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Glyphosate tolerant wheat MON 71800, simply referred to as MON 71800, contains a 5-enolpyru-
vylshikimate-3-phosphate synthase (EPSPS) protein from Agrobacterium sp. strain CP4 (CP4 EPSPS)
that has a reduced affinity for glyphosate as compared to the endogenous plant EPSPS enzyme.
The purpose of this work was to evaluate the compositional equivalence of MON 71800 to its
nontransgenic parent as well as to conventional wheat varieties. The compositional assessment
evaluated the levels of proximates, amino acids, fatty acids, minerals, vitamins, secondary metabolites,
and antinutrients in wheat forage and grain grown during two field seasons across a total of eight
sites in the United States and Canada. These data demonstrated that with respect to these important
nutritional components, the forage and grain from MON 71800 were equivalent to those of its
nontransgenic parent and commercial wheat varieties. These data, together with the previously
established safety of the CP4 EPSPS protein, support the conclusion that glyphosate tolerant wheat
MON 71800 is as safe and nutritious as commercial wheat varieties.
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INTRODUCTION

Since its first cultivation in antiquity, wheat (Triticum
aestiVumL.) production has grown to over 550 million tons of
grain annually worldwide (1). Wheat is grown throughout the
world, represents a staple food group for many cultures, and is
recognized as an important source of dietary fiber, B vitamins,
and trace minerals (2). In addition to its extensive use in a wide
variety of human foods, wheat is a component of animal feed
and has nonfood, industrial applications. Between 1997 and
1999, United States utilization of wheat was divided primarily
between human consumption (69%) and animal feed (24%) with
the remainder for seed or industrial uses (1). Within the United
States, spring wheat, excluding Durum, was grown on 13.8
million acres in 2000 (3). That year, weed control for spring
wheat amounted to over 9.6 million pounds of herbicides,
primarily 2,4-D and MCPA, applied onto a total of 13.1 million
acres (3).

Glyphosate is used globally for nonselective weed control.
In plants, glyphosate inhibits the activity of 5-enolpyruvylshiki-

mate-3-phosphate synthase (EPSPS), thereby blocking the
production of essential aromatic amino acids and the secondary
metabolites for which they are precursors (4, 5). The EPSPS
enzyme from Agrobacterium species CP4 is a 45.7 kDa
polypeptide, which is functionally similar to the plant EPSPS
but has a reduced affinity for glyphosate (6). Expression of the
cp4 epspsgene in plants has been demonstrated to confer
tolerance to glyphosate through the production of the CP4
EPSPS protein (6). Through the techniques of biotechnology,
the cp4 epspsgene was inserted into the Bobwhite cultivar of
wheat to generate a hard red spring wheat, designated MON
71800, with the commercial name of Roundup Ready Wheat,
that is tolerant to glyphosate-based agricultural herbicides.

The safety of a food derived through the techniques of
biotechnology typically is evaluated by a combination of
approaches that result in a determination of substantial equiva-
lence, a concept that has been adopted by leading international
food and regulatory bodies including the World Health Orga-
nization (7, 8), the United Nations Food and Agricultural
Organization (9), the Organization for Economic Cooperation
and Development (10-12), and the International Life Sciences
Institute (13). For a biotechnology-derived food to be considered
substantially equivalent, it must be shown that except for the
introduced trait, it does not differ in a meaningful way from its
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conventional counterpart, which is generally regarded as safe
based on its historical consumption as a human food or animal
feed. The overall substantial equivalence assessment includes
demonstration of the safety of the transgene and its derived
protein and of the equivalence to conventional counterparts with
respect to phenotypic, agronomic, and compositional parameters.
Additionally, toxicological evaluation in rodents and animal feed
performance assessments of the derived feed in appropriate
models can be conducted to evaluate any unintended effects
that may not have been detected by the other methods to support
a conclusion of substantial equivalence (14).

The safety of the CP4 EPSPS protein has been established
on the basis of rapid in vitro digestibility, the lack of similarity
to known toxins and allergens, lack of acute oral toxicity to
mice (15), the ubiquitous presence of EPSPS activity in foods
of plant origin, and the known biochemical function of the
EPSPS protein (6). Compositional equivalence assessments have
been reported for other glyphosate tolerant crops including
soybean (16, 17), corn (18, 19), and cotton (20). Field
evaluations of glyphosate tolerant wheat MON 71800 have
demonstrated agronomic equivalency to nontransgenic wheat
with respect to yield, morphology, and performance (21). This
paper describes the compositional analyses and the comparison
of glyphosate tolerant wheat MON 71800 to its conventional
counterparts at eight locations within the U.S. and Canada over
two growing seasons.

MATERIALS AND METHODS

Wheat Samples for Compositional Analyses.Glyphosate tolerant
wheat MON 71800 was produced by the insertion thecp4 epspsgene
into the Bobwhite cultivar of spring wheat (T. aestiVumL). The R0

generation was backcrossed with the Bobwhite cultivar, and the progeny
selected for glyphosate tolerance until homozygosity was achieved (22).
The control wheat for this compositional assessment was the parental,
nontransformed Bobwhite cultivar. Commercially available spring wheat

varieties were grown alongside MON 71800 and the Bobwhite control
or were purchased separately to collectively provide reference materials
from a broad range of spring wheat cultivars. These commercial
reference varieties were chosen by local growers as being representative
of wheat grown in their regions and included AC Barrie, AC Crystal,
AC Cora, AC Domain, AC Morse, Amidon, Cavalier, CDC Teal,
Earnst, Express, Forge, Grandin, Hank, Ingot, Katepwa, Majestic,
McNeal, Oxen, Penewawa, Russ, Vanna, Westbred 936, Yecora Roja,
Zeke, and 2375 and were distributed between the various field sites
and 1999-2000 field seasons.

The field sites consisted of four replicate blocks, with each block
containing MON 71800 and the control variety, Bobwhite, in random-
ized plots of approximately 500 ft2 each. Additionally, at each field
site, four commercial reference varieties were planted as nonreplicated
plots in border strips surrounding each of the four sides of the blocked
test area. In 1999, one site was located in the state of Washington and
two sites were in the Canadian province of Manitoba. In 2000, there
was one site each in the states of Washington, North Dakota, and
Minnesota and the provinces of Manitoba and Alberta. These geogra-
phies represent regions in North America where spring wheat is grown
commercially as a significant crop in terms of acreage and agricultural
production.

At least 500 g of forage material, including all plant parts more than
one inch above ground, was collected nonsystematically from each plot
at the wheat jointing stage of development (Feekes stage 6-8) and
frozen on dry ice within 10 min to maintain sample integrity. Grain
material, defined as the kernel, was mechanically harvested when the
moisture level was expected to be 12-14%. Forage and grain were
shipped to Monsanto Company, and samples were homogenized by
grinding with dry ice into a fine powder and frozen until compositional
analysis.

The genetic identity of the grain was confirmed by sample handling
records, event specific Southern blot analyses (1999), polymerase chain
reaction of genomic DNA isolated from grain tissue (2000), or by
determining the presence of the CP4 EPSPS protein by enzyme-linked
immunosorbant assay (1999).

Compositional Analysis Methods.Forage samples were analyzed
for proximates (fat, protein, ash, and moisture), acid detergent fiber

Table 1. Fiber, Mineral, and Proximate Composition of Forage from Glyphosate Tolerant Wheat MON 71800

1999 field trials 2000 field trials

MON 71800 control commercial MON 71800 control commercial

component e
meana

(range)a
meana

(range)a
rangeb

(99% TI)f
meanc

(range)c
meanc

(range) c
ranged

(99% TI)f
literature
(range)

ADF 23.40
(18.42−27.45)

24.27
(20.07−28.11)

18.48−29.81
(4.98, 43.91)

23.54
(19.89−29.49)

23.70
(21.12−28.27)

20.40−29.56
(17.11, 32.66)

25.1−40.3g

NDF 29.51
(21.72−34.03)

29.96
(20.56−36.22)

21.57−38.43
(1.13, 57.34)

34.58
(24.13−44.07)

34.49
(24.78−44.21)

28.36−42.16
(20.01, 52.83)

46.1−63.8g,h

calcium 4366
(3119−5909)

4523
(3306−6795)

2909−5713
(1269, 6838)

4222
(3005−5986)

4249
(2906−6174)

2392−5388
(1041, 6246)

2400g

phosphorus 4626
(2964−7633)

4692
(3373−7248)

2605−6573
(0, 11171)

3541
(2650−5071)

3610
(2827−5015)

2324−4791
(931, 5686)

3500g

ash 11.50
(7.51−15.07)

12.01
(9.05−16.18)

10.00−13.40
(7.03, 17.40)

10.99
(8.18−14.13)

11.83
(7.95−18.70)

7.74−16.41
(2.88, 21.16)

not available

carbohydrates 57.45
(45.27−68.88)

56.10
(47.62−63.73)

46.81−64.65
(26.80, 83.56)

61.09
(50.52−74.34)

60.08
(46.88−74.82)

45.64−71.37
(28.41, 90.46)

not available

moisture 83.34i

(81.80−85.00)
84.74

(83.90−85.60)
81.80−86.40
(77.88, 89.78)

83.16
(78.90−87.00)

83.51
(79.10−86.40)

77.90−86.60
(74.81, 92.98)

not available

protein 26.23
(19.72−33.92)

27.60
(22.97−33.61)

21.11−35.79
(4.64, 51.39)

23.93
(12.48−30.79)

24.21
(12.31−30.81)

14.93−34.19
(1.92, 46.85)

22.45−30.90g

total fat 4.82
(3.54−6.51)

4.29
(2.59−5.46)

3.40−7.02
(0, 9.31)

3.99
(2.34−5.67)

3.88
(2.62−5.05)

2.63−5.46
(0.96, 7.35)

not available

a The mean and range of 12 values (four replicates from each of three field sites). b The range of sample values for commercial varieties purchased separately or grown
at the same U.S. or Canadian field sites in 1999. c The mean and range of 20 values (four replicates from each of five field sites). ADF was the mean of 19 samples for
the control. d The range of sample values for commercial varieties purchased separately or grown at the same U.S. or Canadian field sites in 2000. e ADF, NDF, ash,
carbohydrates, protein, and total fat in % dry weight; calcium and phosphorus in mg/kg dry weight; and moisture in % fresh weight. f TI ) tolerance interval, specified
to contain 99% of the commercial variety population with 95% confidence; negative limits set to zero. g Ref 71. h Ref 72. i Value statistically different than the control;
p < 0.05.
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(ADF), neutral detergent fiber (NDF), calcium, and phosphorus. Grain
samples were analyzed for proximates, total dietary fiber (TDF), amino
acids, fatty acids, sugars (arabinose, fructose, galactose, glucose,
mannose, maltose, raffinose, stachyose, sucrose, and xylose), starch,
vitamin E, niacin, riboflavin (vitamin B2), thiamin (vitamin B1), vitamin
B6, minerals (cadmium, calcium, copper, iron, magnesium, manganese,
phosphorus, potassium, selenium, sodium, and zinc), and phytic acid.
In addition, the 2000 field samples were also analyzed for folic acid,
ferulic acid, oxalic acid,p-coumaric acid, and malonic acid. Total
carbohydrate levels in forage and grain were determined by calculation.
Compositional analyses were conducted at Covance Laboratories Inc.
in Madison, Wisconsin. The order of sample analysis was randomized
for each tissue by site to minimize assay bias. A nondescriptive
laboratory information systems number identified the samples at the
laboratory.

Proximate Analysis.Protein levels were calculated from total nitrogen
using the Kjeldahl method (23, 24) and the equationN × 6.25. Fat
content of the grain was determined by the Soxhlet extraction method
(25). Fat content of the forage was determined by fat acid hydrolysis,
followed by extraction with ether and hexane (26, 27). Ash content
was determined by ignition in an electric furnace and gravimetric
quantitation of the remaining ash (28). Moisture content was determined

by loss of weight upon drying in a vacuum oven at 100°C to a constant
weight (29, 30). Carbohydrate levels were calculated using the fresh
weight derived data and the following equation (31):

Fiber Analysis.ADF was determined by treating the sample with
an acidic, boiling, detergent solution that dissolved the protein,
carbohydrate, and ash. An acetone wash removed fats and pigments.
The remaining lignocellulose fraction was determined gravimetrically
(32). NDF was determined by treating the samples with a neutral,
boiling, detergent solution to dissolve the protein, carbohydrate, and
ash. Fats and pigments were removed using an acetone wash. The
hemicellulose, cellulose, and lignin fractions were determined gravi-
metrically (33, 34). For TDF, duplicate samples were gelatinized with
R-amylase and digested with enzymes to break down starch and protein.
Ethanol was added to precipitate the soluble fiber. The samples were
filtered, and the residue was rinsed with ethanol and acetone to remove
starch, protein degradation products, and moisture. Protein content was
determined for one of the duplicates; ash content was determined for

Table 2. Amino Acid Composition of Grain from Glyphosate Tolerant Wheat MON 71800

1999 field trial 2000 field trials

MON 71800 control commercial MON 71800 control commercial

componente
meana

(range)a
meana

(range)a
rangeb

(99% TI)f
meanc

(range)c
meanc

(range)c
ranged

(99% TI)f
literature
(range)

alanine 3.58
(3.41−3.75)

3.53
(3.41−3.66)

3.29−4.05
(2.84, 4.16)

3.65
(3.40−3.80)

3.63
(3.23−3.85)

3.26−3.73
(3.15, 3.96)

3.1g−3.6h

arginine 4.78
(4.45−5.77)

4.65
(4.29−4.90)

3.96−5.27
(3.56, 5.62)

4.59
(4.18−4.95)

4.69
(4.40−4.98)

3.98−4.79
(3.82, 5.24)

4g−6i

aspartic acid 5.26
(4.90−5.70)

5.16
(4.89−5.55)

4.78−5.78
(4.09, 5.98)

5.24
(4.71−5.67)

5.24
(4.56−5.63)

4.72−5.65
(4.33, 6.02)

4.7g−5g

cystine 2.10
(1.54−2.53)

2.08
(1.76−2.23)

1.84−2.39
(1.35, 2.84)

2.28
(2.06−2.53)

2.26
(2.05−2.67)

1.91−2.50
(1.75, 2.70)

2.2j−2.8g

glutamic acid 31.56
(30.54−32.49)

31.78
(30.97−32.63)

29.84−33.74
(29.10, 35.52)

31.39
(30.22−33.21)

31.37
(30.37−33.48)

30.72−34.22
(29.24, 34.61)

29.9h−32g

glycine 4.39
(4.26−4.55)

4.36
(4.26−4.45)

3.92−4.49
(3.52, 4.79)

4.37
(4.09−4.63)

4.33
(4.11−4.54)

3.58−4.42
(3.52, 4.72)

3.8g−4.1h

histidine 2.33
(2.27−2.39)

2.33
(2.27−2.39)

2.38−2.57
(2.27, 2.62)

2.36
(2.31−2.42)

2.36
(2.27−2.44)

2.36−2.52
(2.29, 2.55)

1.95−2.45i

isoleucine 3.72k

(3.47−3.88)
3.64

(3.51−3.77)
3.53−3.85
(3.39, 4.00)

3.60
(3.50−3.70)

3.58
(3.47−3.92)

3.44−3.75
(3.25, 3.83)

3g−4.7j

leucine 6.87
(6.73−7.03)

6.82
(6.75−6.93)

6.67−7.16
(6.44, 7.46)

6.81
(6.73−6.88)

6.79
(6.64−6.91)

6.72−7.13
(6.61, 7.13)

6.3g−6.79j

lysine 2.81
(2.63−3.02)

2.72
(2.61−2.87)

2.42−3.04
(2.07, 3.26)

2.84
(2.61−3.01)

2.82
(2.49−3.01)

2.51−2.99
(2.36, 3.13)

2.3g−3.4i

methionine 1.56
(1.15−1.82)

1.54
(1.31−1.63)

1.42−1.90
(1.05, 2.17)

1.68
(1.48−1.85)

1.67
(1.42−1.99)

1.46−1.97
(1.24, 2.20)

1.2g−2.1j

phenylalanine 4.69
(4.55−4.80)

4.69
(4.59−4.80)

4.64−5.14
(4.39, 5.44)

4.74
(4.60−4.86)

4.75
(4.64−4.90)

4.73−5.18
(4.60, 5.30)

4.5h−4.96j

proline 11.17
(10.46−11.87)

11.31
(10.85−11.78)

10.20−11.59
(9.71, 12.18)

11.19
(9.81−11.97)

11.25
(10.41−12.56)

10.45−11.69
(9.63, 12.35)

9.9h−10.4j

serine 4.53
(4.38−4.72)

4.59
(4.37−4.76)

4.44−4.76
(4.26, 4.93)

5.04
(4.96−5.15)

5.02
(4.88−5.21)

4.93−5.28
(4.76, 5.44)

4.2g−4.6h

threonine 2.77
(2.67−2.92)

2.79
(2.62−3.02)

2.36−2.96
(2.09, 3.24)

2.67
(2.50−2.91)

2.69
(2.45−2.95)

2.11−2.81
(2.05, 3.19)

2.4g−2.93l

tryptophan 0.96
(0.71−1.18)

0.99
(0.91−1.09)

0.80−1.07
(0.64, 1.23)

0.93
(0.82−1.08)

0.93
(0.81−1.11)

0.83−1.07
(0.66, 1.23)

1.28j −1.5g

tyrosine 2.41
(1.92−2.65)

2.61
(2.56−2.66)

1.57−3.02
(1.37, 3.37)

2.32
(1.68−2.82)

2.33
(1.78−2.76)

1.80−2.66
(1.46, 3.13)

2.7g−3.72j

valine 4.50
(4.22−4.66)

4.42
(4.30−4.57)

4.32−4.84
(4.02, 5.04)

4.29
(4.14−4.40)

4.27
(3.99−4.52)

4.08−4.43
(3.93, 4.62)

3.6g−4.5j

a The mean and range of 12 values (four replicates from each of three field sites). b The range of sample values for commercial varieties purchased separately or grown
at the same U.S. or Canadian field sites in 1999. c The mean and range of 19 values (four replicates from each of four field sites and three replicates from one field site).
d The range of sample values for commercial varieties purchased separately or grown at the same U.S. or Canadian field sites in 2000. e Percent of total amino acids.f TI
) tolerance interval, specified to contain 99% of the commercial variety population with 95% confidence; negative limits set to zero. g Ref 73 (g/16 gN or % protein).h Ref
74 (g/16 gN). i Ref 75 (g/16 gN). j Ref 76 (% protein). k Value statistically different than the control at p < 0.05. l Ref 77 (g/16 gN).

% carbohydrate)
100%- (% protein+ % fat + % ash+ % moisture)
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the other. The TDF in the sample was calculated using the protein and
ash values (35).

Amino Acid Composition.The sample was assayed by three methods
to obtain the full profile of 18 amino acids. The procedure for tryptophan
required a base hydrolysis using sodium hydroxide. The sulfur-
containing amino acids required an oxidation using performic acid prior
to hydrolysis with hydrochloric acid. Analysis of the remaining amino
acids was accomplished through direct hydrolysis with hydrochloric
acid. Glutamine and asparagine are converted to glutamate and aspartate,
respectively. The individual amino acids were quantitated using an
automated amino acid analyzer (36).

Fatty Acid Profile.Lipids in samples were extracted and saponified
with 0.5 N sodium hydroxide in methanol. The saponification mixture
was methylated with boron trifluoride:methanol. The resulting methyl
esters were extracted with heptane containing an internal standard. The
methyl esters of the fatty acids were analyzed by gas chromatography
using external standards for quantitation (37).

Ferulic and p-Coumaric Acids.Extracted samples were base
hydrolyzed and then acidified and filtered. Ferulic andp-coumaric acids
were quantitated by high-performance liquid chromatography (HPLC)
with UV detection (38).

Folic Acid.Grain samples were suspended in buffer and autoclaved
in the presence of ascorbic acid. Free folic acid was enzymatically
released and quantitatively determined microbiologically by its effect
on the growth ofLactobacillus casei(39-41).

Malonic Acid and Oxalic Acid.Grain samples were extracted with
a weak sulfuric acid solution, and the acid levels were quantitated by
ion exchange HPLC with UV detection (42).

Minerals. This method was used to estimate the levels of nine
minerals in the sample: calcium, copper, iron, magnesium, manganese,
phosphorus, potassium, sodium, and zinc. Samples were dried, pre-
charred, and ashed overnight in a muffle furnace. Ashed samples were
treated with hydrochloric acid, taken to dryness, and dissolved in 5%
(v/v) hydrochloric acid. The amount of each element was determined
at appropriate wavelengths by comparing the emission of the unknown
sample, using inductively coupled plasma, with the emission of standard
solutions (43-45). To determine the levels of cadmium, the grain was
precharred and ashed in a muffle furnace for 5-16 h. The sample was
cooled, treated with nitric acid, reashed, and dissolved in hydrochloric

acid solution. The amount of cadmium in the unknown samples was
determined by atomic absorption spectrophotometry with an external
standard curve (46-48). For selenium, the grain was digested in a
nitric-perchloric-hydrochloric acid mixture, in which any selenium
present formed selenous acid. The selenous acid was reacted with 2,3-
diaminonaphthalene to form 2,3-4,5-benzopiazselenol that was then
extracted into an organic solvent. The amount of selenium was then
determined by comparing the absorbance of the unknown sample,
measured by fluorescence spectroscopy, with the absorbance of standard
solutions (49-53).

Niacin. The grain was hydrolyzed with sulfuric acid, and the pH
was adjusted to remove interferences. The amount of niacin was
determined by comparing the growth response of the sample, using
the bacteriaLactobacillus plantarum, with the growth response of a
niacin standard (54).

Phytic Acid.Samples were extracted in 0.5 M HCl with ultrasoni-
cation. Purification and concentration were performed using a silica-
based anion exchange column. Sample analysis was conducted using
a macroporous polymer HPLC column connected to a refractive index
detector (55, 56).

RiboflaVin (Vitamin B2). The sample was hydrolyzed with dilute
hydrochloric acid, and the pH was adjusted to remove interferences.
The amount of riboflavin was determined by comparing the growth
response of the sample, using the bacteriaL. casei, with the growth
response of riboflavin standard. This growth response was measured
turbidimetrically (57).

Sugars.After extraction from the sample with deionized water, the
sugars (fructose, glucose, sucrose, maltose, raffinose, and stachyose)
were treated with a hydroxylamine hydrochloride solution in pyridine
containing phenyl-â-D-glucoside as the internal standard. The resulting
oximes were converted to silyl derivatives with hexamethyldisilazane
and trifluoroacetic acid treatment and analyzed by gas chromatography
using a flame ionization detector (58, 59).

Additional Sugars.Samples were refluxed with dilute sulfuric acid.
After the sample was neutralized, an aliquot was taken to dryness and
the sugars (arabinose, xylose, mannose, and galactose) were converted
first to oximes and then to aldonitrile peracetates and analyzed by gas
chromatography using a flame ionization detector (60).

Table 3. Fatty Acid Composition of Grain from Glyphosate Tolerant Wheat MON 71800

1999 field trials 2000 field trials

MON 71800 control commercial MON 71800 control commercial

componente
meana

(range)a
meana

(range)a
rangeb

(99% TI)f
meanc

(range)c
meanc

(range)c
ranged

(99% TI)f
literature
(range)

16:0 palmitic 19.03
(18.12−20.02)

18.92
(17.97−19.82)

15.82−19.29
(14.10, 21.39)

18.49
(17.59−19.23)

18.66
(17.63−19.64)

16.44−19.97
(14.80, 21.60)

11−32g

16:1 palmitoleic 0.22
(0.098−0.37)

0.18
(0.097−0.28)

0.090−0.30
(0, 0.48)

0.29
(0.14−0.41)

0.30
(0.14−0.46)

0.10−0.82
(0, 0.75)

3.44h

18:0 stearic 1.29
(1.15−1.47)

1.23
(1.08−1.52)

0.74−1.38
(0.38, 1.69)

1.47
(1.20−1.89)

1.38
(1.10−1.80)

0.81−2.45
(0.032, 2.38)

0−4.6g

18:1 oleic 18.21
(17.27−20.15)

18.25
(17.17−19.69)

14.59−21.36
(10.41, 24.17)

20.07
(18.82−22.06)

19.38
(17.08−21.00)

14.41−21.45
(10.62, 24.54)

11−29g

18:2 linoleic 55.29
(53.37−56.23)

55.50
(53.82−56.53)

55.10−59.82
(53.10, 62.89)

54.21
(52.19−55.86)

54.82
(52.43−56.76)

51.30−62.04
(49.24, 65.62)

37.9h−74g

18:3 linolenic 4.27
(4.12−4.83)

4.30
(3.90−4.99)

3.58−5.53
(2.15, 6.52)

3.96
(3.74−4.37)

4.00
(3.54−4.96)

3.35−5.04
(2.66, 5.70)

0.71−4.84g

20:0 arachidic 0.25
(0.12−0.35)

0.24
(0.11−0.31)

0.068−0.28
(0, 0.48)

0.28
(0.14−0.39)

0.24
(0.12−0.35)

0.090−0.30
(0, 0.35)

not available

20:1 eicosenoic 1.18
(1.13−1.25)

1.17
(1.10−1.24)

0.80−1.37
(0.46, 1.54)

1.24
(1.09−1.36)

1.22
(1.03−1.47)

0.68−1.42
(0.40, 1.56)

not available

22:0 behenic 0.25i

(0.23−0.33)
0.22

(0.11−0.27)
0.086−0.36
(0, 0.44)

<LOQj <LOQj <LOQj not available

a The mean and range of 12 values (four replicates from each of three field sites). b The range of sample values for commercial varieties purchased separately or grown
at the same U.S. or Canadian field sites in 1999. c The mean and range of 20 values (four replicates from each of five field sites). d The range of sample values for
commercial varieties purchased separately or grown at the same U.S. or Canadian field sites in 2000. e Percent total fatty acids. f TI ) tolerance interval, specified to
contain 99% of the commercial variety population with 95% confidence; negative limits set to zero. g Ref 78. h Ref 79 (% lipid). i Value statistically different than the control;
p < 0.05. j More than 50% of the observations for this analyte were below the LOQ of 0.004% fresh weight.
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Starch.The sample was extracted with alcohol to remove carbohy-
drates other than starch and hydrolyzed to glucose withR-amylase and
amyloglucosidase. Glucose was oxidized with glucose oxidase to form
peroxide, which reacted with a dye in the presence of peroxidase to
give a stable colored product proportional to glucose concentration.
The glucose concentration was quantitated by a spectrophotometer at
540 nm. Percent starch was then calculated from the glucose concentra-
tion (61).

Thiamin (Vitamin B1). The sample was autoclaved under weak acid
conditions to extract the thiamin. The resulting solution was incubated
with a buffered enzyme solution to release any bound thiamin, after
which an ion exchange cleanup column was used. An aliquot was
reacted with potassium ferricyanide to convert thiamin to thiochrome
that was extracted into isobutyl alcohol and read on a fluorometer
against a known standard (62-64).

Vitamin E.Samples were saponified to break down fat and release
vitamin E. The saponified mixture was extracted with ethyl ether, and
R-tocopherol was quantitated directly by HPLC on a silica column (65-
67).

Statistical Analysis of Compositional Data.The following 16
analytes with>50% of observations below the limit of quantitation
(LOQ) for their respective assays were excluded from statistical analysis
of results from both field trial years: sodium, 8:0 caprylic acid, 10:0
capric acid, 12:0 lauric acid, 14:0 myristic acid, 14:1 myristoleic acid,
15:0 pentadecanoic acid, 15:1 pentadecenoic acid, 17:0 heptadecanoic

acid, 17:1 heptadecenoic acid, 18:3 gamma linolenic acid, 20:2
eicosadienoic acid, 20:3 eicosatrienoic acid, 20:4 arachidonic acid,
mannose, and stachyose. Additionally, cadmium (1999), malonic acid
(2000), and 22:0 behenic acid (2000) with>50% of observations below
the LOQ for their respective assays were excluded from the statistical
analyses for the noted years. Otherwise, for results below the quanti-
tation limit, values equal to half the quantitation limit were assigned
prior to statistical analyses. In the 2000 field season data, five outliers
were identified by studentized PRESS residuals. Outliers were restricted
to one replicate sample each at the following field sites: ADF for the
control wheat at Minnesota, histidine and lysine for MON 71800 at
North Dakota, and iron and ash for the control wheat at Manitoba.
These outliers were excluded from the statistical analysis. With the
removal of two amino acids in one replicate sample from North Dakota,
the calculation of percent total amino acids was not possible and all
amino acid data from this replicate were excluded.

The data from each year were statistically analyzed independently.
There were a total of 65 components (nine in forage and 56 in grain)
and 70 components (nine in forage and 61 in grain) for the 1999 and
2000 field seasons, respectively. Statistical analyses were conducted
using a mixed model analysis of variance for compositional data from
the combination of all sites for each field season in forage and grain.
The combined trial analysis used the model:

Table 4. Proximate and Mineral Composition of Grain from Glyphosate Tolerant Wheat MON 71800

1999 field trials 2000 field trials

MON 71800 control commercial MON 71800 control commercial

componente
meana

(range)a
meana

(range)a
rangeb

(99% TI)f
meanc

(range)c
meanc

(range)c
ranged

(99% TI)f
literature
(range)

protein 16.71
(14.70−19.11)

16.95
(15.15−19.14)

15.04−21.60
(13.05, 24.55)

16.66
(15.14−19.68)

16.90
(14.80−20.27)

15.13−21.31
(12.41, 23.88)

8.3−19.3g

total fat 1.33
(1.13−1.49)

1.36
(1.18−1.66)

1.21−1.95
(0.81, 2.15)

1.25
(0.99−1.56)

1.24
(0.96−1.86)

1.04−1.69
(0.80, 1.85)

1.9h−2.86i

ash 1.84
(1.45−2.34)

1.87
(1.45−2.28)

1.50−2.29
(1.10, 2.86)

1.99
(1.60−2.48)

1.91
(1.59−2.24)

1.53−2.29
(1.27, 2.55)

1.17−2.96g

carbohydrates 80.12
(77.68−82.46)

79.82
(77.34−81.78)

74.92−81.37
(71.82, 83.67)

80.10
(76.83−81.74)

79.89
(75.54−81.85)

75.31−81.61
(72.79, 84.45)

65.4−78.9g

TDF 14.93
(13.42−18.10)

14.67
(13.47−17.31)

12.37−18.54
(9.59, 20.92)

16.82
(14.34−20.92)

17.22
(13.97−23.55)

13.98−22.38
(8.34, 25.85)

12.2j

moisture 11.31
(9.17−14.30)

11.83
(9.52−14.20)

8.33−18.70
(1.01, 21.20)

11.78
(7.79−14.80)

11.96
(8.91−15.60)

9.16−14.30
(5.90, 17.08)

7.8−14.8g

cadmium <LOQk <LOQk <LOQk 0.050
(0.023−0.12)

0.053
(0.022−0.10)

0.022−0.11
(0, 0.14)

not available

calcium 609
(380−762)

648
(505−733)

312−803
(0, 945)

572
(438−704)

553
(416−688)

277−725
(72.7, 861)

250j−538g

copper 4.19
(2.55−5.21)

3.74
(2.64−4.77)

2.19−6.33
(0.99, 8.72)

4.51
(3.27−6.40)

4.58
(3.55−5.81)

3.09−6.44
(1.86, 7.73)

4.25−5.84g

iron 41.81
(39.36−44.04)

39.54
(35.42−43.71)

36.20−51.56
(28.03, 60.61)

45.00
(37.17−57.75)

44.24
(33.89−59.16)

34.79−62.27
(21.55, 70.57)

33l−79g

magnesium 1760m

(1618−1905)
1677

(1560−1879)
1532−1808
(1376, 1939)

1763
(1564−1991)

1751
(1424−2270)

1502−2060
(1188, 2297)

1240j−1802i

manganese 30.58
(15.10−43.81)

30.53
(20.09−42.45)

19.07−60.90
(0, 82.50)

36.15
(22.17−57.66)

38.43
(20.13−57.68)

17.13−62.88
(0, 82.52)

38−63.2g

phosphorus 4355
(3652−5307)

4289
(3566−5201)

3590−5216
(2920, 6180)

4211
(3134−5068)

4258
(2932−5786)

3406−5764
(2226, 6510)

3320j−5160g

potassium 4779
(3810−6716)

4661
(3937−6161)

3700−6046
(1824, 7330)

4739
(3721−5542)

4586
(3738−5654)

3788−6041
(2348, 6747)

3400j−5180g

selenium 0.26
(0.10−0.60)

0.26
(0.090−0.47)

0.1−0.69
(0, 1.02)

0.45
(0.029−1.53)

0.47
(0.029−1.50)

0.028−0.98
(0, 1.25)

0.04−0.71 l

zinc 40.45
(25.98−59.54)

39.75
(31.31−58.69)

28.57−65.39
(4.48, 81.99)

44.58
(31.05−66.97)

43.25
(28.43−70.90)

25.59−73.84
(4.59, 77.70)

24−47g

a The mean and range of 12 values (four replicates from each of three field sites). b The range of sample values for commercial varieties purchased separately or grown
at the same U.S. or Canadian field sites in 1999. c The mean and range of 20 values (four replicates from each of five field sites), ash, and iron for control are 19 values
each. d The range of sample values for commercial varieties purchased separately or grown at the same U.S. or Canadian field sites in 2000. e Minerals (ppm dry weight),
proximates (% dry weight), and moisture (% fresh weight). f TI ) tolerance interval, specified to contain 99% of the commercial variety population with 95% confidence;
negative limits set to zero. g Ref 78. h Ref 76. i Ref 80. j Ref 79 (fresh weight). k More than 50% of observations were below the LOQ of 0.04 ppm fresh weight. l Ref 81.
m Value statistically different than the control; p < 0.05.

Yijk ) U + Ti + Lj + B(L)jk + LTij + eijk
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whereYijk ) unique individual observation,U ) overall mean,Ti )
line effect,Lj ) random location effect,B(L)jk ) random block within
location effect,LTij ) random location by line interaction effect, and
eijk ) residual error. MON 71800 was compared to the nontransgenic
control line, Bobwhite, to determine statistically significant differences
at p < 0.05.

The commercial reference varieties’ data from each year were not
included in the statistical analyses but rather were used to develop
population tolerance intervals expected to contain, with 95% confidence,
99% of the values expressed in the population of commercial wheat
varieties. Because negative quantities are not possible, calculated lower
tolerance bounds that were negative were set to zero. SAS software
(68) was used to generate all summary statistics and perform all
analyses.

The compositional analysis data and statistical evaluation are
summarized inTables 1-6. For each component and year of field trials,
least-squares means and the range of observed values are presented
for the test event and control line. The calculated 99% tolerance interval
is also presented for each field season.

RESULTS AND DISCUSSION

Proximates, Fibers, and Minerals in Forage.As presented
in Table 1, the results indicate that with the exception of
moisture in 1999, there were no statistically significant differ-
ences between forage produced by MON 71800 and its parental
control in either year. The range of values for moisture in MON
71800 in 1999 fell within the 99% tolerance interval and
therefore was considered to be within the population of
commercial wheat. The levels of all proximates, fibers, and
minerals in forage fell within the tolerance interval of com-
mercial varieties.

Amino Acid Composition in Grain. The amino acid
composition data are presented inTable 2. The only statistically
significant difference between MON 71800 and its parental
control was for isoleucine in 1999. However, the range of values
for isoleucine in MON 71800 in 1999 fell within the 99%
tolerance interval and therefore was considered to be within
the population of commercial wheat. The close agreement in

levels of aromatic amino acids indicates that the presence of
the CP4 EPSPS enzyme has no effect on the distribution of
these amino acids.

Fatty Acid Composition in Grain. Table 3 contains the data
for the fatty acid composition. There were no statistically
significant differences in fatty acid composition between MON
71800 and its control with the exception of 22:0 behenic acid
in 1999. The magnitude of the difference for this very low
abundance fatty acid was 13.6%, and the range of observations
for this fatty acid in MON 71800 fell within the 99% tolerance
interval of commercial wheat varieties.

Proximates, Minerals, and Fiber Composition of Grain.
Table 4 contains the data for proximates, fiber, and minerals.
For these analytes, there were no statistically significant
differences between MON 71800 and its control. The sole
exception to this was magnesium in 1999 with a 4.9% difference
between MON 71800 and the control. The range of observations
for magnesium in MON 71800 in 1999 fell well within the
tolerance interval generated for the commercial wheat from
1999.

Starch and Sugar Composition of Grain. Starch and 10
sugars were evaluated in wheat grain. Mannose and stachyose
fell below the LOQ and were excluded from the statistical
analyses. The data for the remaining eight sugars and starch
are presented inTable 5. There were no statistically significant
differences in the starch or sugar content of MON 71800 as
compared to its parental control for either field season.

Vitamin, Secondary Metabolite, and Phytic Acid Com-
position of Grain. The data for the statistical analysis of niacin,
riboflavin, thiamin, vitamin B6, vitamin E, folic acid, ferulic
acid, oxalic acid,p-coumaric acid, phytic acid, and starch in
wheat grain are presented inTable 6. Ferulic acid and
p-coumaric acid, which serve in plant defense and structural
roles, are downstream metabolites of the aromatic amino acids
tyrosine and phenylalanine (69). Oxalic acid and phytic acid
can both interfere with the absorption of dietary calcium (70).

Table 5. Sugar Composition of Grain from Glyphosate Tolerant Wheat MON 71800

1999 field trials 2000 field trials

MON 71800 control commercial MON 71800 control commercial

componente
meana

(range)a
meana

(range)a
rangeb

(99% TI)f
meanc

(range)c
meanc

(range) c
ranged

(99% TI)f
literature
(range)

starch 61.49
(57.75−65.93)

61.06
(58.11−64.88)

54.00−63.76
(50.99, 67.11)

53.63
(47.05−61.98)

54.36
(44.24−61.10)

45.41−65.05
(36.25, 72.28)

59.9g−71.9h

arabinose 2.78
(1.96−4.29)

2.74
(1.87−3.12)

1.84−3.10
(1.28, 3.88)

2.73
(2.38−3.01)

2.71
(2.46−3.09)

2.32−3.14
(1.97, 3.53)

not available

fructose 0.29
(0.076−0.54)

0.27
(0.070−0.41)

0.071−0.51
(0, 0.73)

0.19
(0.073−0.43)

0.18
(0.086−0.36)

0.081−0.29
(0, 0.34)

0.06−0.08i

galactose 0.50
(0.41−0.58)

0.49
(0.42−0.55)

0.41−0.71
(0.20, 0.87)

0.49
(0.40−0.59)

0.49
(0.40−0.58)

0.40−0.59
(0.31, 0.71)

0.02i

glucose 0.33
(0.064−0.66)

0.28
(0.061−0.49)

0.064−0.51
(0, 0.80)

0.23
(0.094−0.51)

0.21
(0.095−0.41)

0.10−0.36
(0, 0.42)

0.03−0.09i

maltose 0.091
(0.028−0.13)

0.086
(0.028−0.15)

0.027−0.13
(0, 0.22)

0.070
(0.027−0.15)

0.063
(0.028−0.13)

0.028−0.14
(0, 0.19)

0−0.18 i

raffinose 0.27
(0.15−0.47)

0.27
(0.14−0.50)

0.15−0.50
(0, 0.70)

0.30
(0.18−0.45)

0.32
(0.20−0.49)

0.20−0.48
(0.022, 0.66)

0.19−0.68i

sucrose 0.51
(0.19−0.94)

0.50
(0.25−1.00)

0.31−0.85
(0.044, 1.23)

0.51
(0.25−0.69)

0.56
(0.35−0.79)

0.51−0.85
(0.33, 1.07)

0.54−1.55i

xylose 3.60
(3.08−4.07)

3.48
(2.98−4.05)

2.70−4.36
(1.90, 5.37)

4.24
(3.66−4.55)

4.14
(3.97−4.34)

3.30−4.45
(2.83, 4.95)

not available

a The mean and range of 12 values (four replicates from each of three field sites). b The range of sample values for commercial varieties purchased separately or grown
at the same U.S. or Canadian field sites in 1999. c The mean and range of 20 values (four replicates from each of five field sites). d The range of sample values for
commercial varieties purchased separately or grown at the same U.S. or Canada field sites in 2000. e Percent dry weight. f TI ) tolerance interval, specified to contain 99%
of the commercial variety population with 95% confidence; negative limits set to zero. g Ref 82. h Ref 76. i Ref 83.
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For vitamins, secondary metabolites, and phytic acid, there were
no statistically significant differences in the content of MON
71800 as compared to its parental control for either field season.
The absence of significant differences in ferulic andp-coumaric
acids between MON 71800 and the nontransgenic wheat
indicates that there is no effect on the flux of aromatic amino
acids due to the presence of thecp4 epspsgene.

CONCLUSIONS

The results of these compositional analyses show that the 88
components measured in glyphosate tolerant wheat MON 71800
across two field seasons were not statistically different (p <
0.05) from the nontransgenic control or were within the 99%
tolerance interval calculated from commercial wheat lines
analyzed concurrently with MON 71800 and its control. The
compositional data were also consistent to those reported in the
literature. Depending on the source, the literature data may be
derived from a single set of data or may represent a compilation
of many studies. For this reason, literature values are presented,
but not directly compared, to the data generated in the current
work. These data demonstrate, with a confidence level of 95%,
that the levels of all key nutrients and other evaluated
components for MON 71800 were not statistically different from
the nontransgenic control or were within the same population
established from commercially available wheat varieties. There-
fore, any minor differences noted from the statistical compari-
sons are unlikely to be biologically meaningful, and the forage
and grain from MON 71800 are considered compositionally
equivalent to those of conventional wheat.

These data demonstrate that the tolerance interval is a useful
statistical tool that can account for natural variability in any
measured parameter; in this case, the parameters are food and
feed nutritional profiles as measured by biochemical composi-

tion. The large number of nutritional and antinutritional
components analyzed as part of this assessment provides a
thorough compositional evaluation of MON 71800. The limited
number of significant differences between MON 71800 and its
control, combined with the agreement between the data from
MON 71800 and the commercial varieties and data reported in
the literature, demonstrate that no unintended effects were
observed on the composition of MON 71800. Considering the
principle of substantial equivalence as articulated by the World
Health Organization, the Organization for Economic Coopera-
tion and Development, and the United Nations Food and
Agriculture Organization, these data, along with the safety of
the CP4 EPSPS protein and the safe history of use of wheat as
a common source of animal feed and human food, demonstrate
that glyphosate tolerant wheat MON 71800 is as safe and
nutritious as conventional varieties of wheat currently on the
market.

ACKNOWLEDGMENT

We thank the Monsanto field agronomy group as well as the
many field cooperators who generated the samples for this study,
the Monsanto product characterization group for the molecular
identification of the grain, Monsanto’s sample dispensary group
for sample preparation, and Melinda McCann, Mark Naylor,
and William Heydens for their critical review of the manuscript.

LITERATURE CITED

(1) Aquino, P.; Carrión, F.; Calvo, R. Selected Wheat Statistics. In
CIMMYT 2000-2001 World Wheat OVerView and Outlook:
DeVeloping No-Till Packages for Small-Scale Farmers; Ekoboir,
J., Ed.; International Maize and Wheat Improvement Center:
Mexico, DF, 2002; p 60.

Table 6. Vitamin, Phytic Acid, and Secondary Metabolite Composition of Grain from Glyphosate Tolerant Wheat MON 71800

1999 field trials 2000 field trials

MON 71800 control commercial MON 71800 control commercial

componente
meana

(range)a
meana

(range)a
rangeb

(99% TI)f
meanc

(range)c
meanc

(range)c
ranged

(99% TI)f
literature
(range)

niacin 49.57
(38.12−65.47)

51.01
(35.31−69.20)

25.72−82.85
(2.96, 106.12)

59.42
(44.84−79.93)

58.59
(47.99−77.35)

57.19−89.19
(36.13, 105.88)

38−93g

riboflavin 1.32
(0.99−1.49)

1.26
(1.07−1.52)

0.97−1.68
(0.36, 2.05)

1.31
(1.00−1.53)

1.25
(0.96−1.55)

0.90−1.48
(0.60, 1.78)

1−1.7g

thiamin 4.93
(4.00−7.04)

5.02
(4.31−5.86)

4.22−8.18
(2.03, 9.43)

4.28
(3.61−5.06)

4.62
(3.96−5.68)

3.95−6.88
(2.36, 7.80)

3.3−6.5g

vitamin B6 NAh NAh NAh 1.92
(1.61−2.22)

1.86
(1.42−2.19)

1.70−2.43
(1.30, 2.70)

0.7−3.7i,j

vitamin E 48.71
(6.70−111.12)

62.06
(6.71−112.73)

7.03−119.74
(0, 165.08)

9.35
(7.17−11.25)

9.99
(7.89−12.63)

7.97−15.40
(4.52, 17.89)

4.9−58g

folic acid NAh NAh NAh 0.72
(0.46−1.03)

0.77
(0.49−1.15)

0.52−1.24
(0.13, 1.53)

0.43% fwk

phytic acid 1.03
(0.78−1.23)

0.99
(0.74−1.42)

0.78−1.27
(0.55, 1.52)

0.96
(0.68−1.27)

0.90
(0.60−1.18)

0.62−1.30
(0.28, 1.54)

0.49−0.93l

ferulic acid NAh NAh NAh 982
(767−1251)

997
(834−1285)

670−1023
(527, 1180)

780−1980m

p-coumaric acid NAh NAh NAh 29.2
(20.4−45.1)

37.1
(22.7−79.4)

12.4−84.0
(0, 104.0)

not available

oxalic acid NAh NAh NAh 0.055
(0.035−0.068)

0.054
(0.035−0.073)

0.045−0.087
(0.024, 0.094)

0.040−0.073n

a The mean and range of 12 values (four replicates from each of three field sites). b The range of sample values for commercial varieties purchased separately or grown
at the same U.S. or Canadian field sites in 1999. c The mean and range of 20 values (four replicates from each of five field sites). d The range of sample values for
commercial varieties purchased separately or grown at the same U.S. or Canadian field sites in 2000. e Niacin, riboflavin, thiamin, vitamin B6, vitamin E, folic acid, p-coumaric
acid, and ferulic acid in mg/kg dry weight; phytic acid and oxalic acid in % dry weight. f TI ) tolerance interval, specified to contain 99% of the commercial variety population
with 95% confidence; negative limits set to zero. g Ref 78. h NA indicates that these analytes were not evaluated in the 1999 field year samples. i Ref 84. j Ref 85. k Ref
79 (fresh weight). l Ref 86. m Ref 87 (durum wheat, fresh weight). n Ref 88.

Grain and Forage from Glyphosate Tolerant Wheat J. Agric. Food Chem., Vol. 52, No. 5, 2004 1381



(2) Orth, R. A.; Shellenberger, J. A. Origin, production, and
utilization of wheat. InWheat: Chemistry and Technology,
Volume 1, Third Edition; Pomeranz, Y., Ed.; American Associa-
tion of Cereal Chemists: St. Paul, Minnesota, 1988; p 12.

(3) USDA. Agricultural Chemical Usage, 2000 Field Crop Sum-
mary; National Agricultural Statistics Board, United States
Department of Agriculture: Washington DC, May 2001; p 105.

(4) Steinrucken, H.; Amrhein, N. The herbicide glyphosate is a potent
inhibitor of 5-enolypyryvylshikimic acid-3-phosphate synthase.
Biochem. Biophys. Res. Commun.1980,94, 1207-1212.

(5) Haslam, E.Shikimic Acid: Metabolism and Metabolites; John
Wiley and Sons: Chichester, England, 1993.

(6) Padgette, S.; Re, D.; Eichholtz, D.; Delannay, X.; Fuchs, R.;
Kishore, G.; Fraley, R. New weed control opportunities: De-
velopment of soybeans with a Roundup Ready gene. InHerbicide
Resistant Crops; Duke, S. O., Ed.; CRC: Boca Raton, FL, 1996;
pp 53-84.

(7) WHO. Strategies for assessing the safety of foods produced by
biotechnology.Report of a Joint FAO/WHO Consultation; World
Health Organization: Geneva, 1991.

(8) WHO. Application of the principles of substantial equivalence
to the safety evaluation of foods and food components from
plants derived by modern biotechnology.Report of a WHO
Workshop No. WHO/FNU/FOS/95. 1; World Health Organiza-
tion: Geneva, 1995.

(9) FAO. Biotechnology and food safety. Report of a joint FAO/
WHO consultation.FAO, Food and Nutrition Paper 61; FAO:
Rome, Italy, 1996.

(10) OECD. Safety EValuation of Foods Produced by Modern
Biotechnology: Concepts and Principles; Organization of Eco-
nomic Cooperation and Development: Paris, France, 1993.

(11) OECD. OECD Documents: Food Safety and EValuation;
Organization of Economic Cooperation and Development: Paris,
France, 1996.

(12) OECD.OECD Documents: Report of the OECD Workshop on
the Toxicological and Nutritional Testing of NoVel Foods;
Organization of Economic Cooperation and Development: Paris,
France, 1997.

(13) ILSI Europe Novel Foods Task Force. The safety assessment of
novel foods.Food Chem. Toxicol.1997,34, 931-940.

(14) Cockburn, A. Assuring the safety of genetically modified (GM)
foods: the importance of an holistic, integrative approach.J.
Biotechnol.2002,98, 79-106.

(15) Harrison, L.; Bailey, M.; Naylor, M.; Ream, J.; Hammond, B.;
Nida, D.; Burnette, B.; Nickson, T.; Mitsky, T.; Taylor, M.;
Fuchs, R.; Padgette, S. The expressed protein in glyphosate
tolerant soybean, 5-enolypyruvylshikimate-3-phosphate synthase
from Agrobacteriumsp. strain CP4, is rapidly digestedin Vitro
and is not toxic to acutely gavaged mice.J. Nutr. 1996,126,
728-740.

(16) Padgette, S. R.; Taylor, N. B.; Nida, D. L.; Bailey, M. R.;
MacDonald, J.; Holden, L. R.; Fuchs, R. L. The composition of
glyphosate-tolerant soybean seeds is equivalent to that of
conventional soybeans.J. Nutr. 1996,126, 702-716.

(17) Taylor, N. B.; Fuchs, R. L.; MacDonald, J.; Shariff, A. R.;
Padgette, S. R. Compositional analysis of glyphosate-tolerant
soybeans treated with glyphosate.J. Agric. Food Chem.1999,
47, 4469-4473.

(18) Sidhu, R. S.; Hammond, B. G.; Fuchs, R. L.; Mutz, J.-N.; Holden,
L. R.; George, B.; Olson, T. Glyphosate-tolerant corn: The
composition and feeding value of grain from glyphosate-tolerant
corn is equivalent to that of conventional corn (Zea maysL.). J.
Agric. Food Chem.2000,48, 2305-2312.

(19) Ridley, W. P.; Sidhu, R. S.; Pyla, P. D.; Nemeth, M. A.; Breeze,
M. L.; Astwood, J. D. Comparison of the nutritional profile of
glyphosate-tolerant corn event NK603 with that of conventional
corn (Zea maysL.). J. Agric. Food Chem. 2002,50, 7235-7243.

(20) Nida, D. L.; Patzer, S.; Harvey, P.; Stipanovic, R.; Wood, R.;
Fuchs, R. L. Glyphosate-tolerant cotton: The composition of
the cottonseed is equivalent to that of conventional cottonseed.
J. Agric. Food Chem.1996,44, 1967-1974.

(21) Zhou, H.; Berg, J. D.; Blank, S. E.; Chay, C.; Chen, G.; Eskelsen,
S. R.; Fry, J. E.; Hoi, S.; Hu, T.; Isakson, P. J.; Lawton, M. B.;
Metz, S. G.; Rempel, C. B.; Ryerson, D. K.; Sansone, A. P.;
Shook, A. L.; Starke, R. J.; Tichota, J. M.; Valenti, S. A. Field
Efficacy Assessment of Transgenic Roundup Ready Wheat.Crop
Sci.2003,43, 1072-1075.

(22) Hu, T.; Metz, S.; Chay, C.; Zhou, H. P.; Biest, N.; Chen, G.;
Cheng, M.; Feng, X.; Radionenko, M.; Lu, F.; Fry, J.Agrobac-
terium-mediated large-scale transformation of wheat (Triticum
aestiVumL.) using glyphosate selection.Plant Cell Rep.2003,
21, 1010-1019.

(23) AOAC. Nitrogen (total) in fertilizers. Method 955.04. InOfficial
Method of Analysis of AOAC International, 17th ed.; Horwitz,
W., Ed.; The Association of Official Analytical Chemists
International, Inc.: Gaithersburg, Maryland, 2000; Chapter 2,
pp 14-15.

(24) AOAC. Protein in grains. Method 979.09. InOfficial Method of
Analysis of AOAC International, 17th ed.; Horwitz, W., Ed.; The
Association of Official Analytical Chemists International, Inc.:
Gaithersburg, Maryland, 2000; Chapter 32, pp 30-34.

(25) AOAC. Fat (crude) or ether extract in meat. Method 960.39. In
Official Method of Analysis of AOAC International, 17th ed.;
Horwitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 39, p 2.

(26) AOAC. Fat in flour. Method 922.06. InOfficial Method of
Analysis of AOAC International, 17th ed.; Horwitz, W., Ed.; The
Association of Official Analytical Chemists International, Inc.:
Gaithersburg, Maryland, 2000; Chapter 32, p 5.

(27) AOAC. Fat (crude) or ether extract in pet food. Method 954.02.
In Official Method of Analysis of AOAC International, 17th ed.;
Horwitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 4, p 33.

(28) AOAC. Ash of flour. Method 923.03. InOfficial Method of
Analysis of AOAC International, 17th ed.; Horwitz, W., Ed.; The
Association of Official Analytical Chemists International, Inc.:
Gaithersburg, Maryland, 2000; Chapter 32, p 2.

(29) AOAC. Moisture in Cheese. Method 926.08. InOfficial Method
of Analysis of AOAC International, 17th ed.; Horwitz, W., Ed.;
The Association of Official Analytical Chemists International,
Inc.: Gaithersburg, Maryland, 2000; Chapter 33, p 70.

(30) AOAC. Solids (total) and moisture in flour. Method 925.09. In
Official Method of Analysis of AOAC International, 17th ed.;
Horwitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 32, p 1.

(31) USDA Agriculture Handbook. Energy value of foods.Agriculture
Handbook No. 74; U.S. Department of Agriculture: Washington,
DC, 1973; pp 2-11.

(32) USDA. Forage Fiber Analysis.Agricultural Handbook No. 379;
United States Department of Agriculture: Washington, DC,
1970.

(33) USDA Agriculture Handbook. Forage and fiber analysis.Hand-
book of Agriculture No. 370; U.S. Department of Agriculture:
Washington, DC, 1970.

(34) AACC. Method 32.20.American Association of Cereal Chemists,
9th ed.; American Association of Cereal Chemists: Minneapolis,
MN, 1998.

(35) AOAC. Total dietary fiber in foods. Method 985.29. InOfficial
Method of Analysis of AOAC International, 17th ed.; Horowitz,
W., Ed.; The Association of Official Analytical Chemists
International, Inc.: Gaithersburg, Maryland, 2000; Chapter 45,
pp 78-80.

(36) AOAC. Protein efficiency ratio. Method 982.30. InOfficial
Method of Analysis of AOAC International, 17th ed.; Horowitz,
W., Ed.; The Association of Official Analytical Chemists
International, Inc.: Gaithersburg, Maryland, 2000; Chapter 45,
pp 63-66.

1382 J. Agric. Food Chem., Vol. 52, No. 5, 2004 Obert et al.



(37) AOCS. Fatty acid composition by gas chromatography. Method
Ce 1-62. InOfficial Methods and Recommended Practices of
the American Oil Chemsits Society, 5th ed.; Firestone, D., Ed.;
American Oil Chemists’ Society: Champaign, Illinois, 1997.

(38) Hagerman, A. E.; Nicholson, R. L. High-performance liquid
chromatographic determination of hydroxycinnamic acids in
maize mesocotyl.J. Agric. Food Chem.1982,30, 1098-1102.

(39) AOAC. Vitamin assays. Method 960.46. InOfficial Method of
Analysis of AOAC International, 17th ed.; Horowitz, W., Ed.;
The Association of Official Analytical Chemists International,
Inc.: Gaithersburg, Maryland, 2000; Chapter 45, pp 45-47.

(40) AOAC. Folic acid (pteroylglutamic acid) in infant formula.
Method 992.05. InOfficial Method of Analysis of AOAC
International, 17th ed.; Horowitz, W., Ed.; The Association of
Official Analytical Chemists International, Inc.: Gaithersburg,
Maryland, 2000; Chapter 50, pp 24-26.

(41) Infant Formula Council.Methods of Analysis for Infant Formulas;
Infant Formula Council: Atlanta, Georgia, 1973; Section C-7.

(42) AOAC. Quinic, malic, and citric acids in cranberry juice cocktail
and apple juice. Method 986.13. InOfficial Method of Analysis
of AOAC International, 17th ed.; Horowitz, W., Ed.; The
Association of Official Analytical Chemists International, Inc.:
Gaithersburg, Maryland, 2000; Chapter 37, p 14.

(43) AOAC. Calcium, copper, iron, magnesium, manganese, phos-
phorus, potassium, and zinc in infant formula. Inductively
coupled plasma emission spectroscopic method. Method 984.27.
In Official Method of Analysis of AOAC International, 17th ed.;
Horowitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 50, pp 17-18.

(44) AOAC. Metals and other elements in plants and pet foods.
Inductively coupled plasma spectroscopic method. Method
985.01. InOfficial Method of Analysis of AOAC International,
17th ed.; Horowitz, W., Ed.; The Association of Official
Analytical Chemists International, Inc.: Gaithersburg, Maryland,
2000; Chapter 3, pp 4-5.

(45) Dahlquist, R. L.; Knoll, J. W. Inductively coupled plasma-atomic
emission spectrometry: analysis of biological materials and soils
for major, trace and ultra trace elements.Appl. Spectrom.1978,
32, 1-29.

(46) AOAC. Cadmium, chromium, copper, iron, lead, magnesium,
manganese, silver, and zinc in water. Method 974.27. InOfficial
Method of Analysis of AOAC International, 17th ed.; Horowitz,
W., Ed.; The Association of Official Analytical Chemists
International, Inc.: Gaithersburg, Maryland, 2000; Chapter 11,
pp 16-17.

(47) EPA. Metals 1-19 and Method 213.1.Methods for Chemical
Analysis of Water and Wastes; U.S. Environmental Protection
Agency: Cincinnati, Ohio, 1979.

(48) Perkin-Elmer.Analytical Methods for Atomic Absorption Spec-
trophotometry; Perkin-Elmer Inc.: Norwalk, Connecticut, 1982.

(49) AOAC. Selenium in plants and pet foods. Method 969.06. In
Official Method of Analysis of AOAC International, 17th ed.;
Horowitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 3, pp 21-22.

(50) AOAC. Arsenic, cadmium, lead, selenium, and zinc in human
and pet foods. Method 986.15. InOfficial Method of Analysis
of AOAC International, 17th ed.; Horowitz, W., Ed.; The
Association of Official Analytical Chemists International, Inc.:
Gaithersburg, Maryland, 2000; Chapter 9, pp 1-3.

(51) Watkinson, J. H. Fluorometric determination of selenium in
biological material with 2,3-diaminoaphthalene.Anal. Chem.
1966,39, 92-97.

(52) Haddad, P. R.; Smythe, L. E. A critical evaluation of fluorometric
methods for determination of selenium in plant materials with
2,3-diaminonaphthalene.Talanta1974,21, 859-865.

(53) Bayfield, R. F.; Romalis, L. F. pH Control in the fluorometric
assay for selenium with 2,3-diaminonaphthalene.Anal. Biochem.
1985,144, 569-576.

(54) AOAC. Niacin and niacinamide (nicotinic acid and nicotinamide)
in vitamin preparations. Method 944.13. InOfficial Method of
Analysis of AOAC International, 17th ed.; Horowitz, W., Ed.;
The Association of Official Analytical Chemists International,
Inc.: Gaithersburg, Maryland, 2000; Chapter 45, pp 49-50.

(55) Lehrfeld, J. High-performance liquid chromatography analysis
of phytic acid on a pH-stable, macroporous polymer column.
Cereal Chem.1989,66, 510-515.

(56) Lehrfeld, J. HPLC separation and quantitation of phytic acid and
some inositol phosphates in foods: problem and solutions.J.
Agric. Food Chem.1994,42, 2726-2731.

(57) AOAC. Riboflavin (Vitamin B2) in vitamin preparations. Method
940.33. InOfficial Method of Analysis of AOAC International,
17th ed.; Horowitz, W., Ed.; The Association of Official
Analytical Chemists International, Inc.: Gaithersburg, Maryland,
2000; Chapter 45, pp 51-52.

(58) Mason, B. S.; Slover, H. T. A gas chromatographic method for
the determination of sugars in foods.J. Agric. Food Chem. 1971,
19, 551-554.

(59) Brobst, K. M. Gas-liquid chromatography of trimethylsilyl
derivatives.Methods of Carbohydrate Chemistry; Academic
Press: New York, New York, 1972; Vol. 6.

(60) Brower, H. E.; Jeffrey, J. E.; Folsom, M. W. Gas chromato-
graphic sugar analysis in hydrolysates of wood constituents.Anal.
Chem.1966,38, 362-364.

(61) AOAC. Starch (total) in cereal products. Method 996.11. In
Official Method of Analysis of AOAC International, 17th ed.;
Horowitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 32, pp 35-38.

(62) AOAC. Thiamine (Vitamin B1) in human and pet foods. Method
942.23. InOfficial Method of Analysis of AOAC International,
17th ed.; Horowitz, W., Ed.; The Association of Official
Analytical Chemists International, Inc.: Gaithersburg, Maryland,
2000; Chapter 45, pp 6-7.

(63) AOAC. Thiamine (Vitamin B1) in grain products. Method 953.17.
In Official Method of Analysis of AOAC International, 17th ed.;
Horowitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 45, p 8.

(64) AOAC. Thiamine (Vitamin B1) in bread. Method 957.17. In
Official Method of Analysis of AOAC International, 17th ed.;
Horowitz, W., Ed.; The Association of Official Analytical
Chemists International, Inc.: Gaithersburg, Maryland, 2000;
Chapter 45, pp 8-9.

(65) Cort, W. M.; Vincente, T. S.; Waysek, E. H.; Williams, B. D.
Vitamin E content of feedstuffs determined by high-performance
liquid chromatographic fluorescence.J. Agric. Food Chem. 1983,
31, 1330-1333.

(66) Speek, A. J.; Schijver, J.; Schreurs, W. H. P. Vitamin E
composition of some seed oils as determined by high-
performance liquid chromatography with fluorometric detection.
J. Food Sci.1985,50, 121-124.

(67) McMurray, C. H.; Blanchflower, W. J.; Rice, D. A. Influence
of extraction techniques on determination of alpha-tocopherol
in animal feedstuffs.J. AOAC1980,63, 1258-1261.

(68) SAS Institute, Inc.SAS OnlineDoc,Version 8; SAS Institute,
Inc.: Cary, NC, 1999.

(69) Buchanan, B. B.; Gruissem, W.; Jones, R. L.Biochemistry and
Molecular Biology of Plants; American Society of Plant Physi-
ologists: Rockville, Maryland, 2000; p 1290.

(70) Wardlaw, G. M.PerspectiVes in Nutrition, 4th ed.; McGraw-
Hill: New York, New York, 1999; p 473.

(71) Belyea, R. L.; Martz, F. A.; Ricketts, R. E.; Ruehlow, R. R.;
Bennett, R. C. In vitro dry matter digestibility, detergent fiber,
protein and mineral content of wheat forages as a dairy cattle
feed.J. Anim. Sci.1978,46, 874-877.

(72) Reeves, J. B. Lignin and fiber composition changes in forages
over a growing season and their effects on in vitro digestibility.
J. Dairy Sci.1987,70, 1538-1594.

Grain and Forage from Glyphosate Tolerant Wheat J. Agric. Food Chem., Vol. 52, No. 5, 2004 1383



(73) Wrigley, C. W.; Bietz, J. A. Proteins and Amino Acids. In
Wheat: Chemistry and Technology, Volume 1, Third Edition;
Pomeranz, Y., Ed.; American Association of Cereal Chemists:
St. Paul, Minnesota, 1988; pp 159-275.

(74) Simmonds, D. H. Wheat proteins: their chemistry and nutritional
potential. InWheat SciencesToday and Tomorrow; Evans, L.
T., Peackock, W. J., Eds.; Cambridge University Press: London,
1981; pp 149-166.

(75) Baudet, J.; Huet, J.-C.; Moss, J. The amino acid composition of
wheat grain as related to its protein content. InAmino Acid
Composition and Biological Value of Cereal Proteins; Lasztity,
R., Hidvegi, M., Eds.; Reidel Publishing Company: Boston,
Massachusetts, 1985; pp 439-450.

(76) Lasztity, R.The Chemistry of Cereal Proteins; CRC Press: Boca
Raton, Florida, 1984.

(77) Hackler, L. R. Cereal proteins in human nutrition. InAmino Acid
Composition and Biological Value of Cereal Proteins; Lasztity,
R., Hidvegi, M., Eds.; Reidel Publishing Company: Boston,
Massachusetts, 1985; pp 81-104.

(78) Pomeranz, Y. Chemical composition of kernel structures. In
Wheat: Chemistry and Technology, Volume 1, Third Edition;
Pomeranz, Y., Ed.; American Association of Cereal Chemists:
St. Paul, Minnesota, 1988; pp 97-158.

(79) USDA National Nutrient Database for Standard References,
Release 15 (August 2002).

(80) Toepfer, E. W.; Polansky, M. M.; Eheart, J. F.; Slover, H. T.;
Morris, E. R. Nutrient composition of selected wheats and wheat
products XI. Summary.Cereal Chem.1972,49, 173-186.

(81) Betschart, A. A. Nutritional quality of wheat and wheat foods.
In Wheat: Chemistry and Technology, Volume 2, Third Edition;

Pomeranz, Y., Ed.; American Association of Cereal Chemists:
St. Paul, Minnesota, 1988; pp 91-130.

(82) Morrison, W. R. Uniqueness of wheat starch. InWheat is
Unique: Structure, Composition, Processing, End-Use Properties
and Products; Pomeranz, Y., Ed.; American Association of
Cereal Chemists: St. Paul, Minnesota, 1989; pp 193-214.

(83) Lineback, D. R.; Rasper, V. F. Wheat carbohydrates. InWheat:
Chemistry and Technology, Volume 1, Third Edition; Pomeranz,
Y., Ed.; American Association of Cereal Chemists: St. Paul,
Minnesota, 1988; pp 277-372.

(84) Polansky, M. M.; Toepfer, E. W. Nutrient composition of selected
wheats and wheat products. IV. Vitamin B-6 components.Cereal
Chem.1969,46, 664-674.

(85) Sampson, D. A.; Wen, Q.-B.; Lorenz, K. Vitamin B6 and
pyridoxine glucoside content of wheat and wheat flours.Cereal
Chem.1996,73, 770-774.

(86) Kasim, A. B.; Edwards, H. M., Jr. The analysis for inositol
phosphate forms in feed ingredients.J. Sci. Food Agric.1998,
76, 1-9.

(87) Lempereur, I.; Rouau, X.; Abecassis, J. Genetic and agronomic
variation in arabinoxylan and ferulic acid contents of durum
wheat (Triticum durumL.) grain and its milling fractions.J.
Cereal Sci.1997,25, 103-110.

(88) Fretzdorff, B.; Betsche, D. Oxalsäure in Getreidenährmitteln.
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