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7.5 Statistical Methods
No statistical analysis was performed.

8.0  Control of Bias XU

Measures taken to control bias in this study were the inclusigh/of yﬁs dbility and test
system experimental controls to account for any effects dug 40 tlzg2 og€)/in the absence
of the pancreatin enzyme and the absence of the test subgtafice,

lower limit of detection samples were analyzed concure, tl}é}li ’

variation. §

9.0 Rejected Data

One set of data, which included determinatiory/of pepsyn ag
Cry2Ab2 in SGF, SDS-PAGE and western Jlgt analysi
rejected because it was generated before tHe/progegol
of the digestion tube throughout the durAtjon t’ﬁ
test protein to the test system. .

ity, in vitro digestibility of
f Cry2Ab2 digestions, was

o amended to include vortexing
digestion to improve exposure of the

10.0 Protocol Amendment

11.0 Results and Diycy ssigy

N

11.1  Pepsin Actiyity jn SGF
To assess erggpi fty of the test system used in this study, the pepsin activity in
SGF whyevalhgted/béfore conducting the digestion trials. Acceptable activity
was de 1ne({@ a gepsin activity per mg of solid equal to the activity of pepsin per
mg/of sotkdas ¢égfrmined by the manufacturer (1000 units). The experimentally
ob erve@acti /iy was 2429 units per mg pepsin powder, which was within the

géceprable ypérval of pepsin activity (2280 to 4280) units per mg pepsin powder.
he@or Ke test system was shown to be suitable for use in this study.
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11.3

separate SDS-PAGE to determine the LOD of Cry2Ab2 protein (Figure 1B). The
limit of detection of full-length (~65 kDa) Cry2Ab2 was visually estimated to be
0.005 g or approximately 0.6% of the total protein loaded:

0.005 g x100%

0.8 ug
The gel used to assess the stability of the Cry2Ab2 protein to pepsin (Figure 1A)
was loaded with ~0.8 g total protein (based on pre-digestion concentrations) for
each of the digestion time points. Visual examination of the stained gel showed
that the full-length Cry2Ab2 protein was digested within 30 seconds of digestion
in SGF (Figure 1A, lane 5). Therefore, at least 99.4% (100% - 0.6% = 99.4%) of
the full-length Cry2Ab2 protein was digested within 30 seconds of incubation in
SGF based on the Colloidal Brilliant Blue G Gel stained SDS-PAGE analysis. A
faint band with molecular weight of ~5 kDa was observed at the 30-second
digestion time point. No Cry2Ab2 bands were visible at the 2-minute digestion
time point (Figure 1A, lane 6).

= 0.6%

No change in the full-length Cry2Ab2 protein band intensity was observed in the
absence of pepsin in the experimental controls PO and P7 (Figure 1A, lanes 3 and
12). This indicates that digestion of the Cry2Ab2 protein was due to the
proteolytic activity of pepsin present in SGF and not due to the instability of the
test substance at pH ~1.3 and ~37°C.

The experimental controls evaluating the stability of the pepsin in the test system
(SGF) lacking the test substance demonstrated that pepsin was observed as the
stained protein band at ~38 kDa throughout the experimental phase (Figure 1A,
Janes 2 and 13). The amount of pepsin slightly decreased between 30 and 60 min
of the digestion, most probably due to enzyme auto-digestion.

Assessment of Digestibility by Western Blot Analysis

The digestibility of the Cry2Ab2 protein was also evaluated using western
blotting (Figure 2). The western blot used to assess the stability of the Cry2Ab2
protein to pepsin digestion (Figure 2A) was run concurrently with a western blot
to determine the LOD of Cry2Ab2 protein (Figure 2B). The LOD of full-length
Cry2Ab2 was visually estimated to be 0.2 ng or 1% of the total protein loaded:

0.2ng x100%
20 ng

The gel to assess the Cry2Ab2 protein in vitro digestibility by western blot was
loaded with 20 ng total protein of the test substance (based on pre-digestion

=1%
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concentrations) for each of the digestion time points. Westerryblot Qg)ys'

demonstrated that the Cry2 Ab2 protein was digested below ghg LOD wihy

30 seconds of incubation in SGF (Figure 2A, lane 5). Basgd/on (1§ wesiérn blot

LOD for the Cry2Ab2 protein in SGF and the observatigh fhayng full-fength

protein or immunoreactive proteolytic bands were obsg c;a?: ¢stern blot at
i

the 30-second digestion time point, it was concludedAlfat

(100% - 1%=99%) of the Cry2Ab2 protein was digeg edO§1 0 seconds.

absence of pepsin in the experimental contrgfs A0 7 (Figure 2A, lanes 2 and
12). This indicates that the test substance Wa6 stable ir/the test system without
pepsin at pH ~1.3 and ~37 °C over the coliy e(&f/the gxgeriment.

No change in the full-length Cry2 Ab2 protein $3 %g%s as observed in the

- No immunoreactive bands were observéd in@ec' pens NO and N7 that represent
test system experimental controls (Figure 2A, lanés 3 and 13). This indicates that
non-specific interactions betweer the test Sysgep components and the antibodies
were not observed under these gxperifighta¥ gonditions. '

Y

12.0 Conclusions ’ XU

The results of this study demongt te@ the/full-length Cry2 Ab2 protein was rapidly
digested after incubation in S@Y. /}%{ ast/99.4% of the full-length Cry2Ab2 protein was
digested within 30 seconds #jifen yz€d/using Colloidal Brilliant Blue G stained
polyacrylamide gels. At J€a6t g@f ¢ Cry2Ab2 protein was digested in SGF within
30 seconds when analyzed using»vegigfn blot analysis. A faint proteolytic band of

~5 kDa was observed only ¢ 30-Aecond digestion time point when analyzed using a
stained polyacrylamig€ gel. o giable proteolytic bands were observed at any time points
by western blot andlysis
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A
Full-length 200—

1 23456 7891011121314

L.ane Sample Incubation
Time (miy
1 Molecular weight marker n/a
2 NO, SGF only
3 PO, protein only 3
4 TO, proteintSGF 4
5 T1, protein+SGF 5
6 T2, proteint+SGF 6
7 T3, protein+SGF 7
8 T4, protein+SGF 8
9 T5, protein+SGF 9
10 T, protein+ 10
11 T7, protein 11
12 P7, protei
13 N7,8G
14  Molech
Figure 1.

Panel A

Sample Amount
: (ng)

Molecular weight marker n/a
TO, protein+SGF 1
TO, protein+SGF 0.5
TO, protein+SGF 0.2
TO, protein+SGF 0.1
TO, protein+SGF 0.05
TO, protein+SGF 0.02
TO, protein+SGF 0.01
TO, protein+SGF 0.005
TO, protein+SGF 0.0025

Molecular weight marker n/a
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A

250
Full-length 139

100 —

Cry2Ab2 ey

Lane

o —m o 0PN LA WN—

Sample

PO, protein only
NO, SGF only
TO, protein+SGF
T1, protein+SGF
T2, protein+SGF
T3, protein+SGF
T4, protein+SGF
T3, protein+SGF
T6, protein+SGF
T7, proteint+SGF
P7, protein only
N7, SGF only

23456 7891011121314

Incubation
Time (min)
Molecular weight marker n/a

0
0
0
0.5
2
5
10
20
30
60
60
60

Molecular weight marker n/a

Figure 2. Western Blot Analysis
Panel A corresponds to Cry2Ab2 protein digestion in SGF. Based on the pre-digestion
protein concentration, 20 ng (total protein) was loaded in lanes containing Cry2Ab2
protein. The incubation times are indicated. Panel B corresponds to the limit of
detection of the Cry2Ab2 protein. Approximate molecular weights (kDa) are shown on
the left and correspond to the markers loaded in each gel. In both gels, Cry2Ab2
migrated to approximately 65 kDa. A 10 min exposure is shown. Blank lanes were
cropped and lanes renumbered.

Lane

1
2
3
4
5
6
7
8
9
1

Sample Amount
(ng)
Molecular weight marker n/a
T0, protein+SGF 10
T0, protein+SGF 5
TO, protein+SGF 2
TO, protein+SGF 1
TO, protein+SGF 0.5
TO, protein+SGF 0.2
TO, protein+SGF 0.1
TO, protein+SGF 0.05

Molecular weight marker n/a
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Appendix. List of Applicable SOPs

BR-ME-0388-02 Sodium Dodecyl Sulfate Polyacrylamide Eécyro esis
BR-ME-0392-01 Western Blot Analysis (Immunoblottin q
BR-ME-0460-02 Assay for Pepsin Activity in Simulated Gasipc ¥l
BR-ME-0527-01 Brilliant Blue G-Colloidal Staining ¢f oléqr
BR-ME-0924-01 Electrotransfer of Proteins to Me n
BR-ME-0973-01 Drying of Polyacrylamide Mini G¢ls [@?g’ itrogen Gel Drying

BR-EQ-0599-02 Bio-Rad GS-710 and GS-80¢ Pen
BR-EQ-0857-01 Beckman Coulter DU-650 photéieter
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The text below applies only to use of the data by the United States Environmental
Protection Agency (US EPA) in connection with the provisions of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA)

Statement of No Data Confidentiality Claim

No claim of confidentiality is made for any information contained in this study on the
basis of its falling within the scope of FIFRA 10(d)(1)(A), (B), or (C).

We submit this material to the United States Environmental Protection Agency
specifically under the requirements set forth in FIFRA as amended, and consent to the
use and disclosure of this material by EPA strictly in accordance with FIFRA. By
submitting this material to EPA in accordance with the method and format requirements
contained in PR Notice 86-5, we reserve and do not waive any rights involving this
material that are or can be claimed by the company notwithstanding this submission to
EPA.

Company: Monsanto Company

Company Agent:

Title:

Signature: Date:
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Statement of Compliance

This study meets the US EPA Good Laboratory Practice standar.
specified in 40 CFR Part 160.

Submitter:

s
e 300 %

Study Director:
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Quality Assurance Statement

Study Title: Assessment of the in vitro Digestibility of the Cry2Ab2 Protein
in Simulated Intestinal Fluid

Study Number: 05-01-62-05

Reviews conducted by the Quality Assurance Unit confirm that the final report accurately
describes the methods and standard operating procedures followed and accurately reflects
the raw data of the study.

Following is a list of reviews conducted by the Monsanto Regulatory Quality Assurance
Unit on the study reported herein.

Dates of Inspection / Phase Date Reported To:
Audit Study Director = Management
8/30/2005 Digestive Fate Inspectlion 9/1/2005 9/1/2005
9/1/2005 Western Blot Inspection 9/1/2005 9/1/2005
12/05/2005 Raw Data Audit 12/19/2005 12/19/2005
12/05/2005 Draft Report Review 12/19/2005 12/19/2005

Jown ). Koyl - Heath alt 27, 2ot
ate
Quality Assurance Unit

Monsanto Regulatory, Monsanto Company
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Study Information

Study Number: 05-01-62-05

Title: Assessment of the in vitro Digestibiy ot@ Ab2
Protein in Simulated Intestinal Fliyfi" Y

Primary Testing Facility: Monsanto Company /§
Product Characterization Ceigér @
800 North Lindbergh Boufe arb
St. Louis, MO 63167 .

O

Study Director: Jamie J. Thorp ‘%’
Monsanto Compa 4A
Product Charactef1 atizafe ey
800 North LingbgrghBouledafd

St. Louis, Migsguri 63167,
Phone: (314 69@896

Principal Investigator: Michae)/E/ Qo@
MonsgAnto Cétypany f/ U4A
Progit CifaractofiZation Center
800 or%in bgrgh Boulevard

i o@: dspuri 63167
p Ogﬁl 14) 694-6006

Record Retention: ?ﬁgu épecific raw data, protocol, final report, and
avfliyy vecords will be retained at Monsanto,

&/'@t opis.

Specimens Reteptidn: Jpfcimens will be retained at Monsanto, St. Louis, as
pecified in section 5.2.

X

Study Initiatién
Study Corapleti

t August 15, 2005
afe February 28, 2006

e

o

© 2008 ) on o Cgmpany. All Rights Reserved.

<

Thi ocu@;m 6 protected under copyright law. This document is for use only by the
1£g latQ:ut ofity to which this has been submitted by Monsanto Company, and only in
S ppc@o Aions requested by Monsanto Company. Any other use of this material,
itﬁgﬁ pryoy/written consent of Monsanto, is strictly prohibited. By submitting this
uienf, Monsanto does not grant any party or entity any right or license to the
&n‘nt'n or intellectual property described in this document.
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Study Certification

The results reported in this final report accurately reflect the data generated under study
number 05-01-62-05.

Approved By:

N Yp 2/28/ec,
Jén} L. Thorp ¥ Date '
y Director
Monsanto Company
Product Characterization Center

,L/Jm\/éb 6((/)\4—4’}'\, Feh 23 200t
Eary . Bannon, Ph.D. Date '
Protein Sciences Team Lead

Monsanto Company

Product Characterization Center
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Abbreviations and Definitions'

APS Analytical Protein Standard C_)

CAPS 3-(Cyclohexylamino)-1-propanesulfonic acid

CEW Corn earworm O

COA Certificate of Analysis Q)

DTT DL-Dithiothreitol :

ECso Effective protein concentration to inhj¥j th;&'gw of the target
insect by 50%

ECL Enhanced chemiluminescence @

E. coli Escherichia coli ’Q’

HRP Horseradish peroxidase O

IeG Immunoglobulin G %

LB Loading Buffer

LOD Limit of detection

MALDI-TOF MS Matrix assisted laser d

ti@ ang'idnization - time of flight mass

spectrometry
NFDM Non-fat dry milk
PBST Phosphate buffergtl Sali ‘Qc; afming Tween-20
PVDF Polyvinylidene Ai u.orilgj
SIF Simulated intgtnal, fi¥d 20 taining pancreatin
SDS-PAGE Sodium do Isulfate pOyacrylamide gel electrophoresis

SOP Standard if@protglure
TCA Trichlor, i 1d
U :

abbreviations, e.g., units of measure, concentration, mass, time etc., are used without definition
to the format described in “Instructions to Authors” in The Journal of Biological Chemistry.
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1.0 Summary

Monsanto has developed plants that produce the Cry2 Ab2 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilialis) and
other lepidopteran insect pests. Cry2Ab2 is a Bacillus thuringiensis (subsp. kurstaki)
protein.

The purpose of this study was to assess the in vitro digestibility of the Cry2Ab2 protein in
simulated intestinal fluid (SIF), which contains a mixture of proteolytic enzymes known
as pancreatin. The Cry2Ab2 protein used in this study was produced in and purified from
E. coli. Digestibility in SIF was assessed using western blot analysis.

The results of this study demonstrated that at least 97.5% of the full-length Cry2Ab2
protein was digested within 15 min of incubation in SIF, yielding bands with molecular
weights of approximately 60, 55, 50, 40, 12, and 10 kDa. The ~60 kDa band was
undetectable at the 1-hour incubation time point. The ~55 kDa band was undetectable at
the 24-hour incubation time point. The ~50 kDa band decreased over the time course but
was still present at the 24-hour incubation time point. The ~ 40 kDa band was
undetectable at the 12-hour incubation time point. The ~12 kDa bands, which migrated
as a triplet, were detectable at the 5-minute incubation time point but were undetectable
at the 1-hour incubation time point. Small bands that migrated as a doublet at ~10 kDa,
which had a very weak immunoreactive signal, were detectable at various incubation
time points. Several new bands with molecular weights smaller than 50 kDa were
detectable beginning at the 4-hour incubation time point. These bands, which were
transient in nature and displayed a weak immunoreactive signal, were present at the 24-
hour incubation time point

2.0 Introduction

Monsanto has developed plants that produce the Cry2Ab2 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilalis) and
other lepidopteran insect pests. Cry2Ab2 is a Bacillus thuringiensis (subsp. kurstaki)
protein.

Potential allergenicity and toxicity of the introduced protein can be evaluated using
various methods, including digestibility of the protein by various proteases in simulated
gastric and intestinal fluid assays (Astwood et al., 1996). SIF is an in vitro digestion
model where proteins undergo digestion at neutral pH by a mixture of proteases known
as pancreatin. The relationship between protein allergenicity and protein stability in the
in vitro SIF study is limited, because the protein has not been first exposed to the acidic
denaturing conditions of the stomach, as would be the case in vivo (FAO/WHO, 2001).
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3.0 Purpose ‘é’Q/

The purpose of this study was to assess the stability of the Cry2Ab2 pyé 1@15@ ated
intestinal fluid containing a mixture of proteolytic enzymes called pghgreatin

4.0 Materials O

4.1 Test Substance Q
The test substance is the Cry2Ab2 protein. The Cy Ab? @’?’)ot Y (Analytical
fe

Protein Standard lot 20-100071) was isolated fro fi niAtion batch of E. coli

containing the pMON70520 expression plasmid gnd i ?d to as

Cry2Ab2.820 on the Certificate of Anlaysis (C@A Qi pfotein has been
tio%o 8 mg/ml and a purity of

characterized and has a total protein concep
87 %. The activity was confirmed using #1/insect bigdséay with the larvae of a
oxfgpa z¢g/ The ECsg value was

sensitive pest, corn earworm (CEW), H¢
6n t@e ¢s5t system, the test substance

‘and 2 mM DTT.
4.2  Control Substance O

¢ 1n I;Q/st .
o

.g 4/ Molecular weight markers for SDS-PAGE)
used in this study wepé ocuﬁyznt d/in the data and are described in this report.

There was no control substap

4.3 Reference Substance

4.4 Characterization 4 git/@:b gtance

@e physicochemical and functional properties of the test
substance, Cry2 AbR proteif, Avas performed under characterization plan 20-
100071 and fsSummafizgd/on the Certificate of Analysis. Under this plan, the
following préperties were established for the Cry2Ab2 protein: identity (N-
terminal uf@,g, ALDI-TOF mass spectrometry (MS), immunoblot),

A ifo/acid analysis), purity (SDS-PAGE/densitometry), molecular
SD@’A 7/densitometry, MALDI-TOF MS), short-term stability (SDS-
PAGE/deksitonte ), and activity (CEW bioassay).

5.0

The/tgst s '&m for this study was SIF, which contains a mixture of proteolytic enzymes
ofvn ﬁn oatin. Normal proteolytic digestion of consumed food proteins starts with
pepsin-medidtgd hydrolysis in the acidic environment of the stomach, and continues with
e tfizymatic digestion in the small intestine. The denaturing environment of the
stomach (lgw pH) alters protein characteristics and facilitates proteolytic digestion in the
small iftgstine by pancreatic enzymes. The physiological relevance of protein digestion

"y thig jh vitro SIF study is limited because these experimental conditions do not first

©
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expose the protein to the acidic denaturing conditions of the stomach, as would be the
case in vivo.

SIF was prepared according to the method described in The United States Pharmacopoeia
(1995). The pancreatin enzyme used for the preparation of SIF was obtained from Sigma
Company (Catalog number P1500, St. Louis, MO). The SIF was formulated so that

55.3 pg of pancreatin powder per 1 ug of test substance (total protein) would be present
in the digestion reactions. The SIF was prepared by adding pancreatin powder (1.00 g) to
100 ml (final volume) of 50 mM monobasic potassium phosphate solution adjusted to pH
7.5 with sodium hydroxide. Activity of the SIF was assessed using an SIF activity assay.
The assay was used to confirm activity before initiation of the digestion of the test
substance.

5.1 Justification for Selection of the Test System

In vitro digestion models are widely used to assess the digestibility of ingested
substances and SIF has been used for in vitro studies to assess the digestion of
food components (Yagami et al., 2000; Okunuki et al., 2002).

5.2 Specimens

Specimens were generated by incubating the test substance with the test system
for the times specified in section 5.3. See sections 6.0 and 7.2 for details on the
preparation and analysis of specimens. Specimens will be retained in a —-80°C
freezer for one year from the end of study after which they will no longer afford
analytical evaluation and may be discarded.

53 Procedure for Identification of Specimens

Alphanumerical codes were used to distinguish incubation time points and
specimens (where T = time, P = protein only, and N = no protein):

Targeted Incubation Time Point Code(s)
0 min TO, PO, NO
5 min T1
15 min T2
30 min T3
1h T4
2h TS
4h T6
8h T7
12h T8

24h T9, P9, N9
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6.0

6.1

6.2

Experimental Design

wat
: fo S 10@&-@

Digestibility of the Test Substance in SIF @)
Digestion of the test substance in SIF was evaluated over timg’h g‘fm :
specimens from all incubation time points. The target digesgfign @pe dtre was
37+ 2°C.

The digestion was prepared by adding 400 pl of the tedt ub@c i a tube
containing 1.11 ml of SIF. The tube contents were yortex @b’(e afid immediately
placed in a 37 £ 2°C water bath. Digestion specimeps (16@u of the digestion
mixture were removed at 5, 15, and 31 min (spegip en@’l, 2/ and T3,
respectively), and 1, 2, 4, 8, 12, and 24 hours (£p c's 440 T9, respectively).
Each 100 pl sample was immediately quencied b;%di yo/25 ul of 5x LB [Sx LB,
312.5 mM Tris-HCI, 25% (v/v) 2-mercaptgethanol, 10%/w/v) sodium dodecyl
sulfate, 0.025% (w/v) Bromophenol Blug, ndgg()/% %) glycerol, pH 6.8] and
heating to 75-100°C for 5-10 min. O

-The zero incubation time point (TQ) was prepaéd in a separate tube by first

quenching 55.3 pl of SIF with 1Y o 1B/ f6llowed by heating to 75-100°C
for 5-10 min prior to the additigy/of of the test substance.

All specimens were frozen 6p d%?(c»! agdsstored in a ~80°C freezer until analysis.
Experimental Controls

Specimens of stability/eXpertyentd] Lontrols were prepared to determine the
inherent stability (i.¢/ Aot @m gble to digestion) of the test substance. These
controls consisted/60fthddest sybgtance in the test system (SIF) that lacks the

© pancreatin enzymes. %Z,ci ets from these controls were identified with the
d

letter "P" and pr aﬂ;’?’ ¢parate tubes. The zero incubation time point
specimen (P@)Avas prépared by quenching test system buffer (55.3 ul) with Sx LB
(19 ul), hedthg t6, 75-100° C for 5-10 minutes, and adding 20 pl of the test
substancg, h’%ﬂ, incubation time point specimen (P9) was prepared by
addin 0 U eAebt substance to the test system buffer (55.3 ul), placing in a

; batly for 24 hours, adding 19 ul of 5x LB, and heating at 75-100°C

(2

egtern blot analysis of the specimens. These controls consisted of the test
hat did not contain the test substance. Specimens from these controls

ation time point specimen (NO) was prepared by quenching test system
fer (55.3 pl) with 5 LB (19 ul), heating to 75-100°C for 5-10 minutes, and
ddmg 20 pl of the storage buffer. The 24-hour incubation time point specimen
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7.0

(N9) was prepared by adding 20 pl storage buffer to 55.3 pul of the test system,
heating to 37 £ 2°C for 24 hours, adding 19 pl of 5x LB, and heating to 75-100°C
for 5-10 minutes.

All specimens from the controls were frozen on dry ice and stored in a —80°C
freezer until analysis.

Analytical Methods

Prior to the use of the SIF, its activity was assessed using an SIF activity assay. The
digestion of the Cry2Ab2 protein in SIF was assessed using western blot analysis. The
LOD of the Cry2Ab2 protein was determined for the western blot.

7.1

SIF Activity Assays

The SIF activity assay was used to confirm the suitability of the test system before
the test substance was applied. According to SOP BR-ME-0461-03, acceptable
activity was defined as 11,000 + 3,000 U/ml. One unit of pancreatin activity in
this assay is defined as an increase in the absorbance at 574 nm of 0.001 per min
at 37 £ 2°C.

This assay is based on the estimation of the amount of soluble peptide present in a
trichloroacetic acid (TCA) solution after pancreatin digestion of resorufin-labeled
casein (Roche Molecular Biochemicals, Manheim, Germany). Undigested
resorufin-labeled casein is precipitated with TCA, and the amount of soluble
peptide is estimated by measuring the absorbance at 574 nm. The amount of
soluble peptide is directly proportional to the amount of proteolytic activity.

Solutions containing resorufin-labeled casein were incubated with 0.05x SIF for
15 min at 37.5 °C. Blank samples of deionized water in place of SIF were
incubated. The reaction was quenched by addition of 5% (w/v) TCA to the SIF-
containing samples and the blank samples. Soluble material recovered after
centrifugation was neutralized by the addition of an assay buffer [S00 mM Tris-
HCI, pH 8.8], and the absorbance of the clarified SIF-containing samples and the
blank samples (each in triplicate) was read at 574 nm using a Beckman DU-650
spectrophotometer. The activity of SIF was calculated using the following
equation:

MeanTest ,,,,, — Mean Blank ,,, ..
0.001x15minx0.1m!x0.05

where 0.001 is the change in the absorbance at 574 nm per min at 37 £ 2°C
produced by one unit of pancreatin activity, 15 min is the reaction time, 0.1 ml is
the amount of 0.05x SIF added to the reaction, and 0.05 is a dilution factor.
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7.2

- (Amersham Bio celggysc

Western Blot Analysis
Specimens from the Cry2Ab2 protein in vitro digestion in SIF wese
SDS-PAGE using pre-cast 4-20% tris-glycine gradient mini-gels
Carlsbad, CA) with tris-glycine SDS running buffer. The amg

protein (total protein). The digestion specimens were dil
concentration of ~2.5 ng/ul and ~20 ng of total protein 7z

e/sande fes as the
’ A1y prior to

ne gols was performed

loading on the gels. Electrophoresm using 4-20%
at 125 V for 90 min and 150 V for 15 min until the
of the gel. After electrophoresis, proteins werg’e grred to a

polyvinylidene difluoride (PVDF) membran , for 60 min at a constant
voltage of 25 V. Pre-stained molecular we

Proteins transferred to a PVDF mepibfane were/afalyzed by western blot. The
ith/5% (w/v) non-fat dry milk

¥-Zry2 Ab2 antibody (lot 7227632) was
3 a dilution of 1:3,000 in 1% (w/v)

NFDM in PBST. Excess g S 19 io oved by three 10 min washes with PBST.
The membrane was incybg edg —conjugated rabbit ant1 -goat IgG (Slgma

¢d chemiluminescence (ECL) detection system
ay, NJ) and exposed to Hyperfilm ECL high
performance clefhi r@es efice film (Amersham Biosciences). Films were
developed ust é‘;}ﬁ 101A automated film processor (Tokyo, Japan).
The films were scanned/uging a Bio-Rad GS-800 densitometer to produce
electroni¢/iag :

were visualized us'

obsgryedgn

thé ol@ar

The gpp S%? e miglecular weights of the full-size protein and proteolytic bands
. . o

cyryently with the digestion western blot gel and subjected to the same western

"gblo pfocedure as described above. The following approximate total protein

loAdings of the TO specimens were used for the western blot LOD analysis: 0.5, 1,
S, 10, and 20 ng.
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7.3 Statistical Methods

No statistical analysis was performed.
8.0 Control of Bias

Measures taken to control bias in this study were the inclusion of both stability and test
system experimental controls to account for any effects due to the model in the absence
of the pancreatin enzyme and the absence of the test substance. Digestion specimens and
LOD specimens were analyzed concurrently to eliminate run-to-run variation.

9.0 Results and Discussion

9.1 SIF Activity

In order to assess the suitability of the test system used in this study, the
pancreatin activity in SIF was evaluated before the test system was applied. The
experimentally observed activity was 10,760 U/ml and was within the acceptable
interval of SIF activity (8,000 to 14,000 units per ml of SIF). Therefore, the test
system was shown to be active and suitable for use in this study.

9.2 Assessment of Digestibility by Western Blot Analysis

The digestion of the Cry2Ab2 protein was evaluated by a western blot method, as
described in Section 7.2 and shown in Figure 1 (5-minute exposure). A western
blot to determine the LOD (Figure 1A) of the Cry2 Ab2 protein was run
concurrently with the western blot used to assess the Cry2Ab2 protein in vitro
digestibility in SIF (Figure 1B). The LOD was determined by the lowest amount
of Cry2Ab2 protein observed on the X-ray film under visual inspection.” The
LOD was visually estimated to be 0.5 ng, which represents 2.5% of the total
protein loaded:

0.5 ng x100%

20 ng

The gel used to assess the Cry2Ab2 protein in vitro digestibility by western blot
was loaded with 20 ng total protein of the test substance (based on pre-digestion
concentrations) for each of the incubation time points. Western blot analysis
demonstrated that a band corresponding to the full-length Cry2Ab2 protein was
digested below the LOD within 15 minutes of incubation in SIF (Figure 1B,

lane 6). Therefore, at least 97.5% (100% - 2.5% = 97.5%) of the full-length
Cry2Ab2 protein was digested within 15 minutes. Proteolytic bands with
approximate molecular weight of 60, 55, 50, 40, 12 and 10 kDa were observed at
the 5-minute time point. The ~ 60 kDa band was undetectable at the 1-hour
incubation time point. The ~ 55 kDa band decreased during the time course and
was undetectable at the 24-hour time point. The ~ 50 kDa band decreased over
the time course but still detectable at the 24-hour incubation time point. The ~ 40
kDa band was undetectable at the 12-hour incubation time point. The ~12 kDa
bands, which migrated as a triplet, were detectable at the S-minute incubation

=2.5%
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were detectable at various incubation t1me points. Several new pagds @
molecular weights smaller than 50 kDa were detectable begi a((tibe 4 hgur
digestion time point. These bands, which were transient in ndtdre and digplayed a
weak immunoreactive signal, were detectable at the 24-hoyf c@tio 7 tine
point. %
No change in the full-length Cry2Ab2 protein band iptefisi 'Qfas Ofserved in
specimens PO and P9 (Figure 1B, lanes 2 and 14) fi byliy experimental
tabl% e/lest system

controls. This indicates that the test substance w
without pancreatin at ~37°C over the course of yh¢/inc t1

No immunoreactive bands were observed iny/sgecegents X('and N9 (Figure 1B,
lanes 3 and 15) from the test system experfigental conffols. This indicates that the
test system components did not produce/A Ao cifi¢/interaction with the

10.0 Conclusions

t at (edst 97/5% of the full-length Cry2Ab2
iftsybatiof in SIF, yielding bands with

, A P0.AF 12, and 10 kDa. These bands

rov@ip infoAmaller peptides during incubation in
SIF. The bands with approxim m(@ul eights of 60, 55, 40, 12, and 10 kDa were

undetectable at the 24-hour i at;% i€ point. The ~50 kDa band decreased over the

time course but was still pr 4-hour incubation time point.

The results of this study demonstrated
protein was digested within 15 minu

. a, R., Shigeta, T., Sakushima, J., Akiyama, H., Yukihiro, G.,

dy/ M., and Sawada, J. (2002). Increased digestibility of two products in
@w #cAlly modified food (CP4-EPSPS and CrylAb) after preheating. J. Food
L Hyg/ Soc. Japan, 43: 68-73.

Thi% ftd Stated Pharmacopoeia. 1995. Vol. 23, NF 18. United States Pharmacopoeia
N Convention, Inc., Rockville MD. P. 2053.
Q

©
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Yagami, T., Haishima, Y., Nakamura, A., Hiroyuki, O., and lkesawa, Z. (2000).
Digestibility of allergens extracted from natural rubber latex and vegetable foods.
J. Allergy Clin. Immunol. 106: 752-762.
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A Lane Lane
123456738 12345678v1®135
MW (kDa) MW (kDa) :
TS0 . 250 - -0
- T 150 = © e  wa
100 . ; '
75 = . 100 - .
75— L Cry2Ab2
50— - ;
- protein
37= - 50= -
25=-".
20— -
0=«
Amou Incubation
Lane Sample Sample Time
1 Molecular weight marker . Molecular weight marker —
2 TO, protein + SIF 05 X PO, protein only 0
3 TO, protein + SIF 1 fO, N0, SIF only 0
4 TO, protein + SIF 4 TO, protein + SIF 0
5 TO, protein + SIF 5 T1, protein + SIF 5 min
6 T0, protein + SIF »%9 6 T2, protein + SIF 15 min
7 TO, protein + SIF O 0 7 T3, protein + SIF 30 min
8 Molecular weight markér K/ 8 T4, protein + SIF lh
9 TS, protein + SIF 2h
10 Té, protein + SIF 4h
11 T7, protein + SIF 8h
12 T8, protein + SIF 12h
13 T9, protein + SIF 24 h
Lsy 14 P9, protein only 24 h
,(/ 15 N9, SIF only 24h
Figure Wf%/g{n 0t Analysis
Figupe /A espoAds to the LOD of Cry2Ab2 protein (5-min exposure). Figure 1B

coue po;%r:o (Z1¥2 Ab2 protein digestion in SIF (5-min exposure). Based on the pre-

dtration, 20 ng (total protein) was loaded in lanes containing Cry2 Ab2

¢ licubation times are indicated. Approximate molecular weights (kDa) are
¢ left and correspond to the markers loaded on each gel. In both gels,

b2 protein migrated to ~ 65 kDa. Blank and empty lanes were cropped and lanes
mbered in Figure 1A.
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BR-ME-0388-02
BR-ME-0392-01
BR-ME-0461-02
BR-EQ-0599-02
BR-EQ-0857-01
BR-ME-0924-01

Appendix

List of Applicable SOPs

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
Western Blot Analysis (Immunoblotting)

Assay for Proteolytic Activity in Simulated Intestinal Fluid
Bio-Rad GS-710 and GS-800 Densitometers

Beckman Coulter DU-650 Spectrophotometer
Electrotransfer of Proteins to Membranes
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The text below applies only to use of the data by the United States Environmental
Protection Agency (US EPA) in connection with the provisions of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA)

Statement of No Data Confidentiality Claim

No claim of confidentiality is made for any information contained in this study on the basis
of its falling within the scope of FIFRA10 (d), (1) (A), (B) or (C).

"We submit this material to the United States Environmental Protection Agency
specifically under the requirements set forth in FIFRA as amended, and consent to the use
and disclosure of this material by EPA strictly in accordance with FIFRA. By submitting
this material to EPA in accordance with the method and format requirements contained in
PR Notice 86-5, we reserve and do not waive any rights involving this material that are or
can be claimed by the company notwithstanding this submission to EPA."
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quality of the study because the reference stand
Certificates of Analysis.
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was not determined. This exception had integrity or quality of the
study because the samples were maintaj tely —20°C throughout the
duration of the study.

Although not specifically required for prodyct o@'a #ation studies as defined by
160.135(b), this study fully complied wit| ses .35 (Quality Assurance), 160.120
(Protocol), and 160.185 (Reporting . These elements were utilized to
enhance the quality of this study.
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Quality Assurance Statement

Study Title:  Amended Report for MSL-20097: Compositional Analyses of Corn Forage
and Grain Collected from MON 89034 Grown in 2004 U.S. Field Trials

Study Number: 05-01-50-09

Reviews conducted by the Quality Assurance Unit (QAU) confirm that the final report
reflects the raw data for the portion of the study conducted by Monsanto Company,
Biotechnology Regulatory Sciences.

Reviews which have been conducted by the Covance Laboratories Inc., are enclosed
within the Covance sub-report and are specified on their individual QA Statement (see
Appendix 2).

Following is a list of reviews conducted by the Monsanto Regulatory QAU on the study
reported herein.

Dates of Date Reported to Date Reported to
Inspection/Audit Phase Study Director Management
02/01/2006 Raw Data and Draft Report 02/10/2006 02/10/2006
Review
02/01/2006 Statistical Data and Draft 02/10/2006 02/10/2006
Report Review
02/01/2006 Sub-Report Review 02/10/2006 02/10/2006
09/05/2006 Amended Report Audit 09/05/2006 09/05/2006
ks Buanar uptombo. 1, 200
Quality Assurance Specialist Date

Monsanto Company
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Study Title: Amended Report for MSL-20097: Composi Corn
Forage and Grain Collected from MON 8 U.s.
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Facility: Product Safety Center
800 North Lindbergh Blvd.
St. Louis, Missouri 63167
Performing Covance Laboratories ternational, Inc
Laboratories: 3301 Kinsman Blvd. Jbridge Payne Rd
Madison, W1 537
terfield, MO 63017
Study Director: Tracey L. Rey
Sponsor Representative: Yong Gao
Principal Investigators: {(Covance Laboratories Inc)
(Certus International, Inc.)
Contributors:

Study Initiation Date:

Study Completion
Dates: '
Original Study
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'All study specific raw data, protocols, final reports and facility
records will be retained at Monsanto, St. Louis except for analytical
raw data and facility records maintained at Covance Laboratories
Inc., Madison facility.

Any unused study samples will be stored at Covance Laboratories
Inc. until their final disposition is directed by the Study Director at a
future date.
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Study Information (continued)
Amendment to Report MSL-20097
This amendment modifies the final report to reflect modifications to Tables 1 and 14, a discussion of
results was added to address biological relevance of data, and both summary and conclusion sections were
modified to reflect the results discussion. “Amendment 1” was added to the footer of each amended page
and the new MSL # was added to the header of each page. These changes improve the accuracy of the
report and had no impact on the study.

Item | MSL-20097 | MSL-20403 Amendment
No. Original Amendment 1
Report Report

1 Title Page Title Page Added “Amended Report for MSL-20097" (o title, “Amendment 1
after “Study Completed on” and revised report completion date.
MSL # changed to 20403

2 Page 2-4, 7 | Page 24,7 Added new signatures and dates

3 Page 3, 5 Page 3, 5 Sponsor Representative changes

4 Page 4 Page 4 Added “Amended Report for MSL-20097" to title; added “Amended
Report Audit” and appropriate dates to list of phases

5 Page 5 Page 5 Added “Amended Report for MSL-20097" to title; added “Original
Study” and “Amended Study” to study completion dates, and added
amended study completion date

6 Page 6 Page 6 Added Amendment to Report MSL-20097, added list of changes,
and added sponsor and study director with new signatures and
appropriate dates

7 Page 7 Page 7 Sponsor Representative removed

8 Page 8-10 Page 8-10 Pagination changes and new title for Tables 1 and 14

9 Page 12-13 | Page 12-13 Summary text modified per amended results discussion

10 Page 23-24 | Page 23-25 Discussion of biological relevance of data added

11 Page 25 Page 25 Conclusion text modified per amended results discussion

12 Page 32-35 | Page 32-35 New title and format change made to Table 1

13 Page 84-86 | Page 84-86 New title and format change made to Table 14. ILSI values
replaced historical values

2R S 13 -Sepf-2ovg
Sponsor Date / { /
DU QOM’\A{W{)/) Nept! Mo
Study Director ! u v hd 'bﬁ\eﬂ\’ N

Intellectual Property Rights Statement

© 2005 Monsanto Company. All Rights Reserved.

This document is protected under copyright law. This document is for use only by the regulatory
authority to which this has been submitted by Monsanto Company, and only in support of actions

requested by Monsanto Company. Any other use of this material, without prior written consent of
Monsanto, is strictly prohibited. By submitting this document, Monsanto does not grant any party
or entity any right or license to the information or intellectual property described in this document.
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1.0 Summary

Monsanto Company has developed corn, MON 89034, that produce the CrylA.105 and
Cry2Ab2 insecticidal proteins and are protected from feeding damage caused by European
corn borer (Ostrinia nubilalis) and other lepidopteran insect pests. CrylA.105isa
modified Bacillus thuringiensis (B.t.) CrylA protein. Cry2Ab2 is a B.t. (subsp. kurstaki)
~protein. The combination of the Cry2Ab2 and CrylA.105 insecticidal proteins in a single
plant provides better insect control and offers an additional insect-resistance management
tool.

The purpose of this study was to evaluate the composition of MON 89034 compared to
the conventional control corn. The test, control, and reference substances in this study
were grown at five replicated field sites across the U.S. during the 2004 field season under
Production Plan 04-01-50-02 (Leafgren, 2005). The conventional control substance used
in this study, LH198 x LH172, has the genetic background representative of the test
substances, MON 89034, but does not contain the CrylA.105 and Cry2Ab2 proteins.
Fifteen different conventional corn substances were included as references to provide data
for the development of a 99% tolerance interval for each component analyzed.

Forage and grain samples were harvested from all plots and analyzed for compositional
components. Analyzed components were selected based on recommendations specified by
the OECD (OECD, 2002). Compositional analyses of the forage samples included
proximates (protein, fat, ash, and moisture), acid detergent fiber (ADF), neutral detergent
fiber (NDF), minerals (calcium and phosphorus), and carbohydrates by calculation.
Compositional analyses of the grain samples included proximates (protein, fat, ash, and
moisture), ADF, NDF, total dietary fiber (TDF), amino acids, fatty acids (C8-C22),
vitamins (B, B,, B, E, niacin, and folic acid), anti-nutrients (phytic acid and raffinose),
secondary metabolites (furfural, ferulic acid, and p-coumaric acid), minerals (calcium,
copper, iron, magnesium, manganese, phosphorus, potassium, sodium, and zinc), and
carbohydrates by calculation. A total of 77 different analytical components (nine in forage
and 68 in grain) were measured. Of these components, 16 had more than 50% of the
observations below the assay LOQ and, as a result, were excluded from the statistical
analysis. Therefore, 61 components were statistically assessed (nine in forage and 52 in
grain). Statistical evaluation of the compositional data was conducted using a mixed
model analysis of variance on six sets of data: analyses of data from each of the five
replicated field trials plus data from a combination of all five field trials, referred to as the
combined site in this report. Statistical evaluation of the composition data involved a
comparison of the forage and grain from MON 89034 to a conventional control corn
substance. Statistically significant differences were determined at the 5% level of
significance (p<0.05). There were 366 statistical comparisons conducted between the test
substance and the conventional control (61 comparisons in the combined site and 305
comparisons in the individual sites). Using the data for each component obtained from the
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15 unique conventional substances, a 99% tolerance interval was calculatedf¢/co ,
with 95% confidence, 99% of the values contained in the population of cofiyentfal ¢orn
substances. For those comparisons in which the test was significantly dyffer 1@<. )
from the control, the test range was then compared to the 99% tolerapcg inzj)al M Order
to determine if the test range was within the tolerance interval and, thefefore, cofigfdered
to be part of the population of the conventional corn. O

Y

Statistical analyses for MON 89034 from the combined site shdyed §atistiCAlly significant
differences for three analytes. For two of these analytes, thefe/werpnlso/statistically
significant differences in more than one of the individual sjteg. F r@fe gimaining one
analyte, there was a statistical difference in only one of tie md'q;?ga sttes. Statistical

a analytes were
af gne of the individual
diffetent frigm the control in only

he test substance were

sites and 33 analytes were observed to be statistica
one of the individual sites. All means and range
within the range of values obtained from eithe
Crop Composition Database ranges, therefor€
biologically relevant.

2.0 Introduction

Cry2 Ab2 insecticidal proteins g e@) ¢d from feeding damage caused by European
corn borer (Ostrinia nubilaliy) £ cpidopteran insect pests. CrylA.105is a

protein. The combinatioy/ of tht 2 and CrylA.105 insecticidal proteins in a single
ec;@,ntr dnd offers a valuable insect-resistance management

/%/

] 074/Awas compared to the conventional control substance and the
convenjlonal rerende/substances. The test, control, and reference corn substances in this
study fv€re grodn diAive replicated field sites across the U.S. during the 2004 field season
; dife(io Plan 04-01-50-02 (Leafgren, 2005). The conventional control
sybstancdused/ir' this study, LH198 x LH172, has the genetic background representative
di/Ahe t@ sybstance, but does not contain the Cryl A.105 and Cry2Ab2 proteins. Fifteen
iffeyégl cohyfentional corn substances were included as references to provide data for the
de@pp et of a 99% tolerance interval for each component analyzed. Forage and grain
sampleg were harvested from all plots and analyzed for compositional components. The

The purposg gt g@i@ﬁ ¢ Was to evaluate the composition of the MON 89034 test
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compositional and statistical results summarized in this report are based on the analytical
and statistical data in the final report for MSL # 20402 (Reynolds et al., 2006).

4.0

4.1

4.2

4.3

Test, Control, and Reference (T/C/R) Substances
Test Substance

The test substance is described below. Forage and grain tissues of the test
substance were evaluated in this study.

Description Starting Seed Lot No.
fMON 89034 GLP-0404-14916-S J

Control Substance

The control substance is conventional corn with genetic background representative
of the test substance and is described below. The forage and grain tissues of the
control substance were evaluated in this study.

Description Starting Seed Lot No.
| LH198 x LH172 | GLP-0404-14928-S |

Reference Substances

The reference substances are conventional commercial corn samples and are
described below. A single replicate of the forage and grain tissues from each
reference substance was evaluated in this study.

Vendor/Hybrid Starting Seed Lot No.  Field
Site

Golden Harvest/ H8751 REF-0404-14931-S 1A
Golden Harvest/ H9231 REF-0404-14932-S 1A
Northrup King/ N60-N2 REF-0404-14933-S IA
Burrus/ 590 REF-0404-14934-S IL-1
Mycogen/ 2784 REF-0404-14935-S IL-1
Dekalb/ DKC62-15 REF-0404-14936-8 IL-1
Pfister/ 2730 REF-0404-14937-S 1L-2
Mycogen/ 2E685 REF-0404-14938-S 1L-2
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Dekalb/ DKC61-42 REF-0404- 14939 S /]/{-Zéf
Dekalb/ DKC60-15 REF-0404- 14940 S // 5
Mycogen/ 2P682 REF-0404-14941-S // %//
Mycogen/ 2A791 REF-0404-14942-,8/ / D)

Seed Consultants / SC1124A REF-0404- 1494/3//4 K /gﬁl
Crow’s/ 4908 REF-0404- 194,4 o / / OH

Asgrow/ RX708 REF- 0404/yc(946x5 // OH

OQ

4.4 T/C/R Substance Characterization \/&

The identities of the test, control, and reféréndg spbsyapCes were verified by the
Study Director prior to their use in theApadyby cofffming the chain-of-custody
documentation supplied with the samp}s collectel from the field. The grain
samples from the test, control, andA¢fer sybsfances were further characterized
" by an event-specific PCR analysig'g Dﬁ‘;e acted from grain to confirm the
presence or absence of each evgnf. .The-predenice or absence of MON 89034 in
respective samples of the graifiAro 't t¢sy/and control substances were
confirmed. All forage samplg§ werscharatterized by the confirmation of chain-of-
custody records. Characjty z@da ere archived under Production Plan 04-

01-50-02.
&
O

5.0 Field Trial Descylpfiof,
Forage and grain of the tes{,\c;% / and reference substances were collected at five
replicated field siteg'in the U.S. ds/detailed in Production Plan 04-01-50-02. Seed was
planted in a randgipizeq dpmplete block design with three replicates per block of each test,
control, and reféréncefsybstAnce. All the samples at the field sites were grown under
normal agrongmic cofiditions for their respective geographic regions. The five U.S.
sites were: it LeffersOf County, 1A; Site 2-Jersey County, IL; Site 3-Warren County,
IL; Site 4/Yyork &oun E; and Site 5-Fayette County, OH. Forage and grain samples
were hafyested all plots and shipped on dry ice (forage) or ambient temperature
(grai I\%{%n 0/ ompany, St. Louis, MO, USA. A sub-sample for use in
compgsiti sis was obtained from each bulk forage and grain sample generated in
thé field ib-sample was ground, stored in a -20°C freezer located at Monsanto
mp @(S ouis, MQ), and then shipped, overnight, on dry ice to Covance
rigs/Inc. (Madison, WI) for analyses. The labels on the samples shipped to
dboratories, Inc. listed the composition protocol number, a unique sample
numbe, e/event number, tissue type, and storage conditions.

Dy

©
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6.0  Analytical Methods

A total of 90 ground forage and grain samples were analyzed by Covance Laboratories
Inc. Compositional analyses of the forage samples included proximates (protein, fat, ash,
and moisture), ADF, NDF, minerals (calcium and phosphorus), and carbohydrates by
calculation. Compositional analyses of the grain samples included proximates (protein,
fat, ash, and moisture), ADF, NDF, TDF, amino acids, fatty acids, vitamins (B,, B2, Be, E,
niacin, and folic acid), anti-nutrients (phytic acid and raffinose), secondary metabolites
(furfural, ferulic acid, and p-coumaric acid), minerals (calcium, copper, iron, magnesium,
manganese, phosphorus, potassium, sodium, and zinc), and carbohydrates by calculation.
The methods used for compositional analyses are summarized below. The analytical data
generated by Covance Laboratories, Inc., including a summary of the methods used,
Covance SOP or method mnemonics, literature references, limits of quantitation, and the
reference standards used, can be found in the final report of MSL # 20402 (Reynolds et
al., 2006). The Study Director approved all methods utilized in this study.

6.1 Acid Detergent Fiber. The method used was based on an USDA Agriculture
Handbook No. 379 (1970) method. The sample was placed in a fritted vessel and
washed with an acidic boiling detergent solution that dissolved the protein,
carbohydrate, and ash. An acetone wash was used to remove the fats and
pigments. The lignocellulose fraction was collected on the frit and determined
gravimetrically. The limit of quantitation of this method was 0.1% fw.

6.2  Amino Acid Composition. The method used was based on AOAC International
(2000) method 982.30 that estimates the levels of 18 amino acids in the sample:
alanine, arginine, aspartic acid (including asparagine), cystine (including cysteine),
glutamic acid (including glutamine), glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and
valine. The sample was assayed by three methods to obtain the full profile.
Tryptophan required a base hydrolysis using sodium hydroxide. Sulfur-containing
amino acids required an oxidation using performic acid prior to hydrolysis with
hydrochloric acid. Analysis of the remaining amino acids was accomplished
through direct hydrolysis with hydrochloric acid. The individual amino acids were
quantitated using an automated amino acid analyzer. The limit of quantitation of
this method was 0.1 mg/g fw. The reference standards were Beckman K18, 2.5
umol/mL per constituent except cystine (1.25 umol/mL), lot number S407158;
Sigma L-Tryptophan, 100%, lot number 063K0382; Fluka L-Cysteic Acid
Monohydrate, 100%, lot number 1157629; Sigma L-Methionine Sulfone, 100%,
lot number 12H3349.

6.3  Ash. The method used was based on AOAC International (2000) method 923.03.
The sample was placed in an electric furnace at 550 °C and ignited to drive off
volatile organic compounds. The nonvolatile matter remaining was quantitated



gravimetrically and the percent ash was determined by calculatiory
quantitation of this method was 0.1% fw.
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6.4 Carbohydrates. The method used was based on an USDA Ag 'cu@ arfdbook
No. 74 (1973) method. The limit of quantitation of this hod way'(¥'1% fw.
Carbohydrate values were calculated by difference using @ wgdght-derived
data and the following equation: XU

$r

% carbohydrates = 100% - (% protein + % fat + % g8} + ‘?@no"t fre)

ag ba@? oy AOAC International
(2000) methods 922.06 and 954.02. The fg :

Age p as hydrolyzed with
hydrochloric acid at an elevated temperature @ ay’extracted using diethyl
ether followed by hexane. The extract was/ d Mpfler nitrogen, re-dissolved
in hexane and filtered through a sodium/Ay col . The hexane extract was
then evaporated gagin under nitrogép ol weighed. The limit of

6.5 Fat by Acid Hydrolysis. The method used

6.6  Fat by Soxhlet Extraction. The y eth(@' usgd/was based on AOAC International
(2000) method 960.39. The grain @p ¢/ Was weighed into a cellulose thimble
containing sodium sulfate apd/driedyto fefmove excess moisture. Pentane was

6.7 Fatty Acids. The mg a8
estimates the levels/of ds in the sample: 8:0 caprylic acid, 10:0 capric

stic acid, 14:1 myristoleic acid, 15:0 pentadecanoic

: Olenic, 18:3 gamma linolenic acid, 20:0 arachidic acid,
oicAacid,/ )2 eicosadienoic acid, 20:3 eicosatrienoic acid, 20:4
arachidg ’g(,'}a}x :0 behenic acid. Lipid in grain samples was extracted and
saponifigl witi).Y X sodium hydroxide in methanol. The saponification mixture
feth d /with 14% (weight/volume) boron trifluoride:methanol. - The
gSters were extracted with heptane containing an internal standard.
I 1 ebtérs of the fatty acids were analyzed by gas chromatography using
okterrfal/standards for quantitation. The limit of quantitation of this method was
0.00§>% #/ The reference standards were Nu Chek Prep GLC reference standard
Hﬁ%lt 0. 1, used as 100%, lot number D13-0; Nu Chek Prep GLC reference -
@n ard Hazelton no. 2, used as 100%, lot number M13-0; Nu Chek Prep GLC
efeferice standard Hazelton no. 3, used as 100%, lot number MA13-0; Nu Chek
Q/ Ppey’ GLC reference standard Hazelton no. 4, used as 100%, lot number D13-0;
N4 Chek Prep methyl gamma linolenate, used as 100%, lot number U-63M-MA19-
f; and Sigma methyl tridecanoate, used as 100%, lot number 035K 1392.
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6.8

6.9

6.10

6.11

Folic acid. The method used was based on AOAC International (2000) methods
960.46 and 992.05 and Methods of Analysis for Infant Formulas (1973), Section
C-2. The grain sample was hydrolyzed in potassium phosphate buffer with the
addition of ascorbic acid to protect the folic acid during autoclaving. Following
hydrolysis, the sample was treated with a chicken-pancreas enzyme and incubated
approximately 18 hours to liberate the bound folic acid. The amount of folic acid
was turbidimetrically determined by comparing the growth response of the bacteria
Lactobacillus casei in the sample versus the growth response in folic acid standard.
The limit of quantitation of this method was 0.06 pg/g fw. The reference standard
was USP folic acid 98%, lot number P.

Furaldehyde. The method used was based on a literature method (Albala-
Hurtado et al., 1997). The ground grain sample was extracted with 4%
trichloroacetic acid. The level of 2-furaldehyde (furfural) in the extract was
determined by HPLC with UV quantitation. The reference standard was ACROS
2-furaldehyde, 99%, lot number A018806701. The quantitation limit of this
method was calculated to be 0.5 ppm.

Minerals/ICP emission spectrometry. The method used was based on AOAC
International (2000) methods 984.27 and 985.01 and a literature method
(Dahlquist and Knoll, 1978). Samples were dried, precharred, and ashed overnight
at 500°. Ashed samples were treated with hydrochloric acid, dried, and dissolved
in 5% (v/v) hydrochloric acid. The amount of each element was determined at
appropriate wavelengths by comparing the emission of the unknown sample, using
inductively coupled plasma, with the emission of the standard solutions. The limits
of quantitation of this method and Spex CertiPrep reference standards are listed in
the table below.

Limit of
Concentration  Quantitation
Mineral Lot Numbers (ng/mb (ppm)
Calcium SC5179247, SC5179249 201.0, 1001 20.0
Copper SC5179247, SC5179248 2.01, 10.04 0.50
Iron SC5179247, SC5179250 9.99, 50.2 2.00
Magnesium SC5179247, SC5179248 49.93, 250.0 20.0
Manganese SC5179247, SC5179248 2.01, 10.06 0.30
Phosphorus SC5179247, SC5179249 200.7, 1005 20.0
Potassium SC5179247, SC5179249 199.9, 1007 100
Sodium SC5179247, SC5179249 201.7, 1007 100
Zinc SC5179247, SC5179248 9.92,49.82 0.40

Moisture. The method used was based on AOAC International (2000) methods
926.08 and 925.09. Samples were dried in a vacuum oven at 100°C to a constant
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weight. The moisture loss was determined and converted to perdefit ﬂ’%t
The limit of quantitation of this method was 0.1% fw.

6.12 Neutral Detergent Fiber. The method used was based on AAZC (1998 ethod

32.20 and an USDA Agriculture Handbook No. 379 (1970) method / Samples
were placed in a fritted vessel and washed with a neutral bgifing @yergept solution
to dissolve the protein, carbohydrate, enzyme, and ash Fats(apd pighnents were
removed using an acetone wash. The hemicellulose, cljdlogeyvang/ lifnin fractions
were collected on a frit and determined gravimetricgly. ',Fbe liphiy of quantitation
of this method was 0.1% fw. @

944.13. The grain sample was hydrolyzed/ Wi furi/acid and the pH was

6.13 Niacin. The method used was based on A ‘v- onal (2000) method
t

6.14 p-Coumaric and Ferulic Acid

adjusted to remove interferences. The gfmbunt 3¢in was turbidimetrically
determined by comparing the growth fedppnse of the bacteria Lactobacillus
plantarum in the samples versus the grgwth r€SPonde/in niacin standard. The limit
of quantitation of this method was 0.3 fg/g é It reference standard was USP,

niacin, 100%, lot number H2C121.

Th@mt gl was based on a literature method
(Hagerman and Nicholson, /19 825(§/Te grain samples were extracted with
methanol using ultrasonicfigh, Ygd the/ extracts were then hydrolyzed using
4N sodium hydroxide, buflefed fyng Aottic acid/sodium hydroxide, acidified with
3N hydrochloric acid, gng ﬁl;@7 e levels of p-coumaric and ferulic acids in
the extracts were detg RDAHPLC with UV quantitation. The reference
R E;‘(é)do yeinnamic acid (p-coumaric acid), 97.9%, lot

ng/ goncentration was performed usmg a silica-based anion exchange
pfy/ Sample analysis was conducted using a macroporous polymer

) @u p y g P polym

[PRP-1, 5pm (150 x 4.1 mm)] connected to a refractive index

PL

det r. /Phe limit of quantitation of this method was approximately 0.1% fw.
j%ﬁef ghce standard was Aldrich phytic acid, dodecasodium salt hydrate, 95%,
@ ger 01913EC.

6. @/ Pyogein. The method used was based on AOAC International (2000) methods

Q’\/

©

.04 and 979.09 and two literature methods (Bradstreet, 1965; Kalthoff and
Bandell, 1948). Protein and other nitrogenous compounds in the sample were
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6.17

6.18

6.19

6.20

reduced to ammonia by digestion of the sample with sulfuric acid containing a
mercury catalyst mixture. The acid digest was made alkaline, and the ammonia
was distilled and titrated with a standard acid. The percent nitrogen was
determined and converted to percent protein by multiplication with 6.25. The limit
of quantitation of this method was 0.1% fw.

Pyridoxine/Vitamin Bs. The method used was based on AOAC International
(2000) method 961.15. The grain sample was hydrolyzed with dilute sulfuric acid.
The amount of pyridoxine was turbidimetrically determined by comparing the
growth response of the yeast Saccharomyces carlsbergensis in the sample with the
growth response in a pyridoxine standard. The limit of quantitation of this method
was 0.07 pg/g fw. The reference standard was USP pyridoxine, 100%, lot number
P.

Raffinose. This method was based on two literature methods (Mason and Slover,
1971; Brobst, 1972). The grain samples were extracted with deionized water and
the extracts treated with an hydroxylamine hydrochloride solution in pyridine
containing phenyl-p-D-glucoside as an internal standard. The resulting oximes
were converted to silyl derivatives by treatment with hexamethyldisilazane and

- trifluoracetic acid and analyzed by gas chromatography using a flame ionization

detector. The reference standard was Sigma, D(+)-Raffinose Pentahydrate Sigma
Ultra, 99%, lot number 073K0938. The limit of quantitation of this method: The
acceptable range for an 8/2.5 dilution was 0.05-0.9%.

Riboflavin/Vitamin B,. The method used was based on AOAC International
(2000) method 940.33. The grain sample was hydrolyzed with dilute HCI and pH
adjusted to remove interferences. The amount of riboflavin was determined by
comparing the growth response of the bacteria, Lactobacillus casei, in the sample
hydrolysate with the bacterial growth response in varying amounts of riboflavin
standard. The bacterial growth response was measured turbidimetrically. The
limit of quantitation of this method was 0.2 ug/g fw. The reference standard was
USP riboflavin, 100%, lot number NOC021.

Thiamin/Vitamin B,. The method used was based on AOAC International
(2000) methods 942.23, 953.17, and 957.17. The grain sample was autoclaved
under weak acid conditions to extract the thiamin. The resulting solution was
incubated with a buffered enzyme solution to release any bound thiamin. The
solution was purified on an ion-exchange column. An aliquot was taken and
reacted with potassium ferricyanide to convert thiamin to thiochrome. The
thiochrome was extracted into isobutyl alcohol and read on a fluorometer against a
known standard. The limit of quantitation of this method was 0.01 mg/100g fw.
The reference standard was USP, thiamin, 100%, lot number O.
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6.21 Total Dietary Fiber. The method used was based on AOAC Intergs 090
method 985.29. Duplicate grain samples were gelatinized with ajplfa-a and
digested with enzymes to break down starch and protein. Ethdn6l \x@a i d to
each sample to precipitate the soluble fiber. The samples yefe ed/gfd the
residue was rinsed with ethanol and acetone to remoyé starch af¢/ protein
degradation products and moisture. Protein content was g€ rm@d gr/one of the
duplicates; ash content was determined for the other. THe tod]jie Ary fiber in the
sample was calculated using the protein and ash valug Tlclr gf quantitation
of this method was approximately 1.0% fw.

6.22 Vitamin E. The method used was based on thyé lltg? vethods (Cort et al,,
1983; McMurray et al., 1980; Speek et al., 198 ayples were sapomﬁed
to break down fat and release vitamin E. Fhé ¢/ mixture was extracted

with ethyl ether and quantitated directly b L #silica column. The limit of

quantitation of this method was approyiplaggly 0.0y mg/g fw. The reference

standard was USP alpha tocopherol, 100%o, 16 bgr M.

7.0 Control of Bias

OQ

dnces ﬁ’g{n oagh respective plot within the

s whid pyoduced under similar agronomic
conditions. To control and/or ize/gis, Mg samples were analyzed in the order
specified by a computer-genera ized sample list. The Study Director generated
the randomized sample list and forwagdedAtAo Covance Laboratories Inc. prior to
analysis.

The test, control, and reference subs
Production Plan 04-01-50-02 field g

8.0 Statistical Andlysi Q

8.1 Data Procty ‘&/

After ggs {ﬁén Analyses were performed at Covance Laboratories Inc., data

spredgéhe t9&e gent to Monsanto Company. The data were reviewed,

foriy ttc?é:ﬂd ofit to Certus International, Inc. for statistical analysis. A
atisgicad-subfréport was generated by Certus and sent to Monsanto Company

CBQ? s ¢t Al., 2006).

é&, folloing formulas were used for re-expression of the data for statistical
lygis/

Q,J\/
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8.2

Component From (X) To Formula
Proximates (excluding moisture), 0 o
Fiber, Raffinose, Phytic Acid % EW % DW X/d
ilggural, p-Coumaric Acid, Ferulic ppm FW ug/g DW x/d
Calcium, Phosphorus, Magnesium, o 4
Potassium, Sodium ppm FW o DW (X/d) < 10
Copper, Iron, Manganese, Zinc ppm FW mg/kg DW X/d
Vitamin Bl mg/100g FW | mg/kg DW 10 (X/d)
Vitamin E mg/g FW mg/kg DW 10° (X/d)
Niacin, Folic Acid, Vitamin B2,
Vitamin B6 ug/g FW mg/kg DW X/d
Amino Acids (AA) mg/g FW % DW X/(10*d)
Fatty Acids (FA) % FW % Total FA (100)X5/% X,

for each FA j

‘d’ is the fraction of the sample that is dry matter.

The following 16 compositional analytes with >50% of observations below the
LOQ of the assay were excluded from statistical analysis: sodium, furfural,
raffinose, 8:0 caprylic acid, 10:0 capric acid, 12:0 lauric acid, 14:0 myristic acid,
14:1 myristoleic acid, 15:0 pentadecanoic acid, 15:1 pentadecenoic acid, 17:0
heptadecanoic acid, 17:1 heptadecenoic acid, 18:3 gamma linolenic acid, 20:2
eicosadienoic acid, 20:3 eicosatrienoic acid, and 20:4 arachidonic acid.

The following additional seven observations for forage and grain tissue samples
were below the LOQ: 16:1 palmitoleic acid (five values in grain); and vitamin E
(two values in grain). To include a complete data set for these analytes in the
statistical analysis, a value equal to half the quantitation limit was assigned for

these seven data points.

The data was assessed for potential outliers using a studentized PRESS residuals
calculation. Two outliers were identified in the data set: copper (Site 4, Test
MON 89034, Rep 1), and iron (Site 1, Reference H8751, Rep 2). The identified
copper and iron values were considered outliers and were removed from further
analysis. The outlier test procedure was reapplied to all remaining copper and iron
data to detect potential outliers that were masked in the first analysis. Only one
iron value (Site 1, Test MON 89034, Rep 1) identified in the second analysis was
considered an outlier and removed from further analysis.

Statistical Methodology

At the field sites, the test, control, and reference substances were grown in single
plots randomly assigned within each of three replication blocks. The
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compositional components for the test and control substances were
analyzed using a mixed model analysis of variance. The data from

replicated site analyses used the model:
Yij =U+T;+Bj+eij,

where Y;; = unique individual observation, U = overall /¢ ; = Myprid effect, B,
= random block effect, and e;; = residual error.

Combined site analyses used the model:

where Y« = unique individual observatig, ean, T; = hybrid effect,
L; = random location effect, B(L)j = rapde yhin location effect, LT;; =
random location by hybrid interaction £ /= residual error. For each
compositional component, the foragé the test substance was

tolerance interval is an interval that one
fidence, contains at least a specified

te bounds were set to zero. SAS® software was used to
statistics and perform all analyses (SAS Software Release
eport tables present p-values from SAS® as either <0.001 or

ontrol corn and to the tolerance interval calculated from the conventional
he compositional profile of each test, control, and reference substance was
by evaluating 61 different analytes (nine in forage and 52 in grain). The
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report of MSL # 20402 (Reynolds et al,, 2006) and all of the data present in Tables 1-13
was obtained from the final report from MSL # 20402 (Reynolds et al., 2006). A
statistical analysis summary was generated for each compositional analyte at each site and
across all sites. A summary of the statistically significant differences (p<0.05) can be
found in Table 1. Each test value that had a statistically significant difference from the
comparator (i.e., p<0.05) was compared to the 99% tolerance interval generated from the
reference substances in this study. For each component, least-square means, standard
errors, and the range of observed values are presented for the test and control substances.
In addition, mean differences between the test and control, standard errors for the mean
differences, the range of observed differences, 95% confidence intervals of the differences
and the significance probabilities are presented for each comparison in Tables 2-13.
Reported literature and ILSI Crop Composition Database ranges for the analytical
components found in corn forage and grain are in Table 14.

9.1 Composition Comparisons Between MON 89034 and Conventional Control

Statistical analyses for MON 89034 from the combined site showed statistically significant
differences for three analytes. For two of these analytes, there were also statistically
significant differences in more than one of the individual sites. For the remaining one
analyte, there was a statistical difference in only one of the individual sites. Statistical
analyses for MON 89034 from the five individual sites showed that 11 analytes were
observed to be statistically different from the control in more than one of the individual
sites and 33 analytes were observed to be statistically different from the control in only
one of the individual sites (Table 1). Details of the statistical observations are as follows:

In the grain of the test substance, 20:0 arachidic acid was found to be statistically different
from the control in the combined site. Statistical differences for 20:0 arachidic acid were
also observed in three individual sites. Stearic acid (18:0) was found to be statistically
different from the control in the combined site and in two individual sites. Phosphorus
from the forage of the test substance was found to be statistically different from the
control in the combined site and one of the five individual sites. Since statistical
differences for 20:0 arachidic acid , 18:0 stearic acid, and phosphorus were observed in
one to three of the five individual sites and the combined site, and the mean and range of
values from the test substances were within the calculated 99% tolerance interval for the
population of conventional reference substances, these differences were not considered to
be biologically relevant.

Six comparisons (3 analytes) for MON 89034 were found to be statistically different from
the control in more than one individual site and not in the combined site. Carbohydrate,
iron, and copper values from the grain of MON 89034 were observed to be statistically
different from the control at each of two individual field sites. Since the direction of
change was not consistently observed across sites (for 2 of 3 analytes), and the mean and
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range of values from the test substances were all within the calculated 99% ran@{
interval for the population of conventional reference substances, these diff; ce@’ 9
not considered to be biologically relevant. O

Thirty two comparisons for MON 89034 were found to be statistically different ffofm the
control in only one of the five individual sites and not in the combiped sitezFor/3Y of these
comparisons, the mean and range of values for MON 89034 werg/ Wit QES?F afculated
99% tolerance interval for the population of conventional refer 5. The
exceptions were calcium and methionine levels in grain growy L?Zz h¢/tAnge of calcium
Crop
Composition Database. Since these differences were obsér¥ed ghe individual site,
§1t A1ythe range of values
obtained from either the calculated 99% tolerance intgryal Joy/tife ILSI Crop
0% to’be biologically relevant.

Based on statistical analyses of the combined si tHe/individual site data, it is

conventional corn forage and grain.

10.0 Conclusions

In conclusion, data were generated sttisticat ; alyses performed on forage and grain
from MON 89034, a conventional/cgntrghcoryy, And 15 conventional corn reference
varieties. The statistical analys 0 that All of the 366 comparisons made between

the test substance, MON 89034 /an cgnwentional control corn substance, LH198 x
LH172, were either: a) not 1ﬁ t y hiferent, b) were significantly different (p<0.05)
but the composition value % bstances were within the calculated 99%

n gfLonventional reference substances and not

pY,
&{‘éo c) were significantly different (p<0.05) but the

ted sybgtances were withm the range of values obtained from
itjon Datapase and not considered biologically relevant. Thus, the
Mgg,\l 89034 are compositionally equivalent to conventional corn
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Monsanto Company
Product Safety Center

MSL # 20403
Page 84 of 86

Table 14. Literature and ILSI Database Ranges for Components in Corn Forage and Grain

Tissue/ Literature ILSI

Componentl Range2 Range3
Forage
Proximates (%o dw)
Ash 2.43-9.64% 2-6.6° 1.527 - 9.638
Carbohydrates 83.2-91.6% 76.5-87.3* 76.4 - 92.1
Fat, total 0.35-3.62°% 1.42-4.57° 0.296 —4.570
Moisture (% fw) 56.5-80.4%55.3-75.3° 49.1 - 81.3
Protein 4.98-11.56° 3.14-11.57
Fiber (% dw)
Acid detergent fiber (ADF) 18.3-41.0" 17.5-38.3° 16.13 - 47.39
Neutral detergent fiber (NDF) 26.4-54.5% 27.9-54.8° 20.29 - 63.71

Minerals (% dw)

Calcium
Phosphorous

Grain
Proximates (% dw)

Ash
Carbohydrates
Fat, total
Moisture (% fw)
Protein

Fiber (%o dw)

Acid detergent fiber (ADF)
Neutral detergent fiber (NDF)
Total dietary fiber (TDF)

Minerals

Calcium (% dw)
Copper (mg/kg dw)
Iron (mg/kg dw)
Magnesium (% dw)
Manganese (mg/kg dw)
Phosphorous (% dw)
Potassium (% dw)
Zinc (mg/kg dw)

0.0969-0.3184°
0.1367-0.2914°

1.1-3.9% 0.89-6.28°
77.4-87.2% 82.2-88.1°
3.1-5.7% 2.48-4.81°
7-23% 8.18-26.2°
6-12% 9.7-16.1°

3.3-4.3% 2.46-11.34*
8.3-11.9% 7.58-
10.99-91°41"

0.01-0.1¢
0.9-10¢
1-100°
0.09-1¢
0.7-54°

0.26-0.75¢

0.32-0.72¢
12-30¢

Amendment 1

0.0714 - 0.5768
0.0936 - 0.3704

0.616 — 6.282
77.4 - 89.5
1.742 - 5.823
6.1 -40.5
6.15-17.26

1.82-11.34
5.59-22.64
8.85-3531

0.00127 - 0.02084
0.73 - 18.50
10.42 — 49.07

0.0594 - 0.194
1.69 - 14.30
0.147 -0.533
0.181 - 0.603
6.5-372



Monsanto Company
Product Safety Center

Tissue/ Literature

Component1 Range2
Grain
Amino Acids (% dw)
Alanine n/a
Arginine w/a
Aspartic acid n/a
Cystine n/a
Glutamic acid n/a
Glycine n/a
Histidine n/a
Isoleucine n/a
Leucine n/a
Lysine n/a
Methionine n/a 0.124 - 0.468
Phenylalanine 0.244 - 0.930
Proline 0.462 - 1.632
Serine 0.235-0.769
Threonine 0.224 - 0.666
Tryptophan 0.0271 - 0.215
Tyrosine 0.103 - 0.642
Valine 0.266 — 0.855

Fatty Acids

16:0 Palmitic

16:1 Palmitoleic

18:0 Stearic
18:1 Oleic
18:2 Linoleic

18:3 Linolenic

3-12.1% 17-47°

Amendment 1

(% total fatty acid)

7.94 -20.71
0.095 - 0.447
1.02-3.40
17.4 -40.2
36.2-66.5
0.57-2.25
0.279 - 0.965
0.170 - 1.917
0.110-0.349

(mg/kg dw)
0.147 - 1.464
10.37 — 46.94

1.26 — 40.00

0.50-2.36

3.68 - 11.32

1.5-68.7
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Page 86 of 86

Product Safety Center

Table 14. Literature and ILSI Database Ranges for Components in Corn Forage and Grain

Tissue/ Literature ILSI

Component’ Range2 Range’
Grain
Anti-Nutrients (% dw)
Phytic acid 0.48-1.12° 0.111-1.570
Raffinose 0.08-0.30° 0.020 - 0.320
Secondary Metabolites (ng/g dw) (ng/g dw)
Ferulic acid 113-1194%; 30008 291.9 - 3885.8
p-Coumaric acid 22-75" 53.4-576.2

'fw=fresh weight; dw=dry weight; Niacin =Vitamin B;; Vitamin B, =Thiamine; Vitamin B,
=Riboflavin; Vitamin B¢ =Pyridoxine

’Literature range references: “Ridley et al., 2002a. "Sidhu et al., 2000a. “Jugenheimer, 1976.
‘Watson, 1987. “Watson, 1982. ‘Classen et al., 1990. #8Dowd and Vega, 1996. "Choi et al., 1999.
*ILSI range is from ILSI Crop Composition Database, 2006.

n/a = not available
Conversions: % dw x 10° = ug/g dw; mg/g dw x 10° = mg/kg dw; mg/100g dw x 10 = mg/kg dw

Amendment |



