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Evaluation of HRS Wheat Grown in MN for  
Refrigerated Dough Production

Senay Simsek, Department of Plant Sciences, NDSU

Research Question

i) What are the best cultivars to produce refrigerated dough 
with minimum quality concerns?
ii) Which locations from MN are the best to provide Hard 
Red Spring (HRS) wheat that could be used for refrigerated 
dough production?

Proximate Analysis Arabinoxylan Xylanase Activity

Total Starch Protein Flour Whole Wheat Whole Wheat Flour

Location Variety DWB DWB A/X % Total A/X % Total mU/g mU/g

Crookston Faller 76.81 15.14 0.70 1.11 0.76 2.82 2.75 0.51

Glenn 73.00 17.12 0.79 0.97 0.71 3.77 2.73 0.58

Knudson 76.99 14.90 0.71 1.19 0.83 3.14 2.47 0.49

Oklee 57.38 16.66 0.82 1.31 0.81 3.44 1.52 0.84

RB07 58.15 15.86 0.78 1.46 0.81 3.60 1.38 0.54

Traverse 63.59 14.92 0.74 1.14 0.85 3.11 3.76 0.36

Lamberton Faller 62.32 14.93 0.70 1.30 0.80 3.82 1.36 0.33

Glenn 61.14 16.57 0.75 1.28 0.75 3.23 2.14 0.29

Knudson 66.78 14.19 0.80 1.26 0.84 3.35 1.57 0.49

Oklee 59.38 15.29 0.71 1.42 0.72 3.76 1.25 0.53

RB07 64.72 15.95 0.80 1.14 0.81 3.75 1.30 0.20

Traverse 56.24 13.19 0.75 1.50 0.83 3.94 1.98 0.22

Morris Faller 74.71 13.40 0.67 1.46 0.76 3.44 2.43 0.44

Glenn 60.78 14.71 0.82 1.13 0.74 2.96 3.01 0.45

Knudson 65.57 13.34 0.70 1.14 0.77 3.61 2.30 0.61

Oklee 62.94 14.65 0.78 1.03 0.72 3.50 2.01 0.43

RB07 74.01 14.74 0.72 1.23 0.76 3.46 1.35 0.34

Traverse 74.46 13.00 0.77 1.54 0.77 3.57 2.57 0.21

LSD 2.22 0.57 0.14 0.38 0.07 0.50 0.49 0.09

Results
 
Table 1 shows the results of the proximate analysis, ara-
binoxylan structure and xylanase activity over the three 
locations for six HRS wheat varieties.

Table 1. Proximate analysis, arabinoxylan structure and xylanase activity of Hard Red Spring (HRS) Wheat varieties 
grown in MN.

A=Arabinose, X=Xylose, DWB

Dough syruping % values according to storage day were 
shown for each variety across growing locations in Table 
2.  The increase of dough syruping during storage was also 
shown as difference between dough syruping % at day 
10 and day 0.  Data in Table 2 indicated that variety and 
dough storage days had strong cross over interactions. For 
example, variety Faller showed lower dough syruping than 
RB07 at day 0 among Crookston samples but it showed 
much higher dough syruping than RB07 at day 10 (Table 
2).  While Traverse grown at Lamberton showed lower 
dough syruping % values at day 0, 3, and 7 than other 
varieties except for Oklee it showed higher dough syruping 
values than other varieties at day 10. Variety and locations 
also showed severe cross over interactions for all dough 
syruping % values.  For example, Traverse showed the 

lowest dough syruping % values at day 0 among flours pro-
duced in Lambert but it showed the highest values among 
varieties grown at Crookston (Table 2).  Analysis of vari-
ance also indicated very significant (P<0.001) interaction of 
variety and growing location (Table 3).  These cross over 
interactions are not desirable for the selection of varieties 
since breeders need to test varieties grown across many 
locations.
   Mean values of varieties over storage days were shown 
in Fig. 1 for three growing locations.  As indicated in the 
figure, growing locations affected significantly variations in 
dough syruping.  Wheat flours produced at Lamberton 
showed significantly lower dough syruping than flours 
produced at Crookston and Morris while flours from 
Morris showed higher dough syruping % values than 
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other locations except for Faller.  Analysis of vari-
ance also indicated that the effect of location had sig-
nificant (P<0.001) effect on dough syruping despite 
the severe cross over interaction effects (Table 3).  
These results confirmed that growing environments 
significantly affected variation of dough syruping 
%.    Specifically, the bars shown in Fig. 1 represent 
standard error values calculated from dough syruping 
% values of storage days.  Thus, the standard error 
values represent stability of dough syruping during 
dough refrigeration storage and the higher standard 
error indicates the lower stability of variety over stor-
age.  Oklee and Glenn showed lower standard error 
values than other varieties grown at Crookston and 

Lamberton.  RB07 showed lower standard error val-
ues than other varieties at Crookston but higher stan-
dard error values at Lamberton than other varieties.  
Varieties from Morris did not show large difference of 
standard error values as observed for other locations.

These results also suggested that dough syruping 
was significantly affected by three way interaction 
effect of storage day, location, and variety as shown 
by analysis of variance (Table 3).  Despite those 
interactions, Oklee and Glenn generally showed con-
sistently low mean dough syruping % and standard 
error values than other varieties.  This result indi-
cated that Oklee and Glenn had greater stability 
over refrigeration storage regardless of growing 
locations. 

Day 0 Day 3 Day 7 Day 10 Day10-Day 0

Location Variety % DS % DS % DS % DS % DS

Crookston Faller 1.84 2.59 3.16 10.32 8.49

Glenn 1.21 1.45 2.39 3.05 1.84

Knudson 2.72 2.80 3.32 6.58 3.86

Oklee 1.07 1.49 1.57 3.46 2.39

RB07 3.05 3.98 3.79 4.40 1.35

Traverse 6.35 7.83 8.05 14.83 8.48

Lamberton Faller 2.90 3.16 5.53 6.73 3.83

Glenn 1.04 1.56 2.33 3.15 2.11

Knudson 1.77 2.73 4.18 5.50 3.74

Oklee 0.55 0.67 0.50 2.05 1.50

RB07 2.40 2.43 7.33 8.23 5.83

Traverse 0.82 1.01 1.53 6.67 5.85

Morris Faller 1.33 1.88 2.74 2.80 1.47

Glenn 2.09 3.42 4.69 4.66 2.57

Knudson 7.21 6.71 7.38 6.76 -0.45

Oklee 1.18 1.95 2.62 3.31 2.13

RB07 10.31 10.21 11.85 13.50 3.19

Traverse 9.82 10.79 11.04 11.79 1.98

LSD 0.76 0.55 0.62 1.99 2.39

LSD: least significant difference at P<0.05.

Table 2.  Dough Syruping % according to storage days.

Source DF Mean Square F Value

Day 3 78.2 252.7

Location 2 121.4 612.4

Day*Location 6 6.5 32.8

Variety 5 127.9 408.8

Day*Variety 15 3.3 10.5

Location*Variety 10 45.2 144.4

Day*Location 6 6.5 20.8

Day*Variety 15 3.3 10.5

Day*Location*Variety 30 2.5 8.1

F values were signicant at P<0.001.

Table 3. Analysis of variance for dough syruping % values.
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The stability of Oklee and Glenn was also exhibited 
in Fig. 2.   Fig. 2 shows mean % and standard error 
values of dough syruping of variety that were calcu-
lated using means of variety in a location for each 
storage day.  Oklee and Glenn showed lower mean 
and standard error values across all the storage days, 
indicating they had greater stability across growing lo-
cations as well as refrigeration storage.  On the other 
hand, RB07 and Traverse showed higher mean dough 
syruping % and standard error values than other 
varieties across all the locations.  Fig. 3 shows mean 
and standard error values of degree of dough syrup-
ing (DDS).  DDS indicated increase of dough syruping 
during refrigeration storage. Oklee and Glenn also 
showed lower mean and standard error values than 
other varieties, indicating that they showed smaller 
increase of dough syruping regardless of growing 
locations.   
   The greater stability of Oklee and Glenn over 
other varieties was also indicated by stability sta-
tistic estimates including ecovalence (Wricke 1962) 

and stability variance (Shukla 1972) (Table 4).  The 
lower values of those stability estimates indicate 
the greater stability of a variety over growing loca-
tions. Oklee and Glenn consistently showed lower 
estimates than other varieties across all storage 
days, indicating that they had greater stability over 
growing locations than Faller, RB07, and Traverse.  
Although Knudson showed higher standard error 
values (Fig. 2) than Oklee and Glenn, ecovalence 
and stability variance values indicated that it also had 
a greater stability than Faller, RB07, and Traverse.  
Mean centered values in a location were used for the 
calculation of the ecovalence and stability variance 
values, which measure deviation of response of a 
variety to environments from the mean response of 
total varieties (Kang 2003).  Knudson showed lower 
ecovalence and stability variance values since its 
response to growing locations were more parallel to 
mean response of all the varieties than other variet-
ies in this experiment.

Day 0 Day 3 Day 7 Day 10 Day 10 - Day 0

Varieties Wi σi
2 Wi σi

2 Wi σi
2 Wi σi

2 Wi σi
2

Faller 14.3 9.3 13.6 8.9 17.8 11.8 49.1 33.9 12.1 7.9

Glenn 3.7 1.4 2.3 0.4 0.4 -1.3 0.3 -2.7 5.9 3.2

Knudson 2.1 0.2 1.3 -0.3 0.7 -1.0 2.6 -0.9 2.7 0.8

Oklee 5.4 2.7 3.8 1.5 1.9 -0.1 3.5 -0.2 4.1 1.9

RB07 13.0 8.4 9.7 6.0 13.7 8.7 22.8 14.2 15.2 10.2

Traverse 15.9 10.6 21.3 14.7 27.0 18.7 37.0 24.9 7.7 4.6

Wi  ecovalence      σi
2  stability variance
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Table 4.  Stability Statistic Values of Wheat Varieties for Dough Syruping (%) over Growing Locations

Fig 1. Mean values of varieties over storage days for three growing locations.  Error bars represent standard  
error values calculated from dough syruping % values of storage days.
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   The mean performance and stability of varieties for 
dough syruping was further analyzed by GGE biplot 
analysis.  GGE biplot analysis has an advantage that 
genotype main effect and genotype and environment 
interaction effect for a target trait can be simultane-
ously evaluated by a plot (Yan and Tinker 2005).  GGE 
biplots were constructed using standardized values of 
two way data of 6 varieties by 3 locations for all stor-
age days under assumption that every environment is 
equally important in this experiment (Yan and Tinker 
2005) (Fig. 4).   The first and second PCs explained 
more than 90 % of total variations for all storage days 
in this experiment (Fig. 4). This result indicated that 
GGE biplots represented well the standardized values 
of dough syruping data for all storage days.  Average 
environment axis (AEA) is the line that passes through 
the biplot origin and mean values of PC scores of 
growing location as shown Fig. 4.  The corresponding 
point of a variety on AEA indicates mean performance 
of the variety for dough syruping. For example, line A, 
the single arrowed line in Fig. 4 for day 0, points lower 
mean dough syruping across growing locations (Yan 
and Tinker 2006).  Fig. 4 clearly indicates that Oklee 
and Glenn had lower mean dough syruping across 
growing locations for all storage days.  Contrastingly, 
Traverse and RB07 showed consistently higher mean 
dough syruping across locations for all the storage 
days.  The length of a line from AEA to point of a 
variety indicates variability of a variety among growing 
locations (Yan and Tinker 2006).  For example length 
of one arrowed line B in Fig 4 for day 0 indicated vari-
ability of variety Faller across growing locations.  The 
longer length of the line means the poorer stability for 
a variety.  As already shown by ecovalence and stabil-
ity variance values, GGE biplots indicated that Oklee, 
Glenn, and Knudson had greater stability than other 
varieties for all storage days.  

Although Knudson showed high stability across 
growing environments, GGE biplot also indi-
cated that it had higher mean dough syruping 
across growing environments.  A GGE biplot 
was also drawn for DDS (Fig. 5).  The plot also 
indicated that Oklee and Glenn had lower mean 
DDS values with greater stability across growing 
locations.  
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Fig 2. Mean values of varieties over three growing locations for dough syruping %.  Error bars represent standard  
error values calculated from mean dough syruping % values of varieties in a location. 
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Fig 3. Mean values of varieties over three growing locations for difference of dough syruping between day 10  
and day 0.  Error bars represent standard error values calculated from mean difference values of varieties 
in a location.
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Fig. 4. The genotype-by-genotype-by-environment (GGE) bi-plot for dough syruping of refrigeration days.  
AEA=average environment axis

Fig. 5. The genotype-by-genotype-by-en-
vironment (GGE) bi-plot for dough syrup-
ing difference between day 10 and day 0.  
AEA=average environment axis.
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Conclusion

This research was performed to evaluate dough 
syruping during refrigeration storage for hard spring 
wheat flours produced in three locations in Minne-
sota.  Dough syruping showed significant cross over 
interactions between variety, location, and refrigera-
tion day.  Despite the significant interactions, Glenn 
and Oklee showed higher stability across growing 
locations and storage days.  Stability estimates such 
as ecovalence and stability variance values support 
our conclusion. Specifically, GGE biplot analysis 
indicated that Oklee and Glenn had lower dough syr-
uping with higher stability across growing locations 
compare to other varieties.  GGE biplot indicated that 
Knudson also showed stable performance across lo-
cations, but it showed greater mean dough syruping 
than Oklee and Glenn across locations.  GGE biplots 
also indicated that RB07 and Traverse had higher 
dough syruping and variability across locations than 
other varieties.  These results suggest that i)HRS 
wheat varieties, which have great stability over grow-
ing locations and refrigeration could be developed 
despite the significant genotype and environment 
interaction effect; 2) Glenn and Oklee are the two 
best varieties for refrigerated dough production; iii) 
Lamberton is the best location to produce HRS wheat 
for production of refrigerated dough.    

 
Application and Use

Refrigerated dough is more than a $1.6 billion 
industry in the USA. It is one of the fastest growing 
segments of the grain-based industry, both domesti-
cally and internationally, due to its ease of use and 
capacity to keep freshness during extended periods 
of refrigerated storage. Currently, HRS wheat is NOT 
used for the production of refrigerated dough in the 
food industry because of “dough syruping problem” 
during storage (personal communications, Dave 
Katzke, General Mills). Dough syruping problem has 
been linked to xylanase activity and arabinoxylan 
chemistry in wheat. Therefore, results of this study 
are going to be very useful for end-users to buy 
wheat from certain locations or even particular variety 
to produce refrigerated dough with superior quality. 

Materials and Methods
Materials: Flours and whole ground wheat was 

obtained from USDA-ARS HRS and Durum Wheat 
Quality Laboratory at NDSU, Fargo, ND.  Megazyme 
kits for total starch and Xylanase activity analysis 
were obtained from Megazyme International Ireland 
Ltd., Wicklow, Ireland.

Proximate analysis: The flours were analyzed for 
moisture and protein according to Approved Methods 
44-15A and 46-30 (AACC 2000).  Total starch analy-
sis was completed using the Megazyme total starch 
kit (Megazyme International Ireland Ltd., Wicklow, 
Ireland) according to Approved Method 76-13 (AACC 
2000).

Total arabinoxylan and arabinose to xylose ratio: 
Arabinose and xylose content of the flour and whole 
wheat was determined by preparation of alditol ace-
tates then analysis by GC on a HP5890 Series II with 
FID detector.  A supelco SP™-2380 column (Supelco 
Bellefonte, PA) was used.  The alditol acetates were 
prepared by the method of Blakeney et al. with some 
modifications.  Sugars were hydrolyzed from the flour 
with 2M TFA while being heated at 121°C for 1 hr., 
and myo-Inositol was added as an internal standard.  
This was evaporated under nitrogen followed by the 
addition of Ammonium hydroxide and Sodium boro-
hydride in DMSO.  The reduced monosaccharides 
were acetylated by the addition of 1-methylamizizol 
and Acetic anhydride.  The acetates were extracted 
with dichloromethane which was removed and evap-
orated.  The acetylated sugars were then dissolved in 
1ml of acetone and analyzed with the GC.  Total 
arabinoxylan was calculated by addition of the total 
arabinose and xylose determined by GC analysis.  
The arabinose to xylose ratio was calculated by divid-
ing the total arabinose by total xylose as determined 
by GC analysis.

Xylanase activity: The Xylanase activity of the flour 
and whole wheat was determined using the Mega-
zyme Xylanase assay kit ((Megazyme International 
Ireland Ltd., Wicklow, Ireland).  A liquid extract was 
obtained from the flour and whole wheat by shaking 
with sodium acetate buffer for one hour.  The extract 
was added to four test tubes to which the assay 
tablets were added and incubated overnight as to the 
Megazyme procedure.  The extract was read against 
a blank at the absorbance of 630nm on a Multiscan 
Ascent microplate reader (Thermo Electron Co., 
Vantaa, Finland).  The percent Xylanase activity was 
determined by calculating the absorbance against a 
standard curve.

Dough syruping: The percent of syrup formation 
was calculated by measuring the amount of liquid ex-
uded from the dough after centrifugation and dividing 
it by the total dough weight.  Samples of the dough 
(4g) were stored in centrifuge tubes for ten days 
and centrifuged on day 0, 3, 7, and 10.  The sample 
was weighed and the liquid was removed with a 
pipette and the tube was gently dried with a tissue.  

76



2  0  0  8   R  E  S  E  A  R  C  H   R  E  P  O  R  T  S

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

Nationally and internationally, hard red spring 
wheat has a reputation for being one of the premium 
quality wheat classes, often fetching a higher value 
for the producers.  It is because of its ability to be 
used as a blending or “improver” wheat for other 
types of wheat, and for the production of specialty 
wheat products like multi-grain breads, bagels, pizza 
crusts, frozen dough, etc. that customers are willing 
to pay a premium in the market.  

As competition increases, MN wheat needs to con-
tinually find ways to maintain and improve its share in 
the market.  One area that appears to have potential 
for significant growth in the near future, both in the 
U.S. and internationally is use in refrigerated dough. 
The reasons why hard red spring wheat is not widely 
used in this particular wheat product application cur-
rently, and why there is a need to conduct research 
to hopefully isolate varieties or locations that have 
minimal to zero problems with syrupy dough were 
explained above. The research may also prove useful 
in helping customers overcome this limitation with the 
current hard red spring wheat crop.  There are many 
other benefits customers could derive from hard red 
spring wheat in refrigerated dough products, but at 
the present time, the adverse risk from dough syrup-

ing problems on product quality is too great. 

Additionally, results will help the UMN wheat breed-
ing program, consequently for the Minnesota wheat 
producers, to develop wheat varieties that have 
target pentosan content and xylanase activity. Since 
the water-soluble pentosan fraction is under genetic 
control, the potential exists for new varieties with 
targeted water-soluble pentosans that have better 
end-use functionality. 

As a summary, this data will help to expand the 
market for HRS wheat grown in MN.

Related Research

What is dough syruping?
Refrigerated dough quality during storage is very 
critical. Under some conditions, liquid can separate 
from the dough and form syrup that can leak out of 
the package (see picture left). This phenomenon 
is called “dough syruping” and is unacceptable for 
the consumers (Courtin et al., 2006). Studies have 
shown that this problem is linked to the pentosan 
(arabinoxylans) population of the flour (Gys et al., 
2003). To prevent dough syruping, the food industry 
is very careful about what kind of flour is used. HRS 
wheat flour is not used for refrigerated dough produc-
tion, and currently industry is using other classes of 
flours. However, there is a demand to investigate the 
performance of HRS wheat flour for production of 
refrigerated dough since it has superior flour quality 
and baking characteristics.

How pentosans related to refrigerated dough  
quality?

Pentosans have high water holding capacity, which 
can impact the end-use quality of food products 
produced with wheat through modification of water 
relations. Pentosans are functionally divided into the 
classes of water-soluble and insoluble. Insoluble pen-
tosans are associated with cell wall structure, while 
soluble pentosans have been shown to affect flour 
end-use quality. Wheat and rye pentosans are impor-
tant functional ingredients in baked products affecting 
water binding, rheology and starch retrogradation. 
They also protect the gas retention in dough due to 
the viscous influence on gluten-starch films. Water 
holding capacity of pentosans was shown by many 
researchers with different methods. One of the major 
studies was done at NDSU, in which researches tried 
to determine the water holding capacity by measuring 
changes in the farinograph dough consistency after 
addition of water extractable or water unextractable 
pentosans to flour. When pentosans are added to the 

The tubes were re-weighed and the difference was 
calculated to be the amount of syruping liquid (Gys et 
al 2003).
 

Statistical analysis:  Statistical analyses were per-
formed using SAS System for Windows (V. 9.1, SAS 
Institute, Cary, NC).  Analysis of variance was per-
formed using GLM procedure.  Dough syruping data 
was analyzed by split-split-plot-design considering 
storage day as a main plot factor, growing location as 
a subplot factor and variety as a sub-sub plot factor.  
All factors were considered as fixed in analysis of 
variance.  Stability of wheat variety across growing 
locations was estimated by calculating ecovalence 
(Wi) (Wricke 1962) and stability variance (Shukla 
1972) values using a SAS program coded by Kang 
(2003).  The genotype-by-genotype-by-environment 
(GGE) bi-plot analysis was performed as described 
by Yan and Tinker (2005, 2006).  The variety x loca-
tion two way data of dough syruping was standard-
ized and was decomposed into principal components 
(PC), using singular value decomposition and the 
biplot was drawn using the first two PCs.  Singular 
value decomposition and calculation of PC scores of 
variety and location were performed using SAS (Ver-
sion 9.1, SAS Institute Inc., Cary, NC). 
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which results in a higher consistency of the dough. 
Based on this method, researchers determined 
that pentosans can hold water up to 9 times of their 
weight in water (Kim et., 1977).

What effects the pentosan production in wheat? 
Previous studies with soft wheat showed that the 

concentration of water-soluble class of pentosans 
in wheat is mainly determined genetically, while the 
growing environment had a relatively minor influence. 
It was further demonstrated that the water-insoluble 
pentosan fraction is more influenced by the growing 
environment (Finnie et al., 2006).

One of the objectives of the proposed research is 
to delineate the influence of HRS wheat variety and 
growing environment on variation in water-soluble, 
water-insoluble and total pentosan contents of flour, 
which has significant effect on flour quality in relation 
to refrigerated dough production.

What happens during refrigeration storage?
Xylanases (enzymes), naturally present in the 

wheat, break down the pentosans. Then, water 
holding capacity of dough decreases and dark syrup 
forms. Additional to pentosan population, the nature 
and activity of the enzyme in the flour is very critical 
to prevent dough syruping. The enzyme activity in the 
flour might be genetically controlled or environment-
dependent for HRS wheat since previous studies 
showed location dependent enzyme activity changes 
(Rodrigez-Kabana et al., 1982, preliminary studies of 
Dr. Simsek). For that reason, determination of xyla-
nase activity along with pentosan population studies 
will be performed.
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Recommended Future Research

Current data represents the results from 1 year 
trial. It would be very useful if the research can be 
replicated 1 or 2 more year using the same loca-
tions and varieties.Even though current publish data 
suggests that dough syruping and refrigerated dough 
quality is linked to arabinoxylans and xylanase activ-
ity, further research is still needed to investigate the 
changes in protein composition in refrigerated dough 
during storage.

Publications
We plan to submit the results of the research as 

an abstract; Senay Simsek, Jim Anderson, Jae-Bom 
Ohm, Mohamed Mergoum. “Evaluation of Hard Red 
Spring Wheat Grown in MN for Refrigerated Dough 
Production”. American Association Cereal Chem-
ists-International, Annual Meeting, September 13-16, 
2009, Baltimore, Maryland, USA.

We also plan to submit the results as a manuscript 
to “Journal of Food Science”.
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