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ABSTRACT Event DP-356Ø43-5 (356043; Optimum
GAT) is a genetically modified soybean (Glycine max) that
was produced by insertion of the gat4601 and gm-hra
genes. The expression products of these genes are the
glyphosate acetyltransferase 4601 and acetolactate syn-
thase proteins, respectively. Expression of the glyphosate
acetyltransferase 4601 protein confers tolerance in planta
to the herbicidal active ingredient glyphosate, whereas
expression of the acetolactate synthase protein confers
tolerance to sulfonylurea and imidazolinone herbicides.
The objective of this study was to compare the nutritional
equivalence of 356043 soybeans to nontransgenic soy-
beans in a 42-d feeding trial in broiler chickens. Diets
were prepared using processed fractions (meal, hulls, and
oil) from untreated 356043 soybean plants or from soy-
bean plants treated with a mixture of glyphosate, chlorim-
uron, and thifensulfuron (356043 + Gly/SU). For compari-
son, additional diets were produced with soybean frac-
tions obtained from a nontransgenic near-isoline (control;
091) and nontransgenic commercial Pioneer varieties
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INTRODUCTION

Event DP-356Ø43-5 (hereafter called 356043; Opti-
mum GAT) is a genetically modified soybean (Glycine
max) that was produced by the insertion of the gat4601
and gm-hra genes. The expression products of these
genes are the glyphosate acetyltransferase 4601 (GAT)
and acetolactate synthase (GM-HRA) proteins, respec-
tively. Expression of the GAT protein confers tolerance
in planta to the herbicidal active ingredient glyphosate,
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(93B86, 93B15, and 93M40). Diets were fed to Ross × Cobb
broilers (n = 120/group, 50% male and 50% female) in 3
phases. Starter diets contained 30% soybean meal, grower
diets 26% soybean meal, and finisher diets 21.5% soybean
meal. Soybean hulls and oil were added at 1.0 and 0.5%,
respectively, across all diets in each phase. No statistically
significant differences were observed in mortality, growth
performance variables, or carcass and organ yields be-
tween broilers consuming diets produced with 356043 or
356043 + Gly/SU soybean fractions and those consuming
diets produced with near-isoline control soybean frac-
tions. Additionally, all performance and carcass variables
from control, 356043, and 356043 + Gly/SU soybean treat-
ment groups fell within the tolerance intervals con-
structed using data from reference soybean groups. Based
on the results from this study, it was concluded that
356043 soybean was nutritionally equivalent to non-
transgenic control soybean with a comparable genetic
background.

whereas expression of the GM-HRA protein confers tol-
erance to acetolactate synthase-inhibiting herbicides
such as sulfonylurea and imidazolinone herbicides by
preventing the inhibition of acetolactate synthase, an
enzyme required in branched-chain amino acid synthe-
sis (Lee et al., 1988).

The gat4601 gene is the product of a gat gene isolated
from Bacillus licheniformis that was functionally im-
proved through multiple rounds of gene shuffling to
produce an enzyme that more efficiently acetylates
glyphosate than the native GAT protein (Castle et al.,
2004). The acetolactate synthase gene (gm-hra) was pro-
duced by isolating the herbicide-sensitive gm-als gene
from soybean and changing 2 specific amino acids (Ma-
zur and Falco, 1989; Green, 2007). The objective of this
study was to evaluate the nutritional value of 356043
soybeans by comparing the growth performance and
carcass yields of broiler chickens fed diets containing
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Table 1. Proximate (%), Ca (%), P (%), gross energy (kcal/kg), and amino acid (%) composition1 of Optimum
GAT meal from untreated (356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants,
nontransgenic near-isoline control soybean meal, and meal from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Analyzed composition2 Control 356043 Gly/SU 93B86 93B15 93M40

Proximates, %
Moisture 6.9 6.5 7.2 7.2 6.6 6.0
Protein 47.6 46.3 49.0 44.7 47.0 45.2
Fat 1.2 0.7 0.9 1.1 1.2 0.9
Fiber 2.8 3.1 2.6 3.0 2.7 2.9
Ash 6.0 6.3 5.9 5.8 5.5 7.2

Ca, % 0.25 0.25 0.24 0.25 0.23 0.26
P, % 0.87 0.89 0.80 0.84 0.81 0.98
Gross energy, kcal/kg 4,365 4,362 4,391 4,331 4,378 4,343
Essential amino acids, %

Arg 3.59 3.39 3.79 3.31 3.53 3.25
Lys 2.93 2.84 2.95 2.86 2.99 2.84
His 1.31 1.27 1.34 1.19 1.26 1.22
Ile 2.30 2.16 2.24 2.11 2.22 2.14
Leu 3.85 3.73 3.92 3.60 3.79 3.61
Met 0.75 0.75 0.77 0.71 0.74 0.75
Phe 2.53 2.43 2.60 2.39 2.51 2.37
Thr 1.98 1.96 2.05 1.86 1.96 1.90
Trp 0.70 0.73 0.74 0.72 0.73 0.73
Val 2.43 2.29 2.39 2.20 2.31 2.24

Nonessential amino acids, %
Ala 2.24 2.21 2.32 2.12 2.21 2.16
Asp 5.88 5.70 6.09 5.53 5.83 5.56
Cystine 0.71 0.72 0.72 0.74 0.74 0.77
Glu 9.36 8.94 9.64 9.00 9.60 8.92
Gly 2.13 2.06 2.17 2.00 2.08 2.00
Pro 2.50 2.55 2.61 2.33 2.54 2.45
Ser 2.46 2.48 2.64 2.41 2.52 2.40
Tyr 1.57 1.58 1.65 1.52 1.52 1.47

1Proximate and mineral analyses performed by Cumberland Valley Analytical Services (Hagerstown, MD).
Gross energy analysis performed by Pioneer Hi-Bred International Inc. (Urbandale, IA). Amino acid analysis
conducted by Eurofins Scientific Inc. (Des Moines, IA). Each cell represents the mean of 2 samples.

2All values on an as-is basis.

356043 soybean fractions (meal, hulls, and oil) with those
fed diets composed of nontransgenic control (compara-
ble genetic background) soybean fractions or diets com-
posed of nontransgenic commercial soybean fractions.

MATERIALS AND METHODS

Soybeans

Control soybeans (line 091) were nontransgenic with
a genetic background comparable to 356043 soybeans
that do not contain the coding sequences for the GAT
and GM-HRA proteins (i.e., a near-isoline of 356043 soy-
bean). Optimum GAT soybeans (356043) were obtained
from plants containing the coding sequences for the GAT
and GM-HRA proteins. The 356043 + Gly/SU soybeans
were obtained from plants containing the coding se-
quences for the GAT and GM-HRA proteins that were
treated with 2 sequential broadcast applications of a
herbicide tank mix containing the active ingredients
glyphosate (Touchdown IQ, Syngenta, Greensboro, NC),
chlorimuron (Spin, DuPont, Wilmington, DE), and thi-
fensulfuron (Refine, DuPont). Reference soybeans
(93B86, 93B15, 93M40) were commercially available non-
transgenic Pioneer soybeans that were not treated with

herbicides. Soybean seeds for this trial were planted in
isolated plots at least 3 m from soybean plants not in
the same trial in November of 2005 in a field trial near
Santiago, Chile, and harvested in April 2006.

Soybean Fraction Production
and Characterization

Soybeans from control, reference, and 356043 plants
were processed into meal, hull, and oil fractions under
similar conditions at GLP Technologies (Navasota, TX).
Identity preservation procedures were followed
throughout the processing and inventory systems to
maintain the identity of each soybean source and the
resulting processed fractions. Event-specific real-time
PCR testing confirmed the presence of the insert from
event DP-35Ø643-5 in 356043 and 356043 + Gly/SU test
soybean meal and soy hull fractions and its absence
in control and reference soybean meals and soy hull
fractions (data not shown). All soybean meals and soy
hulls (control, test, and references) were evaluated for
nutrient proximate composition, Ca, and P content at
Cumberland Valley Analytical Services (Hagerstown,
MD). Analytical determinations were conducted ac-
cording to AOAC (1990, 2000) methods for CM (AOAC,
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Table 2. Proximate (%), Ca (%), P (%), gross energy (kcal/kg), and amino acid (%) composition1 of Optimum
GAT hulls from untreated (356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants,
nontransgenic near-isoline control soybean hulls, and hulls from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Analyzed composition2 Control 356043 Gly/SU 93B86 93B15 93M40

Proximates, %
Moisture 6.9 6.8 5.6 5.5 6.1 6.6
Protein 22.8 22.0 24.2 24.3 23.1 22.9
Fat 10.1 11.4 11.1 10.8 10.9 11.8
Fiber 19.4 19.3 18.3 17.6 17.9 18.3
Ash 5.1 5.3 4.6 4.8 4.7 5.3

Ca, % 0.32 0.31 0.31 0.32 0.31 0.34
P, % 0.39 0.41 0.39 0.41 0.37 0.44
Gross energy, kcal/kg 4,572 4,679 4,688 4,713 4,668 4,760
Essential amino acids, %

Arg 1.57 1.54 1.71 1.69 1.65 1.53
His 0.64 0.63 0.68 0.66 0.65 0.63
Ile 1.01 1.02 1.11 1.11 1.06 1.03
Leu 1.75 1.73 1.89 1.91 1.82 1.75
Lys 1.43 1.42 1.49 1.58 1.54 1.44
Met 0.37 0.35 0.36 0.40 0.38 0.37
Phe 1.12 1.10 1.20 1.24 1.18 1.12
Thr 0.94 0.94 1.00 1.02 0.98 0.96
Trp 0.36 0.37 0.37 0.35 0.39 0.37
Val 1.09 1.10 1.21 1.19 1.13 1.10

Nonessential amino acids, %
Ala 1.09 1.08 1.16 1.17 1.13 1.10
Asp 2.67 2.75 3.02 2.91 2.80 2.67
Cystine 0.41 0.39 0.38 0.43 0.41 0.43
Glu 3.96 3.82 4.27 4.46 4.31 4.01
Gly 1.22 1.22 1.31 1.25 1.22 1.19
Pro 1.12 1.07 1.23 1.21 1.26 1.04
Ser 1.26 1.21 1.31 1.35 1.30 1.23
Tyr 0.80 0.78 0.41 0.43 0.79 0.39

1Proximate and mineral analyses performed by Cumberland Valley Analytical Services (Hagerstown, MD).
Gross energy analysis performed by Pioneer Hi-Bred International Inc. (Urbandale, IA). Amino acid analysis
conducted by Eurofins Scientific Inc (Des Moines, IA). Each cell represents the mean of 2 samples.

2All values on an as-is basis.

2000; method 930.15), protein (AOAC, 2000; method
990.03), fat (AOAC, 1990; method 920.39), fiber (AOAC,
2000; method 978.10), ash (AOAC, 2000; method 942.05),
Ca, and P (AOAC, 2000; method 985.01). Amino acid
content and concentrations of mycotoxins of these frac-
tions were determined at Eurofins Scientific (Des
Moines, IA). Amino acid concentrations were deter-
mined in accordance with AOAC methods (AOAC, 2000;
methods 988.15, 982.30, and 994.12). Concentrations of
mycotoxins were determined in accordance with AOAC
methods [mycotoxins (method 994.08), fumonisins
(method 995.15), and vomitoxin (986.17); AOAC, 2000].
Soy fractions and diet samples were analyzed for gross
energy content with a bomb calorimeter (Parr Instru-
ments model 1271, Parr Instruments, Moline, IL) at Pio-
neer Hi-Bred (Urbandale, IA).

Birds and Housing

Animal care and use practices during this trial con-
formed to the Guide for the Care and Use of Agricultural
Animals in Agricultural Research and Teaching (FASS,
1999). Commercial broilers (Ross × Cobb) were obtained
at hatch (trial d 0) from a commercial Maryland hatchery
and transported to Solution BioSciences Inc. (farm 1,

Tyaskin, MD). Broilers were evaluated upon receipt for
signs of disease or other complications that may have
affected the outcome of the study. Bird health and actual
number of birds received were documented upon re-
ceipt. Following examination, broilers were weighed,
identified with a wing band, and placed randomly in
pens. Broilers were housed at a density of 10 broilers per
pen (12 pens per treatment group) in a room containing
forced-air heaters and individual pen heat lamps with
a cross-house ventilation system. A continuous 24-h
lighting program was followed. Broilers were placed in
3 ft × 4 ft (0.914 m × 1.219 m) floor pens at a density of
approximately 1.0 ft2 (0.305 m2) of available floor space
per broiler. Pens were separated by a wire partition and
did not touch other pens from any side to minimize
potential for cross-contamination. Birds were observed
3 times daily for overall health, behavior and evidence
of toxicity, and environmental conditions. No type of
medication was administered during the entire feeding
period. Mortalities were recorded, and complete nec-
ropsy examinations were performed on all broilers
found dead or moribund. Carcasses of necropsied broil-
ers were disposed of according to local regulations via
composting. Drinking water was provided for ad libitum
consumption. Body weights and feed weights (including
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Table 3. Ingredient composition of diets containing Optimum GAT meal; hulls and oil from untreated (356043)
and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants; nontransgenic near-isoline control
soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Ingredient (%) Control 356043 Gly/SU 93B86 93B15 93M40

Starter1

Maize 58.403 57.893 59.037 57.167 58.219 57.516
Soybean meal 30.00 30.00 30.00 30.00 30.00 30.00
Soybean hulls 1.00 1.00 1.00 1.00 1.00 1.00
Soybean oil 0.50 0.50 0.50 0.50 0.50 0.50
Commercial soybean oil 2.576 2.596 2.46 2.726 2.515 2.615
Protein blend 3.292 3.809 2.695 4.468 3.569 4.266
DL-Met 0.353 0.346 0.350 0.345 0.344 0.326
L-Lys-HCl 0.104 0.124 0.112 0.097 0.072 0.111
Limestone 0.997 0.973 1.006 0.922 0.981 0.971
Dicalcium 21 1.654 1.641 1.719 1.657 1.681 1.578
Choline-Cl 0.039 0.040 0.037 0.042 0.039 0.041
NaCl 0.456 0.454 0.458 0.451 0.455 0.452
VTM Premix2 0.625 0.625 0.625 0.625 0.625 0.625

Grower1

Maize 63.987 63.546 64.543 62.919 63.831 63.224
Soybean meal 26.00 26.00 26.00 26.00 26.00 26.00
Soybean hulls 1.00 1.00 1.00 1.00 1.00 1.00
Soybean oil 0.50 0.50 0.50 0.50 0.50 0.50
Commercial soybean oil 2.005 2.019 1.900 2.133 1.948 2.033
Protein blend 2.629 3.078 2.109 3.645 2.868 3.472
DL-Met 0.301 0.295 0.298 0.294 0.293 0.277
L-Lys-HCl 0.154 0.171 0.160 0.147 0.126 0.160
Limestone 0.967 0.946 0.975 0.902 0.953 0.944
Dicalcium 21 1.548 1.535 1.604 1.550 1.570 1.481
Choline-Cl 0.005 0.006 0.003 0.007 0.005 0.007
NaCl 0.406 0.404 0.408 0.402 0.405 0.403
VTM Premix 0.500 0.500 0.500 0.500 0.500 0.500

Finisher1

Maize 69.741 69.380 70.207 68.867 69.618 69.121
Soybean meal 21.50 21.50 21.50 21.50 21.50 21.50
Soybean hulls 1.00 1.00 1.00 1.00 1.00 1.00
Soybean oil 0.50 0.50 0.50 0.50 0.50 0.50
Commercial soybean oil 1.419 1.427 1.328 1.522 1.368 1.434
Protein blend 2.143 2.515 1.709 2.979 2.340 2.839
DL-Met 0.284 0.279 0.281 0.278 0.277 0.264
L-Lys-HCl 0.267 0.282 0.273 0.262 0.244 0.272
Limestone 0.849 0.831 0.856 0.795 0.837 0.830
Dicalcium 21 1.443 1.433 1.489 1.445 1.462 1.388
NaCl 0.355 0.354 0.357 0.352 0.354 0.352
VTM Premix 0.500 0.500 0.500 0.500 0.500 0.500

1Diets were formulated to contain 3,124 kcal of ME/kg (starter), 3,151 kcal of ME/kg (grower), and 3,175
kcal of ME/kg (finisher), respectively.

2Poultry VTM 88 Vitamin and Trace Mineral Premix from Archer Daniels Midland (Quincy, IL).

amount of feed added and amount remaining) were de-
termined every 7 d. Body weight gain, feed intake, and
mortality-corrected feed:gain ratio (feed efficiency) were
calculated for d 0 through 42. A growth curve was pre-
pared from weekly BW.

Experimental Design

Sufficient numbers of broilers were obtained before
study initiation to ensure availability of 720 healthy
chicks (50% males and 50% females) for the conduct of
the study. There were 10 broilers per pen (5 males and
5 females) with 12 pens (replicates) per treatment of a
total of 120 broilers per treatment. Broilers were fed their
respective dietary treatments from time of hatching (trial
d 0) to 42 d of age.

Diets

Diets were fed in 3 phases: starter (d 0 to 21), grower
(d 22 to 35), and finisher (d 36 to 42). All diets were
offered as a mash feed for ad libitum consumption.
Starter, grower, and finisher diets were formulated to
meet the nutrient requirements of a typical commercial
broiler diet using the NRC as a guideline (NRC, 1994).
Diets were prepared at the Pioneer Livestock Nutrition
facility (Polk City, IA). Control, test, or reference soy
fractions were added to the indicated diets in equal
amounts; requirements for protein, Lys, Met, cystine,
Ca, and P were met by adjusting the concentrations of
nonsoy ingredients. Within each phase, all diets were
formulated to the same ME level: starter diets, 3,124
kcal of ME/kg; grower diets, 3,151 kcal of ME/kg; and
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Table 4. Nutrient composition1 of starter diets containing Optimum GAT meal; hulls and oil from untreated
(356043) and glyphosate-sulfonylurea-treated (356043 + Gly/SU) soybean plants; nontransgenic near-isoline
control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Analyzed composition2 Control 356043 Gly/SU 93B86 93B15 93M40

Proximates, %
Moisture 10.2 10.1 10.2 10.1 10.2 10.0
Protein 20.8 21.8 22.1 22.2 21.9 21.8
Fat 5.1 5.5 5.2 5.4 5.5 6.0
Fiber 2.1 2.0 1.9 2.0 1.8 1.9
Ash 5.2 5.3 5.6 4.7 5.7 5.5

Ca, % 0.80 0.72 0.86 0.80 0.80 0.78
P, % 0.68 0.63 0.70 0.69 0.64 0.72
Gross energy, kcal/kg 4,110 4,123 4,125 4,134 4,101 4,127
Essential amino acids, %

Arg 1.36 1.46 1.55 1.41 1.38 1.38
His 0.57 0.56 0.60 0.54 0.55 0.55
Ile 0.92 0.92 0.94 0.90 0.94 0.92
Leu 1.93 1.90 1.96 1.92 1.93 1.89
Lys 1.20 1.15 1.24 1.18 1.14 1.17
Met 0.68 0.66 0.66 0.64 0.67 0.65
Phe 1.12 1.06 1.12 1.08 1.08 1.07
Thr 0.92 0.87 0.90 0.89 0.88 0.89
Trp 0.29 0.28 0.29 0.29 0.29 0.30
Val 1.16 1.12 1.11 1.14 1.13 1.11

Nonessential amino acids, %
Ala 1.15 1.21 1.24 1.20 1.24 1.24
Asp 2.41 2.19 2.39 2.25 2.26 2.22
Cystine 0.39 0.42 0.38 0.43 0.41 0.46
Glu 4.06 3.98 4.16 4.08 4.13 4.07
Gly 1.00 1.04 1.01 1.00 1.01 1.02
Pro 1.37 1.09 1.48 1.36 1.11 1.08
Ser 1.24 1.24 1.26 1.26 1.25 1.28
Tyr 0.61 0.62 0.62 0.65 0.55 0.63

1Proximate and mineral analyses performed by Cumberland Valley Analytical Services (Hagerstown, MD).
Gross energy analysis performed by Pioneer Hi-Bred International Inc. (Urbandale, IA). Amino acid analysis
conducted by Eurofins Scientific Inc. (Des Moines, IA). Each cell represents 1 (n = 1) determination.

2All values on an as-is basis.

finisher diets, 3,175 kcal of ME/kg. Starter, grower, and
finisher diets for each soy source were mixed in the
following order to minimize the potential for cross-con-
tamination of nontransgenic soy with transgenic soy:
control, 93B86, 93B15, 93M40, 356043, and 356043 + Gly/
SU. Mixing equipment was flushed with nontransgenic
soy hulls before diet preparation. All diets were pre-
pared using a ribbon mixer (Sudenga M750, Sudenga
Industries Inc., George, IA) that was cleaned between
each diet (starter, grower, and finisher) using com-
pressed air and vacuum; mixing equipment was flushed
with nontransgenic soybean hulls between each soy
source, and flush material was disposed of by compost-
ing. Prepared diets were subsampled, and samples were
composited for proximate analysis (including Ca and
P), amino acid analysis, and gross energy analysis. Ho-
mogeneity and stability analyses of the GAT and GM-
HRA proteins in the diets were not performed due to
the inability to detect the transgenic proteins by ELISA
in the toasted soybean meal and soy hull fractions used
to prepare the test diets (356043 and 356043 + Gly/SU;
data not shown). The inability to detect the GAT and
GM-HRA proteins was likely due to the denaturing ef-
fect of heat on the proteins during the toasting process.

Measurements

All surviving birds were euthanized on study d 42 by
cervical dislocation and subjected to a gross necropsy.
Carcass and carcass parts yield data were collected from
576 broilers (4 males and 4 females per pen); yield data
included carcass yield (postchilled), thighs, breasts,
wings, legs, abdominal fat (including fat around giz-
zard), kidneys, and whole liver. Combined total mass
was recorded for all parts considered as pairs (i.e., legs,
thighs, both sides of the breast). Kidney and liver
weights were expressed as percentages of whole live
bird weight. Carcass yield was expressed as the percent-
age of whole live bird weight, and parts yields were
expressed as the percentage of postchilled dressed car-
cass weight. Birds and remaining test feeds were dis-
posed of by composting, conforming to local and state
regulations.

Statistical Analysis

The mean value of data from the 356043 soybean
group was calculated for each variable to test the pri-
mary hypothesis that growth performance and carcass
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Table 5. Nutrient composition1 of grower diets containing Optimum GAT meal; hulls and oil from untreated
(356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants; nontransgenic near-isoline
control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Analyzed composition2 Control 356043 Gly/SU 93B86 93B15 93M40

Proximates, %
Moisture 10.4 10.2 10.5 10.4 10.3 10.1
Protein 19.5 20.9 19.5 19.8 20.2 19.2
Fat 5.1 4.9 4.9 5.2 5.1 5.3
Fiber 1.8 1.7 1.7 1.9 1.7 1.6
Ash 5.0 5.3 5.9 3.9 4.5 5.8

Ca, % 0.79 0.76 0.77 0.75 0.74 0.76
P, % 0.65 0.65 0.67 0.62 0.64 0.68
Gross energy, kcal/kg 4,077 4,090 4,079 4,082 4,075 4,087
Essential amino acids, %

Arg 1.18 1.18 1.32 1.23 1.28 1.26
His 0.50 0.53 0.52 0.52 0.51 0.51
Ile 0.80 0.82 0.80 0.84 0.80 0.82
Leu 1.71 1.81 1.77 1.77 1.76 1.75
Lys 1.02 1.09 1.08 1.08 1.10 1.10
Met 0.60 0.60 0.60 0.58 0.68 0.61
Phe 0.96 0.99 0.99 1.01 0.97 0.99
Thr 0.73 0.81 0.83 0.79 0.77 0.82
Trp 0.25 0.26 0.26 0.25 0.27 0.27
Val 0.97 1.04 0.97 1.05 1.00 1.03

Nonessential amino acids, %
Ala 1.08 1.15 1.11 1.14 1.14 1.15
Asp 1.90 2.03 2.13 1.99 2.00 2.04
Cystine 0.36 0.39 0.36 0.40 0.39 0.34
Glu 3.53 3.71 3.73 3.66 3.83 3.67
Gly 0.85 0.93 0.88 0.92 0.89 0.93
Pro 1.21 1.04 1.25 1.00 1.02 1.01
Ser 1.03 1.12 1.12 1.11 1.11 1.14
Tyr 0.58 0.53 0.57 0.57 0.57 0.58

1Proximate and mineral analyses performed by Cumberland Valley Analytical Services (Hagerstown, MD).
Gross energy analysis performed by Pioneer Hi-Bred International Inc. (Urbandale, IA). Amino acid analysis
conducted by Eurofins Scientific Inc. (Des Moines, IA). Each cell represents 1 (n = 1) determination.

2All values on an as-is basis.

yield would be different between broiler chickens fed
diets containing test soy fractions with the processed
fractions from Optimum GAT soybeans and those fed
diets containing nontransgenic near-isoline control soy
fractions. A secondary hypothesis tested was that
growth performance and carcass yield of birds fed diets
containing 356043 soy fractions produced under a herbi-
cide spray regimen (356043 + Gly/SU) would differ from
that of birds fed diets containing nontransgenic near-
isoline control soy fractions. Data generated from con-
trol, 356043, and 356043 + Gly/SU soy treatment groups
were analyzed using a mixed model ANOVA (PROC
MIXED, SAS version 9.1 software, SAS Inst. Inc., Cary
NC). The model used for live performance data analysis
was: Yij = U + Ti + Bj + eij, where Yij = observed pen
response; U = overall mean; Ti = treatment effect; Bj =
random block effect; and eij = residual error. The model
used for carcass data analysis was: Yijk = U + Ti + Bj +
TBij + eijk, where Yijk = observed bird response; U =
overall mean; Ti = treatment effect; Bj = random block
effect; TBij = random treatment × block effect (called
pen); and eijk = residual error. The error term used for
the fixed effect of treatment (Ti) was TBij, which allowed
within-pen variability to become residual error. Statisti-
cal analysis of live performance data was determined

on a per-pen basis and did not consider sex, whereas
analysis of carcass data was determined on a per-bird
basis and did consider sex. Estimate statements were
used to generate the treatment comparisons for each live
performance and carcass trait. The observed P-values
generated from the estimate comparison statement de-
termined whether 1) the mean of the 356043 test soy
group was statistically different from the mean of the
control soy group and 2) the mean of the 356043 + Gly/
SU test soy group was statistically different from the
control soy mean; differences between means were con-
sidered significant at P ≤ 0.05. False discovery rate, as
described by Benjamini and Hochberg (1995), was ap-
plied across all traits analyzed to control the false posi-
tive rate. Data generated from reference soy (93B86,
93B15, and 93M40) treatment groups were used in the
estimation of experimental variability but were not in-
cluded in the statistical output; instead, these data were
used to construct a 95% tolerance interval containing
99% of the observed performance and carcass trait values
from birds fed typical (nontransgenic commercial) soy
diets, as described by Graybill (1976). Tolerance intervals
were used as estimates of expected ranges of response
variables within reference control groups obtained from
the same source and housed and fed under the same
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Table 6. Nutrient composition1 of finisher diets containing Optimum GAT meal; hulls and oil from untreated
(356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants; nontransgenic near-isoline
control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Analyzed composition2 Control 356043 Gly/SU 93B86 93B15 93M40

Proximates, %
Moisture 10.8 10.5 10.8 10.7 10.6 10.5
Protein 16.9 17.3 17.3 17.4 17.9 17.5
Fat 4.8 4.5 4.5 4.8 4.6 4.9
Fiber 1.8 1.7 1.8 1.7 1.7 1.6
Ash 4.1 4.7 4.5 4.4 3.8 5.0

Ca, % 0.72 0.70 0.66 0.73 0.68 0.68
P, % 0.63 0.63 0.64 0.62 0.64 0.62
Gross energy, kcal/kg 4,015 4,029 4,037 4,042 4,033 4,044
Essential amino acids, %

Arg 1.06 1.15 1.19 1.09 1.13 1.06
His 0.47 0.46 0.46 0.47 0.48 0.46
Ile 0.75 0.72 0.68 0.74 0.75 0.72
Leu 1.61 1.61 1.62 1.65 1.65 1.61
Lys 1.01 1.02 1.05 1.02 1.04 1.04
Met 0.54 0.55 0.55 0.55 0.56 0.62
Phe 0.87 0.86 0.89 0.87 0.88 0.86
Thr 0.66 0.71 0.69 0.70 0.69 0.68
Trp 0.22 0.23 0.22 0.22 0.24 0.22
Val 0.91 0.86 0.83 0.93 0.91 0.89

Nonessential amino acids, %
Ala 1.02 1.02 1.04 1.07 1.07 1.04
Asp 1.74 1.76 1.80 1.76 1.77 1.69
Cystine 0.32 0.35 0.32 0.35 0.34 0.31
Glu 3.33 3.20 3.33 3.32 3.44 3.26
Gly 0.78 0.77 0.73 0.81 0.81 0.78
Pro 1.07 1.09 1.15 0.92 0.94 0.93
Ser 0.93 0.98 0.99 0.99 0.99 0.98
Tyr 0.52 0.51 0.50 0.51 0.51 0.50

1Proximate and mineral analyses performed by Cumberland Valley Analytical Services (Hagerstown, MD).
Gross energy analysis performed by Pioneer Hi-Bred International Inc. (Urbandale, IA). Amino acid analysis
conducted by Eurofins Scientific Inc. (Des Moines, IA). Each cell represents 1 (n = 1) determination.

2All values on an as-is basis.

conditions as the experimental and control broiler chick-
ens within this study. If after false discovery rate adjust-
ments there were still statistically significant differences
among response variables in control, 356043, and 356043
+ Gly/SU treatment groups, they were evaluated graph-
ically to determine whether the observed values were
contained within this interval. If individual observed
values for a treatment group were contained within the
tolerance interval, the treatment response was consid-
ered to be similar to feeding typical soy fractions. Toler-
ance intervals for organ and carcass variables were cre-
ated by sex due to expected yield differences between
male and female broilers.

RESULTS

Soybean Fractions and Diet Composition

Nutrient profiles of the control, test, and reference
soybean meals were comparable for most analytes (Table
1). Slight variations in concentrations of protein were
noted among control, test, and reference meals. The nu-
trient compositions of control, test, and reference soy
hulls were similar (Table 2). Protein, fat, and energy
concentrations in all soy hull sources were higher than

typically observed in commercial soy hulls, indicating
that the hulls contained a higher amount of bean meat
due to poor separation between the hull and bean. As
a result, the quantity of soy hulls added was limited to
1.0% across all diets. None of the soybean meals or soy
hulls contained measurable concentrations of mycotox-
ins (data not shown). Lower gross energy content of
all soy oils reflected the fact that the oils were only
degummed and not further refined (data not shown);
because of the lower nutritional quality, quantities of
the soy oils were limited to 0.5% across all diets.

The compositions of the starter, grower, and finisher
diets were formulated based on the determined concen-
trations of the nutrients (Table 3). The nutrient, gross
energy, and amino acid concentrations of the diets pro-
duced using processed fractions from the control, test,
and reference soybeans were all similar in correspond-
ing feeding phases (Tables 4, 5, and 6).

Performance Response Variables

There was no observable difference in the growth per-
formance measures between birds consuming diets pro-
duced with the control and 356043 or 356043 + Gly/SU
soybean fractions as observed by evaluating the weekly
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Table 7. Growth performance of broilers fed diets containing Optimum GAT meal; hulls and oil from untreated
(356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants; nontransgenic near-isoline
control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 +
Item Control 356043 Gly/SU Tolerance interval1

Initial weight, g
Mean2 50.9 50.4 51.1 48.8 to 53.43

SEM 0.2 0.2 0.2
FDR4 0.90 0.90
P-value5 0.12 0.37

Final weight, g
Mean 1,905.6 1,916.3 1,924.2 1,671.5 to 2,163.5
SEM 21.2 21.2 21.2
FDR 0.90 0.90
P-value 0.72 0.54

Mortality,6 %
Mean 0.83 1.67 0.83 0.00 to 13.48
SEM 0.99 0.99 0.99
FDR 0.90 1.00
P-value 0.55 1.00

Feed:gain7

Mean 1.878 1.860 1.881 1.694 to 2.036
SEM 0.015 0.015 0.015
FDR 0.90 0.99
P-value 0.36 0.89

1Lower and upper limits of a 95% tolerance interval on 99% of the observed performance trait values from
birds fed 93B86, 93B15, and 93M40 reference soybean diets.

2Control, 356043, and 356043 + Gly/SU treatment means (n = 12 pens/treatment group with 10 birds/pen).
3Range denotes the lowest and highest individual values observed in the treatment group.
4P-value adjusted using false discovery rate (FDR).
5Nonadjusted P-value.
6Negative lower limit of tolerance interval set to zero.
7Feed:gain calculated as grams of feed intake per gram of BW gain.

growth curve or final BW (Table 7). Additionally, there
were no statistically significant differences among
growth performance variables (BW and gain, mortality,
and mortality-adjusted feed efficiency) of broilers con-
suming control and 356043 or between control and
356043 + Gly/SU test diets (Table 7). Further, all growth
performance measures for broilers fed control, 356043,
and 356043 + Gly/SU test diets fell within the tolerance
intervals calculated for this study using data obtained
from broilers consuming diets produced with non-
transgenic commercial reference soybean fractions.

Organ and Carcass Yields

Kidney yields were not significantly different between
control and 356043 or 356043 + Gly/SU test diet groups,
and values for all groups fell within the tolerance inter-
val calculated for this study using data obtained from
broilers consuming diets produced with nontransgenic
reference soy fractions (Table 8). Overall liver yields and
liver yields for female broilers were not significantly
different between control and 356043 or 356043 + Gly/
SU test diet groups. Within males, liver yield was higher
(P < 0.05) for the 356043 + Gly/SU test diet group as
compared with the control diet group. However, this
difference was not significant when the P-value was

adjusted using false discovery rate, and all values were
within the tolerance intervals calculated for this study.

No statistically significant differences were observed
for carcass or individual parts yields between the control
and 356043 test diet group, or between the control and
356043 + Gly/SU test diet group (Tables 9 and 10). Addi-
tionally, all values for control, 356043, and 356043 +
Gly/SU diet groups fell within the tolerance intervals
calculated for this study using data obtained from broil-
ers consuming diets produced with nontransgenic refer-
ence soy fractions.

DISCUSSION

Biotechnology has been used to producex, 2003; EFSA,
2006a,b). These guidelines are based on the concept of
demonstrating that genetically modified (GM) crops are
not substantially different from those obtained from
non-GM crops. These guidelines include comparison of
the compositional analysis of nutrients in whole grains
or processed feed fractions obtained from GM crops with
those obtained from the closest genetic comparator (e.g.,
near-isoline control) non-GM crop. The compositional
analysis for field crops such as soybeans is defined by
a list of components with known nutritional or antinutri-
tional effect (OECD, 2001). Although the list of ingredi-
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Table 8. Prechill organ yields1 of broilers fed diets containing Optimum GAT meal; hulls and oil from untreated
(356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants; nontransgenic near-isoline
control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference soybeans (93B86, 93B15,
and 93M40)

356043 + Tolerance
Item Control 356043 Gly/SU interval2

Kidney (%)—overall
Mean3 2.08 2.09 2.08
SEM 0.05 0.05 0.05
FDR4 0.98 0.98
P-value5 0.94 0.97

Kidney (%)—males
Mean 2.13 2.08 2.10 0.77 to 3.48
SEM 0.07 0.07 0.07
FDR 0.89 0.89
P-value 0.62 0.71

Kidney (%)—females
Mean 2.03 2.09 2.06 0.69 to 3.50
SEM 0.07 0.07 0.07
FDR 0.89 0.89
P-value 0.55 0.76

Liver (%)—overall
Mean 3.47 3.40 3.59
SEM 0.06 0.06 0.06
FDR 0.89 0.89
P-value 0.47 0.14

Liver (%)—males
Mean 3.37 3.44 3.64 1.95 to 5.13
SEM 0.08 0.08 0.08
FDR 0.89 0.82
P-value 0.49 0.01716

Liver (%)—females
Mean 3.56 3.37 3.55 1.90 to 5.11
SEM 0.08 0.08 0.08
FDR 0.89 0.98
P-value 0.08 0.88

1Calculated as percentage of live bird weight.
2Lower and upper limits of a 95% tolerance interval on 99% of the observed organ yield trait values from

birds fed 93B86, 93B15, and 93M40 reference soybean diets.
3Control, 356043, and 356043 + Gly/SU treatment means (n = 12 pens/treatment group with 10 birds/pen).
4P-value adjusted using false discovery rate (FDR).
5Nonadjusted P-value.
6Statistically significant difference, nonadjusted P-value < 0.05.

ents within these documents is comprehensive, it is not
exhaustive, and it is possible that additional components
could affect the nutritional quality of the whole grains
or processed feed fractions obtained from GM crops. For
this reason, animal feeding trials have been conducted to
determine if particular genetic modification could have
resulted in unintended changes that could affect the
nutritional quality of whole grains or processed feed
fractions obtained from GM crops. Broiler chickens are
a rapidly growing species of commercial importance that
are sensitive to nutritional deficiencies (ILSI, 2003). They
have been used extensively in feeding trials to compare
the nutritional quality of whole grains and processed
fractions obtained from GM crops with those from non-
GM crops (Brake and Vlachos, 1998; Brake et al., 2003,
2005; Taylor et al., 2003a,b,c, 2004, 2005; McNaughton
et al., 2007). These studies have reported that the nutri-
tional performance and carcass variables of broilers con-
suming diets formulated with grains and processed frac-
tions from GM crops were not different from those ob-

served in nontransgenic maize (Zea mays L.) grains.
Overall, these reports indicate that the particular GM
substances that were evaluated were as wholesome and
nutritious as those obtained from non-GM sources.

The current study was conducted to assess the nutri-
tional performance of processed fractions obtained from
a newly developed GM soybean (Optimum GAT;
356043) with the processed fractions obtained from its
near-isoline control. Optimum GAT soybeans were pro-
duced by insertion of the gat4601 and gm-hra genes. The
expression products of these genes, GAT and GM-HRA
proteins, respectively, confer in planta tolerance to the
herbicidal active ingredients glyphosate and acetolactate
synthase-inhibiting herbicides such as sulfonylurea and
imidazolinone (Lee et al., 1988; Castle et al., 2004).

The nutritional composition of the soybean meal and
hull fractions from 356043 soybeans treated with in-field
application of glyphosate and sulfonylurea herbicides
(356043 + Gly/SU), untreated 356043 soybeans (356043),
and control soybeans were compared in the current
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Table 9. Postchill carcass, breast, and thigh yields1 of broilers fed diets containing Optimum GAT meal; hulls
and oil from untreated (356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants; non-
transgenic near-isoline control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial reference
soybeans (93B86, 93B15, and 93M40)

356043 +
Item Control 356043 Gly/SU Tolerance interval2

Carcass (%)—overall
Mean3 70.54 70.39 70.98
SEM 0.35 0.35 0.35
FDR4 0.89 0.89
P-value5 0.75 0.36

Carcass (%)—males
Mean 69.81 70.29 70.47 61.96 to 79.74
SEM 0.47 0.47 0.47
FDR 0.89 0.89
P-value 0.46 0.31

Carcass (%)—females
Mean 71.27 70.48 71.49 60.86 to 80.41
SEM 0.47 0.47 0.47
FDR 0.89 0.89
P-value 0.22 0.74

Breast (%)—overall
Mean 26.84 26.83 26.55
SEM 0.22 0.22 0.22
FDR 0.98 0.89
P-value 0.98 0.36

Breast (%)—males
Mean 27.14 26.72 26.87 20.73 to 32.90
SEM 0.31 0.31 0.31
FDR 0.89 0.89
P-value 0.34 0.54

Breast (%)—females
Mean 26.55 26.94 26.24 20.82 to 32.92
SEM 0.31 0.31 0.31
FDR 0.89 0.89
P-value 0.36 0.47

Thigh (%)—overall
Mean 15.98 16.09 16.06
SEM 0.16 0.16 0.16
FDR 0.89 0.89
P-value 0.63 0.73

Thigh (%)—males
Mean 16.15 15.96 16.13 11.77 to 19.75
SEM 0.21 0.21 0.21
FDR 0.89 0.98
P-value 0.53 0.96

Thigh (%)—females
Mean 15.82 16.21 15.98 11.70 to 20.29
SEM 0.21 0.21 0.21
FDR 0.89 0.89
P-value 0.19 0.58

1Carcass yield calculated as percentage of live bird weight; parts yield calculated as percentage of postchill
carcass weight.

2Lower and upper limits of a 95% tolerance interval on 99% of the observed postchill carcass and parts yield
trait values from birds fed 93B86, 93B15, and 93M40 reference soybean diets.

3Control, 356043, and 356043 + Gly/SU treatment means (n = 12 pens/treatment group with 10 birds/pen).
4P-value adjusted using false discovery rate (FDR).
5Nonadjusted P-value.

study. Processed fractions of 3 additional non-GM com-
mercial reference soybeans (93B86, 93B15, and 93M40)
obtained from the same field trial were also included.
Information about the nutrient composition of soybean
fractions necessary for formulating broiler chicken diets
is limited primarily to nutritional proximates, amino
acids, Ca, P, and gross energy values. In this study,
no nutrient compositional differences were identified

between the soybean meal and hull fractions from these
different soybean sources. These results indicated that
the processed fractions from these different soybeans
were suitable for the production of broiler chicken diets.

Processed fractions (meal, hulls, and crude oil) from
these different soybeans were used to produce starter,
grower, and finisher broiler chicken diets in a manner
consistent with that used by commercial poultry farmers
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Table 10. Postchill leg, wing, and abdominal fat yields1 of broilers fed diets containing Optimum GAT meal;
hulls and oil from untreated (356043) and glyphosate/sulfonylurea-treated (356043 + Gly/SU) soybean plants;
nontransgenic near-isoline control soybean meal, hulls, and oil; and meal, hulls, and oil from commercial
reference soybeans (93B86, 93B15, and 93M40)

356043 +
Item Control 356043 Gly/SU Tolerance interval2

Leg (%)—overall
Mean3 14.49 14.31 14.21
SEM 0.13 0.13 0.13
FDR4 0.89 0.89
P-value5 0.36 0.15

Leg (%)—males
Mean 14.68 14.44 14.32 10.71 to 17.80
SEM 0.18 0.18 0.18
FDR 0.89 0.89
P-value 0.35 0.16

Leg (%)—females
Mean 14.29 14.18 14.10 10.66 to 18.19
SEM 0.18 0.18 0.18
FDR 0.89 0.89
P-value 0.67 0.46

Wing (%)—overall
Mean 10.60 10.69 10.54
SEM 0.09 0.09 0.09
FDR 0.89 0.89
P-value 0.42 0.60

Wing (%)—males
Mean 10.69 10.71 10.57 8.25 to 12.80
SEM 0.11 0.11 0.11
FDR 0.98 0.89
P-value 0.92 0.42

Wing (%)—females
Mean 10.50 10.66 10.51 8.25 to 12.88
SEM 0.11 0.11 0.11
FDR 0.89 0.98
P-value 0.30 0.94

Abdominal fat (%)—overall
Mean 1.46 1.53 1.51
SEM 0.04 0.04 0.04
FDR 0.89 0.89
P-value 0.25 0.37

Abdominal fat (%)—males
Mean 1.50 1.52 1.53 0.52 to 2.52
SEM 0.05 0.05 0.05
FDR 0.89 0.89
P-value 0.75 0.65

Abdominal fat (%)—females
Mean 1.42 1.53 1.49 0.39 to 2.52
SEM 0.05 0.05 0.05
FDR 0.89 0.89
P-value 0.16 0.37

1Parts yield calculated as percentage of postchill carcass weight.
2Lower and upper limits of a 95% tolerance interval on 99% of the observed postchill carcass and parts yield

trait values from birds fed 93B86, 93B15, and 93M40 reference soybean diets.
3Control, 356043, and 356043 + Gly/SU treatment means (n = 12 pens/treatment group with 10 birds/pen).
4P-value adjusted using false discovery rate (FDR).
5Nonadjusted P-value.

(McNaughton et al., 2007). No compositional differences
were identified in the diets from each respective phase
regardless of the source of soybeans.

The performance of these different diets was com-
pared using standard nutritional performance variables
and organ and carcass yields. No significant differences
in BW, weight gain, or carcass yields were observed
among broiler chickens consuming diets prepared with
processed soybean fractions from 356043, 356043 + Gly/
SU, near-isoline control, or reference soybeans. Organ

yields from broiler chickens have not previously been
reported in nutritional comparison trials of grains from
transgenic crops. However, in addition to nutritional
performance and carcass traits, they are indicators of
overall broiler health. Liver weights in chickens are sen-
sitive to changes from nutritional deficiencies in diets
(Velu et al., 1971; Carew et al., 2005). The kidney weights
of chickens are also sensitive to change from dietary
differences, as best documented from studies with myco-
toxins (Edrington et al., 1997; Morris et al., 1999; Farran
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et al., 2005). Further, liver and kidney weights are among
the organs that have been assessed in nutritional perfor-
mance trials of grains from transgenic crops in other
species such as rodents (Hammond et al., 2004, 2006a,b;
MacKenzie et al., 2007; Malley et al., 2007). In the current
study, there were no biologically significant differences
in organ yield between broiler chickens consuming diets
formulated with processed fractions obtained from Opti-
mum GAT soybeans and those consuming diets formu-
lated with feed fractions from near-isoline nontransgenic
control soybeans.

The results from this study demonstrated that the pro-
cessed fractions obtained from Optimum GAT soybeans
are nutritionally equivalent to the fractions obtained
from a near-isoline nontransgenic control and commer-
cially available non-GM reference soybeans.

REFERENCES

AOAC. 1990. Official Methods of Analysis. 15th ed. AOAC
Int., Arlington, VA.

AOAC. 2000. Official Methods of Analysis. 17th ed. AOAC
Int., Gaithersburg, MD.

Benjamini, Y., and Y. Hochberg. 1995. Controlling the false
discovery rate: A practical and powerful approach to multi-
ple testing. J. R. Stat. Soc. B 57:289–300.

Brake, J., M. A. Faust, and J. Stein. 2003. Evaluation of
transgenic event Bt11 hybrid corn in broiler chickens. Poult.
Sci. 82:551–559.

Brake, J., M. A. Faust, and J. Stein. 2005. Evaluation of
transgenic hybrid corn (VIP3A) in broiler chickens. Poult.
Sci. 84:503–512.

Brake, J., and D. Vlachos. 1998. Evaluation of transgenic event
176 “Bt” corn in broiler chickens. Poult. Sci. 77:648–653.

Carew, L., J. McMurtry, and F. Alster. 2005. Effects of lysine
deficiencies on plasma levels of thyroid hormones, insulin-
like growth factors I and II, liver and body weights, and
feed intake in growing chickens. Poult. Sci. 84:1045–1050.

Castle, L. A., D. L. Siehl, R. Gorton, P. A. Patten, Y. H. Chen,
S. Bertain, H. J. Cho, N. Duck, J. Wong, D. Liu D, and M.
W. Lassner. 2004. Discovery and directed evolution of a
glyphosate tolerance gene. Science 304:1151–1154.

Codex. 2003. Joint FAO/WHO Food Standards Programme,
Codex Alimentarius Commission. Report of the Fourth Ses-
sion of the Codex Ad Hoc Intergovernmental Task Force
on Foods Derived from Biotechnology. Alinorm 03/34A.
Food Agric. Org., Rome, Italy.

Edrington, T. S., L. F. Kubena, R. B. Harvey, and G. E. Rot-
tinghaus. 1997. Influence of superactivated charcoal on the
toxic effects of aflatoxin or T-2 toxin in growing broilers.
Poult. Sci. 76:1205–1211.

EFSA. 2006a. Risk assessment of genetically modified plants
and derived food and feed. Guidance document of the scien-
tific panel on genetically modified organisms of the Euro-
pean Food Safety Authority (EFSA). EFSA J. 99, 1–100.
http://www.efsa.eu.int/science/gmo/gmo_guidance/
660_en.html Accessed Jul. 31, 2006.

EFSA. 2006b. Safety and nutritional assessment of GM plant
derived foods/feed: The role of animal feeding trials. Draft
report of the scientific panel on genetically modified organ-
isms of the European Food Safety Authority (EFSA). htt
p://www.efsa.europa.eu/en/science/gmo/gmo_consult
ations/gmo_AnimalFeedingTrials.html Accessed Feb. 1,
2007.

FAO/WHO. 2000. Safety aspects of genetically modified foods
of plant origin. Report of a joint FAO/WHO Expert Consul-

tation on foods derived from biotechnology. FAO Food and
Nutrition Paper 29. Food Agric. Organ. UN, Rome, Italy.

Farran, M. T., W. S. Halaby, G. W. Barbour, M. G. Uwayjan,
F. T. Sleiman, and V. M. Ashkarian. 2005. Effects of feeding
ervil (Vicia ervilia) seeds soaked in water or acetic acid on
performance and internal organ size of broilers and produc-
tion and egg quality of laying hens. Poult. Sci. 84:1723–1728.

FASS. 1999. Guide for the Care and Use of Agricultural Ani-
mals in Agricultural Research and Teaching. 1st rev. ed.
Fed. Anim. Sci. Soc., Savoy, IL.

Graybill, F. A. 1976. Pages 270–275 in Theory and Application
of the Linear Model. Duxbury Press, North Scituate, MA.

Green, J. M. 2007. Review of glyphosate and ALS-inhibiting
herbicide crop resistance and resistant weed management.
Weed Technol. 21:547–558.

Hammond, B., R. Dudek, J. Lemen, and M. Nemeth. 2004.
Results of a 13 week safety assurance study with rats fed
grain from glyphosate tolerant corn. Food Chem. Toxicol.
42:1003–1014.

Hammond, B. G., R. Dudek, J. K. Lemen, and M. A. Nemeth.
2006a. Results of a 90-day safety assurance study with rats
fed grain from corn borer-protected corn. Food Chem. Tox-
icol. 44:1092–1099.

Hammond, B., J. Lemen, R. Dudek, D. Ward, C. Jiang, M.
Nemeth, and J. Burns. 2006b. Results of a 90-day safety
assurance study with rats fed grain from corn rootworm-
protected corn. Food Chem. Toxicol. 44:147–160.

ILSI. 2003. Best practices for the conduct of animal studies to
evaluate crops genetically modified for input traits. Int. Life
Sci. Inst., Washington, DC.

Lee, K. Y., J. Townsend, J. Tepperman, M. Black, C. F. Chui, B.
Mazur, P. Dunsmuir, and J. Bedbrook. 1988. The molecular
basis of sulfonylurea resistance in tobacco. EMBO J.
7:1241–1248.

MacKenzie, S. A., I. Lamb, J. Schmidt, L. Deege, M. J. Morrisey,
M. Harper, R. J. Layton, L. M. Prochaska, C. Sanders, M.
Locke, J. L. Mattsson, A. Fuentes, and B. Delaney. 2007.
Thirteen week feeding study with transgenic maize grain
containing event DAS-Ø15Ø7-1 in Sprague-Dawley rats.
Food Chem. Toxicol. 45:551–562.

Malley, L. A., N. E. Everds, J. Reynolds, P. C. Mann, I. Lamb,
T. Rood, J. Schmidt, R. J. Layton, L. M. Prochaska, M. Hinds,
M. Locke, C. F. Chui, F. Claussen, J. L. Mattsson, and B.
Delaney. 2007. Subchronic feeding study of DAS-59122-7
maize grain in Sprague-Dawley rats. Food Chem. Toxicol.
45:1277–1292.

Mazur, B. J., and S. C. Falco. 1989. The development of herbi-
cide resistant crops. Annu. Rev. Plant Physiol. 40:441–470.

McNaughton, J. L., M. Roberts, D. Rice, B. Smith, M. Hinds,
J. Schmidt, M. Locke, A. Bryant, T. Rood, R. Layton, I.
Lamb, and B. Delaney. 2007. Feeding performance in broiler
chickens fed diets containing DAS-59122-7 maize grain
compared to diets containing non-transgenic maize grain.
Anim. Feed Sci. Technol. 132:227–239.

Morris, C. M., Y. C. Li, D. R. Ledoux, A. J. Bermudez, and G.
E. Rottinghaus. 1999. The individual and combined effects
of feeding moniliformin, supplied by Fusarium fujikuroi cul-
ture material, and deoxynivalenol in young turkey poults.
Poult. Sci. 78:1110–1115.

NRC. 1994. Nutrient Requirements of Poultry. 9th rev. ed.
Natl. Acad. Press, Washington, DC.

OECD. 1993. Safety evaluation of foods produced by modern
biotechnology: Concepts and principles. Organ. Econ Coop.
Dev., Paris, France.

OECD. 1997. OECD documents: Report of the OECD workshop
on the toxicological and nutritional testing of novel foods.
SG/ICGB(1998)1. Organ. Econ Coop. Dev., Paris, France.

OECD. 2001. Consensus document on compositional consider-
ations for new varieties of soybean: Key food and feed
nutrients and anti-nutrients. ENV/JM/MONO(2001)15. Or-
gan. Econ Coop. Dev., Paris, France.

 at Poultry Science A
ssociation M

em
ber on July 16, 2015

http://ps.oxfordjournals.org/
D

ow
nloaded from

 

http://ps.oxfordjournals.org/


PERFORMANCE OF BROILERS FED TRANSGENIC SOYBEAN MEAL 2581

Taylor, M. L., G. F. Hartnell, M. A. Nemeth, K. Karunanandaa,
and B. George. 2005. Comparison of broiler performance
when fed diets containing corn with insect-protected (corn
rootworm and European corn borer) and herbicide-tolerant
(glyphosate) traits, control corn, or commercial reference
corn. Poult. Sci. 84:587–593.

Taylor, M. L., G. F. Hartnell, S. G. Riordan, M. A. Nemeth,
K. Karunanandaa, B. George, and J. D. Astwood. 2003a.
Comparison of broiler performance when fed diets con-
taining grain from Roundup Ready (NK603), YieldGard ×
Roundup Ready (MON810 × NK603), nontransgenic con-
trol, or commercial corn. Poult. Sci. 82:443–453.

Taylor, M. L., G. F. Hartnell, S. G. Riordan, M. A. Nemeth,
K. Karunanandaa, B. George, and J. D. Astwood. 2003b.
Comparison of broiler performance when fed diets con-
taining grain from YieldGard (MON810), YieldGard ×

Roundup Ready (GA21), nontransgenic control, or commer-
cial corn. Poult. Sci. 82:823–830.

Taylor, M. L., Y. Hyun, G. F. Hartnell, S. G. Riordan, M. A.
Nemeth, K. Karunanandaa, B. George, and J. D. Astwood.
2003c. Comparison of broiler performance when fed diets
containing grain from YieldGard Rootworm (MON863),
YieldGard Plus (MON810 × MON863), nontransgenic con-
trol, or commercial reference corn hybrids. Poult. Sci.
82:1948–1956.

Taylor, M. L., E. P. Stanisiewski, S. G. Riordan, M. A. Nemeth,
B. George, and G. F. Hartnell. 2004. Comparison of broiler
performance when fed diets containing grain from
Roundup Ready (Event RT73), nontransgenic control, or
commercial canola meal. Poult. Sci. 83:456–461.

Velu, J. G., D. H. Baker, and H. M. Scott. 1971. Protein and
energy utilization by chicks fed graded levels of a balanced
mixture of crystalline amino acids. J. Nutr. 101:1249–1256.

 at Poultry Science A
ssociation M

em
ber on July 16, 2015

http://ps.oxfordjournals.org/
D

ow
nloaded from

 

http://ps.oxfordjournals.org/

