2007 Selenium Assayed Report
Padu Krishnan
A second year of CPT samples were analyzed for Se using the officially accepted procedure. Detailed Se levels in all samples assayed are provided in the appendix.  

Inclusion of high soil selenium growing locations in 2006 increased Se levels in wheat.  The range of Se in HRW and HRS wheat were 0.4 ppm to 1.9 ppm and 0.4 ppm  to 1.94 ppm, respectively.  Kennebec, Selby, and Winner were growing locations that showed the highest wheat Se levels (in that order). A moderate to high grain Se level has been described by Australian agronomists as wheat having selenium concentration in excess of 1 milligram per kilogram of wheat. This level is easily achieved with the Kennebec and Selby growing locations  (tables 2a, 2b).  No cultivar effect was observed in either class of wheat from the 2005 and 2006growing years.  

Table 1a
2006 Growing Year (N=187)
Winter Wheat:  Location: 4; Variety: 8 and Reps: 4. = 128

	               Location

Variety
	Kennebec
	Wall
	Winner
	Brks

	Arapahoe
	1.91
	0.58
	0.85
	0.43

	Expedition
	1.30
	0.63
	0.69
	0.42

	Harding
	1.83
	0.61
	0.95
	0.47

	Nekota
	1.75
	0.58
	0.85
	0.40

	SD98102
	1.34
	0.58
	0.75
	0.53

	Trego
	1.18
	0.51
	0.74
	0.48

	Wendy
	1.02
	0.57
	0.66
	0.59

	SD97W609
	1.28
	0.55
	0.72
	0.52


Note: Each location and variety had 4 reps. Units are in ppm of Selenium (db).

Spring Wheat:

Location: 2; Variety: 10 and Reps: 3. = 59

Table: 1b
	               Location

Variety
	Selby
	Brks

	Briggs
	1.45
	0.46

	Granger
	1.58
	0.48

	Knudson
	1.18
	0.51

	Oxen
	1.64
	0.38

	Reeder
	1.37
	0.48

	Russ
	1.37
	0.36

	SD3851
	1.38
	0.47

	SD3868
	1.32
	0.47

	Steele-ND
	1.49
	0.48

	Walworth
	1.94
	0.48


Table 2a.  Growing Location Effect for Winter Wheat 2006
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K=Kennebec

WI= Winner

WL=Wall

BW=Brookings

Table 2b.  Growing Location Effect for Spring Wheat 2006
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SS = Selby

BS= Brookings

Processing of grain for Se fractionation

While growing location remains the singular determining factor in the production of high selenium products, processing variables were also investigated to determine if conventional physical separations achieved comparable results with high, medium and low selenium samples.  The predictability of the pattern of distribution of selenium within mill fractions was investigated using a variety of separation techniques including a Quadrumat Junior flour mill, a Scarifier, and a Wheat Pearler.  Controlled removal of bran and aleurone layers by abrasion treatments yielded multiple streams that were measured for selenium and other constituents.

Milling of 2005 and 2006 composite samples showed that flour yield was 64 to 67% using a standardized AACC method for experimental milling.  The two composite samples showed that flour produced from roller milling retained 58.1% of the selenium originally found in the grain.  The remaining selenium was found in the bran fraction.
Table 3
High-Se Milled Composite Sample analysis of 2005 and 2006

	Year 2005
	Fraction Wt 
	Yield %
	Se (db)
	Total Se (db)
	Yield %

	 
	(gms) 
	Of mass
	ug/g
	ug
	of Se

	Flour
	143.66
	67.0
	1.10
	158.18
	58.1

	Bran
	61.33
	28.6
	1.58
	96.83
	35.6

	Loss
	9.43
	4.4
	 
	17.30
	6.4

	Tempered Wheat
	214.42
	 
	1.27
	272.31
	


	Year 2006
	Wt 
	Yield %
	Se (db)
	Total Se (db)
	Yield %

	 
	(gms) 
	Of mass
	ug/g
	ug
	of Se

	Flour
	135.2
	64.4
	1.36
	184.34
	58.1

	Bran
	71.3
	33.9
	1.86
	132.82
	41.8

	Loss
	3.6
	1.7
	 
	0.22
	0.1

	Tempered Wheat
	210.00
	 
	1.51
	317.37
	


Scarification is a process whereby small quantities of wheat (100grams) are moved by metal paddles within a confined chamber.  The wall of the chamber is lined with 40 grit coarse sand paper.  The motor is operated at specific periods (15-45 second) and wheat polishings are recovered after sifting material through a #14 sieve after each operation. 
Scarification :

Table 4.  Concentration of Se in ppm in whole grain and 5 scarification fractions
	Sample
	1 fraction 
	2 fraction
	3 fraction
	4 fraction
	Remaining
fraction
	Whole Grain Se 
(wbs)

	Hi-Se
	2.66
	2.44
	2.22
	2.19
	1.77
	2.58

	Med-Se
	1.12
	0.97
	0.87
	0.84
	0.65
	0.75

	Low-Se
	0.72
	0.64
	0.56
	0.56
	0.40
	0.53


*Units are in ppm, As Is, Hi = High, Med = Medium and Se = Selenium.

  Figure 1.  Selenium distribution in Scarified Fractions Expressed as a Percentage of Grain Selenium Content
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Table 4 provides the concentration of selenium, in parts per million, determined in each of the scarification fractions.  Figure 1 shows the selenium distribution of each fraction as a percentage of the whole.  The scarifier showed a predictable distribution of grain materials in the various fractions.   Abraded wheat that remained after scarification ranged from 58% to 60% of the starting material.  Polished fractions (fractions 1 through 4) were similar when high, medium and low selenium wheats were compared.  Definitions of hi (2.58 ppm), medium (0.75 ppm) and low (0.53) were arbitrarily set for the purpose of this experiment.
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Figure 2. Concentration of selenium in scarified fractions in Hi, Medium, and low Se wheat
A concentration gradient for selenium is noted within the grain as seen in Figure 2.  This concentration gradient is not as steep as one would expect with other mineral elements.  When Selenium concentration in the fraction was related to fraction number, strong  correlation coefficients were found. High R2 squares noted in Se concentration versus fraction number as seen in the figure indicating a linear relationship between Se concentration and degree of bran separation. 
Pearling of Wheat.

Pearling of wheat using a laboratory pearler equipped with a carborandum wheel yielded a significantly different pattern of Se distribution in contrast to scarification (Table 5).  Flour remaining after selective removal of upper kernel material showed 79% to 83 % retention of the original grain selenium.  Comparisons between pearling and scarification techniques are provided in table 6. In pearling each of the 4 fractions yielded equal amount of selenium (approximately 4 % of whole grain Se).  The remaining portion of the kernel which represented an average of 69% of the kernel, contained an average of 81.8 % of the grain selenium.  This information is of significance in production of high selenium flours that are also high in milling yield.  Pearling accomplished in 4 fractions, removal of only 20 percent of the kernel and retained 81.8 percent of the grain selenium in the endosperm.  Scarification, on the other hand, removed 40% of the kernel and left approximately 48.6 % of grain selenium in the un-abraded material. Based on these findings, we estimate that an 80% flour milling yield will retain 80% of Se. 
Pearling of Wheat :

Table 5.  Concentration of Se in ppm in whole grain and 5 Pearling fractions

	Sample
	1 fraction 
	2 fraction
	3 fraction
	4 fraction
	Remaining fraction
	Whole Se   (wbs)

	Hi-Se
	1.74
	2.25
	2.36
	2.20
	2.02
	2.58

	Med-Se
	0.94
	1.00
	0.89
	0.87
	0.79
	0.75

	Low-Se
	0.59
	0.66
	0.56
	0.55
	0.47
	0.53


Table 6.  Comparison of Scarification and Pearling in the distribution of Se in wheat fractions. 
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T fiaction 2 13 266 5192 1744 | 4 5 174 69 | 412
2 fraction 112 244 %684 1467 | 3 4 225 675 399
3 fraction 78 22 1554 849 | 3 4 23% 708 418
4 fraction 6 7 213 1314 718 | 4 5 22 88 521
Remaining flour | 54 60 177 9555 5222 | 63 83 202 13338 8249
Total 90 00 1128 18302 100 | 83 100 1057 18357 100
loss 10 7498 17 63.03

Whole wheat | 100 258 258 100 258 258

Med Se Wt () Mass(R)Se ug/y whs Se ug _Se(%) | Wt (y) Mass()Se ug/g (wbs] Se ug _Se()
T fiaction [FRT) 112 1344 1982 [ 3 7 094 283 45
2 fraction 2 097 1163 1715 | 3 4 1 3 A7
3 fraction 6 7 087 523 771 | 3 4 089 206 422
4 fraction 6 7 084 502 741 | 2 3 087 174 277
Remaining flour | 50 58 065 25 4792 | &7 8 073 5266 8374
Total 8 100 447 67816 100 [ 78 100 4485 62889 100
loss

Whole wheat | 100 075 110564 100 075 11995
Low-Se Wt () Mass(R)Se ug/y (whs] Se ug _Se(%) | Wt (y) Mass()Se ug/g (wbs] Se ug _Se()
T fiaction 315 072 53% 2195 | 3 7 059 177 | 454
2 fraction 2 064 768 1801 | 3 4 066 199 | 509
3 fraction 6 7 05 33 784 | 3 4 05 167 429
4 fraction 5 8 05 281 B8 | 5 6 055 275 705
Remaining flour | 49 58 04 184 4551 | 85 82 047 3081 79.02
Total 8 10 288 283 100 | 79 1m0 283 3 100
loss

Whole wheat | 100 0.53 6823 100 053 7472

Avg. of

Remaining flou] 51 59 094 4916 4855 | 67 84 109 7428 8175





Ave. Percentage of grain selenium remaining in wheat after Scarification = 48.6%

Ave. Percentage of grain selenium remaining in wheat after Pearling = 81.8%


Speciation of Selenium
Speciation of Selnomethionine is progressing well.  We are using the procedure described by Wolf and coworkers.  Essentially, wheat samples are digested in nitric acid and hydrochloric acid followed by reacting with cyanogen bromide.  The resultant volatile selonoprotein is then separated on a gas chromatographic column and measured by a single quadrupole mass selective detector (aQa Finnigan).  An NIST standard wheat sample is used as a reference material.  We know from the literature that 45% of the selenium in wheat is associated as selenomethionine.   Various fractions of the wheat will be analyzed to determine if this relationship is consisted throughout the grain.
1. Wolf WR, Zainal H, and Yager B. Selenomethionine content of candidate reference materials. Fresenius' J Anal Chem 2001; 370: 286-290.
2. Wolf WR and Zainal H. Methylseleno-amino acid content of food materials by stable isotope dilution mass spectrometry. Food and Nutrition Bulletin 2002; 23(3): 120-123.
3. Wolf WR and Goldschmidt RJ. Selenomethionine contents of NIST wheat reference materials. Anal Chem 2004; 378: 1175-1181.
 

Phenolic Content and Antioxidant Activity were also measured in fractionated high selenium wheat.  Appendix B provides some interesting comparisons about the phenolics and  antioxidant functionality .

Conclusion:


Knowing the variability of selenium in the traditional growing locations and also of the distribution of selenium within the wheat kernel, we now turn our focus to the high selenium wheat found in select parts of SD.  We anticipate that our work is applicable to high selenium wheats as well.  (>8 ppm Se).  Several varieties grown in Lyman County will be available in sufficient quantities for product development efforts.  We express our gratitude to the SD Wheat Commission for funding of this interesting project.   Our goal is to produce high selenium wheat of predictable Se content as well as to develop high value fractions that can be used to fortify other wheat-based foods.

Winter Wheat: 128 

Table: 2
	        Loc.                      

Variety
	Kennebec (S.No)
	Kennebec (Se)
	Wall (S.No)
	Wall

 (Se)
	Winner (S.No)
	Winner (Se)
	Brks/W (S.No)
	Brks/W (Se)

	Arapahoe
	06-001
	2.68
	06-033
	0.51
	06-065
	0.98
	06-097
	0.39

	Arapahoe
	06-002
	2.73
	06-042
	0.59
	06-066
	0.71
	06-098
	0.49

	Arapahoe
	06-003
	1.00
	06-051
	0.63
	06-067
	0.91
	06-099
	0.43

	Arapahoe
	06-004
	1.23
	06-063
	0.60
	06-068
	0.81
	06-100
	0.42

	Expedition
	06-005
	2.16
	06-034
	0.69
	06-069
	0.85
	06-101
	0.47

	Expedition
	06-006
	1.42
	06-046
	0.64
	06-070
	0.60
	06-102
	0.41

	Expedition
	06-007
	0.84
	06-052
	0.55
	06-071
	0.68
	06-103
	0.29

	Expedition
	06-008
	0.78
	06-059
	0.66
	06-072
	0.61
	06-104
	0.50

	Harding
	06-009
	2.87
	06-035
	0.51
	06-073
	1.01
	06-105
	0.47

	Harding
	06-010
	2.26
	06-041
	0.73
	06-074
	1.03
	06-106
	0.47

	Harding
	06-011
	1.07
	06-053
	0.66
	06-075
	0.74
	06-107
	0.42

	Harding
	06-012
	1.13
	06-060
	0.54
	06-076
	1.02
	06-108
	0.54

	Nekota
	06-013
	2.90
	06-036
	0.68
	06-077
	1.03
	06-109
	0.47

	Nekota
	06-014
	2.03
	06-047
	0.66
	06-078
	0.64
	06-110
	0.47

	Nekota
	06-015
	1.06
	06-049
	0.49
	06-079
	1.01
	06-111
	0.34

	Nekota
	06-016
	1.02
	06-061
	0.51
	06-080
	0.73
	06-112
	0.33

	SD98102
	06-017
	2.01
	06-040
	0.55
	06-081
	0.62
	06-113
	0.61

	SD98102
	06-018
	1.42
	06-045
	0.65
	06-082
	0.72
	06-114
	0.58

	SD98102
	06-019
	1.17
	06-055
	0.65
	06-083
	0.86
	06-115
	0.38

	SD98102
	06-020
	0.78
	06-062
	0.36
	06-084
	0.79
	06-116
	0.57

	Trego
	06-021
	1.94
	06-037
	0.65
	06-085
	0.69
	06-117
	0.64

	Trego
	06-022
	0.96
	06-048
	0.44
	06-086
	0.63
	06-118
	0.51

	Trego
	06-023
	0.99
	06-050
	0.69
	06-087
	0.82
	06-119
	0.34

	Trego
	06-024
	0.83
	06-058
	0.53
	06-088
	0.80
	06-120
	0.42

	Wendy
	06-025
	1.58
	06-038
	0.55
	06-089
	0.52
	06-121
	0.72

	Wendy
	06-026
	0.82
	06-044
	0.60
	06-090
	0.59
	06-122
	0.58

	Wendy
	06-027
	0.89
	06-056
	0.47
	06-091
	0.75
	06-123
	0.44

	Wendy
	06-028
	0.80
	06-057
	0.40
	06-092
	0.78
	06-124
	0.62

	SD97W609
	06-029
	1.41
	06-039
	0.48
	06-093
	0.62
	06-125
	0.71

	SD97W609
	06-030
	1.51
	06-043
	0.56
	06-094
	0.66
	06-126
	0.49

	SD97W609
	06-031
	1.23
	06-054
	0.63
	06-095
	0.85
	06-127
	0.41

	SD97W609
	06-032
	0.95
	06-064
	0.60
	06-096
	0.77
	06-128
	0.47


Note: Units are in ppm of Se in dbs.

Spring Wheat: 59 

Table: 2
	        Loc.         

Variety
	 Selby/S (S.No)
	Selby/S (Se)
	 Brks/S

(S.No)
	Brks/S (Se)

	Russ
	06-S1
	2.12
	06-S31
	0.30

	Russ
	06-S2
	1.31
	06-S32
	0.34

	Russ
	06-S3
	0.67
	06-S33
	0.43

	Oxen
	06-S4
	2.13
	06-S34
	0.40

	Oxen
	06-S5
	1.32
	06-S35
	0.15

	Oxen
	06-S6
	1.48
	06-S36
	0.61

	Walworth
	06-S7
	2.16
	06-S37
	0.39

	Walworth
	06-S8
	0.93
	06-S38
	0.61

	Walworth
	06-S9
	2.73
	06-S39
	0.45

	Briggs
	06-S10
	1.79
	06-S40
	0.39

	Briggs
	06-S11
	1.59
	06-S41
	0.53

	Briggs
	06-S12
	0.97
	06-S42
	0.46

	Granger
	06-S13
	1.48
	06-S43
	0.43

	Granger
	06-S14
	1.73
	06-S44
	0.65

	Granger
	06-S15
	1.54
	06-S45
	0.37

	Reeder
	06-S16
	1.47
	06-S46
	0.50

	Reeder
	06-S17
	0.93
	06-S47
	0.49

	Reeder
	06-S18
	1.72
	06-S48
	0.46

	Knudson
	06-S19
	 
	06-S49
	0.57

	Knudson
	06-S20
	0.99
	06-S50
	0.55

	Knudson
	06-S21
	1.36
	06-S51
	0.42

	Steele-ND
	06-S22
	1.44
	06-S52
	0.55

	Steele-ND
	06-S23
	1.37
	06-S53
	0.48

	Steele-ND
	06-S24
	1.66
	06-S54
	0.42

	SD3851
	06-S25
	1.63
	06-S55
	0.51

	SD3851
	06-S26
	0.99
	06-S56
	0.54

	SD3851
	06-S27
	1.53
	06-S57
	0.35

	SD3868
	06-S28
	1.08
	06-S58
	0.52

	SD3868
	06-S29
	0.71
	06-S59
	0.50

	SD3868
	06-S30
	2.18
	06-S60
	0.39


Note: Units are in ppm of Se expressed on a dry basis.

Appendix B

Effect of roasting at  165 C for 5 minutes

	Sample
	Mean Conc.
(mg of TAE/100g of Sample)
	CV %

	Canola Roasted
	525.41
	0.010

	Canola Un roasted
	427.48
	0.021

	Dark Chocolate
	253.39
	0.041

	DDGS Roasted
	218.31
	0.013

	DDGS Un roasted
	196.89
	0.003

	Food Grade DDGS
	185.04
	0.010

	Soybean Roasted
	154.78
	0.007

	Milled Flax Seed
	132.30
	0.021

	Soybean Un roasted
	123.45
	0.002

	Oat Groats Roasted
	116.28
	0.002

	High-Se Wheat Roasted
	114.76
	0.005

	Oat groats Un roasted
	112.94
	0.009

	High Se Wheat Un roasted
	111.82
	0.002

	High-Se Scarified first fraction Wheat
	108.28
	0.001

	Oat Oil
	107.87
	0.005

	High-Se Scarified remaining wheat flour
	98.14
	0.005

	Dehulled Oat groat Roasted
	42.16
	0.010

	Dehulled Oat groat Un roasted
	37.29
	0.007


Quercetin, a known antioxidant standard  showed 88% antioxidant activity as measured by the above procedure.
.  Effect of roasting at 165C for 5 minutes

	Sample
	%Antioxidant value
	CV%

	Dark Chocolate
	39.915
	3.655

	Canola Unroasted
	38.221
	1.831

	Canola Roasted
	35.304
	2.983

	DDGS Roasted
	12.484
	0.000

	DDGS Un roasted
	9.991
	3.031

	Food Grade DDGS
	9.802
	1.254

	Dehulled Oat Groat Roasted
	6.791
	4.926

	High-Se Wheat Scarified first fraction 
	4.909
	0.490

	Milled Flax Seed
	4.297
	1.530

	Oat Groats Roasted
	4.297
	0.000

	Oat groats Un Roasted
	4.015
	0.832

	Dehulled Oat groat Un roasted
	3.121
	2.404

	High-Se Wheat Roasted
	2.886
	0.274

	High Se Wheat Un roasted
	2.886
	0.685

	Oat Oil
	2.415
	2.591

	Soybean Roasted
	2.227
	2.994

	Soybean Un roasted
	1.521
	2.365

	High-Se Wheat Scarified remaining wheat flour
	0.721
	1.340
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Figure 3.  Wheat Scarifier showing paddles and Scarifier wall surface
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Figure 4.  Wheat Pearler 
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