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 SUMMARY 
 
 
 
SPONSOR: Novartis Seeds 
 
TEST SUBSTANCE: Transgenic Corn - Event 176-Derived Hybrid 

Transgenic Corn - Event Bt11-Derived Hybrid 
 
WILDLIFE INTERNATIONAL LTD. PROJECT NO.:  108-394 
 
STUDY: An Evaluation of Laying Hens (Gallus gallus) Fed Diets Containing Transgenic Event 176 

and Bt11 Maize (Corn) 
 
RESULTS: Laying hens fed diets containing 64% corn meal in the diet from Event 176-derived or Event 

Bt11-derived transgenic corn showed no effect upon survivability, health, egg production or 
egg weight when compared to birds fed diets containing the non- transgenic control corn 
meal.  There were no differences from the pretreatment phase in the parameters measured.  
Additionally, the CryIA(b) and PAT transgenic proteins were not detected in any of the five 
tissue types (egg white, egg yolk, liver, breast and thigh)  analyzed. 

 
TEST DATES: Hatch - January 24, 1997 

Acclimation - July 25, 1997 
Pre- treatment Phase - August 5, 1997 
Experimental Start - August 12, 1997 
Termination In-Life Phase - August 26, 1997 
Experimental Termination - December 8,1997 

 
NOMINAL TEST 
CONCENTRATION: 64 % (w/w) of the diet 
 
TEST ANIMALS: Single comb, white laying hens (Gallus gallus) 
 
AGE TEST ANIMALS:  28 weeks of age at test initiation. 
 
SOURCE TEST ANIMALS:  Truslow Farms, Incorporated 

510 Truslow Road 
Chestertown, Maryland 21620 

 
STUDY COMPLETION:  December 12, 1997 
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 INTRODUCTION

This study was conducted by Wildlife International Ltd. for Novartis Seeds at the Wildlife 

International Ltd. toxicology facility in Easton, Maryland.  The in-life portion of the test was conducted from 

August 12, 1997, to August 26, 1997.  Raw data generated at Wildlife International Ltd. and a copy of the 

final report are filed under Project Number 108-394 in archives located on the Wildlife International Ltd. site. 

  

 

 OBJECTIVE

The objective of this study was to evaluate general health and egg production parameters in laying 

hens fed diets prepared with transgenic maize (corn) for 14 days, and to evaluate selected tissues and eggs for 

the presence of the transgenic proteins CryIA(b) and PAT1

 

 MATERIALS AND METHODS 

The methods, species used and route of administration described in this protocol are based in part upon 

procedures specified in Section 171-4 of the Environmental Protection Agency's Registration Guidelines, 

Pesticide Assessment Guidelines, FIFRA Subdivision O, Hazard Evaluation:  Pesticide-Residue Chemistry 

Guidelines (1) and modified to suit the objectives of the study.  

 

Single comb, white laying hens were administered 64% transgenic corn meal as a portion of their diet. 

 One group received a diet prepared with grain from Event 176-derived hybrid corn plants (MAX 454) , and a 

second group received a diet prepared with grain from Bt11- derived hybrid corn plants (N4640Bt).  A third 

group received a diet prepared with grain from the non-transgenic control hybrid (Event 176) corresponding 

to the Event 176-derived hybrid (G4494), and a fourth group received a diet prepared with grain from the 

non- transgenic control hybrid (Event Bt11) from the Bt11-derived hybrid (N4640).  The birds were fed the 

diets ad libitum for 14 days, and evaluated for survival, body weight, and general health.  The number and 

weight of eggs produced were measured daily.  Data on feed consumption, egg production and egg weight for 

each pen was compared to the comparable values from the pre-treatment phase (final 7 days of acclimation).  

Eggs from the final two days of the study were collected for analysis of the transgenic proteins.  Hens from 

the control and treatment groups were sacrificed at the end of the 14 day exposure period and selected tissues 

were taken for analysis of the transgenic proteins. 

 

Test Substance

                     
1 Transgenic maize hybrids derived from the transformation events designated as “176” and “Bt11” have 

been genetically modified to produce CryIA(b) insecticidal protein and PAT (phosphinothricin 
acetyltransferase) protein. 
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The control and test substances were received from Novartis Seeds.  Whole corn seed identified as 

Isogenic Control Corn (Non-Transgenic Control Corn for Event Bt11 Hybrid) and Bt11 Corn Grain 

(Transgenic Corn - Event Bt11-Derived Hybrid) were received on July 16, 1997, and assigned Wildlife 

International Ltd. Identification numbers 4147 and 4148, respectively.  Whole seed corn identified as Bt 176 

Grain (Transgenic Corn - Event 176-Derived Hybrid) and Control Grain (Non-Transgenic Control Corn for 

Event 176 Hybrid) were received on July 21, 1997, and assigned Wildlife International Ltd. Identification 

numbers 4153 and 4154, respectively.  The grain was taken to Parc’s Feed Mill, Harmony, MD and ground to 

produce a fine corn meal using a Star Trac roller mill.  Before the first lot was ground and between each 

different type of corn seed, the roller mill was prepared by processing  a batch of commercial corn seed 

through the mill, which was discarded.  The mill was then disassembled, cleaned and reassembled prior to 

grinding the next lot of corn.   

 

Test Birds and Treatment Groups

Single comb, white laying hens (Gallus gallus) were obtained from Truslow Farm, Chestertown, 

Maryland.  Hens were 28 weeks of age at the initiation of treatment and weighed between 1124 and 1716 

grams.  All study birds were from the same lot and age and were acclimated to the test facility for 11 days 

prior to the start of the seven day pre-treatment phase.  Any birds exhibiting signs of debilitating physical 

injury or abnormal behavior were rejected for use.  Of the population eligible for study use, the 40 hens with 

the highest or most consistent egg production were selected for use in the study.  These birds were randomly 

assigned to the control and treatment groups.  Each bird was identified by a uniquely numbered leg band.  

Each pen was identified by a unique pen number, project number and test concentration. Birds were grouped 

as follows: 
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Group 
 
 Treatment Group 

 
No. of Hens 

 
1 

 
Non-Transgenic Control Corn for Event 176 Hybrid 

 
10 

 
2 

 
Transgenic Corn - Event 176-Derived Hybrid 

 
10 

 
3 

 
Non-Transgenic Control Corn for Event Bt11 Hybrid 

 
10 

 
4 

 
Transgenic Corn - Event Bt11-Derived Hybrid 

 
10 

 
 

Each group was fed the appropriate test or control diet ad libitum for 14 days.  Control birds  received 

an amount of the non-transgenic corn equivalent to the amount in the transgenic diets.  

 

Duration of the Study

The primary phases of this study and their durations were:   

1. Acclimation -  18 days.   

a. Stabilization - 11 days 

b. Pre-treatment - 7 days. 

2. Administration of treated diet and egg collection - 14 days. 

3. Collection of tissue samples - at the end of the 14 day exposure period. 

 

Animal Diet

Hens were fed a commercial non-medicated laying mash that contained 64% corn meal (Appendix I) 

during both the acclimation and pre-treatment phases.  A ration of this type, using 64% corn, is typical of that 

used for laying hens in the United States, and is at or above the proportion of corn typically used in laying 

rations in Europe (2).  During the treatment phase of the study, the non-transgenic (control) or transgenic 

(treatment) corn meal replaced the corn component of the diet.  Water and feed were available ad libitum 

during acclimation, pre-treatment and testing.  The birds were not given antibiotics or other therapeutic agents 

in the diet during the study. 
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Diet Preparation

The diets were prepared at Wildlife International Ltd. by mixing the transgenic or non-transgenic corn 

meal directly into the feed with a Patterson Kelly twinshell bulk blender.  Fresh diets were prepared weekly 

(Appendix II).  

 

Housing and Environmental Conditions

The adult birds were housed in battery breeding pens manufactured by Safeguard Products, Inc. 

(Model No. 5355) or equivalent.  Each pen had floor space that measured approximately 75 X 90 cm.  Ceiling 

height measured approximately 45 cm.  External walls, ceilings and floors of each breeder pen were 

constructed of vinyl-coated wire grid.  Each pen  housed one hen.  During the pre-treatment phase the average 

ambient room temperature was 23.5 ± 0.6�C (SD) with an average relative humidity of 66% ± 14% (SD).  

During the exposure phase of the test the average ambient room temperature was 23.4 ± 0.8�C (SD) with an 

average relative humidity of 71% ± 15% (SD).  

 

During acclimation and the first day of pre-treatment the photoperiod was 17 hours of light per day.  

During the remainder of the pre-treatment phase and throughout the test the photoperiod was 18 hours of light 

per day.  Lighting was provided by fluorescent lights which closely approximate noon-day sunlight (noon-day 

sun - 4870°K, Chroma 50 or equivalent - 5000°K).  The birds were exposed to an average of approximately 

189 ± 72 lux of illumination.  Housing and husbandry practices were conducted so as to adhere to the 

guidelines established by the National Research Council (3).  

 

Observations

During acclimation and testing all birds were observed daily for mortality and general health. During 

the study any clinical observations, including overt signs of toxicity, were recorded.   

 

Body Weights and Feed Consumption

Individual body weight measurements were taken at test initiation, on Day 7 of Week 1 and at test 

termination on Day 7 of Week 2.  Feed consumption for each pen was measured daily during the seven day 

pre-treatment period, and throughout the test.  
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Egg Production and Egg Weights

The number of eggs laid per hen was recorded daily during both the seven day pre-treatment period 

and the test period.  Additionally, the weight of each egg laid during those two periods was recorded.   

 

Analysis of Samples

The methodology used to analyze the test samples and the results of these analyses were documented 

by the Sponsor (Appendix VII).  

 

Diet Samples - Following milling, a fifty gram sample was collected from Transgenic Corn - Event 

176-Derived Hybrid, Transgenic Corn - Event Bt11-Derived Hybrid, and their corresponding non-

transgenic controls.  Samples were also collected from each batch of final prepared diet.  These 

samples were shipped to the Sponsor to assess concentrations of transgenic proteins.  All samples 

were collected into appropriate labeled sample containers and stored frozen (7.6-12.7°F) until shipped 

to the sponsor on dry ice. 

 

Egg Samples - For each hen, condition of egg, egg production and the weight of each egg produced 

was recorded daily during the seven day pre-treatment period and during the study.  Beginning one 

day prior to test termination, eggs were collected twice a day.  Eggs were opened and egg yolks and 

whites were collected separately by pen and placed into appropriately labeled polyethylene bottles.  

Shells were discarded.  Samples were stored frozen (8.1-16.4°F) prior to shipment on dry ice to the 

Sponsor.  

 

Tissue Samples -  At the end of the 14-day exposure period, all birds from each treatment and each 

control group were euthanized using carbon dioxide gas.  Samples of liver, breast and thigh tissues 

were collected.  Tissue samples from each hen were maintained separately, and placed in 

appropriately labeled containers.  Samples were stored frozen (8.1-17.0°F) prior to shipment on dry 

ice to the Sponsor.  
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Statistical Analysis

Upon completion of the test, an analysis of variance (ANOVA), followed by Tukey’s Multiple 

Comparison procedure were used to determine if the differences observed between groups were statistically 

significant.  Comparisons for this study were performed as two-tailed tests with α = 0.05.  Sample units were 

the individual pens within each experimental group.  The group mean body weights were examined at each 

weighing interval, and change in body weight over the exposure period also was examined.  Feed 

consumption was evaluated for any statistical differences between groups during the exposure, as well as the 

differences between pre- and post- treatment periods. 

 

Egg production and egg weight parameters were evaluated for any statistical differences between 

groups during the exposure period as well as differences between pre- and post- treatment periods.  The 

“delta”, or change in parameter was determined for each pen for both the number of eggs laid per day, and 

average egg weight.  The groups were then compared using an analysis of variance, and Tukey’s Multiple 

comparison procedure to determine if statistically significant differences existed (4,5).  

 

 RESULTS

Mortalities and Clinical Observations

There were no mortalities observed in the control groups or in the treatment groups during the course 

of the study.  Incidental clinical observations normally associated with handling and/or penwear such as 

lameness were observed in all groups.  No clinical signs of toxicity were observed.  Except for incidental 

observations, all birds appeared normal throughout the study. 

 

Body Weight and Feed Consumption

There were no treatment related effects upon body weight or feed consumption in any of the treatment 

groups tested.  There were no statistically significant differences in body weight or feed consumption between 

the groups fed the non-transgenic control corn and the respective transgenic maize.  A slight reduction in 

body weight and feed consumption was observed in a number of birds from all groups during the treatment 

phase.  This slight reduction was attributed to the stress of handling and is not treatment related (Tables 1 and 

2, Appendices III and IV).   
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Egg Production and Egg Weight

There were no treatment related effects upon either egg production or egg weight in any of the 

treatment groups tested.  There were no statistically significant differences in egg production or egg weight 

between the groups fed the non-transgenic control corn and the respective transgenic counterparts.  Two hens 

in the Non-Transgenic Control for Event Bt11 Hybrid group produced soft shelled eggs.  Of these, one bird 

began laying soft shelled eggs on the last day of the pre-treatment phase, and the other began following the 

Day 7 body weight measurement.  In both instances, stress of handling may have contributed to the 

production of soft shelled eggs (Tables 3 and 4, Appendices V and VI).  

 

Analysis of Samples

The results of the test sample analyses were documented by the sponsor and are presented in 

Appendix VII.  

 

 CONCLUSION

Laying hens fed diets containing 64% corn meal in the diet from Event 176-derived or Event Bt11-

derived transgenic corn showed no effect upon survivability, health, egg production or egg weight when 

compared to birds fed diets containing the non- transgenic control corn meal.  There were no differences from 

the pretreatment phase in the parameters measured.  Additionally, the CryIA(b) and PAT transgenic proteins 

were not detected in any of the five tissue types (egg white, egg yolk, liver, breast and thigh)  analyzed. 
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TABLE 1 

Mean Body Weight (g) from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt11 Maize (Corn) 

 
 

Change Change Total
Day 0 Day 0-Day 7 Day 7 Day 7-Day 14 Day 14 Change

Non-transgenic Control Corn for Event 176 Hybrid
  Mean 1451.1 -8 1443.1 -80.1 1363 -88.1
     SD 89.1433926 30.7209664 90.5826204 74.4975018 94.3103623 87.8160325

Transgenic Corn - Event 176-Derived Hybrid
  Mean 1395 -26.6 1368.4 -9 1359.4 -35.6
     SD 140.669036 102.669048 100.05132 65.4047229 93.0247279 59.9707336

Non-transgenic Control Corn for Event Bt11 Hybrid
  Mean 1380.2 25.9 1406.1 -39.1 1367 -13.2
     SD 152.762561 83.8827886 125.542777 37.0658573 125.797015 81.0744514

Transgenic Corn - Event Bt11-Derived Hybrid
  Mean 1426.6 -13.9 1412.7 -22.2 1390.5 -36.1
     SD 106.210692 61.9129317 117.365573 30.5970224 121.578735 66.5306112

The above differences between the treatment groups and their corresponding  control groups were not statistically 
significant (p ≤ 0.05).
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Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Mean

Non-transgenic Control Corn for Event 176 Hybrid
  Mean 145 137.7 115.4 136.8 97.8 99.5 89.8 117.42857
     SD 19 30.346334 20.326228 23.13151 15.4905 13.16772 15.8871 10.421285

Transgenic Corn
  Mean 141 78 110.51429
     SD 23 16.95091 9.7739067

Non-transgenic C
  Mean 138 77.3 112.4
     SD 15 29.113 14.798541

Transgenic Corn
  Mean 139 90 115.68571
     SD 27 12.5344 13.282693

The above differe ere not  
 statistically signi

Pre-Treatment

 
TABLE 2a 

Mean Feed Consumption (g/bird/day) from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) (Pre-Treatment) 

 

 - Event 176-Derived Hybrid
131 110.3 121 94.2 98.5

17.549929 18.366939 11.74734 16.1576 10.66927

ontrol Corn for Event Bt11 Hybrid
145.1 107.7 128.3 96.6 94.3

31.680523 15.599501 21.52544 12.1124 15.40599

 - Event Bt11-Derived Hybrid
147.9 117.6 116.6 91.1 107.7

17.220466 12.112436 13.3766 19.4048 21.21347

nces between the treatment groups and their corresponding control groups w
ficant (p ≤ 0.05).
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TABLE 2b 
Mean Feed Consumption (g/bird/day) from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) (Exposure) 
 

 

 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Mean

Non-transgenic Control Corn for Event 176 Hybrid
  Mean 86.8 85 83 104 108 95.6 107 88.6 97.1 99.7 92 87 83.3 91.8 93.5
     SD 36.8 18 22 23 12.9 18.2 13.4 30.5 22 29.7 41 31.7 30.5 25.2 15.5

Transgenic Corn - Event 176-Derived Hybrid
  Mean 67.6 73 84 102 98.4 92.6 107 82.9 97.9 110 112 116 99.7 108 96.6
     SD 35.5 31 29 26 24.7 16.9 24.7 27.2 28.9 22.5 18 23 8.5 22.3 14.7

Non-transgenic Control Corn for Event Bt11 Hybrid
  Mean 69 75 79 106 93.7 90.9 128 80 101 110 107 106 95 101 95.8
     SD 39.3 15 14 26 15 17.6 35 18.8 17.9 30.8 7.8 13.7 14.6 13.4 12.1

Transgenic Corn - Event Bt11-Derived Hybrid
  Mean 80.8 90 89 119 85.6 99.3 118 81.3 102 112 113 106 99.9 102 99.7
     SD 28.9 15 22 26 17.4 13.4 15.4 32.2 19.8 16.8 8.7 8.93 9.21 9.68 8.58

The above differences between the treatment groups and their corresponding control groups were not statistically significant (p ≤ 0.05).   
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TABLE 3a 
Mean Egg Production (Egg/Hen/Day) from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) (Pre-Treatment) 
 

 

Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Mean

Non-Transgenic Control Corn for Event 176 Hybrid
  Mean 0.40 0.80 0.90 0.80 0.90 1.00 1.00 0.83
     SD 0.52 0.42 0.32 0.42 0.32 0.00 0.47 0.18

Transgenic Corn - Event 176-Derived Hybrid
  Mean 0.70 0.60 1.00 0.80 0.90 0.80 1.00 0.83
     SD 0.48 0.52 0.47 0.42 0.57 0.42 0.00 0.18

Non-Transgenic Control Corn for Event Bt11 Hybrid
  Mean 0.90 0.60 0.80 0.70 0.70 0.70 0.90 0.76
     SD 0.32 0.52 0.42 0.48 0.48 0.48 0.57 0.21

Transgenic Corn - Event Bt11-Derived Hybrid
  Mean 0.70 0.90 0.80 0.90 0.70 0.70 1.00 0.81
     SD 0.48 0.57 0.42 0.32 0.48 0.48 0.00 0.22

The above differences between the treatment groups and their corresponding  control groups
were not statistically significant (p ≤ 0.05).

Pre-Treatment

 
 

 



 PROJECT NO.: 108-394 
 

- 21 - 
TABLE 3b 

Mean Egg Production (Egg/Hen/Day) from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) (Exposure) 

 
 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Mean

Non-Transgenic Control Corn for Event 176 Hybrid
  Mean 0.60 1.00 1.00 1.00 0.90 1.00 0.70 0.70 0.80 1.00 0.90 0.70 0.80 0.90 0.86
     SD 0.52 0.00 0.00 0.47 0.32 0.00 0.48 0.48 0.42 0.00 0.32 0.67 0.42 0.74 0.16

Transgenic Corn - Event 176-Derived Hybrid
  Mean 0.90 0.80 1.00 0.80 0.70 0.90 0.90 0.60 0.70 0.90 0.70 0.90 0.60 1.20 0.83
     SD 0.57 0.63 0.47 0.42 0.48 0.32 0.32 0.52 0.48 0.32 0.48 0.32 0.52 0.63 0.26

Non-Transgenic Control Corn for Event Bt11 Hybrid
  Mean 0.60 0.80 0.70 0.80 0.90 0.60 0.90 0.80 0.70 0.70 0.80 0.80 0.90 1.00 0.79
     SD 0.52 0.42 0.48 0.42 0.57 0.52 0.57 0.42 0.48 0.48 0.42 0.42 0.32 0.47 0.32

Transgenic Corn - Event Bt11-Derived Hybrid
  Mean 1.10 0.80 1.00 1.00 1.00 0.70 0.90 0.90 1.00 1.00 0.80 1.00 0.70 1.00 0.92
     SD 0.32 0.42 0.00 0.00 0.47 0.48 0.32 0.32 0.67 0.00 0.42 0.00 0.48 0.00 0.12

The above differences between the treatment groups and their corresponding control groups were not statistically significant (p ≤ 0.05).   
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TABLE 4a 
Mean Egg Weight (g) from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) (Pre-Treatment) 
 

 

Total
Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Weight Mean

Non-transgenic Control Corn for Event 176 Hybrid
  Mean 55 53 54 57 54 55 55 310 54
     SD 3 4 4 3 5 3 3 71 3

Transgenic Corn - Event 176-Derived Hybrid
  Mean 50 50 52 54 54 55 55 301 53
     SD 5 3 3 5 4 3 3 72 3

Non-transgenic Control Corn for Event Bt11 Hybrid
  Mean 50 53 53 53 54 55 51 279 51
     SD 3 4 5 2 5 6 9 93 6

Transgenic Corn - Event Bt11-Derived Hybrid
  Mean 53 52 54 54 54 52 55 306 54
     SD 5 4 5 5 6 4 6 87 4

The above differences between the treatment groups and their corresponding  control groups
were not statistically significant (p ≤ 0.05).

Pre-Treatment
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Mean

55
2

54
2

52
6

55
5

TABLE 4b 
Mean Egg Weight (g) from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) (Exposure) 
 

 
Total

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Weight

Non-transgenic Control Corn for Event 176 Hybrid
  Mean 56 55 54 55 56 55 56 56 57 56 55 56 55 55 664
     SD 4 3 2 2 3 2 3 4 2 3 2 3 3 2 134

Transgenic Corn - Event 176-Derived Hybrid
  Mean 54 51 54 52 55 54 54 56 55 55 54 54 55 54 630
     SD 3 1 3 3 4 2 3 4 3 3 3 3 5 3 185

Non-transgenic Control Corn for Event Bt11 Hybrid
  Mean 50 52 53 53 54 54 53 49 56 52 55 56 54 54 575
     SD 6 3 4 5 5 2 5 9 4 5 4 7 6 8 269

Transgenic Corn - Event Bt11-Derived Hybrid
  Mean 57 55 54 54 53 57 56 55 56 55 57 55 55 55 714
     SD 11 6 4 5 4 6 4 6 6 4 6 6 5 6 117

The above differences between the treatment groups and their corresponding control groups were not statistically significant (p ≤ 0.05).   
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APPENDIX I 

 DIET FORMULATION 
 WILDLIFE INTERNATIONAL LTD. LAYER RATION1

 
 

 
 INGREDIENTS 
 
Fine Corn Meal 
Soy Bean Meal, 47.5% Protein 
Wheat Midds 
Fish Meal, 60% Protein 
Meat Poultry Blend, 58% Protein 
Eastman Calphos 
Salt Bulk Ag Mixing 
Ground Limestone 37% 
Selenium 06% 
Poultry TM 
Grolay V2X 
Cho CHL70% 
Liquim 40% 
SQ-810 Supersk 2000# 

 
 PERCENT (%) 
 
 64        
 18        
 2      
 6      
 0.03 
 1      
 0.25 
 8      
 0.07 
 0.07 
 0.07 
 0.01 
 0.15 
 0.15 

 
 

 
 

 
 NUTRITIONAL COMPOSITION 

 
 AMOUNT 

 
Arginine 
Calcium 
Chloride 
Choline 
Copper 
Crude Fat 
Crude Fiber 
Crude Protein 
Iodine 
Linoleic 
Lysine 
Magnesium 
Manganese 
Mepoult 
Methionine 
Meth & Cys 
PHOS30 
PHOS50 
Potassium 
Selenium 
Sodium 
Total Phosphorus 
Tryptophan 
Vitamin D 
Xantophyll 
Zinc 

 
 1.1842 
 3.6525 
 0.2315 
 1022.1072        
 14.5204    
 2.9422 
 1.9593 
 17.4008    
 1.7851 
 1.3669 
 0.8537 
 0.2228 
 131.9649    
 1278.0145       
 0.3382 
 0.6539 
 0.4564 
 0.5181 
 0.5467 
 0.5625 
 0.1911 
 0.6728 
 0.1953 
 1.5000 
 8.9600 
 121.0340    

 
1The guaranteed analysis is a minimum of 18% protein, a minimum of 3% crude 
fat and a maximum of 3.2% crude fiber. 
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 APPENDIX II 
 
 DIET PREPARATION 
 
 
 

 
 
 Treatment 

 
Test Substance 

(kg) 

 
Agway® Lay Mix® 

(kg) 

 
Limestone 

(kg) 
 
Non-Transgenic Control for 
Event 176-Derived Hybrid 

 
 

7040 

 
 

3300 

 
 

660 
 
Non-Transgenic Control for 
Event Bt11-Derived Hybrid 

 
 

7040 

 
 

3300 

 
 

660 
 
Transgenic Corn - Event 176- 
Derived Hybrid 

 
7040 

 
3300 

 
660 

 
Transgenic Corn - Event Bt11- 
Derived Hybrid 

 
7040 

 
3300 

 
660 

 
 

The diets were prepared by weighing the appropriate amount of each ingredient, placing them in a 
Patterson Kelly twinshell bulk blender and mixing for approximately 20 minutes. 
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APPENDIX III 
Body Weight (g) by Pen from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  
 

Change Change Total
Pen Day 0 Day 0-Day 7 Day 7 Day 7-Day 14 Day 14 Change

1 1321 -63 1258 -28 1230 -91
2 1447 27 1474 19 1493 46
3 1557 -40 1517 -84 1433 -124
4 1537 -9 1528 -62 1466 -71
5 1401 14 1415 -42 1373 -28
6 1372 1 1373 -33 1340 -32
7 1506 3 1509 -205 1304 -202
8 1534 1 1535 -84 1451 -83
9 1331 28 1359 -69 1290 -41

10 1505 -42 1463 -213 1250 -255
Mean 1451 -8 1443 -80 1363 -88
SD 89 31 91 74 94 88

Change Change Total
Pen Day 0 Day 0-Day 7 Day 7 Day 7-Day 14 Day 14 Change

1 1299 64 1363 -64 1299 0
2 1716 -74 1642 -46 1596 -120
3 1560 -285 1275 150 1425 -135
4 1376 -28 1348 -24 1324 -52
5 1377 4 1381 -74 1307 -70
6 1309 31 1340 -37 1303 -6
7 1266 56 1322 6 1328 62
8 1284 45 1329 -38 1291 7
9 1357 -16 1341 -4 1337 -20

10 1406 -63 1343 41 1384 -22
Mean 1395 -27 1368 -9 1366 -36
SD 141 103 100 65 96 60

                Non-transgenic Control Corn for Event 176 Hybrid

        Transgenic Corn - Event 176-Derived Hybrid

The above differences between the treatment groups and their corresponding control groups were not statistically 
significant (p ≤ 0.05).    
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APPENDIX III 

Body Weight (g) by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  

 
                   Non-transgenic Control Corn for Event Bt11 Hybrid

Change Change Total
Pen Day 0 Day 0-Day 7 Day 7 Day 7-Day 14 Day 14 Change

1 1124 109 1233 -47 1186 62
2 1491 20 1511 -36 1475 -16
3 1369 5 1374 -56 1318 -51
4 1286 89 1375 -107 1268 -18
5 1564 1 1565 -52 1513 -51
6 1231 187 1418 1 1419 188
7 1370 7 1377 -56 1321 -49
8 1362 -118 1244 33 1277 -85
9 1367 -17 1350 -43 1307 -60

10 1638 -24 1614 -28 1586 -52
Mean 1380 26 1406 -39 1367 -13
SD 153 84 126 37 126 81

Transgenic Corn - Event Bt11-Derived Hybrid

Change Change Total
Pen Day 0 Day 0-Day 7 Day 7 Day 7-Day 14 Day 14 Change

1 1259 -20 1239 -26 1213 -46
2 1352 50 1402 -81 1321 -31
3 1461 -29 1432 -46 1386 -75
4 1392 -32 1360 -28 1332 -60
5 1394 11 1405 40 1445 51
6 1641 -92 1549 -24 1525 -116
7 1344 -100 1244 -5 1239 -105
8 1523 9 1532 -14 1518 -5
9 1425 -42 1383 -26 1357 -68

10 1475 106 1581 -12 1569 94
Mean 1427 -14 1413 -22 1391 -36
SD 106 62 117 31 122 67

The above differences between the treatment groups and their corresponding control groups were not statistically 
significant (p ≤ 0.05).    
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APPENDIX IV 

Feed Consumption (g/bird/day) by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  

 

Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1  Mean

1 139 194 136 161 111 110 82 133
2 140 131 101 133 106 79 75 109
3 193 149 140 133 126 115 102 137
4 150 136 101 175 103 97 96 123
5 145 94 116 148 71 120 67 109
6 145 126 73 157 83 96 88 110
7 136 139 121 129 95 107 92 117
8 133 95 109 118 91 85 125 108
9 148 170 123 110 89 93 86 117

10 121 143 134 104 103 93 85 112
     Mean 117
         SD 10

Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1  Mean

1 129 125 98 122 93 82 74 103
2 160 149 137 144 132 99 109 133
3 155 153 99 126 103 98 69 115
4 135 127 109 96 95 107 96 109
5 167 137 96 117 102 90 91 114
6 123 128 95 124 73 109 59 102
7 142 148 124 125 86 90 82 114
8 102 108 100 117 92 92 69 97
9 174 136 100 119 85 100 54 110

10 119 99 145 120 81 118 77 108
     Mean 111
         SD 10

The above differences between the treatment groups and their corresponding control groups 
were not statistically significant (p ≤ 0.05).   

Non-transgenic Control Corn for Event 176 Hybrid
Pre-Treatment

Transgenic Corn - Event 176-Derived Hybrid
Pre-Treatment

 
 
 
 

APPENDIX IV 
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Feed Consumption (g/bird/day) by Pen from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  
 

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Mean

1 3 47 52 75 111 111 98 87 75 119 101 100 107 104 85
2 124 91 110 109 125 95 87 100 115 111 124 105 98 104 107
3 126 98 59 120 108 87 105 142 126 122 126 88 73 79 104
4 83 93 80 109 121 110 123 102 97 104 122 110 106 99 104
5 49 59 53 136 99 54 123 64 81 95 70 90 90 133 85
6 100 93 87 103 99 105 120 93 125 127 112 113 118 106 107
7 110 107 106 112 116 109 105 107 98 108 12 22 25 60 86
8 96 96 101 115 102 109 117 88 106 82 128 114 91 108 104
9 92 83 102 111 114 97 103 79 90 105 93 90 89 75 95

10 85 81 78 54 81 79 89 24 58 24 36 38 36 50 58
     Mean 93
         SD 16

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Mean

1 77 78 98 116 95 105 94 82 101 116 123 125 89 94 100
2 82 94 113 131 113 109 137 124 129 120 156 150 107 86 118
3 7 3 16 39 47 56 73 22 31 52 98 150 112 165 62
4 91 85 95 113 96 97 82 65 67 103 101 112 97 114 94
5 88 93 80 108 98 96 127 112 107 125 94 88 88 98 100
6 89 111 77 122 93 114 138 86 107 132 119 132 105 109 110
7 103 91 101 100 113 83 91 86 118 119 99 94 102 114 101
8 61 63 96 96 89 86 115 77 98 99 104 92 95 113 92
9 0 43 59 82 94 99 130 89 121 115 112 119 93 93 89

10 78 71 107 112 146 81 86 86 100 119 115 100 109 96 100
     Mean 97
         SD 15

Non-transgenic Control Corn for Event 176 Hybrid

Transgenic Corn - Event 176-Derived Hybrid

The above differences between the treatment groups and their corresponding control groups were not statistically significant (p ≤ 0.05).   
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APPENDIX IV 
Feed Consumption (g/bird/day) by Pen from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  
 

Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1  Mean

1 121 83 79 107 87 80 88 92
2 158 179 134 134 118 108 91 132
3 122 110 108 99 96 91 81 101
4 149 157 118 161 104 90 76 122
5 164 168 118 133 96 95 106 126
6 129 124 91 110 88 72 0 88
7 132 142 101 106 89 90 91 107
8 133 185 102 153 115 87 85 123
9 125 152 108 143 82 127 89 118

10 142 151 118 137 91 103 66 115
    Mean 112
        SD 15

Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1  Mean

1 120 145 108 105 79 100 77 105
2 123 146 115 112 86 84 81 107
3 172 145 137 116 112 108 90 126
4 136 143 117 139 109 106 94 121
5 128 140 126 123 55 105 81 108
6 181 174 129 137 91 159 103 139
7 154 164 129 119 89 122 112 127
8 110 132 110 112 96 105 103 110
9 104 119 102 99 74 84 76 94

10 161 171 103 104 120 104 83 121
    Mean 116
        SD 13

The above differences between the treatment groups and their corresponding control groups 
were not statistically significant (p ≤ 0.05).   

Non-transgenic Control Corn for Event Bt11 Hybrid
Pre-Treatment

Transgenic Corn - Event Bt11-Derived Hybrid
Pre-Treatment
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APPENDIX IV 
Feed Consumption (g/bird/day) by Pen from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  
 

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Mean

1 92 59 63 121 80 105 130 91 110 132 115 93 74 95 97
2 109 84 72 123 110 100 131 90 112 143 113 124 111 122 110
3 64 70 87 99 94 110 112 85 91 96 99 98 90 107 93
4 46 92 76 114 102 82 153 70 97 130 96 101 96 96 97
5 103 92 106 165 62 49 211 102 139 114 114 123 98 73 111
6 11 71 83 97 95 92 114 65 82 74 114 99 82 98 84
7 80 87 88 91 107 105 105 75 87 79 109 107 93 113 95
8 0 52 57 77 86 96 79 38 79 60 96 85 78 93 70
9 111 86 79 84 110 88 123 97 108 122 110 104 115 106 103

10 74 60 80 88 91 82 118 87 107 148 102 124 113 109 99
    Mean 96
        SD 12

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Mean

1 55 28 79 73 76 87 104 67 59 112 86 90 94 105 80
2 85 93 80 118 64 108 120 80 107 118 115 99 103 105 100
3 88 97 85 135 82 112 134 90 102 139 111 102 90 96 105
4 120 106 115 123 106 81 112 27 54 84 102 103 102 123 97
5 73 73 58 138 69 106 105 90 105 120 124 106 86 110 97
6 96 108 120 148 73 118 108 144 113 119 113 127 92 94 112
7 70 87 93 78 86 93 147 74 96 97 109 107 108 101 96
8 99 94 110 105 111 89 120 103 106 118 118 111 104 105 107
9 15 59 60 81 75 82 96 60 108 96 99 102 99 94 80

10 81 92 84 144 104 105 122 64 126 121 124 97 115 94 105
    Mean 98
        SD 11

Non-transgenic Control Corn for Event Bt11 Hybrid

The above differences between the treatment groups and their corresponding control groups were not statistically significant (p ≤ 0.05).   

Transgenic Corn - Event Bt11-Derived Hybrid
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APPENDIX V 
Egg Production by Pen from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  
 

 Pre-Treatment
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Sum E/H/D

1 1 1 1 1 1 1 0 6 0.86
2 0 1 1 1 0 1 1 5 0.71
3 1 1 1 1 1 1 1 7 1.00
4 1 0 1 1 1 1 1 6 0.86
5 0 1 1 0 1 1 1 5 0.71
6 0 1 1 1 1 1 1 6 0.86
7 0 1 1 1 1 1 2 7 1.00
8 0 0 0 0 1 1 1 3 0.43
9 1 1 1 1 1 1 1 7 1.00

10 0 1 1 1 1 1 1 6 0.86
Mean 6 0.83
SD 1 0.18

 Pre-Treatment
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Sum E/H/D

1 0 1 1 1 1 1 1 6 0.86
2 1 1 1 1 0 1 1 6 0.86
3 1 1 1 1 1 1 1 7 1.00
4 1 1 1 1 1 1 1 7 1.00
5 1 0 1 1 1 0 1 5 0.71
6 1 0 1 1 1 0 1 5 0.71
7 1 0 2 0 2 1 1 7 1.00
8 1 0 0 0 0 1 1 3 0.43
9 0 1 1 1 1 1 1 6 0.86

10 0 1 1 1 1 1 1 6 0.86
Mean 6 0.83
SD 1 0.18

Non-Transgenic Control Corn for Event 176 Hybrid

Transgenic Corn - Event 176-Derived Hybrid

The above differences between the treatment groups and their corresponding control groups were not 
statistically significant (p ≤ 0.05).   
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APPENDIX V 
Egg Production by Pen from an Evaluation of Laying Hens (Gallus gallus) 

Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  
 

Non-Transgenic Control Corn for Event 176 Hybrid

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Sum E/H/D

1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 12 0.86
2 1 1 1 0 1 1 1 1 1 1 1 1 1 0 12 0.86
3 1 1 1 1 1 1 1 0 1 1 1 2 0 2 14 1.00
4 0 1 1 2 1 1 1 1 1 1 1 1 1 1 14 1.00
5 0 1 1 1 0 1 0 0 1 1 1 0 1 1 9 0.64
6 0 1 1 1 1 1 1 1 0 1 1 1 1 2 13 0.93
7 1 1 1 1 1 1 1 1 1 1 1 1 1 0 13 0.93
8 1 1 1 1 1 1 1 0 1 1 1 0 1 1 12 0.86
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 1.00

10 0 1 1 1 1 1 0 1 0 1 0 0 0 0 7 0.50
Mean 12 0.86
SD 2 0.16

Transgenic Corn - Event 176-Derived Hybrid

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Sum E/H/D

1 1 0 1 1 1 1 1 0 0 1 1 1 0 2 11 0.79
2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 15 1.07
3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0.14
4 1 1 0 1 1 1 1 1 1 1 1 1 0 2 13 0.93
5 1 1 2 1 1 1 1 1 1 1 0 1 1 1 14 1.00
6 2 0 1 1 1 1 1 0 1 1 1 1 1 1 13 0.93
7 1 1 1 0 1 1 1 1 1 1 1 1 0 1 12 0.86
8 1 1 1 1 0 1 1 1 1 1 0 1 1 2 13 0.93
9 0 1 1 1 1 1 1 0 1 1 1 1 1 1 12 0.86

10 0 1 1 1 0 1 1 1 0 1 1 1 1 1 11 0.79
Mean 12 0.83
SD 4 0.26

The above differences between the treatment groups and their corresponding control groups were not statistically significant (p ≤ 0.05).   
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APPENDIX V 
 

Egg Production by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  

 

 Pre-Treatment
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Sum E/H/D

1 1 0 0 0 0 0 1 2 0.29
2 1 0 1 1 1 1 1 6 0.86
3 1 0 1 1 0 1 1 5 0.71
4 1 1 0 1 1 1 1 6 0.86
5 1 1 1 0 1 1 0 5 0.71
6 1 0 1 1 1 0 0 4 0.57
7 1 1 1 1 1 0 1 6 0.86
8 1 1 1 1 0 1 2 7 1.00
9 0 1 1 0 1 1 1 5 0.71
10 1 1 1 1 1 1 1 7 1.00

Mean 5 0.76
SD 1 0.21

 Pre-Treatment
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Sum E/H/D

1 0 1 1 1 1 1 1 6 0.86
2 1 2 0 1 0 1 1 6 0.86
3 1 1 1 1 1 1 1 7 1.00
4 0 0 0 0 1 0 1 2 0.29
5 0 0 1 1 0 1 1 4 0.57
6 1 1 1 1 1 0 1 6 0.86
7 1 1 1 1 1 0 1 6 0.86
8 1 1 1 1 1 1 1 7 1.00
9 1 1 1 1 0 1 1 6 0.86
10 1 1 1 1 1 1 1 7 1.00

Mean 6 0.81
SD 2 0.22

= Soft Shelled Egg
The above differences between the treatment groups and their corresponding  control groups were not
statistically significant (p ≤ 0.05).

Non-Transgenic Control Corn for Event Bt11 Hybrid

Transgenic Corn - Event Bt11-Derived Hybrid
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APPENDIX V 
 

Egg Production by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  

 

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Sum E/H/D

1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 12 0.86
2 1 1 0 1 1 0 1 1 1 1 1 1 1 1 12 0.86
3 1 1 1 1 1 1 1 1 1 1 1 1 1 2 15 1.07
4 1 1 1 1 2 1 1 0 1 1 1 1 1 1 14 1.00
5 1 1 1 1 1 0 1 1 1 1 0 1 1 1 12 0.86
6 0 0 0 0 0 0 0 1 0 1 1 0 1 1 5 0.36
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 1.00
8 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0.07
9 0 1 1 1 1 1 1 1 1 0 1 1 1 1 12 0.86

10 0 1 1 1 1 1 2 1 1 0 1 1 1 1 13 0.93
Mean 11 0.79
SD 4 0.32

Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Sum E/H/D

1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 12 0.86
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 1.00
3 2 1 1 1 1 1 1 0 2 1 1 1 1 1 15 1.07
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 1.00
5 1 0 1 1 0 1 1 1 0 1 0 1 0 1 9 0.64
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 1.00
7 1 1 1 1 2 1 1 1 0 1 1 1 1 1 14 1.00
8 1 0 1 1 1 0 1 1 2 1 1 1 1 1 13 0.93
9 1 1 1 1 1 0 1 1 1 1 1 1 0 1 12 0.86

10 1 1 1 1 1 0 1 1 1 1 0 1 1 1 12 0.86
Mean 13 0.92
SD 2 0.12

= Soft Shelled Egg

Non-Transgenic Control Corn for Event Bt11 Hybrid

Transgenic Corn - Event Bt11-Derived Hybrid

The above differences between the treatment groups and their corresponding  control groups were not statistically significant (p ≤ 0.05).  
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APPENDIX VI 
 

Egg Weight (g) by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn)  

 
          Non-transgenic Control Corn for Event 176 Hybrid

Pre-Treatment Total
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Weight Mean

1 57 57 61 60 60 59 ----- 354 59
2 ----- 57 54 59 ----- 56 57 283 57
3 54 53 54 56 56 57 58 388 55
4 50 ----- 51 58 54 53 53 319 53
5 ----- 47 49 ----- 47 57 52 252 50
6 ----- 48 50 58 53 56 53 318 53
7 ----- 55 55 54 56 ----- 55/54 329 55
8 ----- ----- ----- ----- 45 51 50 146 49
9 57 55 56 55 57 48 60 388 55

10 ----- 51 53 52 60 56 53 325 54
Mean 310 54
SD 71 3

    Transgenic Corn - Event 176-Derived Hybrid
Pre-Treatment Total

Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Weight Mean

1 ----- 48 50 51 52 54 54 309 52
2 51 53 55 53 57 55 55 379 54
3 54 54 56 61 60 59 59 403 58
4 49 49 49 50 ----- 54 53 304 51
5 56 ----- 54 60 53 ----- 55 278 56
6 53 ----- 51 52 53 ----- 60 269 54
7 43 ----- 49/50 54/50 55 56 357 51
8 46 ----- ----- ----- ----- 52 50 148 49
9 ----- 51 50 51 50 51 50 303 51

10 ----- 47 54 ----- 51 57 54 263 53
Mean 301 53
SD 72 3

The above differences between the treatment groups and their corresponding control groups were not 
statistically significant (p ≤ 0.05).
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APPENDIX VI 
 

Egg Weight (g) by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) 

 

Total
Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Weight Mean

1 61 59 58 57 57 56 ----- 57 58 64 59 ----- 55 55 696 58
2 59 57 56 ----- 58 58 57 63 58 58 59 61 61 ----- 705 59
3 59 59 56 58 55 56 57 ----- 57 55 54 56/53 ----- 54/54 783 56
4 ----- 51 51 53/51 50 51 54 55 55 54 54 55 55 54 743 53
5 ----- 52 53 53 ----- 52 ----- ----- 54 56 52 ----- 52 59 483 54
6 ----- 52 52 53 59 54 52 51 ----- 53 53 52 54 57/54 696 54
7 52 54 54 55 55 55 52 56 57 57 55 54 54 ----- 710 55
8 51 54 54 55 57 56 56 ----- 56 56 55 ----- 54 53 657 55
9 54 57 57 58 60 58 62 57 58 54 56 57 54 55 797 57

10 ----- 53 51 53 56 54 ----- 52 ----- 54 ----- ----- ----- ----- 373 53
Mean 664 55
SD 134 2

Total
Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Weight Mean

1 52 ----- 57 50 50 53 55 ----- ----- 49 50 50 ----- 50/49 565 51
2 56 57/56 56 57 59 56 61 59 60 61 60 60 60 57 875 58
3 60 51 53 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 164 55
4 52 51 ----- 52 53 51 51 51 53 57 54 53 ----- 53/54 685 53
5 52 51 51/55 53 53 55 53 57 57 55 ----- 54 52 51 749 54
6 54/52 ----- 52 51 60 55 53 ----- 54 53 53 53 53 53 696 54
7 55 51 55 ----- 55 55 54 52 54 55 54 54 ----- 55 649 54
8 50 50 51 53 ----- 53 57 58 55 55 ----- 54 53 55/54 698 54
9 ----- 52 51 49 53 52 51 ----- 50 51 51 50 48 51 609 51

10 ----- 53 57 54 ----- 54 54 59 ----- 56 53 55 61 56 612 56
Mean 630 54
SD 185 2

Non-transgenic Control Corn for Event 176 Hybrid

Transgenic Corn - Event 176-Derived Hybrid

The above differences between the treatment groups and their corresponding  control groups were not statistically significant (p ≤ 0.05). 
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APPENDIX VI 
 

Egg Weight (g) by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) 

 

Pre-Treatment Total
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Weight Mean

1 44 ----- ----- ----- ----- ----- 31 75 38
2 54 ----- 49 52 50 50 51 306 51
3 53 ----- 53 51 ----- 50 51 258 52
4 49 57 ----- 53 48 48 51 306 51
5 52 53 59 ----- 58 60 ----- 282 56
6 46 ----- 52 52 49 ----- ----- 199 50
7 51 50 50 52 56 ----- 54 313 52
8 50 58 52 56 ----- 53 55/56 380 54
9 ----- 48 46 ----- 54 56 57 261 52
10 52 53 61 57 61 65 59 408 58

Mean 279 51
SD 93 6

Pre-Treatment Total
Pen Day -7 Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Weight Mean

1 ----- 45 45 45 46 48 48 277 46
2 49 50/58 56 55 ----- 55 53 376 54
3 49 52 53 52 57 56 57 376 54
4 ----- ----- ----- ----- 52 ----- 55 107 54
5 ----- ----- 52 53 ----- 54 57 216 54
6 54 54 61 61 59 ----- 65 354 59
7 56 57 58 60 63 ----- 62 356 59
8 50 53 53 53 53 52 52 366 52
9 62 56 57 55 ----- 54 54 338 56
10 52 49 50 ----- 49 46 46 292 49

Mean 306 54
SD 87 4

            Non-transgenic Control Corn for Event Bt11 Hybrid

Transgenic Corn - Event Bt11-Derived Hybrid

The above differences between the treatment groups and their corresponding control groups were not 
statistically significant (p ≤ 0.05).
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APPENDIX VI 
 

Egg Weight (g) by Pen from an Evaluation of Laying Hens (Gallus gallus) 
Fed Diets Containing Transgenic Event 176 and Bt 11 Maize (Corn) 

 

Total
Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Weight Mean

1 41 ----- 46 44 46 51 45 41 ----- 48 50 48 46 47 553 46
2 51 53 ----- 53 51 ----- 50 50 52 53 51 56 51 52 623 52
3 49 49 51 53 50 52 51 51 52 52 53 51 50 51/51 766 51
4 49 48 51 50 52/53 54 56 ----- 55 55 55 55 53 53 739 53
5 58 56 58 62 59 ----- 59 56 62 59 ----- 59 57 57 702 59
6 ----- ----- ----- ----- ----- ----- ----- 31 ----- 42 ----- ----- ----- 40 113 38
7 53 52 54 52 56 53 56 53 51 53 60 55 54 59 761 54
8 ----- 54 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 54 54
9 ----- 52 52 51 59 56 57 53 57 ----- 55 55 55 55 657 55

10 ----- 55 56 57 56 55 55/59 58 60 ----- 60 72 68 66 777 60
Mean 575 52
SD 269 6

Total
Pen Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Weight Mean

1 47 48 50 48 48 47 ----- 48 49 54 49 47 ----- 46 581 48
2 53 54 54 54 54 53 52 53 53 53 54 53 53 54 747 53
3 56/54 56 56 57 54 56 58 ----- 55/57 55 56 55 56 58 839 56
4 55 56 53 54 59 59 53 55 58 54 66 57 55 55 789 56
5 86 ----- 57 60 ----- 59 61 63 ----- 59 ----- 63 ----- 64 572 64
6 56 66 61 60 59 62 59 66 66 62 63 64 63 64 871 62
7 58 59 57 58 82/50 64 62 57 ----- 58 59 59 58 57 838 60
8 53 ----- 51 51 51 ----- 52 52 52/51 51 52 52 52 54 674 52
9 56 51 53 54 53 ----- 54 53 59 53 53 53 ----- 53 645 54

10 49 50 47 45 48 ----- 50 52 53 47 ----- 47 48 47 583 49
Mean 714 55
SD 117 5

Non-transgenic Control Corn for Event Bt11 Hybrid

Transgenic Corn - Event Bt11-Derived Hybrid

The above differences between the treatment groups and their corresponding  control groups were not statistically significant (p ≤ 0.05). 
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ANALYSIS OF TISSUE SAMPLES FOR 14-DAY POULTRY STUDY 

 OF BT11 AND EVENT 176-DERIVED MAIZE 
 

REPORT NO. NSB-005-97 
 

NOVARTIS SEEDS, INC. 
PRODUCT REGISTRATION LABORATORY 

SEEDS BIOTECHNOLOGY RESEARCH UNIT 
RESEARCH TRIANGLE PARK, NC USA 

 
 

SUMMARY 
 
Laying hens were fed for 14 days with feed formulated from grain derived from either Event 176 or Event 
Bt11 Bt maize (corn) plants, or from control maize plants.  Tissue samples (white meat, dark meat, liver, 
egg white, and egg yolk) from these hens were analyzed for the presence of the transgenic proteins, 
CryIA(b) and PAT.  Neither protein was detected in any tissue analyzed. 
 
INTRODUCTION 
 
Grain from Novartis Seeds’ Event 176- and Bt11-derived transgenic maize plants and corresponding 
control maize plants was used to prepare feed for a 14-day poultry study entitled, “An Evaluation of 
Laying Hens (Gallus gallus) Fed Diets Containing Transgenic Event 176 and Bt11 Maize (Corn),” 
conducted at Wildlife International Ltd., Easton, MD, USA (Wildlife), from 12 August 97 to 26 August 
97.  The objective of this study was to evaluate the general health and egg production parameters of 
laying hens fed diets prepared with grain from either transgenic maize plants or the corresponding control 
maize plants, and to evaluate eggs and selected tissues for the presence of the transgenic proteins, 
CryIA(b) and phosphinothricin acetyltransferase (PAT). 
 
In support of the 14-day poultry study conducted at Wildlife, Novartis Seeds Product Registration 
Laboratory (Novartis Seeds Biotechnology Research Unit, Research Triangle Park, NC) conducted all 
necessary analyses of grain, feed, and animal tissue samples.  The animal tissue samples analyzed 
included white (breast) meat, dark (thigh) meat, liver, egg white and egg yolk.  The results of these 
analyses are presented in this report. 
 
MATERIALS AND METHODS 
 
Source of grain.  All grain used to prepare the poultry feeds was harvested from field-grown plants in 
1996.  The Bt11 and the corresponding nontransgenic control grain were from hybrids N4640Bt and 
N4640, respectively, grown in Stanton, MN.  The Event 176 and control grain was from hybrids 
MAX454 and G4494, respectively, grown in Bloomington, IL.  All grain was stored in either an unheated 
warehouse during the winter months or within a cold room.  Temperatures during storage did not exceed 
24oC. 
 
Source of feed.  Samples of poultry feed were formulated at Wildlife as described in the Diet Preparation 
section of Wildlife’s in-life report (project number 108-394).  On Day 0 of the study,  
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Wildlife personnel collected 50 g samples of the four ground grain types and 50 g samples of each of the 
four formulated feeds.  These were shipped overnight on dry ice to Novartis Seeds Product Registration 
Laboratory where they were received on 14 August 97.  On Day 7, 50 g samples of each formulated feed 
were also collected and shipped overnight on dry ice to Novartis Seeds Product Registration Laboratory 
where they were received on 22 August 97.  All samples were analyzed for the presence of CryIA(b) and 
PAT as described below.  
 
Source of tissue.  On Days 13 and 14 of the study, eggs were collected and separated into whites and 
yolks, and Day 14, study termination, samples of white (breast) and dark (thigh) meat, as well as the liver 
were collected.  All samples were frozen on dry ice and shipped overnight on dry ice to Novartis Seeds 
Product Registration Laboratory where they were received on 28 August 97.  Representative samples of 
white and dark meat, liver, egg yolk and egg white were analyzed for the presence of CryIA(b) and PAT 
as described below. 
 
Extraction and analysis.  A total of 272 (4 grain, 8 feed and 260 tissue) samples were shipped from 
Wildlife to Novartis Seeds for analysis.  All grain and feed samples, as well as 55 representative tissue 
samples, were analyzed for the presence of the transgenic proteins, CryIA(b) and PAT.  The tissue 
samples included 5 out of 18 and 5 out of 17 egg (white and yolk) samples from treatment groups that 
received feed prepared from Event 176-derived and Bt11-derived grain, and 5 out of 10 samples for liver, 
breast and thigh meat from each of these treatment groups.  One control sample from the nontransgenic 
Event 176-derived hybrid treatment group was also analyzed for each of the five tissues.  No control 
samples from the nontransgenic Bt11-derived hybrid treatment group were analyzed (See Results 
section). 
 
All feed and tissue samples were prepared and extracted in accordance with SOP 2.7.  Sample extracts 
were quantitatively analyzed for CryIA(b) protein and PAT protein by enzyme-linked immunosorbent 
assays (ELISA) (SOPs 2.2 and 2.29, respectively).  The lower limit of quantitation of the double 
sandwich ELISA for CryIA(b) protein was approx. 6 ng/g tissue (6 ppb) and for PAT was approx. 30 ng/g 
tissue (30 ppb).  The proteins were considered not detectable if the mean absorbance generated by ELISA 
did not exceed that of the negative control.  
 
RESULTS 
 
In Bt11-derived grain, the level of CryIA(b) was found to be 384.2 ng/g fresh weight.  The feed prepared 
with Bt11-derived grain measured 240.1 and 262.5 ng/g fresh weight on Day 0 and Day 7, respectively, 
reflecting that the feed contained 64% grain (Table 1).  Analysis of the grain feed samples from hybrid 
N4640 (the nontransgenic controls for Bt11-derived plants) revealed low but quantifiable levels of 
CryIA(b), indicating that this grain was contaminated with transgenic kernels.  Because the birds in this 
group received transgenic proteins in their diet, this group was no longer considered a control group, and 
tissue samples taken from the birds fed this feed were excluded from further analysis in the study.  As 
reported previously (Fearing et al., 1997), only trace levels of CryIA(b) are found in Event 176-derived 
grain and therefore it was not unexpected that no CryIA(b) was detected in the feed produced from this 
grain (Table 1). (Analyses completed 26 Aug. 97, Notebook # SeBRU-72, pp. 5 – 20, 47.) 





PROJECT NO.:  108-394 
 

-43- 
 
References: 
 
Standard Operating Procedures 
 
SOP 2.2 Quantitative Analysis for CryIA(b) by ELISA 
SOP 2.7 CryIA(b) Extraction from Maize Tissues and Silage 
SOP 2.29 Quantitative Analysis for PAT by ELISA 
 
Literature References 
 
Fearing, P. L., Brown, D., Vlachos, D., Meghji, M., and Privalle, L. (1997) Quantitative analysis of 
CryIA(b) expression in Bt maize plants, tissues, and silage and stability of expression over successive 
generations.  Mol. Breeding 3: 169-176. 

Novartis Seeds Biotechnology Report No. NSB-005-97  Page 4 of 7 



PROJECT NO.:  108-394 
 

-44- 

Table 1.  CryIA(b) Protein Levels in Poultry Feed Prepared from Transgenic  
Bt maize Grain and Non-transgenic Control Grain 

 
Sample Transgenic 

Event 176-
Derived 
Hybrid 

Non-Transgenic 
Control for Event 
176-Derived Hybrid 

Transgenic Event 
Bt11-Derived 
Hybrid 

Non-Transgenic 
Control for Event 
Bt11-Derived Hybrida

 (ng CryIA(b)/g fresh weight) 
Grain 
(Rec’d 
8/14/97) 

 
< 6b

 
0 

 
384.2 

 
20.6 

Day 0 Feed 
(Rec’d 
8/14/97) 

 
NDc

 
0 

 
240.1 

 
17.6 

Day 7 Feed 
(Rec’d 
8/21/97) 

 
ND 

 
0 

 
262.5 

 
16.9 

a Analysis revealed quantifiable levels of CryIA(b), indicating that the grain was contaminated with transgenic 
kernels. 

b Where trace amounts were detectable but not quantifiable, values are shown as less than (<) the lower limit of 
quantitation. 

c ND = not detectable – values obtained by ELISA did not exceed those of the control.  
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Table 2.  PAT Protein Levels in Poultry Feed Prepared from Transgenic  
Bt maize Grain and Non-transgenic Control Grain 

 
Sample Transgenic 

Event 176-
Derived 
Hybrid 

Non-Transgenic 
Control for Event 
176-Derived  
Hybrid 

Transgenic Event 
Bt11-Derived 
Hybrid 

Non-Transgenic 
Control for Event 
Bt11-Derived 
Hybrida

 (ng PAT/g fresh weight) 
Grain 
(Rec’d 
8/14/97) 

 
< 30b 

 
0 

 
73.5 

 
< 30 

Day 0 Feed 
(Rec’d 
8/14/97) 

 
NDc

 
0 

 
58.8 

 
< 30 

Day 7 Feed 
(Rec’d 
8/21/97) 

 
ND 

 
0 

 
< 30 

 
ND 

a Analysis revealed quantifiable levels of PAT, indicating that the grain was contaminated with transgenic 
kernels. 

b Where trace amounts were detectable but not quantifiable, values are shown as less than (<) the lower limit of 
quantitation. 

c ND = not detectable – values obtained by ELISA did not exceed those of the control. 
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Table 3.  CryIA(b) and PAT Levels in Various Tissues of Laying Hens Fed on Diet Formulated with 

Grain Derived from Transgenic Bt Hybridsa

 
Sample  
Number 

Non-Transgenic 
Control Diet 

Sample 
Number 

Event 176-Derived 
Diet 

Sample  
Number 

Bt11-Derived 
Diet 

White Meat Samples 
 1 NDb  61  ND  91  ND 
    67  ND  97  ND 
    73  ND  103  ND 
    79  ND  109  ND 
    85  ND  115  ND 

Dark Meat Samples 
 2 ND  62  ND  92  ND 
    68  ND  98  ND 
    74  ND  104  ND 
    80  ND  110  ND 
    86  ND  116  ND 

Liver Samples 
 3 ND  63  ND  93  ND 
    69  ND  99  ND 
    75  ND  105  ND 
    81  ND  111  ND 
    87  ND  117  ND 

Egg White Samples 
 9 ND  33  ND  45  ND 
    35  ND  47  ND 
    37  ND  49  ND 
    39  ND  51  ND 
    41  ND  53  ND 

Egg Yolk Samples 
 10 ND  34  ND  46  ND 
    36  ND  48  ND 
    38  ND  50  ND 
    40  ND  52  ND 
    42  ND  54  ND 

a The lower limit of quantitation for the CryIA(b) and PAT ELISA are 6 and 30 ng/g tissue, respectively. 
b ND = not detectable – values obtained by ELISA did not exceed those of the control. 
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 APPENDIX 8.2 
 

Evaluation of transgenic event 176-Derived and 
Bt11-Derived Bt corn (maize) in the diet of 

lactating dairy cows 
 
 
 
 
 
This document is complete as of 2nd April 2008. Since it is submitted as one part of a regulatory 
application, which is subject to an on-going regulatory review, it may be subject to later amendment or 
replacement. The information may also be supplemented with additional material requested by regulatory 
authorities.  As such, it may only be considered properly with reference to those later amendments or 
supplementary materials and in the context of the dossier as a whole. 
 
The information contained in this document may not be published or disclosed to any third parties 
without the prior consent in writing of the company supplying the relevant information. 
 
The information contained in this document may not be used by any third party including but not limited 
to any registration authority to support registration of this product or any other product without the prior 
consent in writing of the company supplying the relevant information. 
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Abstract 

A 14 day study was conducted to determine whether milk produced by 
lactating dairy cows contained CryIA(b) or PAT proteins when cows are fed 
fresh whole-plant corn from Novartis Seeds’ transgenic Bt hybrids.  Twelve 
high producing Holstein dairy cows were selected from the Iowa State 
University dairy herd in Ames, Iowa, USA, and were assigned to receive one 
of 3 study diets; study diets contained chopped whole-plant corn from 
commercial Novartis Seeds hybrids representing 1) an Event 176-derived 
transgenic hybrid, 2) a Bt11-derived transgenic hybrid, or 3) a non-transgenic 
control hybrid.  Daily composite milk samples from each cow and four 
additional composite milk samples to which purified CryIA(b) and PAT 
proteins were added intentionally were evaluated by the Seeds Biotechnology 
Research Unit of Novartis Seeds, Research Triangle Park, NC, USA for the 
presence of CryIA(b) and PAT proteins.  A second set of composite milk 
samples was evaluated by Dairy Lab Services in Dubuque, Iowa, USA for 
milk components.  The CryIA(b) protein was detected in samples of diet that 
were prepared using fresh chopped whole-plant corn from the two transgenic 
hybrids, but no CryIA(b) protein was detected in samples of the control 
study diet.  No CryIA(b) or PAT proteins were detected in standard samples 
of milk collected from cows fed study diets, however, transgenic proteins 
were detected in all 55 samples to which CryIA(b) and PAT proteins were 
added intentionally.  On average, groups of cows that were fed study diets 
consumed more than 43 kg of feed (as fed) daily per cow and produced 
more than 38 kg of milk daily per cow.  Milk yield, feed intake, composition 
of milk, and udder health were similar for all study diet groups.  In general, 
cows remained healthy and in good body condition throughout the study.  
Findings from this study indicate clearly that CryIA(b) and PAT proteins 
cannot be detected in milk from cows that are consuming diets prepared 
using Novartis Seeds’ transgenic corn hybrids that produce these proteins.  
Moreover, we detected no adverse effects of these transgenic proteins for 
dairy cows that consumed green plant material from Novartis Seeds’ 
transgenic Bt corn hybrids. 
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Introduction 

Transgenic, insect-protected corn (maize) is a relatively small but increasing 
proportion of the field corn that is grown in the US today. Transgenic 
commercial hybrids that resist damage and prevent yield losses caused by 
the European corn borer (Ostrinia nubilalis Hübner), a devastating insect pest 
of corn in North America and Europe, are commonly referred to as “Bt” corn, 
and have been developed using tools of modern plant biotechnology.  Most 
Bt corn hybrids that are grown currently in the US produce a CryIA(b) 
insecticidal protein that is similar to an insecticidal protein occurring naturally 
in the common soil microbe, Bacillus thuringiensis. 

The CryIA(b) protein is a member of a class of insecticidal proteins that are 
produced as parasporal crystals (hence, the name “Cry”) by Bacillus 
thuringiensis.  The CryIA(b) protein is toxic when ingested by specific 
lepidopteran (caterpillar) pests, because receptor-like sites for the protein are 
present in the midgut membrane of larvae from these susceptible species.  In 
susceptible species, the CryIA(b) protein binds to these sites, consequently, 
membrane integrity of the midgut is disrupted and the larvae cease feeding 
and die.  Other organisms lack gut binding sites that “recognize” CryIA(b).  
For mammals, birds, beneficial insects, fish and other wildlife, CryIA(b) is 
non-toxic and is digested by these species as an ordinary dietary protein.  In 
the US, Bacillus thuringiensis-based insecticides that contain multiple Cry 
proteins have been registered and approved for foliar use on food crops since 
1961 (US Environmental Protection Agency, 1986). 

In addition to CryIA(b), Event 176- (Koziel et al., 1993) and Bt11-derived 
corn plants produce the enzyme phosphinothricin acetyltransferase (PAT).  
This marker protein was used during the original gene transfer events to 
identify or select plants that were transgenic.  Recently, safety for the 
CryIA(b) and PAT proteins were assessed, and Bt hybrids derived from the 
corn transformation experiment “Event 176” (developed by the former Ciba 
Seeds) and the event designated “Bt11” (developed by the former Northrup 
King Co.) were approved for all uses in the US (US Environmental Protection 
Agency, 1997a; 1997b).  Commercial corn hybrids derived from these two 
transgenic events are currently marketed by Novartis Seeds, Inc. (formed by 
the merger of Ciba Seeds and Northrup King). 

Under economic conditions in the US, it is necessary for dairy cows (Bos 
taurus) to produce large quantities of milk, and thus, for lactating cows to 
consume large quantities of feed.  Roughages or forages constitute a large 
portion of this diet for dairy cows, and whole-plant corn (“green chop”) is 
used frequently as a roughage source in commercial rations for dairy cows.  
Dairy cows likely would consume more Bt corn plant material than other 
species.  Safety reviews conducted by the US Environmental Protection 
Agency, US Department of Agriculture, and the US Food and Drug 
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Administration identified no risk for mammalian safety by feeding Event 176- 
and Bt11-derived corn, however, to confirm that there were no unexpected 
effects for milk composition and dairy cow health from consuming Bt corn, a 
feeding study was designed and conducted for lactating dairy cattle. 

For this study, lactating dairy cows were fed diets containing fresh whole-
plant corn from commercial Novartis Seeds varieties representing 1) a 
transgenic Event 176-derived hybrid, 2) a transgenic Bt11-derived hybrid, or 
3) a conventional, nontransgenic control hybrid representing the same 
genetic background as the Event 176-derived hybrid.  Although measurable 
levels of CryIA(b) protein are detectable in fresh, green corn plants, the 
process of ensiling (fermentation process that is conducted under conditions 
of limited oxygen) has been shown to rapidly degrade CryIA(b) in plant 
material (Fearing et al., 1997).  Typically, ensiled whole-plant corn is fed to 
dairy cows, however, to maximize the potential for exposure to the 
transgenic proteins in Bt corn, cows received no ensiled feedstuffs, and fresh 
whole-plant corn constituted the sole roughage source for the prepared feed. 

As part of this evaluation, milk was collected from cows fed the study diets, 
and analyzed for the presence of CryIA(b) and PAT proteins.  In general, 
compounds that are ingested by lactating cows and are absorbed intact into 
the blood can be detected in milk within several hours after ingestion, 
however, milk residue studies that are conducted for the Food and Drug 
Administration in the US typically require a feeding period of one or more 
weeks to ensure that no residues are evident after sustained feeding.  To 
determine whether CryIA(b) insecticidal and PAT proteins are present in milk 
after sustained feeding of fresh whole-plant Bt corn, samples of milk were 
collected during a two week period for this study.  Also, to confirm that the 
analytical methods and sample handling procedures used could allow for 
objective detection of the transgenic proteins by laboratory personnel, 
predetermined quantities of purified CryIA(b) and PAT proteins were 
intentionally introduced into additional samples of milk after collection.  
Laboratory personnel who evaluated the samples were unaware of the 
identification for samples that contained these added, purified proteins, and 
these samples were analyzed simultaneously with the routine milk samples 
collected throughout the study. 

 
Materials and Methods 

Source of fresh whole-plant corn Novartis Seeds transgenic corn 
hybrids derived from Event 176 (MAX21) and Event Bt11 (N6800Bt) and a 
non-transgenic commercial control hybrid (Ciba 4365)1 were used as the 
source of whole-plant corn.  Fresh corn plants were harvested, chopped, and 

                                                 
1 Ciba 4365 is the conventional, isogenic counterpart for the MAX21 hybrid. 
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used for preparing diets daily.  The practice of daily harvesting is used 
commercially when fresh forages (green chop) are fed to dairy cows.  In 
addition, daily harvest of corn plants was necessary to ensure that the feed 
fed to cows contained the highest levels possible of the transgenic proteins, 
and that the opportunity for degradation of these proteins in feedstuffs was 
minimized. 

Corn plants were chopped using the wood chipping attachment of a 
stationary wood chipper/chopper to provide a feedstuff that was suitable for 
healthy rumen function in high producing lactating dairy cows.  Stationary 
wood chipper/chopper units frequently are used to process corn plant 
material when relatively small quantities of a feedstuff are needed for 
research studies. 

All corn used for this study was field-grown within a 10 mile (16.1 km) 
radius of Ames, Iowa, USA using standard local agronomic practices.  For a 
given day, plants were harvested by the same personnel, thus, all corn was 
subjected to similar environmental and handling conditions.  Each day of the 
study, whole-plant corn was harvested in the morning; chopped fresh whole-
plant corn was used to prepare diets immediately prior to the 6:00 PM 
feeding.  On 18 September 1996, Personnel from the Seeds Biotechnology 
Research Unit of Novartis Seeds (Research Triangle Park, NC, USA) 
conducted preliminary analyses by ELISA (see Materials and Methods) of 
fresh chopped corn plant material and respective diets that were prepared 
using the fresh chopped corn.  These analyses confirmed the presence of the 
CryIA(b) insecticidal protein in fresh corn plant materials and diets from 
transgenic corn hybrids (Table 1), however, PAT protein was not detected in 
these samples.  The absence of detectable levels of PAT protein in the 
whole-plant corn may be attributable to instability of the protein in harvested 
plant material of the absence of significant levels of PAT in mature plants. 

Corn plants derived from the control variety do not produce the transgenic 
proteins, thus it was expected that samples of fresh chopped whole-plant 
corn and diet prepared using plants from this variety would contain no 
CryIA(b) insecticidal proteins.  However, a level of 66.4 ng CryIA(b) per g of 
fresh chopped whole-plant corn was reported for the sample from this 
variety that was submitted for analyses (Table 1).  No CryIA(b) insecticidal 
protein was detected in diet prepared on 18 September 1996 using corn 
plants from this control variety (Table 1); also, no transgenic proteins were 
reported for samples of fresh control corn and the corresponding prepared 
diet that were collected during subsequent days of the study.  Thus, it is 
likely that this sample of fresh corn from the control variety was 
contaminated inadvertently during sample collection on 18 September 1996 
by corn plant material from one of the transgenic varieties included in the 
study, and no implications of this aberrant result are expected for interpreting 
findings from this study. 
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Experimental Design and Assignment of Cows to Study Diets The study 
consisted of feeding three different diets that had been prepared using fresh 
chopped whole-plant corn from Novartis Seeds hybrids: 1) Event 176 
derived, 2) Bt11 derived, and 3) a non-transgenic control that was the 
isogenic counterpart for the Event 176 derived hybrid.  Twelve lactating 
Holstein dairy cows in their second through fifth parity were selected from 
the Iowa State University dairy herd in Ames, Iowa, USA based on their 
current age, days since calving, and milk, fat, and protein production; four 
cows were assigned to each group that received one of the 3 study diets for 
the 14 days of the experiment.  Cows that were in their first parity, had low 
milk production, were in late lactation (more than 200 days since calving), or 
exhibited any signs of health problems were not selected for this study. 

The current body weight and production level of energy corrected milk2 are 
known to influence the feed consumption and future milk production for 
cows, thus cows were assigned to groups so that average body weight and 
production of energy corrected milk were similar for the groups.  Study group 
averages for several important production and body weight characteristics of 
cows when assigned to the groups are in Table 2. 

 

Analyses of chopped whole-plant corn Samples of the chopped 
whole-plant corn from the first full day of study were collected and sent for 
proximate analyses to the Iowa Testing Laboratories, Inc. in Eagle Grove, 
Iowa, USA.  Results for these analyses are in Table 3, and are represented 
on an “as is” or “as fed” basis.  A large portion of the differences in reported 
composition among the three samples of chopped whole-plant corn likely is 
due to differences for moisture.  Also, stage of maturity differs for different 
hybrids, fields, and areas within a field, thus, samples may have differed 
slightly for stage of maturity. These differences may have influenced results 
from proximate analyses. 

In addition, varieties selected for this trial are known to differ for 
characteristics other than presence of the Bt transgene, thus differences in 
results from the proximate analyses may have been due to known 
differences that are inherent to these varieties.  The relative degree of 
similarity for analytical values of control and Event 176 derived hybrids is 
consistent with the isogenicity of their germplasm.  Compositional 
differences between the sources of chopped whole-plant corn were 
considered when diets were formulated, and thus, differences other than the 
presence of the CryIA(b) protein in plant tissues are expected to have 

                                                 
2 Energy corrected milk is the total yield of milk that has been standardized to a constant 
energy content from milk, fat, and protein. 

Page 8 of 29 



essentially no impact on milk, fat, and protein production of cows.  
Furthermore, compositional differences other than the presence or absence 
of CryIA(b) protein in the feedstuffs should be unimportant when determining 
whether milk produced by lactating dairy cows contains transgenic proteins 
when cows are fed fresh whole-plant corn from transgenic and non-
transgenic hybrids. 

 

Diet Formulation Study diets were formulated to meet or exceed the 
National Research Council allowances of energy, protein, vitamins, and 
minerals for maintenance (660 kg body weight) and daily milk and fat 
production (43 kg milk and 3.5% fat) of lactating dairy cows (National 
Research Council, 1988).  It was assumed that cows would consume 
approximately 22.7 kg of dry matter from feed daily, and that dry hay would 
account for approximately 18% of the dry matter consumed.  Rations for the 
study groups consisted of wet corn gluten feed3, ground corn grain3, whole 
cottonseed3, roasted soybeans3, vitamin and mineral premix, and the 
respective chopped whole-plant corn (Table 4).  Moisture content of the 
chopped fresh whole-plant corn was monitored and rations reformulated 
when significant change in moisture content was detected. 

The regular herd diet that was fed to cows prior to the start of the study 
included wet corn gluten feed, ground corn grain, whole cottonseed, roasted 
soybean meal (44% crude protein), vitamin and mineral premix, corn silage, 
and alfalfa silage (lucerne haylage).  However, ensiled feedstuffs were 
excluded intentionally from the study diets, because findings from studies 
conducted previously by Novartis Seeds indicated that CryIA(b) protein is 
degraded rapidly in silage (Fearing et al., 1997).  To decrease the possibility 
for digestive disorders that result when cows experience a radical change in 
diet, such as the replacement of ensiled feeds by fresh whole-plant corn and 
dry hay, changes in the diet were made incrementally during a 4 day 
acclimation period.  For the 4 days of the acclimation period, chopped fresh 
whole-plant corn and dry hay replaced 20%, 40%, 60%, and 80%, 
respectively,  of forages in the regular herd diet, thus, by day 5 of the study, 
cows were consuming their respective study diet. 

 

Access to Feed and Water Cows were provided access to feed and 
fresh water at all times, except during milking.  Each day, fresh feed was 
mixed for cows during the evening, and approximately 60% of this feed was 
dispensed to cows immediately following the 6:00 PM milking.  The 
remaining 40% of the feed from each day’s mix was stored overnight in 
plastic bins and was dispensed to cows at approximately 7:00 AM.  All feed 

                                                 
3 Feedstuffs were obtained from a feed supplier and were from commercial varieties. 
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that was not consumed by approximately 6:00 PM on the following day was 
removed from the feed bunk and was discarded.  To ensure that feed was 
available to cows at all times, the total amount of feed prepared for each 
study group was adjusted regularly based on feed consumption during the 
previous 24 hour period.  The objective was to make available to cows 20% 
more feed than they consumed.  Fresh dry hay was made available to cows 
throughout the day. 

 

Cows were housed in one tie-stall barn at the Iowa State University Dairy 
Farm in Ames, Iowa, USA.  The stalls in this barn are 1.22 X 1.83 m and 
1.22 X 1.98 m; large cows are housed in the 1.98 m long stalls.  For this 
experiment, all study groups included cows housed in both sizes of stalls.  
To ensure comfort for cows and to provide a stall environment that 
minimizes exposure of the udder to environmental organisms that cause 
mastitis, the stall surface is covered with a layer of sand that is more than 
20 cm deep.  Cows were restrained in their respective stalls for the majority 
of the day, but were released for milking and routine daily exercise.  All cows 
were fed twice daily, mornings and evenings, and were milked three times 
daily (2:00 AM, 10:00 AM, and 6:00 PM).  Feed intake, milk production, and 
general appearance of cows were monitored regularly, and any abnormal 
changes were recorded.  Veterinarians who are employed by the Iowa State 
University Veterinary Field Services were available at all times to provide any 
necessary medical care.  Housing, management, and care for cows in this 
study did not differ from typical daily routines used in commercial dairy 
herds. 

 

Data Collection Body weights for cows were recorded on the first and 
last days of the trial.  Milk production data were collected for 8 days prior to 
the start of the study period, 4 days following the end of the study period, 
and daily throughout the study period, except for 21, 22, and 25 September 
1996 when data were not available as a result of problems with the farm 
computer system.  Throughout the study period, samples of milk were 
collected from each cow during all milking times.  Using these individual 
milking samples, composite samples were created for cows and contained 
equal volumes of milk (2 ml) from each of the three daily milkings.  Samples 
of chopped whole-plant corn and respective diets prepared using the corn 
were collected daily, also.  Samples of corn, diet, and one set of composite 
milk samples were frozen and shipped overnight to the Seeds Biotechnology 
Research Unit of Novartis Seeds for analyses for the presence of CryIA(b) 
and PAT proteins.  Samples were processed, extracted, and analyzed by 
enzyme-linked immunosorbent assays (ELISA) as described by Fearing et al. 
(1997).  Lower limits of quantification for the ELISA were: for CryIA(b) 
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protein - 8 ng/g fresh weight of diet and fresh plant material and 3 ng/ml of 
milk, and for PAT protein - 200 ng/g fresh weight of diet and fresh plant 
material and 107 ng/ml of milk.  A second set of composite milk samples 
were preserved using bromopol and were refrigerated until samples for 
approximately four days were shipped overnight to Dairy Lab Services in 
Dubuque, Iowa, USA for analyses of milk components.  Any observed 
changes in clinical health for cows were noted, also. 

To verify that CryIA(b) and PAT proteins can be detected when present in 
raw milk samples that have been frozen and shipped, four additional 
composite milk samples were prepared daily by adding purified CryIA(b) and 
PAT proteins intentionally.  These four samples were prepared by using milk 
from cows that had been selected at random from the cows in the 
experiment, and contained concentrations of intentionally added purified 
CryIA(b) and PAT proteins of 1.8 and 0.5 μg/ml, respectively.  Samples were 
packed and shipped with other samples for a given day, thus, identification 
for the samples containing intentionally added purified CryIA(b) and PAT 
proteins was unknown to the Seeds Biotechnology Research Unit of Novartis 
Seeds at the time of evaluation. 

 

Statistical Analyses Data were analyzed using the mixed models 
procedure of SAS (1995).  Critical probability value for statistical tests was 
0.10.  To determine whether groups differed when fed diets containing 
transgenic and non-transgenic chopped whole-plant corn, milk yield; change 
in body weight; feed intake; and levels in milk of CryIA(b) protein, PAT 
protein, milk fat, milk protein, lactose, solids-not-fat, other solids, total 
solids, and somatic cell count were evaluated.  The somatic cell count in milk 
is an indicator of health status for the udder, and high somatic cell counts (a 
typical threshold level is > 500,000 cells/ml) are associated with mastitis. 

Fixed independent variables of statistical models for milk yield, somatic cell 
count, feed intake, milk components, and levels of CryIA(b) and PAT proteins 
were study diet (3 diets), parity (3 levels - parities 2, 3, and 4 & 5), sample 
collection date, and days since calving (continuous effect); cow within a 
combination of diet and parity and residual were random independent 
variables.  The cow within diet × parity term was used to test for the 
importance of study diet.  When change in body weight was evaluated, the 
statistical model included only the fixed effects of study diet, parity number, 
and days since calving, and the random residual term was used to determine 
whether body weight change differed for study diet groups.  Additionally, 
sample status (standard sample or sample with intentionally added purified 
transgenic proteins), the interaction of study diet and sample status (fixed 
factors), and collection date were added as fixed independent variables to 
models for levels of CryIA(b) and PAT proteins in milk.  Sample status and its 
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interaction with study diet were tested using the residual term.  These 
models allowed us to verify that 1) levels of CryIA(b) and PAT proteins 
detected in standard milk samples and samples with intentionally added 
transgenic proteins differed (indicated by a significant effect for sample 
status), 2) levels of transgenic proteins detected in milk samples from 
different study diet groups were similar (indicated by a non significant effect 
for study diet), and 3) any differences detected for levels of CryIA(b) and 
PAT proteins in milk for diet-sample status combinations were due to sample 
status and were independent of study diet consumed (indicated by a 
significant effect for sample status, a non significant effect for study diet, 
and a non significant effect for the interaction of these two effects). 

 

Results and Discussion 

Analyses of Diets for CryIA(b) and PAT Proteins Results of the analyses 
of diets for CryIA(b) and PAT proteins are in Table 5.  Diet samples were 
evaluated for 18, 19, 23, 24 September and 1 October 1996.  In addition, 
analyses of samples for 23 September were repeated. 

No CryIA(b) protein was detected in samples of diet that were prepared 
using fresh chopped whole-plant corn from the non-transgenic variety.  Diets 
prepared using fresh whole-plant corn from the two transgenic varieties 
contained CryIA(b); levels of this protein were highest in diets prepared using 
the Bt11 derived variety.  These results are consistent with patterns of 
CryIA(b) expression for Event 176 and Bt11 derived plants; Event 176 plants 
produce measurable amounts of CryIA(b) protein in green tissue and pollen 
only (Koziel et al., 1993; Fearing et al., 1997), and Bt11 plants produce 
measurable amounts of this transgenic protein in most plant tissues.  
Consequently, it was expected that diets prepared using the Bt11 variety 
would have the highest levels of CryIA(b) protein, and those prepared using 
the non-transgenic corn plants would contain no CryIA(b) protein. 

For all diets that contained chopped whole-plant corn from transgenic corn 
hybrids, the lowest levels of CryIA(b) protein were for samples collected prior 
to day 5 of the study (22 September 1996).  Days 1 through 4 constituted 
the acclimation period for this study, and during this period, the proportion of 
forages in the regular herd diet that was replaced by the respective chopped 
fresh whole-plant corn was increased incrementally.  Consequently, the 
highest levels of transgenic proteins were anticipated for samples of diet that 
were collected after the acclimation period. 

 

Analyses of Milk Samples for CryIA(b) and PAT Proteins Results of 
qualitative and quantitative analyses for CryIA(b) and PAT proteins in milk 
produced by cows that consumed the three study diets are in Table 6.  
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Throughout the 14 days that milk samples were collected, no CryIA(b) or 
PAT protein was detected in any of the standard samples of milk that were 
collected from cows consuming the study diets.  The Seeds Biotechnology 
Research Unit of Novartis Seeds, Research Triangle Park, NC, USA was 
unaware of identification for milk samples to which purified CryIA(b) and 
PAT proteins had been added intentionally, and this laboratory identified 
correctly all 55 samples that contained the added proteins (Table 6).  For 
these samples, mean levels detected were similar for all study diet groups; 
mean levels of CryIA(b) protein were 1453, 1494, and 1399 ng/ml and 
levels of PAT protein were 567, 453, and 492 ng/ml for samples to which 
purified proteins had been added for the control corn, Event 176, and Bt11 
study diets, respectively (Table 6).  On average, levels detected represented 
80% and 100%, respectively, of the CryIA(b) and PAT proteins that were 
added intentionally to selected milk samples.  These results illustrate that, 
although CryIA(b) protein was present at detectable levels in diets fed to 
cows in the Event 176 and Bt11 study groups (Table 5), transgenic proteins 
were not present in milk produced by cows that consumed diets containing 
fresh chopped whole-plant Bt corn (Table 6). 

 

Performance of Cows for Milk Yield, Feed Intake, and Milk Components 
The daily intake of feed, production of milk, and levels in milk of fat, protein, 
lactose, solids-not-fat, other solids, and total solids for cows that consumed 
the study diets are represented as Least Squares Means in Table 7.  For all 
study diet groups, means for milk yield include no data for 21, 22, and 25 
September 1996, because these data were unavailable as a result of a 
problem with the computer system that was used by the dairy farm to 
collect milk yield data.  Also, results for the Event 176 study diet group 
include data for 4 cows during days 1 to 7 and for 3 cows during days 8 to 
14; cow #1198 was removed from the study on 26 September as a result of 
a digestive disorder.  Details of the digestive disorder for cow #1198 are 
provided in a subsequent section of this report, “General Health and Clinical 
Observations.” 

Production of milk and intake of feed for cows in this study were high, and 
were typical for high producing Holstein dairy cows in the US (Table 7).  On 
average, groups of cows that were fed study diets consumed more than 43 
kg of feed (as fed) daily per cow and produced more than 38 kg of milk daily 
per cow.  Composition of the milk was representative of composition for milk 
produced on commercial dairy farms in the US.  Also, results in Table 7 
indicate that when cows were fed diets prepared using chopped fresh whole-
plant corn from the control, Event 176, and Bt11 varieties, milk yield, feed 
intake, and composition of milk were similar for all study diet groups.  
Statistical importance for factors other than study diet was examined, also.  
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Results for parity number, date sample was collected, and the number of 
days since calving are reported in Appendix 1; findings were not unusual. 

 

General Health and Clinical Observations In general, cows remained 
healthy and in good body condition throughout the study.  The nutrient 
demands are extremely great for high producing dairy cows that are in the 
early portion of lactation, and during this time period, cows typically lose 
body weight.  Body weight changes (Appendix 2) for cows fed the control, 
Event 176, and Bt11 study diets were not different statistically (P > 0.10).  
Udder health was good for all cows, and no episodes of clinical mastitis 
occurred during the study.  The latter finding was substantiated by counts of 
339,000, 123,000, and 351,000 somatic cells per ml of milk from cows 
that consumed control, Event 176, and Bt11 study diets, respectively (Table 
7).  In addition, somatic cell counts for the three study diet groups were not 
different statistically (P > 0.10). 

As noted previously, one cow (cow #1198) developed a rumen digestive 
disorder and was removed from the study on 26 September 1996.  Dr. Karl 
Kersting was the attending clinician from the Iowa State University 
Veterinary Teaching Hospital who was responsible for veterinary care for 
cow #1198 following her removal from the study; a copy of Dr. Kersting’s 
health report for this cow is included as Appendix 3. 

Severe rumen digestive disorders can occur when cows are subjected to 
drastic and relatively abrupt changes in the forage component of the diet.  
To ensure that proteins associated with transgenic corn varieties were 
present in feed that was fed to cows during this study, considerable changes 
in the regular herd diet were needed.  These changes included replacing 
ensiled alfalfa (lucerne silage) and corn silage with chopped fresh whole-plant 
corn from plants. 

The requirement to harvest mature fresh corn plants at a stage of active 
photosynthesis limited the duration of the diet acclimation period.  Levels of 
buffering agents in the diet (sodium bicarbonate and magnesium oxide) were 
increased to reduce the impact for cows of these abrupt diet changes, 
however, the necessary changes were sufficiently drastic and abrupt to 
induce severe rumen digestive upsets, such as the disorder that was 
experienced by cow #1198.  The large daily variability of means for milk 
yield and feed intake for all study diet groups (Figures 1 and 2, respectively) 
likely indicates that all cows in the study were experiencing a subclinical 
level of rumen digestive upset that was initiated when cows were subjected 
to abrupt changes in the daily diet.  However, no other cows required 
specialized care provided by a veterinarian, and, in fact, for all study diet 
groups, cows maintained a high level of milk yield during the 8 days 
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preceding the study, 14 days of the study, and the 4 days following the end 
of the study (Table 8). 

 
Summary and Conclusions 

The primary objective for this study was to evaluate milk produced by dairy 
cows that were fed transgenic corn plants by determining whether milk 
produced by these cows contained CryIA(b) protein or its associated 
selectable marker protein, PAT.  The individual corn varieties used for this 
study were selected because these are representative of commercial 
transgenic Bt and conventional hybrids that are marketed by Novartis Seeds 
in the US.  In addition, selected varieties differed greatly for levels of 
transgenic proteins that they contained; the control variety contained no 
CryIA(b) protein, Event 176 derived corn plants contained intermediate 
levels, and plants from the Bt11 variety contained relatively high levels of 
CryIA(b) protein.  Also, to provide ample opportunity for expression of 
transgenic proteins in milk, high producing cows that had high levels of feed 
intake were selected and fresh whole-plant corn from photosynthetically 
active plants constituted 100% of the forage for diets that were fed to 
cows.  The Seeds Biotechnology Research Unit, Novartis Seeds documented 
subsequently that CryIA(b) protein was present in diets that contained 
whole-plant corn from Event 176 and Bt11 varieties, and that the CryIA(b) 
protein was not present in diets that contained corn plant material from the 
control variety. 

The Seeds Biotechnology Research Unit of Novartis Seeds, Research Triangle 
Park, NC, USA detected no transgenic proteins in standard samples of milk 
collected from all cows, and identified correctly all 55 samples that 
contained intentionally added CryIA(b) and PAT proteins.  Thus, if present in 
milk, the CryIA(b) insecticidal and PAT selective marker proteins can be 
detected.  However, these proteins associated with transgenic corn hybrids 
were not detected in milk produced by cows that consumed diets containing 
substantial amounts (>30% of the diet as fed) of either non transgenic or 
Event 176 or Bt11 transgenic fresh chopped whole-plant corn.  These 
findings were expected because it was anticipated that these transgenic 
proteins would be digested as conventional dietary proteins.  Results from in 
vitro digestibility studies that used simulated mammalian gastric systems 
demonstrated that CryIA(b) is degraded immediately by gastric fluid (US 
Environmental Protection Agency, 1997a; 1997b; Novartis Seeds 
unpublished data). 

Generally, health for cows fed study diets was good as evidenced by no 
clinical udder health problems, and by high levels of milk yield prior to, 
during, and following the end of the study period.  One cow developed a 
digestive disorder and was removed from the study, however, there is no 
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evidence to suggest a relationship between the digestive disorder and the 
presence in the diet of transgenic corn.  Instead, it is likely that the rumen 
digestive upset experienced by this cow was initiated when cows were 
subjected to abrupt and drastic changes in the forage portion of the daily 
diet. 

Our findings indicate clearly that the CryIA(b) and PAT proteins cannot be 
detected in milk from cows that are consuming diets prepared using 
transgenic corn varieties that produce these proteins.  Moreover, we 
detected no adverse effects of these transgenic proteins or unintended 
effects on forage nutritional quality for dairy cows that consumed green 
plant material from Novartis Seeds’ transgenic Bt corn hybrids. 
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Table 1.  Level of CryIA(b) insecticidal protein detected in 
chopped corn plant material and prepared diet for 18 
September 1996. 
 
Corn Variety 

Fresh whole 
chopped corn plants 

 
Prepared diet 

 ⎯⎯ CryIA(b), ng/g fresh weight ⎯⎯ 
Control 66.41 0.0 
Event 176 87.6 10.9 
Bt11 635.7 27.1 
1Value of 0.0 was expected, and was confirmed by 0.0 ng CryIA(b) 
protein per g of corresponding prepared diet sample.  Inadvertent 
contamination of fresh chopped corn sample likely occurred prior to 
laboratory analysis. 
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Table 2. Averages when assigned to study diet groups for several 
characteristics of cows.1

 Study diet consumed Largest 
Characteristic Control Event 176 Bt11 SEM2

Body weight, kg 636 578 605 22.4 
Days since calving 38.3 89.5 72.3 33.1 
Energy corrected milk, kg/day 39.4 40.6 42.5 4.28 
Milk, kg/day 37.5 40.3 41.7 4.13 
Milk fat, % 4.08 3.68 3.72 .505 
Milk protein, % 2.85 2.78 2.92 .194 
1Averages based on 4 cows per group. 
2Largest standard error of the mean for diet study groups. 
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Table 3.  Results of proximate analyses for chopped whole-plant corn 
collected on 19 September 1996 from one non-transgenic and two 
transgenic Bt varieties that were used in study diets.1

Analyte Control Event 176 Bt11 
 ⎯⎯⎯⎯⎯⎯⎯ % ⎯⎯⎯⎯⎯⎯⎯ 
Total Moisture 58.8 61.6 71.0 
Protein 2.55 3.04 2.00 
Total Digestible Nutrients 29.3 27.3 19.3 
Neutral detergent fiber 18.0 16.2 14.8 
Acid detergent fiber 9.8 9.2 8.9 
Minerals    

Calcium 0.08 0.09 0.08 
Magnesium 0.11 0.08 0.06 
Phosphorus 0.08 0.09 0.06 
Potassium 0.28 0.28 0.39 
Sulfur 0.04 0.04 0.03 
Sodium 0.010 0.010 0.010 
 ⎯⎯⎯⎯⎯⎯ ppm ⎯⎯⎯⎯⎯⎯ 
Zinc 8 9 5 
Manganese 11 8 5 
Copper 2 3 2 
Iron 78 70 37 
Cobalt <1.0 <1.0 <1.0 
Aluminum 44 33 10 

Energy ⎯⎯⎯⎯⎯⎯ kcal/kg ⎯⎯⎯⎯⎯⎯ 
Metabolizable energy 1060 988 699 
Net energy lactation 681 633 423 
Net energy growth 414 384 251 
Net energy maintenance 666 619 432 

1Iowa Testing Laboratories, Inc., Eagle Grove, Iowa, USA 
 

Page 20 of 29 



 

Table 4.  Composition (as fed) of study diets. 
 Corn variety used in diet 
Ingredient1 Control Event 176 Bt11 
 ⎯⎯⎯⎯⎯⎯⎯⎯ % as fed ⎯⎯⎯⎯⎯⎯⎯⎯ 
Whole-plant chopped corn2 30.8 33.8 37.4 
Wet corn gluten feed 26.4 25.0 23.9 
Corn grain 11.6 11.0 10.5 
Whole cottonseed 6.3 6.0 5.7 
Roasted soybeans 3.7 3.5 3.3 
Minerals 2.57 2.43 2.32 
Alfalfa hay 18.6 17.6 16.8 

Total 100.0 100.0 100.0 
1Except for whole-plant chopped corn, all feed ingredients were from standard commercial 
feed suppliers. 

2Quantities of whole-plant chopped corn (as fed) were adjusted when significant change in 
moisture content was detected. 
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Table 5.  Level of CryIA(b) protein in diets prepared using chopped 
whole-plant corn from one non-transgenic and two transgenic Bt 
varieties.1

 Corn variety used in diet 
Date collected Control Event 176 Bt11 
 

Acclimation Period 
⎯ CryIA(b), ng/g fresh weight ⎯ 

18 September 1996 0 10.9 27.1 
19 September 1996 0 13.5 76.2 

Main Study Period    
23 September 1996 0 21.1 629.1 
 second sample 0 31.3 332.6 
 third sample 0 36.0 494.9 
24 September 1996 0 48.4 306.4 
1 October 1996 0 28.6 357.1 

1Seeds Biotechnology Research Unit, Novartis Seeds, Research Triangle Park, NC, 
USA. 
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Table 6.  Means for level of CryIA(b) and PAT proteins in milk 
samples from six sources. 
 
Source of sample 

No. 
samples 

CryIA(b) 
protein 

PAT 
protein 

  ⎯⎯⎯⎯⎯ ng/ml ⎯⎯⎯⎯⎯ 
Standard sample1    

Study diet consumed    
Control 80 0 0 
Event 176 67 0 0 
Bt11 80 0 0 

Largest SEM3  0.0 0.0 

Purified CryIA(b) and PAT proteins added intentionally1, 2

Study diet consumed    
Control 20 1453 567 
Event 176 17 1494 453 
Bt11 18 1399 492 

Largest SEM3  91.9 103.1 
1For levels of CryIA(b) and PAT proteins in milk, sample sources differed (P < 
0.0001), but effects of diet and diet × sample source were statistically 
unimportant. 

2Concentrations in milk samples of intentionally added purified CryIA(b) and PAT 
proteins were 1.8 and 0.5 μg/ml, respectively 

3Largest standard error of the mean for respective sample sources from diet 
study groups. 
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Table 7.  Least Squares Means of milk yield, somatic cell count, and milk 
components collected during 18 September to 1 October 1996 for cows that 
consumed three study diets. 
 Study Diet Consumed Largest 
Performance Measure Control Event 1761 Bt11 SEM2

Milk, kg/day3,4,5 40.4 39.5 38.2 1.96 
Feed Intake, kg as fed/day4,5 43.4 44.8 47.0 .999 
Somatic Cell Count, 
cells × 10-3/ml4,5

 
339 

 
123 

 
351 

 
234 

Fat, %4,5 3.41 3.50 3.47 .183 
Protein, %4,5 2.72 2.66 2.80 .082 
Lactose, %4,5 4.77 4.78 4.88 .067 
Solids-not-fat, %4,5 11.59 11.63 11.84 .289 
Other Solids, %4,5 8.18 8.12 8.37 .117 
Total Solids, %4,5 16.9 17.2 19.4 1.38 
1Includes data for 4 cows (days 1-7) and 3 cows (days 8-14). 
2Largest standard error of the mean for diet study groups. 
3Milk yield data were not available for 21, 22, and 25 September 1996 (days 3,4, and 7) as 
a result of problems with the farm computer system. 

4Linear contrast of difference between means for Event 176 and Bt11 was not important 
statistically (P > 0.10). 

5Linear contrast of difference between means for Control corn and the average of Event 176 
and Bt11 was not important statistically (P > 0.10). 

 

Page 24 of 29 



 
Table 8.  Least Squares Means of daily milk yield prior to, during, and 
following the study period for three diet study groups. 
 Study Diet Consumed Largest 
Period Control Event 176 Bt11 SEM1

 ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ kg ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
8 days prior to study 39.8 38.6 37.3 1.26 
14 day study period2 40.4 39.53 38.2 1.96 
4 days following study 35.9 39.74 39.0 2.48 
1Largest standard error of the mean for diet study groups. 
2Milk yield data were not available for 21, 22, and 25 September 1996 (days 3,4, and 7) as 
a result of problems with the farm computer system. 

3Includes data for 4 cows (days 1, 2, 5, 6) and 3 cows (days 8-14). 
4Includes data for 3 cows. 
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Figure 2.  Milk yield and feed intake for groups fed study diets. 
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Appendix 1.  Importance of parity number, date sample was collected, and 
days since calving for several measures. 
 Source of Variation 
 
Measure1

Parity 
number 

Date sample 
collected 

Days since 
calving 

 ⎯⎯⎯⎯⎯⎯⎯⎯ P-value ⎯⎯⎯⎯⎯⎯⎯⎯ 
Daily Milk Yield > 0.10 < 0.0001 0.068 
Daily Feed Intake, as fed > 0.10 < 0.0001 0.084 
Somatic Cell Count > 0.10 > 0.10 > 0.10 
Fat % > 0.10 < 0.0001 > 0.10 
Protein % > 0.10 0.027 > 0.10 
Lactose % 0.100 0.001 0.002 
Solids-Not-Fat % > 0.10 < 0.0001 > 0.10 
Other Solids % 0.085 0.005 0.095 
Total Solids % > 0.10 < 0.0001 > 0.10 
CryIA(b) Protein > 0.10 0.003 > 0.10 
PAT Protein > 0.10 < 0.0001 > 0.10 
Body Weight Change > 0.10 — > 0.10 
1Statistical models for measures are described in the section, “Statistical Analyses”. 
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Appendix 2.  Characteristics for cows fed study diets. 

 Study Parity Days since Energy Body weight 
Cow diet no. calving1 Corrected Milk1 18 Sept. 2 2 Oct. 3

    ⎯⎯⎯⎯⎯⎯⎯ kg ⎯⎯⎯⎯⎯⎯⎯ 
1016 Control 4 66 40.7 696 703 
1046 Bt11 3 185 50.0 673 645 
1112 Event 176 3 68 49.8 626 623 
1158 Event 176 2 162 40.1 560 573 
1178 Bt11 2 61 39.8 558 547 
1198 Event 176 2 54 43.1 542 ---4

1210 Control 2 82 44.9 620 607 
1221 Bt11 2 62 42.4 601 608 
1225 Bt11 2 93 37.5 583 580 
1226 Control 2 44 43.3 590 657 
9854 Control 5 73 28.2 630 637 
9992 Event 176 4 186 29.2 578 562 
1As reported when cows were assigned to study diet groups. 
2Weight collected at the start of the trial. 
3Weight collected at the end of the trial. 
4No weight collected, because cow was removed from the study on 26 September 1996. 
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ABSTRACT A feeding study evaluated whether stan-
dard broiler diets prepared with grain derived from
Syngenta Seeds NK Brand Bacillus thuringiensis (Bt) Corn
hybrids had any adverse effects on male or female broiler
chickens. Four kinds of corn grain were used in this study:
(1) grain from the Bt-expressing field corn hybrid
N7070Bt, (2) grain from the N7070Bt hybrid that had
been sprayed with Liberty brand herbicide (glufosinate)
according to manufacturer’s instructions (N7070Bt + Lib-
erty), (3) grain from standard N7070 (non-Bt isoline of
N7070Bt) grain, and (4) a lot of North Carolina grown
grain from the 2000 growing season (NC2000).

The amino acid balance for the four lots of corn was
similar relative to their crude protein content; however,
the NC2000 corn had higher protein content. Diets with
the higher protein NC2000 season corn were amended
with a combination of sand, ground cardboard (Solka
Floc), and poultry fat so that the metabolizable energy
and crude protein content of the diluted diets would be
similar to that of the isoline and transgenic diets.

Growth of broilers was excellent with males being sig-
nificantly heavier than females (2,497 g vs. 2,103 g) at 42

(Key words: transgenic corn, transgenic maize, N7070Bt corn, N7070Bt maize, broiler)

2003 Poultry Science 82:551–559

INTRODUCTION

Agricultural biotechnology has produced a number of
new varieties of crop plants with enhanced features, such
as protection against common pests, tolerance to herbi-
cides, and improved quality traits. The first commercial
plantings of insect-protected field corn hybrids that uti-
lized the “Bt” genetic modification, designated “Event
176,” occurred in 1996. These corn hybrids (including
those derived from Event Bt11, the subject of this study)
express an insecticidal protein, Cry1Ab, similar to that
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d of age. BW of live birds at 42 d was within 26 g for the
three treatment groups fed corn that was from the same
genetic background, i.e., the two Bt transgenic groups
(N7070Bt, N7070Bt + Liberty), and the non-Bt N7070 iso-
line corn group, while BW for the NC2000 group was
significantly lower by 93 g. There was no overall corn
source effect on feed conversion ratio (FCR) among the
isoline and transgenic corn sources to 42 d of age, but
FCR was poorer for broilers consuming the commercial
NC2000 corn. There was no overall effect of corn source
on survivability to 42 d. Carcass analysis at 48 d demon-
strated no differences in percentage carcass yield due to
corn source among males and females.

The transgenic N7070Bt and N7070Bt + Liberty hybrid
diets supported excellent broiler chicken growth with
mortality and FCR that were similar to that supported
by the N7070 isoline control and better than rates from the
commercial NC2000 corn without significant differences
among treatment groups in carcass yield. It was clear that
the transgenic corn had no deleterious or unintended
effects on production traits of broiler chickens in this
study.

produced in nature by certain subspecies of the common
soil bacterium Bacillus thuringiensis (Bt) (Koziel et al.,
1993). The Cry1Ab protein is selectively toxic to the larvae
of the European Corn Borer and certain other lepidop-
teran larvae while nontoxic to other orders of insects as
well as animals and humans. Commercial formulations
of Bt have been used as topical insecticides since 1938,
and such Bt-based products have been registered for use
on food crops in the U.S. since 1961 [U.S. Environmental
Protection Agency (EPA), 1986]. Currently, there are eight
different Bt events in corn that have successfully com-
pleted the U.S. Food and Drug Administration (FDA),
U.S. Department of Agriculture, and EPA review pro-
cesses and are available commercially (U.S. FDA, 2002).

Abbreviation Key: Bt = Bacillus thuringiensis; FCR = feed conversion
ratio; Liberty = glufosinate herbicide; N7070 = Northrup King brand
corn hybrid N7070; NC2000 = North Carolina grown corn from 2000
growing season.
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In addition to expressing the Cry1Ab insecticidal pro-
tein, Event Bt11 field corn also expresses a second novel
protein, phosphinothricin acetyltransferase. This protein
inactivates phosphinothricin, the active component in
Liberty herbicide. Liberty is a postemergence herbicide
registered for use on corn. Unlike most weeds present in
corn fields, corn plants expressing the phosphinothricin
acetyltransferase protein do not suffer damage when
sprayed with Liberty herbicide when it is applied ac-
cording to manufacturer’s instructions.

The purpose of this study was to evaluate whether feed
comprised of transgenic grain derived from Syngenta
Seeds Event Bt11 (N7070Bt) hybrid field corn or N7070Bt
hybrid corn that had been sprayed with Liberty herbicide
(N7070Bt + Liberty) had any adverse effects on broiler
chickens when compared with feed comprised of grain
derived from a nontransgenic isoline. In the U.S., chickens
(Gallus domesticus) consume large quantities of corn grain
in commercial feeds. Broiler chickens, in particular, have
relatively high corn consumption because conventional
feeding regimens are designed to provide maximal BW
gain in the shortest time. Although the transgenic protein
is present in corn grain in parts per billion quantities, it
was of interest to determine whether the transgenic corn
grain had any unexpected effects on poultry, either as a
direct effect of transgenic protein in the diet or as a result
of any unintended compositional changes in the grain
that may have altered its nutritional value. In order to
determine whether transgenic-derived corn has an effect
on broiler chicken performance, this study compared
male and female broiler chickens receiving feed made
with corn from a transgenic hybrid (N7070Bt and N7070Bt
+ Liberty) vs. feed made with the corresponding non-
transgenic (N7070 isoline) version of the same hybrid and
a locally (North Carolina) grown commercial lot of corn
from the 2000 growing season (NC2000). A similar model
has been used to study Bt corn (Halle et al., 1998; Leeson,
1998; Brake and Vlachos, 1999; Mirales et al., 2000; Gaines
et al., 2001; Piva et al., 2001; Taylor et al., 2001a,b) and
glyphosphate-tolerant corn (Sidhu et al., 2000; Gaines et
al., 2001; Taylor et al., 2001a,b) as feeds for broiler chick-
ens. The performance endpoints measured in this study
included effects on survival, BW, feed efficiency, and car-
cass yield.

MATERIALS AND METHODS

Test and Control Corn

The transgenic corn grain used in this study was from
both Syngenta Seeds’ Event Bt11 hybrid N7070Bt and
the same Bt hybrid that had been sprayed according to
manufacturer’s instructions with a single application of
Liberty herbicide (N7070Bt + Liberty) according to manu-
facturer’s instructions. The hybrids were field-grown in
Hawaii in 2001. Following grain harvest, shelling and
storage were performed using standard procedures and
conditions. The presence of Cry1Ab protein in N7070Bt
grain was confirmed by ELISA, and the protein was pres-

ent in the grain at the expected level (∼800 ng/g seed).
The nontransgenic control corn grain used in this study
was from Syngenta Seeds’ N7070 hybrid, an isogenic (iso-
line) conventional hybrid, derived from the same inbred
parents as the transgenic lines that was grown, processed,
and stored concurrently with the transgenic hybrid under
the same environmental conditions. Isolation procedures
ensured that intermixing of grain genotypes did not oc-
cur. In addition, a locally grown lot of North Carolina corn
from the 2000 season (NC2000) was used for comparison
purposes. The NC2000 season corn was in storage at the
time of the experiment and was known to be of adequate
quality to support good broiler chicken growth.

Experimental Design

The experimental design consisted of diets made from
four types of corn (transgenic N7070Bt and N7070Bt +
Liberty, nontransgenic isoline N7070, and locally grown
NC2000 corn) fed to two sexes of birds housed within
four location blocks of the growing facility with eight
replicates for each two-way corn source × sex interaction.
Pens were assigned in a randomized complete block de-
sign to compensate for known location effects in the grow-
ing facility.

Broiler chicks were hatched from commercial hatching
eggs incubated at the site. The broiler breeder parent stock
was a commercial strain of Ross males and feather-sexable
females. Broiler chicks were feather-sexed and very large
and small chicks were excluded. Furthermore, any chicks
exhibiting obvious abnormalities were not used in the
study. A total of 1,600 birds were randomly distributed
into 64 pens of a curtain-sided house at 1 d of age so
that pens contained 25 birds of the same sex. Birds were
identified by neck tag indicating animal number.

Corn Analyses

Samples of each of the four lots of corn were forwarded
to independent laboratories using standard methods
(AOAC, 1990, 1993) for proximate analyses, amino acid
analyses, and mycotoxin screening. Results are shown in
Table 1 and are reported as the percentage by weight on
an as-is basis (i.e., not as a percent of the dry weight).
Amino acid analyses showed very similar amino acid
patterns for samples of transgenic (N7070Bt and N7070Bt
+ Liberty), isoline (N7070), and NC2000 corn and con-
firmed differences in crude protein and moisture between
the N7070-based lots and the NC2000 corn. Initial routine
mycotoxin determinations showed extremely low con-
tamination for both aflatoxins and deoxynivalenol (vom-
itoxin) (Table 1) in all corn samples. There was some
evidence of fumonisin in all of the corn samples. How-
ever, the levels of mycotoxins found in the corn were
not excessive by commercially accepted standards. By
comparison, feeding of diets containing deoxynivalenol
at levels approaching 500 ppb is frequent in commercial
broiler practice without obvious effect.
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TABLE 1. Analyses of corn samples1

Corn source

N7070 N7070Bt
Analyses2 Isoline N7070Bt + Liberty NC2000

Proximate analyses,3 %
Moisture 10.52 10.94 10.73 12.76
Fat 3.39 3.21 3.03 3.53
Protein 7.79 7.60 7.71 8.69
Fiber 1.30 1.20 1.30 1.93
Ash 1.27 1.18 1.27 1.22

Amino acids,4 %
Taurine 0.15 0.19 0.18 0.17
Hydroxyproline 0.02 0.02 0.02 0.02
Aspartic acid 0.53 0.54 0.58 0.56
Threonine 0.26 0.26 0.27 0.29
Serine 0.31 0.30 0.33 0.35
Glutamic acid 1.46 1.44 1.57 1.73
Proline 0.70 0.68 0.73 0.81
Lanthionine 0.00 0.00 0.00 0.00
Glycine 0.30 0.30 0.31 0.35
Alanine 0.57 0.57 0.62 0.67
Cysteine 0.19 0.18 0.20 0.21
Valine 0.38 0.38 0.39 0.45
Methionine 0.15 0.15 0.16 0.19
Isoleucine 0.26 0.25 0.27 0.31
Leucine 0.90 0.86 0.93 1.11
Tyrosine 0.23 0.22 0.24 0.26
Phenylalanine 0.37 0.36 0.39 0.45
Hydroxylysine 0.00 0.00 0.00 0.00
Histidine 0.22 0.22 0.24 0.27
Ornithine 0.01 0.01 0.01 0.01
Lysine 0.26 0.25 0.27 0.27
Arginine 0.37 0.36 0.38 0.44
Tryptophan 0.05 0.06 0.06 0.07

Total 7.69 7.60 8.15 8.99
Mycotoxin analyses5

Aflatoxins, ppb ND6 ND ND ND
Deoxynivalenol, ppb ND ND ND ND
Fumonisin B1, ppm 20.6 9.9 15.6 8.8

1N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide;
NC2000 = North Carolina grown corn from 2000 growing season.

2Reported on an as-is basis.
3Woodson-Tenent Laboratories, Goldston, NC.
4Experiment Station Chemical Laboratory, Univ. of Missouri, Columbia, MO.
5Trilogy Analytical Laboratory, Inc., Washington, MO.
6Not detected.

Diet Formulation

Based on the initial proximate analyses (Table 1), grain
from the three Syngenta Seed’s N7070 series hybrids were
assumed to have the same nutritive value. To compensate
for the relatively large difference in percentage crude
protein between the NC2000 and N7070-based corn
sources, an inert nonnutritive filler composed of Solka
Floc 40 (cardboard) and sand, formulated to the same
density as ground corn, was added to volume. Further-
more, an appropriate quantity of additional poultry fat
was added as a portion of the filler to compensate for the
ME lost due to removal of a portion of the corn and
replacement with the nonnutritive filler. Diet formulation
was on the basis of the N7070 isoline corn with filler
added as described above for the respective diets made
from the NC2000 corn (Table 2). The N7070 basal diet
formulation reflected commercial practice at the time of

the study. Nutrient levels met or exceeded the minimum
nutritional requirements for broiler chickens as set by the
National Research Council (1994). Diets were pelleted in
a small commercial-style pellet mill immediately after
mixing. Pelleted starter feed was crumbled.

Access to Feed and Water

Birds were provided continuous access to feed and
water for ad libitum consumption from two tube feeders
and one automatic bell-type waterer in each pen. Supple-
mental waterers as well as supplemental feeder flats were
used during the first week to ensure unlimited access to
feed and water. The feeders were manually agitated as
needed to maintain the flow of feed from the tube into
the feeder pan from which the birds fed. Birds had access
to 1.13 kg starter diet per bird during the first 21 d of the
study. This was followed by the grower diet, which was
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added to any starter diet that remained in the feeders at
21 d. At 35 d, remaining grower diet was weighed and
discarded and a finisher diet was added to the feeders.
Feed was available for ad libitum consumption except at
42 and 43 d of the experiment when access to feed was
limited to control heat-stress-related mortality. Also, ac-
cess to feed was discontinued approximately 12 h before
slaughter on the night of the 47th d of the experiment.

Housing and Environmental Conditions

Birds were housed in 1.2- × 3.7-m pens with pine shav-
ings as litter. House temperature was 32°C for the first
week of the experiment and decreased gradually until
ambient summer conditions were reached. Temperature
was maintained using thermostatically controlled liquid
propane (LP) gas brooders and circulating fans. The house
was ventilated using stirring fans and manually operated
curtains. The birds received 23 h of incandescent light
per day until 7 d of age, 21 h of light from 8 d to 28 d of
age, 20 h of light from 29 to 35 d of age, and 19 h of light
for the remainder of the experiment.

Heat Stress Incident

At 41 d of the experiment, there was a sudden and
extreme increase in ambient temperature and humidity.
The heat index exceeded 43°C during the afternoon, and
birds began to die. All mortalities were weighed as
quickly as possible, and on the morning of 42 d, the
decision was made to terminate the growth performance
portion of the experiment by weighing all live birds and
total feed consumed. For completeness, BW of live and
dead birds are presented; however, group differences
were minor and unimportant. Access to feed was limited
on 42 and 43 d of the experiment to allow broilers to lose
body heat. After the ambient heat stress subsided, the
broilers were returned to full feed for 44 d through 47 d
of the experiment prior to processing.

Data Collection

Total pen weight data were collected at hatch (1 d), 21
d, 35 d, and 42 d of age. All birds that died were weighed
as soon as possible after death. At the latter three time
points, feed consumption per pen was determined for
calculating the adjusted FCR.3 At 48 d after recovery from
the heat stress, a random sample of two birds from each
pen was processed in order to determine carcass (meat)
yield. These birds were stunned, killed by exsanguina-
tion, scalded, picked, eviscerated, and deboned as pre-
viously reported (Brake et al., 1993).

3Adjusted feed conversion ratio (calculated for each pen) = total feed
consumed/total BW of surviving birds + total terminal BW of birds
that died.

Statistical Analyses

The data for BW, FCR, and survival were analyzed to
determine statistical differences for corn diets and sex.
Statistical analyses were performed using the general lin-
ear model (GLM) procedure of SAS Institute (1999) with
sex and corn source as independent variables in a two-
way analysis of variance within a randomized complete
block design, with random error (between-pen variation)
as the error term. Individual broiler carcass data on gross
and adjusted to BW (%) bases were analyzed for effects
due to corn source within sex using a one-way analysis
of variance, as carcass effects due to sex are well known.
Statements of statistical significance were based upon P
< 0.05.

RESULTS AND DISCUSSION

Diet Analyses

The percentages of crude protein, moisture, fat, fiber,
and ash of the formulated diets, as determined by proxi-
mate analyses, are shown in Table 3. Variability was
within the normally expected range. Percentage dietary
fat varied somewhat, and the NC2000 diets appeared to
contain slightly more fat overall as expected. This was
probably a function of the additional poultry fat filler
used to compensate for the ME lost from diluting the corn
portion of the diets. These differences were not substantial
but could have small effects on BW and FCR. The percent-
ages of fiber and ash were obviously higher for the
NC2000 corn only in the finisher diet. These observations
reflect the higher inclusion rate of sand (ash) and Solka
Floc (fiber) in the NC2000 finisher diet.

Body Weight Data

The effect of corn source and sex on BW is shown in
Table 4. There were no significant interactions between
corn source and sex at any age. The results showed that
at hatch and placement (1 d) there were no differences
in the BW of all chicks placed in the study. As expected,
by 21 d of age, sex effects became evident with the males
weighing significantly more than the females. These ef-
fects were also observed at 35 and 42 d. There were sig-
nificant BW differences due to corn source at 21, 35, and
42 d of age for live birds; the birds fed the NC2000 diets
exhibited the lowest BW throughout the experiment. This
likely was due to an interaction between the climatic
conditions and the diet formulation that affected feed
intake (as discussed below) and, consequently, reduced
growth rates for NC2000 groups. Birds fed the isoline
N7070 and transgenic N7070Bt and N7070Bt + Liberty
corn source diets performed in a statistically similar man-
ner at all ages. For the 42 d measure, separate results for
live and dead birds are presented to account for birds
that died as a result of the heat stress at 41 and 42 d
(Table 4). However, relatively little difference between
diet groups in BW occurred for the live and dead birds.
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TABLE 3. Analyses of formulated diet samples

Corn source2

N7070 N7070Bt
Diet analyses1 Isoline N7070Bt + Liberty NC2000

Percentage crude protein
Starter 24.10 24.62 25.43 23.49
Grower 23.24 22.20 22.72 25.20
Finisher 17.92 19.44 18.97 20.32

Percentage moisture
Starter 10.69 11.35 11.27 11.61
Grower 11.16 11.32 11.35 11.59
Finisher 10.99 11.49 11.05 11.39

Percentage fat
Starter 8.35 7.87 7.90 8.06
Grower 7.24 7.43 6.80 7.64
Finisher 6.51 6.24 6.08 8.22

Percentage fiber
Starter 2.10 2.40 2.00 1.90
Grower 1.90 2.10 2.00 2.00
Finisher 2.50 2.60 2.40 2.80

Percentage ash
Starter 5.72 5.86 5.56 5.59
Grower 5.73 5.18 5.61 5.62
Finisher 4.67 4.69 4.86 5.21

1Analyses performed by Woodson-Tenent Laboratories, Goldston, NC, on an as-is basis.
2N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide;

NC2000 = North Carolina grown corn from 2000 growing season.

There were no sex × corn source interactions; males typi-
cally grew faster than females. Piva et al. (2001) reported
that birds fed diets containing Bt corn were slightly heav-
ier at finish than birds fed the non-Bt isoline control hy-
brid, while results from other studies indicated no impact
of Bt hybrids for final BW and BW gain in broilers (Halle
et al., 1998; Brake and Vlachos, 1999; Mirales et al., 2000;
Taylor et al., 2001a,b).

Feed Conversion

The effect of corn source and sex on FCR during indi-
vidual feeding periods and cumulatively are shown in

TABLE 4. The effect of corn source and sex on BW of broiler chickens1,2

BW at BW at BW at BW at BW at BW at
hatch 21 d 35 d 42 d (live) 42 d (dead) 42 d (live + dead)

Corn source3 Sex Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

(g)
N7070 Isoline 37.8 0.18 824.4a 10.81 1,841.8a 35.13 2,329.0a 52.60 2,246.9 97.59 2,319.6a 51.19
N7070Bt 37.7 0.22 809.6a 12.58 1,816.7ab 36.68 2,303.7a 54.14 2,213.7 73.58 2,285.2ab 52.23
N7070Bt + Liberty 37.5 0.29 809.0a 9.91 1,820.6ab 35.09 2,319.7a 51.17 2,239.6 47.62 2,309.8a 50.26
NC 2000 38.0 0.24 773.5b 10.74 1,790.0b 38.53 2,210.5b 59.00 2,224.5 74.13 2,208.7b 58.76
P-value effect of corn source 0.50 0.0001 0.02 0.003 0.99 0.02

Male 37.9 0.17 841.2a 5.56 1,951.5a 9.02 2,496.5a 16.41 2,411.8a 32.02 2,479.9a 17.15
Female 37.5 0.15 767.1b 4.62 1,683.1b 7.77 2,102.9b 11.25 2,046.1b 44.98 2,098.7b 11.11

P-value effect of sex 0.11 0.0001 0.0001 0.0001 0.0001 0.0001

a,bMeans with different superscripts differ significantly (P ≤ 0.05).
1Starter, grower, and finisher diets were used to 21, 35, and 42 d of age, respectively.
2There were eight replicate pens of 25 birds each for each interaction mean except for the NC 2000 treatment after 35 d for which six replicate

pens were used.
3N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide; NC2000 = North Carolina grown

corn from 2000 growing season.

Table 5. There were no significant interactions between
corn source and sex at any age. It is well established that
males exhibit better FCR than do females, as found in
this study (Table 5). Corn source had a significant effect
on FCR during the starter period (0 to 21 d), finisher
period (35 to 42 d), and cumulatively (0 to 42 d) due to
poorer performance from broilers fed the NC2000 diets.
Groups fed the isoline N7070 and transgenic N7070Bt
and N7070Bt + Liberty corns performed in a statistically
similar manner. There was no interaction of sex × corn
source for FCR.

Although efforts were made in this study to adjust diets
for observed small differences in corn source (NC2000
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TABLE 5. The effect of corn source and sex on adjusted feed conversion ratio (FCR) of broiler chickens1,2

Starter FCR Grower FCR Finisher FCR Cumulative FCR Cumulative FCR
0–21 d 21–35 d 35–42 d 0–35 d 0–42 d

Corn source3 Sex Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

(g:g)
N7070 Isoline 1.32b 0.01 1.81 0.01 3.19b 0.14 1.60 0.01 1.92b 0.02
N7070Bt 1.33b 0.01 1.83 0.04 3.20b 0.13 1.61 0.02 1.94b 0.03
N7070Bt + Liberty 1.33b 0.00 1.77 0.03 3.26b 0.14 1.58 0.01 1.93b 0.03
NC 2000 1.37a 0.01 1.79 0.01 3.73a 0.24 1.61 0.01 2.01a 0.03
P-value effect of corn source 0.0002 0.30 0.02 0.26 0.005

Male 1.33b 0.01 1.76b 0.01 2.84b 0.06 1.58b 0.01 1.84b 0.01
Female 1.35a 0.00 1.84a 0.02 3.79a 0.10 1.62a 0.01 2.05a 0.01

P-value effect of sex 0.03 0.005 0.0001 0.008 0.0001

a,bMeans that possess different superscripts differ significantly (P ≤ 0.05).
1Starter, grower, and finisher diets were used to 21, 35, and 42 d of age, respectively.
2There were eight replicate pens of 25 birds each for each interaction mean except for the NC 2000 treatment after 35 d for which six replicate

pens were used. Adjusted FCR includes the BW of birds that died during each diet period in the calculation.
3N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide; NC2000 = North Carolina grown

corn from 2000 growing season.

vs. the N7070-based isoline and transgenic corns) with
respect to total protein (Table 2), it cannot be stated that
the diets were identical (Table 3). It appeared that the
NC2000 diets were not consumed as well as the N7070
series diets. It was possible that the NC2000 diet was of
poorer pellet quality that would decrease feed intake, or
that the NC2000 diet was more hygroscopic in the humid
summer weather experienced at the time of the study, or
both. These factors could affect the flow of the feed from
the tube into the feeder pan, in spite of daily efforts to
maintain equal feed flow by physical agitation of the
feeders. Obvious evidence of this latter factor was found
in two pens late in the finisher period, and these pens

TABLE 6. The effect of corn source and sex on survival of broiler chickens1,2,3

Starter deaths Grower deaths Finisher deaths Cumulative deaths Cumulative deaths
0–21 d 21–35 d 35–42 d 0–35 d 0–42 d

Corn source4 Sex Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

(%)
N7070 Isoline 1.50 0.62 0.75 0.40 14.00 2.76 2.25 0.63 16.25 2.59
N7070Bt 0.50 0.34 0.25 0.25 18.25 4.87 0.75 0.40 19.00 4.95
N7070Bt + Liberty 1.25 0.48 0.75 0.40 14.25 3.41 2.00 0.63 16.25 3.43
NC 2000 1.75 0.63 0.50 0.34 6.57 1.81 2.25 0.73 9.14 2.39
P-value effect for corn source 0.39 0.69 0.09 0.22 0.23

Male 1.25 0.33 0.50 0.24 20.27a 2.98 1.75 0.40 22.13a 2.96
Female 1.25 0.42 0.63 0.26 7.13b 1.24 1.88 0.47 9.00b 1.37

P-value effect for sex 1.00 0.72 0.0002 0.83 0.0003
N7070 Isoline Male 0.50 0.50 0.50 0.50 21.00 3.91 1.00bc 0.65 22.00 3.85
N7070 Isoline Female 2.50 1.05 1.00 0.65 7.00 1.81 3.50a 0.91 10.50 2.13
N7070Bt Male 1.00 0.65 0.50 0.50 27.50 7.84 1.50abc 0.73 29.00 7.77
N7070Bt Female 0.00 0.00 0.00 0.00 9.00 3.98 0.00c 0.00 9.00 3.98
N7070Bt + Liberty Male 1.50 0.73 0.00 0.00 20.00 6.05 1.50abc 0.73 21.50 6.18
N7070Bt + Liberty Female 1.00 0.65 1.50 0.73 8.50 1.92 2.50ab 1.05 11.00 2.10
NC 2000 Male 2.00 0.76 1.00 0.65 10.00 3.39 3.00ab 1.00 14.00 3.97
NC 2000 Female 1.50 1.05 0.00 0.00 4.00 1.51 1.50abc 1.05 5.50 2.38
P-value effect for corn source × sex 0.20 0.06 0.54 0.04 0.58

a–cMeans that possess different superscripts differ significantly (P ≤ 0.05).
1Starter, grower, and finisher diets were used to 21, 35, and 42 d of age, respectively.
2There were eight replicate pens of 25 birds each for each interaction mean.
3Survival expressed as percentage (%) deaths.
4N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide; NC2000 = North Carolina grown

corn from 2000 growing season.

were deleted from the statistical analysis for the final time
period and cumulatively. Therefore, the differences in
FCR cannot necessarily be attributed to the corn source
per se, but it is important to note that these data fail to
show an obvious deleterious effect associated with the
diets made from transgenic corn when compared to diets
made from isoline and commercial corn. In a previous
study with Event 176 Bt corn, Brake and Vlachos (1999)
reported an advantage in FCR for birds fed Bt vs. non-
Bt control hybrids. These authors suggested that the per-
formance advantage for broilers fed Bt containing diets
may have resulted due to lower mycotoxin levels for this
corn. Other workers have identified no differences in FCR
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TABLE 7. The effect of corn source on percentage carcass yield of male broiler chickens at 48 d of age1,2

BW Dressed carcass4 Pectoralis Pectoralis
(g) (%) Fat pad (%) Drums (%) Thighs (%) Wings (%) major (%) minor (%)

Corn source3 Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

N7070 Isoline 2,922.5 63.78 72.99 0.37 1.21 0.07 11.03 0.12 13.40 0.23 7.80 0.06 14.95 0.32 3.90 0.05
N7070Bt 2,945.4 50.89 73.29 0.30 1.56 0.09 10.71 0.18 13.49 0.18 7.90 0.12 14.24 0.27 3.79 0.08
N7070Bt + Liberty 2,876.3 60.39 73.14 0.34 1.62 0.19 10.89 0.19 13.34 0.19 7.76 0.09 14.60 0.33 3.81 0.07
NC 2000 2,990.3 81.85 72.38 0.42 1.21 0.16 10.97 0.16 13.35 0.28 7.60 0.10 14.71 0.21 3.89 0.06
P-value 0.66 0.30 0.06 0.53 0.96 0.17 0.37 0.48

1Starter, grower, and finisher diets were used to 21, 35, and 42 d of age, respectively.
2There were 16 birds processed within each corn source and sex.
3N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide; NC2000 = North Carolina grown

corn from 2000 growing season.
4Fresh, unchilled carcass from which the head, neck, feet, feathers, viscera and blood have been removed.

for broilers fed diets containing Bt and non-Bt isoline corn
(Halle et al., 1998; Mirales et al., 2000; Piva et al., 2001;
Taylor et al., 2001a,b). Gaines et al. (2001) reported finding
differences in average daily feed intake and gain/feed
(inverse of FCR) for broiler chickens fed diets containing
corn from different genetic backgrounds, but no differ-
ences in these measures for groups fed Bt and non-Bt
isoline hybrids with the same genetic background.

Survival

There were no significant differences in percentage sur-
vivors for birds that received the two transgenic corn diets
and those that received the N7070 isoline and commercial
NC2000 corn diets on an overall basis at any age (Table
6). However, there were significant differences due to sex,
with males exhibiting higher mortality during the finisher
phase (35 to 42 d) and cumulatively (0 to 42 d). This
should be expected in extremely hot weather conditions
as males are well known to be more susceptible to heat
stress. There was a significant interaction of sex and corn
source for the combined starter-grower periods (0 to 35
d) due to some erratic mortality during the grower period
(21 to 35 d) that was not evident on a cumulative basis.
This interaction did not follow any logical or explainable
pattern and probably represents chance occurrences. Sim-
ilarly, Brake and Vlachos (1999) identified no differences
in survival for broilers fed Bt or control hybrids.

TABLE 8. The effect of corn source on percentage carcass yield of female broiler chickens at 48 d of age1,2

BW Dressed carcass4 Fat pad Drums Thighs Wings Pectoralis Pectoralis
(g) (%) (%) (%) (%) (%) major (%) minor (%)

Corn source3 Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

N7070 Isoline 2,512.4 45.55 72.77 0.97 1.51 0.10 10.11 0.25 12.71 0.28 7.59 0.16 15.61 0.29 4.15 0.07
N7070Bt 2,423.1 70.41 73.00 0.40 1.86 0.18 10.33 0.14 12.70 0.17 7.99 0.10 15.30 0.30 4.17 0.10
N7070Bt + Liberty 2,387.9 36.49 73.30 0.36 1.77 0.12 10.33 0.12 12.81 0.14 7.86 0.08 15.28 0.25 4.19 0.06
NC 2000 2,393.4 36.89 73.09 0.28 1.66 0.06 10.36 0.12 12.98 0.14 7.73 0.09 15.35 0.22 4.13 0.07
P-value 0.26 0.93 0.24 0.70 0.72 0.07 0.80 0.94

1Starter, grower, and finisher diets were used to 21, 35, and 42 d of age, respectively.
2There were 16 birds processed within each corn source and sex.
3N7070 = Northrup King brand corn hybrid N7070; Bt = Bacillus thuringiensis; Liberty = glufosinate herbicide; NC2000 = North Carolina grown

corn from 2000 growing season.
4Fresh, unchilled carcass from which the head, neck, feet, feathers, viscera and blood have been removed.

Carcass and Parts Yield

The yield of carcass parts as a percentage of live BW
for males and females at 48 d of age are shown in Tables
7 and 8, respectively. There was no effect of corn source,
which was consistent with results reported by Taylor et
al. (2001a) for broilers fed Bt and non-Bt corn. However,
Brake and Vlachos (1999) hypothesized that lower myco-
toxin levels for Bt corn in their experiment may have
explained the slight advantage in yield of pectoralis minor
for birds fed diets containing Bt vs. isoline control
hybrids.

Our study was carried out to determine whether diets
prepared with transgenic corn would have any adverse
effects on performance of broiler chickens when com-
pared to diets prepared with nontransgenic (isogenic)
control and commercial corn. Only minor differences
were found due to corn source; performance was poorer
for birds fed the commercial NC2000 corn diets. The
transgenic N7070Bt and N7070Bt + Liberty hybrid diets
supported broiler BW and FCR that was equivalent to
growth from the N7070 isoline corn and better than that
from the NC2000 corn without significant differences in
carcass yield. While it is not clear whether the small differ-
ences in performance for NC2000 diets was attributable
to the commercial corn per se or due to possible slight
differences in overall composition of the formulated diets,
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it was clear that the transgenic corn had no deleterious
effects in this study.
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