Ndegwa is the secretary of the Healthgrain Forum and an AACCI 
member and can be reached at henry.maina@helsinki.fi.

Kati Katina, Ph.D., is an associate professor 
at the University of Helsinki. She has been 
working in cereal science for 20 years, and 
her special research interest is fermentation-
induced changes in the nutritional and tech- 
nological quality of wheat- and rye-based in-
gredients and bakery products. Her research 
has focused especially on fermentation-in- 
duced changes in high-fiber and whole grain-
rich raw materials and products. Kati is chair 
of the Healthgrain Forum, which is actively 

promoting use of whole grain and cereal fiber-rich raw materials. 
Recently, her group has focused on understanding and modifying 
the functionality of protein-rich grains and fractions, such as wheat 
bran and faba bean. Her research group is also actively collaborat-
ing in Africa to promote safe and sustainable use of local grains with 
tailored bioprocessing technologies.

mailto:henry.maina@helsinki.fi


REGISTER EARLY FOR THE BEST RATES!
Advance Registration Until August 20, 2018

October 21–23 • Hilton London Metropole • London, UK

Connect at Cereals & Grains 18 with people passionate 
about the industry, research, and science of cereal grains.

Keynote Highlights

Leading from an Illustrious Past into 
a Demanding Future 
Professor Achim Dobermann
Director & Chief Executive, 
Rothamsted Research

Digitalization to Revolutionize: 
The Grain Value Chain of the Future
Dr. Ian Roberts
Chief Technology Officer, Bühler Group

  

aaccnet.org/meet | #CerealsGrains18 #AACCI2018

Get all the latest updates for
Cereals & Grains 18. Follow AACCI!

Daily Themes Addressing the Broad Spectrum of Grain Science
• Sustainability from Gene to Field
• Safe Ingredients and Quality Products
• Formulating for Health and Wellness

aaccnet.org/meet | #CerealsGrains18 #AACCI2018

Get all the latest updates for
Cereals & Grains 18. Follow AACCI!

http://www.aaccnet.org/MEETINGS/ANNUAL/Pages/default.aspx

