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Effect of Location and Genotype on Arabinoxylan Production in 
HRS Wheat from Minnesota 

Senay Simsek, Department of Plant Sciences, NDSU

Research Question

Many factors have effect on the biochemical com-
position of wheat grain and thus largely determine 
its end-use quality. These influencing factors can be 
grouped according to whether they originate from the 
genetic makeup of the plant (i.e., genotype or culti-
var) or from the environment (all external conditions 
under which the plant grows). Cultivar and environ-
ment each influence wheat composition to varying 
degrees. 

Arabinoxylans are carbohydrates naturally found in 
wheat flour. They have significant impact on farino-
graph and baking water absorption of flours.

1)  Determine the influence of genotype and en-
vironment on the WE-AX and WU-AX in Hard Red 
Spring wheat from Minnesota.

2)  Identify how the impacts of genotype and 
environment affect the end-use quality of the wheat 
(especially water absorption) due to the variations to 
the structure and distribution of the arabinoxylan in 
wheat.

Results

We are currently in the process of compiling and 
analyzing the data from the GC to determine the 
statistical significance in relation to the varieties and 
growing locations studied. As is typical for wheat we 
found that the total arabinoxylan content was higher 
for the whole wheat samples. The average arabi-
noxylan content for all whole wheat samples was 
7.2% where the average arabinoxylan content for all 
flour samples was 1.8%. The average A/X ratio for 
all whole wheat samples was 0.72, which was lower 
than the average A/X ratio (0.85) of the flour sam-
ples. The next step for this project will be to analyze 
the samples for total starch content to round out the 
chemical composition analysis. Finally, we will be 
compiling and analyzing all data for all tests conduct-
ed to determine the statistical significance.

Application/Use

Varieties that will be used in this study are provided 
by Dr. Anderson’s breeding program and traditional 
spring wheat quality tests are performed by USDA 
staff located in Fargo, ND. There is very limited 

research has been done on effect of cultivar and 
location on production of arabinoxylan content in 
wheat from Minnesota even though these minor con-
stituents have significant impact on water absorption 
capacity of flour. Our research will complement UMN 
breeding program to see whether location and/or 
cultivar is affecting arabinoxylan production and how 
they are correlated to water absorptions.

Materials and Methods

HRS wheat variety trial samples were provided 
by Dr. James Anderson. The samples included flour 
from the AY1 lines from 2009 and 2010, as well as, 
whole wheat samples from the AY1 lines from 2010. 
The 2009 AY1 samples were grown in Lamberton, 
Morris and Stephen Minnesota; and the 2010 AY1 
samples were grown in Crookston, Roseau and 
Stephen Minnesota. In total 45 wheat varieties from 
three locations and two years will be analyzed. The 
samples were milled in the case of flour on a Buhler 
laboratory mill and ground in the case of whole wheat 
on a UDY mill. The samples were then analysed 
for moisture, ash and protein content using AACC 
Approved Methods; 44-15, 8-01 and 46-30 (AACC 
2000). The samples have been analyzed for mono-
saccharide content, using gas chromatography (GC) 
using the alditol acetate method of derivitization 
(Blakeney et al 1983). After which, the total arabinox-
ylan content and the arabinose to xylose (A/X) ratio 
was calculated by multiplying the sum of arabinose 
an xylose by 0.88 and dividing the arabinose by xy-
lose contents (Dornez et al  2008).

Economic Benefit to a Typical 500 Acre Wheat 
Enterprise

The proposed project will help the UMN HRS 
wheat breeding program to identify and develop 
wheat varieties that have target arabinoxylan con-
tent. Since AX production is under genetic control, 
the potential exists for new varieties with targeted AX 
content that have better end-use functionality.

Related Research

In the past, MNWRPC funded Dr. Simsek’s project 
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on refrigerated dough. Arabinoxylans have significant 
impact on refrigerated dough quality. Refrigerated 
dough products use wheat flour as their primary 
ingredient, so the quality and chemical composition 
of the flour determine the quality of the final product. 
Although arabinoxylans make up a minor component 
of wheat, they have significant effects on the quality 
of the end products. Variation in arabinoxylan and 
xylanase activity due to genetic or environmental fac-
tors can impact their functionality within wheat flour. 
Specifically, arabinoxylan content and xylanase activ-
ity can affect the quality of refrigerated dough made 
from wheat flour. 

Six varieties of hard red spring wheat, grown in 
three locations in Minnesota, USA were evaluated 
to determine the genetic and environmental effects 
on arabinoxylan, xylanase activity and refrigerated 
dough quality. Total arabinoxylan percentages in the 
flours ranged from 0.97 to 1.54 and the arabinose 
to xylose ratios ranged from 0.67-0.82 in the flour. 
Xylanase activity of the flour was measured and 
ranged from 0.20-0.84 mU/g.  An important factor in 
the suitability for refrigerated dough is the syruping 
during storage.  The extent of dough syruping was 
measured over a period of ten days. There was a 
large amount of variability in dough syruping among 
the varieties and locations.  The average dough syr-
uping on day ten ranged from 2.05 to 14.83 percent. 
Despite the significant interaction effect of genotype 
and environment, two varieties, Glenn and Oklee, 
had lower dough syrup formation with greater stabil-
ity across growing locations and storage days than 
other varieties.

Overall, the ability to segregate wheat lines to 
improve refrigerated dough quality in wheat breed-
ing programs and the food industry depends on 
information on genotypic and environment effect on 
dough syruping. The chemical composition of the 
flour showed variability across growing locations as 
well as between varieties. The chemical composi-
tion, including: starch, protein, arabinoxylan and 
xylanase can affect the DDS. These results indicate 
that refrigerated dough quality is affected by complex 
interaction of many flour biochemical components 
rather than a single component. Therefore, further 
research is necessary to determine association of 
multiple flour biochemical components, which include 
protein, starch, and enzymes in addition to arabinox-
ylan and xylanase, with variation of dough syruping 
among growing location and varieties, and difference 
of varieties in stability over growing locations.

Recommended Future Research

At this point, we would like to request extension 
to complete the proposed project. The next step for 
this project will be to analyze the samples for total 
starch content to round out the chemical composition 
analysis. Finally, we will be compiling and analyzing 
all data for all tests conducted to determine the statis-
tical significance.

Publications

In preparation

Appendix

See opposite page.
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1 Ada MCIA
2 Albany Trigen
3 Barlow NDSU
4 Bigg Red Westbred
5 Blade Westbred
6 Breaker Westbred
7 Brennan AgriPro
8 Brick SDSU
9 Briggs SDSU
10 Brogan Granite/Briggs Westbred
11 Cromwell Thunder Seed
12 Faller NDSU
13 Freyr AgriPro
14 Glenn NDSU
15 Granger SDSU
16 Hat Trick Trigen
17 Howard NDSU
18 Jenna AgriPro
19 Kelby AgriPro
20 Knudson AgriPro
21 Kuntz AgriPro
22 Marshall 2008 L-2 Increase
23 MN02072-7 MN97695/MN97518 2008 L-2 Increase
24 MN03169-2-062 PARSHALL-1/MN97803-10 2008 F-1 Purification
25 MN03196 Alsen-1//Parshall/MN97665 2008 F-1 Purification
26 MN05141-2 MN99017-6/MN97803-10 2008 F-1 Purification
27 MN05214-3 MN95229-40//RL4970-4/MN95229-40 2008 L-2 Increase
28 MN06018 MN97695-4/ALSEN-1 2008 L-2 Increase
29 MN06028 MN97695-4/MN95229-40 2008 L-2 Increase
30 MN06044 Norm-5/PI350768 2008 L-2 Increase
31 MN06075 MN99017-6/MN97695-LrW 2009 New Zealand rows 1018-1037
32 MN06197 MN99192-10/N97-0100//Alsen-1 2009 New Zealand rows 1224-1243
33 MN06198 MN99192-10/N97-0100//Alsen-1 2008 L-2 Increase
34 Oklee MCIA
35 RB07 MCIA
36 Sabin MN98389/MN97518 MCIA
37 Samson Westbred
38 SD3948 2008 AY1
39 Steele-ND NDSU
40 Tom MN
41 Traverse SDSU
42 Vantage Westbred

List of the genotypes that have been used in this study.


