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Research Questions

Fusarium head blight (FHB) is a major fungal disease af-
fecting several gramineous hosts, including wheat (Triticum 
aestivum L.). Hard Red Spring (HRS) wheat of the Northern 
Great Plains of the United States and Western Provinces 
of Canada are susceptible to scab, especially in years that 
have wetter than average growing seasons. 

FHB infection often results in the production of several 
trichothecene mycotoxins including deoxynivalenol (DON) 
and nivalenol (NIV), as well as, zearalenone (ZEA) and 
moniliformin (MON), all of which have a range of toxicity 
to animals. DON is the most common mycotoxin produced 
by Fusarium. Plants are able to “detoxify” mycotoxins such 
as DON by chemically modifying and/or including them in 
the plant matrix. These modified versions of the toxins are 
called “bound mycotoxins”, also known as masked deoxyni-
valenol. One of the most common forms of bound DON is 
DON- 3- glucoside. In this form, a glucose molecule has 
been attached to the DON molecule at carbon 3. Recent 
studies have shown that masked DON in wheat is a cause 
for concern, and escapes detection by routine analytical 
methods. The evidence that suggests masked DON may 
be released into the free form under some food process-
ing conditions, through enzymolysis in dough processing 
or in digestion, raises concerns that the potential toxicity of 
samples is being under estimated. 

This research is aimed at: 1) determining the preva-
lence of bound DON in commercial samples of wheat and 
2) determining bound DON and native DON in Fusarium 
graminearum infected wheat samples IN 2011 HRS wheat 
survey samples.

Results

The analysis completed on the 2011 crop year HRS 
wheat Crop Survey samples show a wide range of DON 
and bound DON levels in the four state HRS wheat grow-
ing region. Determination of free DON by GC-ECD shows 
little or no free DON in Montana, while Northwestern North 
Dakota averaged 4.39 ppm free DON (Figure 1). In 2011 
the growing conditions were much wetter than average and 
the environment was ideal for FHB infection. The regions 
ND-A, ND-B and ND-F were particularly wet in 2011 and 
so have increased incidence of FHB and DON.  Figure 2 
shows the average level of DON (ppm) measured by LC-
QTOF in each of the Crop Survey regions. This data is very 
similar to what was measured using the GC-ECD, with 
Montana having no/very little DON and Northwest North 
Dakota having the highest average DON (4.86 ppm). 
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The bound DON was measured only by LC-QTOF, since 
it is not derivatized and/or detected by the GC-ECD meth-
od. The average levels of bound DON for each region are 
shown in Figure 3. The level of bound DON was very low for 
the most part and was not detected in wheat samples that 
did not have any detectable DON. ND-F and ND-A had the 
highest levels of bound DON, having averages of 0.38 ppm 
and 0.36 ppm, respectively. 

The maximum, average and minimum DON (measured 
by GC-ECD and LC-QTOF) and bound DON are shown in 
Figures 4-6. The sample with the highest DON was mea-
sured at around 30 ppm by GC-ECD and at around 40 ppm 
by LC-QTOF and was grown in North Dakota region B. 
Overall, Montana had very low DON and the highest level 
was measured at about 0.8 ppm (by both GC-ECD and 
LC-QTOF) in Montana C. The highest DON measured in 
South Dakota was around 10-15 ppm and the highest level 
of DON measured in Minnesota was around 8 ppm. The 
bound DON was found at the highest levels in North Dakota 
and Minnesota, where the highest DON was also found. 
The highest level of bound DON was measured at 3.8 ppm 
from a sample grown in ND-B.

The results for DON measured by GC-ECD and LC-QTOF 
are very similar to each other and show a high correlation. 
The correlation of results determined by the two methods 
was calculated as R2 = 0.94 (shown in Figure 7). 

Application/Use

  There is a very limited research on analysis of masked 
DON in HRS wheat in our region. The proposed research 
is the first of its kind in linking the masked DON level in 
FHB-infected HRS wheat and the quality defects in wheat 
kernels and end-products. As such, the research results will 
be helpful in quantifying the extent of FHB damage to wheat 
quality and hence its marketability. Thus, our research re-
sults will be directly helpful to wheat growers and wheat 
processors in both understanding the actual impact of FHB 
in terms of the severity of the damage and its direct eco-
nomic consequence. Furthermore, state and federal regu-
latory agencies will be able to use the research results in 
establishing guidelines for both domestic and international 
marketing of the HRS wheat.

Materials and Methods

  Free DON was determined using the procedure of Tacke 
and Casper (1996) with some modifications (Simsek et al 
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2012) to extract and derivatize the DON for analysis by 
GC-ECD, which is available in Dr. Simsek’s laboratories. 
Free DON and bound DON will be determined using a liq-
uid chromatrography – quadrapol-time-of-flight (LC-QTOF) 
system, which is available in Dr. Simsek’s laboratories. The 
extraction of DON and bound DON for LC-QTOF analysis 
will also be done according to the method of Tacke and 
Casper (1996). However, after extraction the samples will 
be directly analyzed with the LC-QTOF, without further 
sample preparation. Samples for objective 1 are to be ob-
tained from a regional wheat quality survey, while those for 
objective 2 will be obtained from the North American Wheat 
Scab Evaluation Nursery (collaboration with Dr. Jim Ander-
son and Mohamed Mergoum).

Economic Benefit to a Typical  
500 Acre Wheat  Enterprise

  According to the Council for Agricultural Science and Tech-
nology the annual cost to the United States because of the 
DON corruption of food crops is $637 million in 2003. In an-
other research, direct losses to wheat producers in United 
States owing to Fusarium Head Blight is approximated as 
about $260 million in a year and total economic losses for 
all small grains in period of 1998-2000 is $ 2.7 billion.

Related Research

  Previously Dr. Simsek has published a study on the deter-
mination of DON and bound DON in samples taken during 
milling and baking processing of wheat.

Recommended Future Research

  An extension is requested to complete the sample analysis 
for this research. The initial analysis was postponed due to 
a delay in receiving the equipment needed for analysis. The 
next step for this research is to complete the analysis of the 
samples from the North American Scab Initiative Nursery 
and continue with the analysis of the 2012 HRS wheat Crop 
Survey samples. The samples from the 2011 Crop Survey 
represent samples with a high degree of FHB infection and 
incidence of DON, whereas, the 2012 Crop Survey samples 
represent wheat with low FHB infection. The samples from 
2011 and 2012 will be used to compare the measurement 
of DON and Bound DON in highly infected vs. minimally in-
fected wheat samples. Other future research includes refin-
ing the LC-QTOF method for more sensitive and accurate 
determination of the DON and bound DON.
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APPENDIX  
 

 
Figure 1: Average Deoxynivalenol (ppm) Measured by GC-ECD in Hard Spring Wheat from each Crop Survey 
Region 
 

 
 
Figure 2: Average Deoxynivalenol (ppm) Measured by LC-QTOF in Hard Spring Wheat from each Crop Survey 
Region 

 
 
Figure 3: Average Deoxynivalenol-3-glucoside (ppm) Measured by LC-QTOF in Hard Spring Wheat from each 
Crop Survey Region 
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Figure 4: Maximum, Average and Minimum Deoxynivalenol (ppm) Measured by GC-ECD and LC-LC-QTOF and 
Deoxynivalenol-3-glucoside in Hard Spring Wheat from Minnesota and South Dakota Crop Survey Regions 
 
 

 
Figure 5: Maximum, Average and Minimum Deoxynivalenol (ppm) Measured by GC-ECD and LC-LC-QTOF and 
Deoxynivalenol-3-glucoside in Hard Spring Wheat from Montana Crop Survey Regions 
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Figure 6: Maximum, Average and Minimum Deoxynivalenol (ppm) Measured by GC-ECD and LC-LC-QTOF and 
Deoxynivalenol-3-glucoside in Hard Spring Wheat from North Dakota Crop Survey Regions 
 

 
Figure 7: Correlation Between Deoxynivalenol Measured by GC-ECD and Deoxynivalenol Measured by LC-QTOF
 


