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Dear Mr. McEvoy,

The Pet Food Institute (PFI), the trade association comprised of pet food
manufacturers which produce 98% of the dog and cat sold in the United States, an
$18 B business with an additional $1.2B in exports, formally submits this petition to
the U.S. Department of Agriculture's National Organic Program. We request the
amendment of §205.603(d) of the National Organic Standards to include required
amino acids as synthetic substance allowed for use in organic pet food production on
behalf of all Organic pet food producers in the U.S. This petition is being submitted
in anticipation of the development of formal regulations governing the certification of
pet food under the National Organic Standards.

In accordance with the instructions on the National Organic Program website, we
have provided answers to all of the questions below, and in a manner that satisfies
the criteria in 7 USC 6517 and 6518, commonly known as the Organic Foods
Production Act.

We, of course, are ready to provide any additional information that you, the National

Organic Standards Board, or the Technical Advisory Panels may require to complete
your review process.

Sincerely,

Nancy K. Cook
Vice President

www.petfoodinstitute.org
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Petition Information

Overview and Introduction

The U.S. Department of Agriculture’s National Organic Standards recognized from the
outset that vitamins, minerals and other required nutrients are essential in formulating
certified organic products that will meet the nutritional requirements of humans and
animals.

Specifically, §205.603(d)(2) and §205.603(d)(3) allow trace minerals and vitamins to be
utilized in livestock for enrichment or fortification when FDA approved. Those nutrients
are allowed for use in livestock feed regardless of the method of manufacturing or
handling.

Under the current regulations, pet food products seeking certification under the USDA
Organic Standards must be produced in accordance with §205.605 and §205.606 of the
National Organic Standards. However, this petition is being submitted in anticipation of
proposed regulations to allow certification of pet food as organic under §205.603 of the
National Organic Standards.

This petition is also being submitted in accordance with the consent of the National
Organic Standards Board Livestock Committee—and the National Organic Program—to
consider a petition for required nutrients as defined by the National Research Council in
the National Academy of Science’s Nutrient Requirements of Dogs and Cats.

That decision is consistent with the information supplied to the National Organic
Program on June 27, 2011 by the U.S. Food and Drug Administration’s (FDA) Center for
Veterinary Medicine (CVM). In that communication, the FDA stated, “The CVM relies on
the various ad hoc expert nutrition committees under the Committee on Animal Nutrition of the
National Research Council in the National Academy of Sciences for establishment of which
nutrients, and in what amounts, are essential in the diets for specific species of domestic animals
to meet that species' daily nutrient requirements. For dogs and cats, the required essential
nutrients are listed and described in the 2006 edition of Nutrient Requirements of Dogs and
Cats." The CVM considers the nutrients listed in Tables 15-3,15-5, 15-8, for dogs. and Tables
15-10, 15-12,15-14 for cats, to be essential nutrients and eligible for supplementation if
required to meet and provide the listed MR, or in the absence of a stated value for the MR then
the listed value for Al for that nutrient, in products represented to be “complete and balanced.”
(underline added)

Note - The tables referenced above at included with this petition as Attachment D.

State regulators utilize the Official Publication of the Association of American Feed Control
Officials (AAFCO) as a model for the regulation of pet food products, including the nutrient
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composition of products eligible to be labeled as “complete and balanced.” As explained in the
FDA'’s June 2011 memorandum, “The AAFCO Dog and Cat Food Nutrient Profiles do not
contain any nutrient that has not been determined to be essential and listed in the previously
referenced tables in the 2006 edition of Nutrient Requirements of Dogs and Cats.”

Accordingly, this petition request approval for the addition of amino acids to add a
section §205.603(d)(3) stating “For dogs and cats, synthetic amino acids defined as
required by the National Research Council of the National Academy of Sciences.”

While this petition requests the allowance of those materials as a category—consistent
with the language in §205.603(d)(2) and §205.603(d)(3), these amino acids are discussed
individually to the extent possible throughout this document.

The importance for consideration of all of these required amino acids cannot be
understated. Unlike humans, dogs and cats rely on their daily ration of commercially-
prepared pet food as their sole source of nutrition. The absence of any of these required
amino acids will have a serious detrimental effect upon the health of that pet.

1. The substances’ common names

This petition covers the category of required amino acids. Amino acids categorized as
required by the National Research Council’s Nutrient Requirements of Dogs and Cats
include all of the following:
e Arginine
Methionine
Cysteine
Lysine
Taurine
Tryptophan
Threonine
Histidine
Isoleucine
Leucine
Phenylalanine
Tyrosine
Valine

2. The official name, address, and telephone number for Pet
Food Institute:

Pet Food Institute

2025 M St., NW

Suite 800

Washington, D.C. 20036
Tel: 202 367-1120
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Fax: 202 367-2120
Website: www.petfoodinstitute.org

Contact Persons: Nancy Cook, nancy@petfoodinstitute.org
Dave Carter, de.carter@comcast.net

3. The intended or current use of the substance:

The above-listed amino acids are required in the diets of canine and felines. Without the
inclusion of the proper levels of these amino acids, dog and cat food formulations cannot
be classified as “complete and balanced” under the guidelines of the American
Association of Feed Control Officials (and, which guidelines are based upon the NRC
Nutrient Requirements of Dogs and Cats). As mentioned above, State regulators utilize the
Official Publication of the Association of American Feed Control Officials (AAFCO) as a
model for the regulation of pet food products. Accordingly, commercially-produced pet food
products cannot be labeled as “complete and balanced unless those products contain the
required amino acids in the minimum (and maximum) levels listed in the tables below:

AAFCO Dog Food Nutrient Profiles
Based on Dry Matter
Growth & Adult
Units
DM Reproduction | Maintenance

Basis Minimum Minimum Maximum
Arginine % 0.62 0.51
Histidine % 0.22 0.18
Isoleucine % 0.45 0.37
Leucine % 0.72 0.59
Lysine % 0.77 0.63
Methionine-cystine % 0.53 043
Phenlyalanine-tryosine % 0.89 0.73
Threonine % 0.58 0.48
Tryptophan % 0.20 0.16
Valine % 0.48 0.39
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AAFCO Dog Food Nutrient Profiles
Based on Calorie Content

Units per Growth & Adult
1000 kcal | Reproduction Maintenance
ME Minimum Minimum Maximum
Arginine g 1.77 1.46
Histidine g 0.63 0.51
Isoleucine g 1.29 1.06
Leucine g 2.06 1.69
Lysine g 2.20 1.80
Methionine-cystine g 1.51 1.23
Phenlyalanine-tryosine g 2.54 2.09
Threonine g 1.66 1.37
Tryptophan g 0.57 0.46
Valine g 1.37 1.1
AAFCO Cat Food Nutrient Profiles
Based on Dry Matter
Growth & Adult
Units DM | Reproduction Maintenance
Basis Minimum Minimum Maximum
Arginine % 1.25 1.04
Histidine % 0.31 0.31
Isoleucine % 0.52 0.52
Leucine % 1.25 1.25
Lysine % 1.20 0.83
Methionine-cystine % 1.10 1.10
Methionine % 0.62 0.62 1.50
Phenlyalanine-tryosine % 0.88 0.88
Phenylalanine % 0.42 042
Threonine % 0.73 0.73
Tryptophan % 0.25 0.16
Valine % 0.62 0.62
Taurine (Dry Food) % 0.10 0.10
Taurine (Wet Food) % 0.20 0.20
AAFCO Cat Food Nutrient Profiles
Based on Calorie Content
Units per Growth & Adult
1000 kcal | Reproduction Maintenance
ME Minimum Minimum Maximum
Arginine g 3.10 2.60
Histidine g 0.78 0.78
Isoleucine g 1.30 1.30
Leucine g 3.10 3.10
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Lysine g 3.00 2.08
Methionine-cystine g 2.75 2.75
Methionine g 1.55 1.55 3.75
Phenlyalanine-tryosine g 2.20 2.20
Phenylalanine g 1.05 1.05
Threonine g 1.83 1.83
Tryptophan g 0.63 0.40
Valine g 1.55 1.55
Taurine (Dry Food) g 0.25 0.25
Taurine (Wet Food) g 0.50 0.50

These materials are petitioned as a category for use as a synthetic allowed substance
under §205.603(d) of the National Organic Standards.

The Organic Pet Food Recommendation unanimously adopted by the NOSB in
November 2008 contained an appendix listing materials for possible petition to the
National List for use in pet food. That appendix specifically listed the following amino
acids for petition as allowed feed additives under §205.603(d):

l-arginine - for pet food (amino acid)

d-1 Methionine for pet food (amino acid)

Carnitine for pet food (amino acid)

l-cysteine for pet food (amino acid)

I-lysine, I-lysine monochloride for pet food (amino acids)

Taurine for pet food (amino acid)

I-tryptophan for pet food (amino acid)

Because the absence of even one required amino acid prohibits a pet food product from
being labeled as complete and balanced, the National Organic Program and the National
Organic Standards Board have consented to consider required amino acids as a
categorical addition to the National Organic Standards. Accordingly this petition includes
all forms to the required amino acids as identified by the National Research Council and
as listed in the Official Publication of AAFCO.

However, the list contained in the Appendix of the National Organic Standards Board
recommendation identifies those amino acids that are not readily available from
agricultural products used in commercially-manufactured pet food products. The other
required amino acids not listed in the NOSB recommendation are available in agricultural
products and will not need to be utilized in a synthetic format.

4. A list of activities for which the substance will be used —
mode of action

Activities
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Accordingly, these required amino acids will be used as an ingredient in the following
products to be manufactured as “organic” or “made with organic:”
e Wet cat food formulations labeled as complete and balanced for adult
maintenance, and for growth and reproduction;
e Semi-moist cat food formulations labeled as complete and balanced for adult
maintenance, and for growth and reproduction;
e Dry cat food formulations labeled as complete and balanced for adult
maintenance, and for growth and reproduction;
e Wet dog food formulations labeled as complete and balanced for adult
maintenance, and for growth and reproduction;
Semi-moist dog food formulations labeled as complete and balanced for adult
maintenance, and for growth and reproduction;
e Dry dog food formulations labeled as complete and balanced for adult
maintenance, and for growth and reproduction; and
e Pet Treats.

Mode of Action

Comprised of 23 different amino acids, proteins are often called the “building blocks” of
the tissues. The bodies of dogs and cats can manufacture 13 of these amino acids. The
other 10 amino acids, however, must come from dietary meat and plant sources and are
called the “essential amino acids”. The biological value of a protein is a measure of that
protein’s ability to supply amino acids, particularly the 10 essential amino acids, and to
supply these amino acids in the proper proportions.

Additionally, Taurine, Cysteine and Tyrosine, are recognized by the National Research
Council as required amino acids. The reasons for inclusion for these three materials are
explained in the following sections of the NRC:

Cysteine:

“Cysteine is an important component of proteins for their secondary structure and a major
constituent of hair and glutathione. Since methionine serves as a precursor to cysteine,
cysteine is a dispensable amino acid. Because cysteine is made only from methionine and
can provide about one-half of the total need for sulfur amino acids, cysteine and
methionine must both be considered when establishing the total sulfur amino acid
requirement. Therefore, the requirements are presented as the MR of methionine when
there is excess cysteine in the diet, and the total sulfur amino acid requirement, which can
be met with only methionine, but commonly involves a combination of methionine and
cysteine. Cysteine cannot be converted to methionine; so the MR of methionine must be
met with methionine.” (NRC, 2006, Page 126)

Taurine:

“Taurine is a B-aminosulfonic acid (2-aminoethanesulfonic acid), an essential dietary
nutrient for cats but dispensable for dogs fed adequate quantities of sulfur-containing
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amino acids. Taurine is one of the most abundant free amino acids in mammals, being
particularly high in brain, heart, and skeletal muscle. Peak concentrations of taurine occur
in the total body of newborns and in neonatal brain and gradually decrease by 75 percent as
cats mature, but 10 mmol taurine-kg"' is maintained in several tissues in adult cats
(Sturman, 1988).”

“Since taurine does not contain a carboxyl group and is a -amino acid, it is not found in
proteins and is made in most species from cysteine. The synthesis of taurine appears to be
severely limiting for strict carnivores, but not for most herbivores or omnivores.”

“Taurine deficiency causes a multitude of metabolic aberrations and clinical signs. Taurine
is involved in fetal development, growth, reproduction, neuro-modulation, sight, hearing,
heart function, osmoregulation, fat emulsification, neutrophil function, immune response,
antioxidation, and bile acid and xenobiotic conjugation and acts as an anticonvulsant.”
(NRC, 2006, Page 134)

Tyrosine:

“Although tyrosine is a dispensable amino acid, it is made in animals only from
phenylalanine, and tyrosine spares about one-half of the phenylalanine needed by all
species examined including dogs and cats. Thus, it is appropriate to consider the amount
of phenylalanine required as the sum of phenylalanine plus tyrosine, provided the level of
tyrosine in the diet is not higher than that of phenylalanine. Phenylalanine and tyrosine
have not been shown to be the most limiting amino acids for growth or nitrogen balance in
diets sufficient in protein or in commercial diets formulated using natural ingredients for
dogs and cats.” (NRC, 2006, Page 128)

5. The source of the substance and a detailed description of its
manufacturing or processing procedures from the basic
component(s) to the final product.

Source:

Amino acids are present in all proteins. However, purified proteins or purified amino
acids, when fed alone without other food ingredients, cannot maintain dogs and cats in
good health.

Manufacturing Process:

There are four general ways to obtain amino acids for commercial use: extraction from
natural sources, chemical synthesis, fermentation, and enzymatic catalysis.

Extraction from Natural Sources

In extraction from natural sources the standard procedure is hydrolysis with aqueous acid,
followed by capture of the amino acids by passage of the hydrolysate over a strongly
acidic ion exchange resin. After the resin is washed with water, elution with aqueous
ammonia frees the amino acids, which are collected in fractions. Extraction is the most
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economical process for the production of both (S )-tyrosine and (R, R)-cystine. Reduction
of (R,R)-cystine gives (R)-cysteine. (Journal of Chemical Education, 2004)

Chemical Synthesis

The advantage of a chemical synthesis is that it can be carried out on a very large scale,
and often in a continuous way. The great disadvantage, however, is that it typically gives
a racemic mixture of the enantiomeric forms of the amino acid. Thus the product of a
chemical synthesis must be resolved into the R and S forms, followed by recovery and
recycling via racemization of the undesired enantiomer.

An example of a chemical synthesis is provided by the preparation of (R,S)-methionine.
Since both the R and S isomers of methionine can be metabolized by poultry and swine,
resolution is not necessary and, in contrast to most other amino acids, chemical synthesis
is predominant for the industrial production of methionine, as well as for racemic alanine
and glycine.

The first step of the chemical synthesis of methionine is the conjugate addition of methyl
mercaptan to acrolein to give B-methylthiopropionaldehyde.

The addition of methyl mercaptan to acrolein takes place by a nucleophilic mechanism.
Attack of the conjugate base of methyl mercaptan (pKa = 10.7) gives a resonance-
stabilized anion, which then accepts a proton on carbon to give the addition product, -
methylthiopropionaldehyde.

B-Methylthiopropionaldehyde is then converted to methionine by the Bucherer method, a
modification of the Strecker method in which ammonium carbonate takes the place of

ammonia. (Journal of Chemical Education, 2004)

Fermentation Methods

Although it is possible to prepare any natural amino acid by fermentation, a
microbiological process, the special mutants that allow production to be done on a large
scale have been developed only for the preparation of (S)-lysine and (S)-glutamic acid.
The carbon sources for these syntheses are typically cane or beet molasses, raw sugar, or
a starch hydrolysate. Ammonia is the source of nitrogen, and oxygen is provided by
passing compressed air into the fermenting mixture.

An early fermentation process for the production of lysine made use of a pair of E. coli
mutants. Normal E. coli can synthesize its own lysine from carbohydrates and ammonia,
but the first mutant lacked the a,e- diaminopimelic decarboxylase that normally converts
a,e--diaminopimelic acid (DAP) to lysine.

After the concentration of DAP had reached a maximum in the presence of the first
mutant, the first mutant was removed and another E. coli strain was added. This second
mutant produced DAP decarboxylase, but lacked lysine decarboxylase, thus allowing
lysine to accumulate.
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A second method for the production of lysine is a single stage fermentation process, now
generally used for the microbial synthesis of lysine. This process makes use of a mutant
of Corynebacterium glucamicum in which feedback mechanisms of product inhibition are
overcome. Molasses is the most common carbon source, and this contains sufficient
biotin to provide the more than 30 ng/L needed to suppress the excretion of glutamic
acid. (Journal of Chemical Education, 2004)

All amino acids may be produced by fermentation. Whether they will or not depends on
the costs of competing technologies such as chemical synthesis or extraction from protein
sources. (holisticmed.net, 2003)

The fermentation method has the advantage of mass production at low cost, which was
the great impetus for expanding the amino acid market. The manufacturing method of

glutamate shifted from the extraction method to the fermentation method in the 1960s.

Subsequently, a similar shift to the fermentation method took place for the other amino
acids in rapid succession. (Ajinomoto, 2011)

Enzymatic Synthesis of Amino Acids

In the fourth method for synthesis of amino acids, the enzymatic procedures, pure
enzymes are used, rather than the enzyme systems of living microorganisms, as in the
fermentation methods.

At one time, for example, (S)-aspartic acid was produced mainly by the enantioselective,
enzyme-catalyzed, addition of ammonia to fumaric acid, a substance that could be sup
plied in large quantities and at low cost.

Since only the naturally occurring isomer of aspartic acid was formed, resolution was not
necessary. This method has since been supplanted by a continuous microbiological
process in which the reacting solution passes over a fixed bed of an immobilized
microorganism. (Journal of Chemical Education, 2004)

Choosing between processes depends on available technology, costs of raw material,
market prices and sizes, cost of running fermentation versus synthesis reactions, and the
environmental impact of the process itself. (holisticmed.net)
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SOURCES OF SIGNIFICANT PRODUCTION
Chemical Enzyme
Amino Acid Extraction | Synthesis | Fermentation | Catalyst
Arginine Y Y
Cystine Y Y
Histidine Y
Isoleucine Y
Leucine Y Y
Lysine Y Y
Methionine Y
Phenylalanine Y Y Y
Proline Y
Threonine Y Y
Tryptophan Y Y Y
Tyrosine Y Y
Valine Y Y

Source: Journal of Chemical Education, 2004

Synthesis of Amino Acids

Note: The following information was produced by Timothy Paustian, of the University of
Wisconsin-Madison

The amino acids synthesis pathways can be grouped into several logical units. These
units reflect either common mechanisms or the use of common enzymes that synthesize
more than one amino acid. These categories are: simple reactions, branch chain amino
acids, aromatic amino acids, threonine/lysine, serine/glycine, and unique pathways. The
aromatic amino acids, threonine/lysine and serine/glycine pathways have a common
beginning and then diverge to form the amino acid of interest.

Notice that each pathway begins with a central metabolite or something derived from
"central metabolism". Using common compounds instead of synthesizing them from
scratch saves energy and conserves genes since fewer enzymes are needed to code for the
pathways.

Simple Reactions

glutamine, glutamate, aspartate, asparagine and alanine

In most cases these amino acids can be synthesize by one step reactions from central
metabolites. They are simple in structure and their synthesis is also straight forward.
Glutamate can by synthesized by the addition of ammonia to a-ketoglutarate.
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Figure 1 - The synthesis of glutamate

Glutamine is made by the addition of another ammonia molecule to glutamate.

ATP ADP + P;

NH, + O N

M

Glutamate Glutamine
Figure 2 - Synthesis of glutamine

The rest of the simple reactions involve transfer of the amino group (transamination)
from glutamate or glutamine to a central metabolite to make the required amino acid.
Aspartate is synthesize by the transfer of a ammonia group from glutamate to
oxaloacetate.

G I:I G' D_ D _D D
o 0 | 8]
o + -
— + o, e -
0 4 o
M o M O

Giutamate Oxaloacetate Aspartate u-ketoglutrate
Figure 3 - The synthesis of aspartate

Asparagine is made either by transamination from glutamine or by adding ammonia
directly to aspartate.

AMP + PP
C:I
D
Aspartate Glutamineg Asparging Slutamate
or
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ATP  ADP + P
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Aspargine

Figure 4 - Formation of asparagine. Notice the use of AMP instead of ADP in this reaction. This releases
more energy which is needed to drive the synthesis.

Alanine synthesis is a bit of a mystery. Several reactions have been identified, but it has
been impossible to generate an alanine auxotroph and therefore positively identify a
required pathway. There are several pathways and the most likely is formation of alanine
by transamination from glutamate onto pyruvate. A transamination using valine instead
of glutamate is also possible.

O

8]
o 2 /'D 1 - 9
] \L > \»/LL_ -
-+ 0 + a
o =0 y
O (8]

N

a-Eetogiutrate
Glutamate Pyruwvate Alanine

Figure 5 - Synthesis of alanine

Threonine/lysine

Synthesis of threonine and lysine begins by the conversion of oxaloacetate to aspartate
semialdehyde. This shared pathway costs one ATP and two NADPH + H"

Threonine biosynthesis is completed in three steps. First a second reduction with NADPH
+H", yields homoserine. This is phosphorylated to homoserine phosphate by ATP and
finally converted into threonine.
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2 NADPH + H*  ADP + P Succinyl-CoA
glutamate CoA

2 NADPT

Succinate

Lysine

Figure 6 - Synthesis of Threonine and Lysine. Note the amount of energy that is expended in these
biosytheses.

The synthesis of lysine has been found to consist of different reactions in different
bacterial species. A somewhat generalize pathway is presented. Lysine synthesis involves
the addition of pyruvate to aspartate semialdehyde, the use of a CoA intermediate (either
acetyl CoA or succinyl-CoA) and the addition of an amino group from glutamate. The
group added from CoA (either succinyl or acetyl) serves as a blocking group, protecting
the amino group from attack during transamination by glutamate. NADPH + H" is
required for reduction in the second step of the pathway.

leucine, isoleucine and valine

Examination of the isoleucine pathway versus the valine pathway demonstrates that the
only difference is the substitution of an ethyl group instead of a methyl group to the a-
carbon of the intermediates. The intermediates are so similar that common enzymes
catalyze four steps of each pathway. Isoleucine synthesis begins with threonine, which is
deaminated to a-ketobutyrate. From here the 4 step synthesis costs one NADPH + H' per
amino acid synthesized.
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Figure 7 - Synthesis of valine and isoleucine.

Leucine biosynthesis starts off with the last intermediate in the valine synthesis, o-
ketoisovalerate. In the first step Acetyl-CoA is used to add an acetyl group to the
molecule. Electrons are transferred to NAD" (note these can be used for other cellular
processes) and one carbon is lost in the form of CO, at the fourth step of the pathway. In
the final step, the amine from glutamate is added to a-ketoisocaproate to form leucine.

Acetyl-Cof, CoA glutamate o-ketoglutrate
o 0
5 steps
o r o~
N
c-ketovalerate NAD* NADH + H* Laucing
- CGE

Figure 8 - Synthesis of leucine
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tryptophan, phenylalanine and tyrosine

Synthesis of the aromatic amino acids begins with the synthesis of chorismate - an
important intermediate for many biosynthetic pathways. Phosphoenol pyruvate and
erythrose 4-phosphate serve as beginning substrates for the pathway. A price of one
NADPH + H' and one ATP is exacted for every chorismate formed. In the sixth step of
the synthesis another phosphoenol pyruvate molecule is added to the growing molecule.

Phosphoenolpyruvate Erythrose-4-phosphate

(PEP) O
POH—0O OH
O + HO

3-Deoxy-D-arabino-heptulosonate 7-phosphate

NADPH + HY

\

Chorismalte

Figure 9 - Synthesis of chorismate

Phenylalanine

Chorismate is converted to phenylpyruvate in two steps and phenylalanine is synthesized
by a transamination reaction with glutamate. No energy is required to run these reactions.
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Figure 10 - Synthesis of phenylalanine

Tyrosine

The synthesis of tyrosine is very similar to the synthesis of phenylalanine, but the
reactions are carried out by different enzymes under different regulatory control. NADH
is created in the formation of 4-hydroxyphenylpyruvate. Tyrosine is made by a similar
transamination reaction as that seen in phenylalanine synthesis.

glutamate o-ketoglutrate

£ e N\ A
- N T

Ch © : NADT NADH + H* Tyrosine
Chonsmate N C{}E

Figure 11 - Synthesis of tyrosine

Tryptophan

Trytophan synthesis is complex and involves 5 steps from chorismate. Glutamate donates
an amine group in the first step of the pathway and pyruvate is lost from chorismate. In
the next three steps a ribose sugar is added, this eventually contributes to the 5 membered
ring of tryptophan. Energy is contributed to the process in the form of hydrolysis of
pyrophosphate. This hydrolysis helps drive the addition of the ribose sugar in the second
step of the reaction. In the last step of the pathway serine serves as the donor of the a
carbon amino group of tryptophan.

Ghyceradehyde-

Glutamate +
Serine  3- phosphate

Glutamlne?muatﬂ
O 5 steps
c:' PRPP \

Chorismate

}_:- ophan

Figure 12 - Synthesis of tryptophan
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Unique pathways

cysteine, methionine, histidine and arginine

These pathways involve something unusual, either the structure of the amino acid is
different enough than the other common amino acids, or sulfur is involved in their
synthesis. In any case, unique enzymes are involved in every step of the way. Here we
just examine what they start with and how much it costs the cell.

Cysteine

Synthesis of cysteine is a two step reaction. Serine and acetyl-CoA combine to form O-
acetylserine. Sulfide from sulfur assimilation is then added to O-acetylserine to form
cysteine. The pathway for cysteine synthesis was covered in sulfate assimilation.

Methionine

Methionine is synthesized from oxaloacetate. Succinyl-CoA participates and cysteine
donates a sulfur group to the molecule. Oxaloacetate is first converted into homoserine as
described above in the threonine biosynthetic pathway. Homoserine then has a sulfur
attached to the end in two steps and finally methionine is formed by the addition of a
methyl group.

4 steps 3

0 0o steps g
) 4 steps Succmyl Coh Lyateln@ \ O
0 o - i
\n/lk/kﬂ' 0 G
0

_ N CGA Succmate
Oxalcacetate Homoserine Methionine
ATP + pyruvate + NHy
2 NADPH + H*  app + P;
2 NADPT

Figure 13 - Synthesis of methionine. The donor of the methyl group (R) is a methyl carrier in the cell, N° N'-
Methylene terahydropteroyl.

Histidine

The synthesis of histidine is long and complex and its pathway is intertwined with nucleic
acid biosynthesis (specifically purine). The pathway seems to be universal in all
organisms able to synthesize histidine. The first five steps of the pathway take ribose
from phosphoribosyl pyrophosphate (PRPP) and transform it into Imadiazoleglycerol
phosphate. Once the imadiazole ring is formed, glutamate donates the a-amino group and
the newly formed amine is oxidized to histidine in the last step of the pathway. Energy is
required in the form of ATP (in this case elements of the ATP molecule actually becomes
part of the amino acid) and pyrophosphate which is lost from phosphoribosyl
pyrophosphate and ATP help drive the reaction.
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Figure 14 - Synthesis of Histidine

Investigations into histidine biosynthesis have yielded many insights into microbial
metabolism that have contributed greatly to our understanding of how cells function at
the genetic and biochemical level. Work in this area is still yielding important results.

Arginine
Synthesis of arginine is an eight step process starting with the amino acid glutamate. Two
ATP and one NADPH + H" are utilized to synthesize each arginine.

Required Amino Acid Organic Petition Information Page 22 of 117

Prepared by Crystal Springs Consulting, Inc.



M
+ Ht Carbamaoyl N
0 ,&,cet}q-cggﬁ'TP Glutamate phosphate ATP + Asp El:l
0 N N N\ M
0 \ \ \ \ \ Arginine | o
g~ CoA o-ketoglutate  p;
ADP AMP + PP;
N NADP*
Glutamate + P, Acetate Fumarate
8 steps

Figure 15 - Synthesis of arginine

Taurine

Taurine was first isolated from ox bile in 1827 by German scientists Fredrich Tiedemann
and Leopold Gmelin. The name, taurine, is a derivative of the Latin term, taurus.

Taurine occurs naturally in food, especially in seafood and meat, and it is a normal
metabolite in humans. It is a metabolic product of sulphur-containing amino acids, and it
is mainly biosynthesized from cysteine in the liver (SCF, 1999).

Today, a small amount taurine is still derived from bovine and ovine sources. This natural
taurine, however, is essentially a by-product from the production of cholic acid,
deoxycholic acid and other bile acids, and is therefore available in extremely limited
supplies. New Zealand Pharmaceuticals, Ltd., for example, produces 800 tons of bile
acids each year from oxen, cattle and sheep bile. Of that amount, only 20 tons consists of
taurine for all markets.

Most taurine today is synthesized from methionine, Vitamin E and cysteine.
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Figure 16 - Synthesis of taurine
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Commercial Suppliers:

Many companies commercially supply required amino acids as ingredients for livestock
feed and pet food. Major suppliers include—but are not limited to—the following
companies:

Ajinomoto Heartland LLC
8430 West Bryn Mawr Avenue,

Suite 650, Chicago, IL 60631-3421
Tel: +1 (773) 380-7000
Fax: +1 (773) 380-7006

Changshu Yudong Chemical Company
Wangshi Haiyu Town

Changshu City

Jungshu Province, China PC 215519
Tel +86-512-52565808

Fax +86-512-52561808

E-mail: yonglida@publicl.sz.js.cn
Website: www.yudongchem.com

Qianjiang Yongan Pharmaceutical Co., LTD
No. 16 Zhuze Road

Qianjiang, China

Tel: + 86-728-6202727/6201636

Fax: +86-728-6202797

E-mail: yasales@chinataurine.com

Website: www.chinataurine.com

Changshu Yudong Chemical Company
Wangshi Haiyu Town

Changshu City

Jungshu Province, China PC 215519
Tel +86-512-52565808

Fax +86-512-52561808

E-mail: yonglida@publicl.sz.js.cn
Website: www.yudongchem.com

Zone Industrielle Grasbesch
L-3370 Leudelange

G.D. de Lusombourg

Tel: +352-49-89-770

Fax: +352-49-89-771

Email: sales@taurinepffe.com
Website: www.taurinepffg.com
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New Zealand Pharmaceuticals Ltd.

Po Box 1869, Palmerston North, 4440,
New Zealand

+64 6 9523840

market@nzp.co.nz

WWW.HZP.CO.NZ

6. A summary of any available previous reviews by State or
private certification programs or other organizations of the
petitioned substance

These required amino acids not been previously petitioned, but has been allowed for use
in pet food products certified as “organic”, or” made with organic,” since October 2002.

Following the 2004 directive by NOP that pet food products could be certified under 7
CFR § 205.605 and §205.606, certifiers have relied upon the guidance from the NOP
regarding the use of taurine and other required nutrients for pet food products. In
November 2006, the NOP issued a notice in response to a complaint, reading, in part:

“The complaint that resulted in the opening of this case questioned the use of the
nutrients docosahexenoic acid (DHA) and arachidonic acid (ARA) in an organic
(redacted). The resulting investigation led to questions concerning the use of the
nutrients, nucleotides and taurine. FDA permits the use of all four in (redacted).
Accordingly, provided the nutrients in question are in full compliance with FDA
rules and regulations, they would comply with the NOP National List as currently
written.” (underline added)

The 2006 notice established a basis for including amino acids (sometimes referred to as
“accessory nutrients” in human food) under the materials allowed to be included in
certified organic food under §205.605(b) “Nutrient vitamins and minerals, in accordance
with 21 CFR 104.20, Nutritional Quality Guidelines For Foods.”Certifiers relied upon
this guidance as approval for allowing the use of required nutrients in pet food products
certified as “organic” and “made with organic.”

In early 2010, the USDA National Organic Program issued a memorandum to certifiers
specifying that 21 CFR 104.20 covered only vitamins and minerals, and thus could not be
utilized as justification for including amino acids and other nutrients in certified organic
food products. The NOP has subsequently issued a directive outlining a transition period
for enforcement of the new interpretation.

In addition, the NOSB in November 2008 unanimously adopted a recommendation
regarding changes in the organic regulations to support labeling of organic pet food. The
NOP is currently developing proposed regulations based upon the 2008 NOSB
recommendation. As recommended by the NOSB, §205.603 would be amended to
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include the synthetic substances allowed for use in organic pet food. §205.603 already
includes allowances for the inclusion of vitamins and trace minerals in certified organic
livestock production.

7. Information regarding EPA, FDA, and State regulatory
authority registrations, including registration numbers

U.S. Environmental Protection Agency (EPA)

The U.S. Environmental Protection Agency does not regulate amino acids, so these materials
are not listed on the EPA List 4 list of inert pesticide ingredients.

U.S. Food and Drug Administration (FDA)

The federal regulations, enforced by the United States Food and Drug Administration (FDA),
establish standards applicable for all animal feeds: proper identification of product, net quantity
statement, manufacturer's name and address, and proper listing of ingredients. (FDA, 2010)

The regulatory role of the U.S. Food and Drug Administration in the area of required amino
acids was addressed in a June 27, 2011 letter from FDA’s Center for Veterinary Medicine to
the Standards Division of the USDA National Organic Program.

In that letter, CVM states: “The Center for Veterinary Medicine (CVM) is the Center within
FDA that has regulatory authority over animal feeds and the ingredients used to formulate
animal feed products. For animal feeds, including foods for dogs and cats, the CVM has not
established or promulgated any minimum requirements (MR), adequate intakes (Al),
recommended allowances (RA) or other reference standards for daily nutrient intakes for any
particular nutrient. The CVM relies on the various ad hoc expert nutrition committees under the
Committee on Animal Nutrition of the National Research Council in the National Academy of
Sciences for establishment of which nutrients, and in what amounts, are essential in the diets for
specific species of domestic animals to meet that species' daily nutrient requirements. For
dogs and cats, the required essential nutrients are listed and described in the 2006 edition of
Nutrient Requirements of Dogs and Cats." The CVM considers the nutrients listed in Tables
15-3,15-5, 15-8, for dogs, and Tables 15-10, 15-12, 15-14 for cats, to be essential nutrients and
eligible for supplementation if required to meet and provide the listed MR, or in the absence of
a stated value for the MR then the listed value for Al for that nutrient, in products represented
to be "complete and balanced."

State Regulatory Authority

Most states also enforce their own labeling regulations under their state feed laws. States
commonly adopt model pet food regulations established by the Association of American Feed
Control Officials (AAFCO). These regulations are more specific in nature, covering aspects of
labeling such as the product name, the guaranteed analysis, the nutritional adequacy statement,
feeding directions, and calorie statements. (FDA, 2010). Within the pet food industry, the Dog
and Cat Food Nutrient Profiles listed in the Official Publication of AAFCO is widely
recognized as the definitive source of information regarding nutritional adequacy in pet food
products.
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As explained in the FDA CVM June 27, 2011 letter, however, the FDA relies upon the
Committee on Animal Nutrition of the National Research Council as the definitive source of
information regarding the nutritional requirements of dogs and cats:

“The AAFCO Dog and Cat Food Nutrient Profiles do not contain any nutrient that
has not been determined to be essential and listed in the previously referenced
tables in the 2006 edition of Nutrient Requirements of Dogs and Cats. The 2006
edition of Nutrient Requirements of Dogs and Cats contains some additional
specific fatty acids as essential required nutrients for specific life stages of dogs and
cats that are not currently listed in the AAFCO Dog and Cat Food Nutrient Profiles.
The AAFCO Dog and Cat Food Nutrient Profiles are presently under consideration
for revision, but what the specific revisions will be cannot be stated at this time. As
previously indicated, FDA CVM relies on the Committee on Animal Nutrition of
the National Research Council in the National Academy of Sciences for
establishment of which nutrients are essential in the diets of animals, not the
AAFCO Dog and Cat Food Nutrient Profiles.”

The required amino acids are recognized as GRAS under the following sections of
21 CFR

e Arginine §582.5145
e Mecthionine §582.5475
e C(Cysteine §582.5271
e Lysine §582.5411
e Taurine §573.980

e Tryptophan §582.5915
e Threonine §582.5881
e Histidine §582.5361
e Isoleucine §582.5381
e Leucine §582.5406
e Phenylalanine  §582.5590
e Tyrosine §582.5920
e Valine §582.5925

All amino acids referenced in 21 CFR §582, except Methionine and Cysteine, are
declared GRAS for both the L- and DL- form. For methionine, §582.5475 makes no
reference to L- or DL form. Cysteine is declared GRAS for L- form only

U.S. Department of Agriculture (USDA)

Amino acids in animal feed are not specifically regulated by the U.S. Department of
Agriculture.

Clean Air Act
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These required amino acids to not contain any hazardous air pollutants. These amino
acids to not contain any Class 1 Ozone depletors, nor do they contain any Class 2 Ozone
depletors.

Clean Water Act

These amino acids are not listed as Hazardous Substances under the CWA, nor is it listed
as Priority or Toxic Pollutants under the CWA.

OSHA

These amino acids are not considered highly hazardous by OSHA.

8. The Chemical Abstract Service (CAS) number or other
product numbers of the substance and labels of products that
contains the petitioned substance

Chemical Abstract Numbers

Common Name | L- CAS No. DL- CAS No. Other
Arginine 74-79-3

Methionine 63-68-3 59-51-8

Cysteine 52-90-4

Lysine 56-87-1 70-54-2

Taurine 107-35-7
Tryptophan 73-22-3 54-12-6

Threonine 72-19-5 80-68-2

Histidine 71-00-1 4998-57-6

Isoleucine 73-32-5 328-39-2

Leucine 61-90-5 328-39-2

Phenylalanine 63-91-2 150-30-1

Tyrosine 60-18-4 556-03-6

Valine 72-18-4 516-06-3

Labels of Products
Attachment A contains actual ingredient labels from current conventional and certified

“Made with Organic” products in the marketplace.

9. The substance's physical properties and chemical mode of
action
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Physical Properties

Arginine

Molecular Formula:
Molecular Weight:

Cas Number:

Methionine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Cysteine

Molecular Formula:
Molecular Weight:

Cas Number:

Lysine

Molecular Formula:
Molecular Weight:

Cas Numbers:

Taurine

Molecular Formula:
Molecular Weight:

Cas Number:
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174.203 g/mol
L -74-79-3

CsH:NO,S
149.214 g/mol

L — 63-68-3
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C;H;NO,S
121.16 g/mol
L- 52-90-4

CsH..N,O,
146.189 g/mol
L- 56-87-1
DL- 70-54-2

C,H,NO,S
125.149 g/mol
107-35-7
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Tryptophan

Molecular Formula:

Molecular Weight:

Cas Numbers:

Threonine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Histidine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Isoleucine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Leucine

Molecular Formula:

Molecular Weight:

Cas Numbers:
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204.229 g/mol
L- 73-22-3
DL- 54-12-6

C.H:NO,
119.12 g/mol
L- 72-19-5
DL- 80-68-2

CsHiN,O,
155.156 g/mol
L- 71-00-1

DL- 4998-57-6

CsH::NO,
131.175 g/mol
L- 73-32-5
DL- 328-39-2

C:Hi:NO,
131.175 g/mol
L- 61-90-5
DL- 328-39-2
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Phenylalanine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Tyrosine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Valine

Molecular Formula:

Molecular Weight:

Cas Numbers:

Characteristics

C,H.:NO,
165.192 g/mol
L- 63-91-2
DL- 150-30-1

C,H:NO;,
181.191 g/mol
L- 60-18-14
DL- 556-03-6

CsH.NO,
117.148 g/mol
L- 72-18-4
DL- 516-06-3

0
OH
NHo
[ffrf—iff“i]r”;“‘oH
HO/,E\;;« BH2
H
= OH
H-N
@)

With the exception of proline, all amino acids present in most proteins are a-amino acids
and have a-amino and a-carboxyl groups, both of which are involved in the peptide
bonds that are essential for protein structure.

Chemical Mode of Action

Each amino acid has a side chain on the a-carbon that ranges in size from a hydrogen
atom to an indole ring. The various side chains contribute to the secondary and tertiary
structure of protein, and several are often conjugated to various other groups, such as
phosphate and amino sugars. Also of nutritional importance are the acidic and basic side
chains in proteins that can accept or donate protons, depending on the pH of the medium in
which the protein is present. Acid-precipitated proteins (e.g., casein) have protons added
to the car-boxyl group side chains. These protons, together with those on the basic side
chains, are released during digestion, absorption, and utilization and contribute to
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metabolic acido-sis. Amino acids are important in providing building blocks for many
important biologically active compounds plus countless peptides and proteins.

Chemical interactions with other substances, especially substances used
in organic production

There is no evidence of negative interaction with substances used in organic production.
Toxicity and environmental persistence

In humans, symptoms of amino acid toxicity are damage to kidneys. Consuming large
amounts of amino acids, increases the levels of these compounds in the bloodstream. As a
result, kidneys must filter high quantities of compounds out of the blood, which can cause
kidney strain over time. An amino acid overdose can also have a negative effect on the
liver. Amino acid metabolism releases ammonia, a toxic compound. Very high doses of
amino acids can lead to a temporary buildup in ammonia in the liver, which can prove
harmful.

Here is the specific toxicity information for the required amino acids encompassed in this
petition:

Arginine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: MUTAGENIC EFFECTS: Mutagenic for mammalian
somatic cells.

Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of
ingestion, of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: May affect genetic material. Some
Laboratory experiments have resulted in mutagenic effects. Although some dietary
studies in animals have demonstrated that arginine deficiency can impair reproductive
organ development as well as having adverse effects on gestation and lactation, we did
not locate any literature on possible adverse reproductive effects of supplemental arginine
during human pregnancy.

Special Remarks on other Toxic Effects on Humans: Acute Potential Health Effects:
Skin: May cause skin irritation. Eyes: May cause eye irritation. Inhalation: May cause
respiratory tract irritation. Ingestion: May cause gastrointestinal tract irritation with
nausea, vomiting, and diarrhea. The toxicological properties of this substance have not
been fully investigated.

Methionine

Toxicity to Animals: LD50: Not available. LC50: Not available.
Chronic Effects on Humans: Not available.
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Other Toxic Effects on Humans: Hazardous in case of skin contact (irritant), of
ingestion, of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Passes through the placental barrier
in animal.

Cysteine

Toxicity to Animals: Acute oral toxicity (LD50): 660 mg/kg [Mouse].

Chronic Effects on Humans: The substance is toxic to lungs, mucous membranes.
Other Toxic Effects on Humans: Hazardous in case of skin contact (irritant), of
ingestion, of inhalation. Slightly hazardous in case of skin contact (permeator).
Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Not available.

Lysine

Toxicity to Animals: Acute oral toxicity (LD50): 10000 mg/kg [Rat].

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of
ingestion, of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Not available.

Special Remarks on other Toxic Effects on Humans: Acute Potential Health Effects:
Skin: May cause skin irritation. Expected to be a low hazard. Eyes: May cause eye
irritation.

Expected to be a low hazard. Inhalation: May cause respiratory tract irritation. Expected
to be a low hazard Ingestion:

Expected to be a how hazard. Ingestion of large amounts may cause gastric disturbances.
It may affect behavior (ataxia), respiration (dyspnea).

Taurine

Toxicity to Animals: Acute oral toxicity (LD50): >5000 mg/kg [Rat].

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of
ingestion, of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans:

May cause adverse reproductive effects and birth defects (teratogenic) based on animal
test data. May affect genetic material (mutagenic)

Special Remarks on other Toxic Effects on Humans:

Acute Potential Health Effects: Skin: May cause skin irritation. Eyes: May cause eye
irritation. Inhalation: May cause respiratory tract irritation. Ingestion: May cause
digestive tract irritation. The toxicological properties of this substance have not been
fully investigated. May also affect behavior (somnolence,), metabolism.
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Tryptophan

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Hazardous in case of ingestion. Slightly hazardous in
case of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Not available.

Threonine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Hazardous in case of ingestion, of inhalation. Slightly
hazardous in case of skin contact (irritant).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Passes through the placental barrier
in human.

Histidine

Toxicity to Animals: Acute oral toxicity (LD50): 15000 mg/kg [Mouse].

Chronic Effects on Humans: The substance is toxic to lungs, mucous membranes.
Other Toxic Effects on Humans: Hazardous in case of ingestion, of inhalation. Slightly
hazardous in case of skin contact (irritant).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Passes through the placental barrier
in human.

Isoleucine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Very hazardous in case of ingestion. Hazardous in
case of skin contact (irritant, permeator), of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Passes through the placental barrier
in human.

Leucine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Extremely hazardous in case of inhalation. Very
hazardous in case of ingestion.

Required Amino Acid Organic Petition Information Page 34 of 117
Prepared by Crystal Springs Consulting, Inc.



Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans: Passes through the placental barrier
in animal.

Phenylalanine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Hazardous in case of ingestion, of inhalation. Slightly
hazardous in case of skin contact (irritant).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Not available.

Tyrosine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Hazardous in case of ingestion, of inhalation. Slightly
hazardous in case of skin contact (irritant).

Special Remarks on Toxicity to Animals: LD50 [Mouse] - Route: Intraperitoneal;
Dose: >1450 mg/kg

Special Remarks on Chronic Effects on Humans: May affect genetic material
(mutagenic). May cause adverse reproductive effects and birth defects (teratogenic) based
on animal test data. No human data has been found.

Special Remarks on other Toxic Effects on Humans: Acute Potential Health Effects:
Skin: May cause skin irritation Eyes: May cause eye irritation Inhalation: Dust may cause
respiratory tract irritation. Ingestion: May cause digestive tract irritation. Ingestion of
large (toxic) amounts may also affect the liver , cause corneal disease, keratitis,
tachycardia and hypertension or bradycardia and hypotension. Chronic Potential Health
Effects: Ingestion: Prolonged or repeated ingestion may affect the urinary system, blood,
and behavior. Skin: Prolonged or repeated contact may cause dermatitis.

Valine

Toxicity to Animals: LD50: Not available. LC50: Not available.

Chronic Effects on Humans: Not available.

Other Toxic Effects on Humans: Hazardous in case of ingestion. Slightly hazardous in
case of skin contact (irritant), of inhalation.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Passes through the placental barrier
in human.

Environmental impacts from its use or manufacture;

Use:
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There is no evidence of negative environmental impact from the use of essential amino
acids in pet food. Excess amino acids are excreted from pets—as in other mammals, as a
component of nitrogen in urine. In cows, for example, free amino acids comprise 1.3
percent of the nitrogen component in urine. (Bristow, 1992)

Because most pet foods are complete and balanced, there should be minimal impact on
the environment.

Arginine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation: Possibly hazardous short term degradation products are
not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of
degradation are not toxic.

Methionine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Cysteine

Ecotoxicity: Not available.

BODS and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Lysine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.
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Toxicity of the Products of Biodegradation: The product itself and its products of
degradation are not toxic.

Taurine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of
degradation are not toxic.

Tryptophan

Ecotoxicity: Not available.

BODS and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Threonine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Histidine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Isoleucine
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Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Leucine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Phenylalanine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Tyrosine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of
degradation are not toxic.

Valine

Ecotoxicity: Not available.

BODS5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term
degradation products may arise.
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Toxicity of the Products of Biodegradation: The products of degradation are more
toxic.

Manufacture

As mentioned in Section 5, amino acids are typically synthesized through one of four
processes:

Extraction from natural sources;

Chemical synthesis

Fermentation; and

Enzymatic synthesis.

Effects on human health
As in dogs and cats, amino acids are an important part of the human nutritional intake.

Amino acids are critical to life, and have many functions in metabolism. One particularly
important function is to serve as the building blocks of proteins, which are linear chains
of amino acids. Amino acids can be linked together in varying sequences to form a vast
variety of proteins. Twenty-two amino acids are naturally incorporated into polypeptides
and are called proteinogenic or standard amino acids. Of these, 20 are encoded by the
universal genetic code. Nine standard amino acids are called "essential" for humans
because they cannot be created from other compounds by the human body, and so must
be taken in as food.

Amino acids in human food are regulated under 21 CFR §172.

Amino acid toxicity is rare, and protein restriction for patients with renal or liver failure

is obsolete because this only aggravated malnutrition. A true example of protein toxicity
consists of gastrointestinal hemorrhage that precipitates hepatic encephalopathy in liver

insufficiency, most likely because hemoglobin is an unbalanced protein because it lacks

the essential amino acid isoleucine. (Soeters, 2004)

Studies have shown that excessive intake of some amino acids may lead to some
disturbances. Both the age of the subject, and the adequacy of the diet with respect to
protein, caloric intake, vitamins, as well as the relative Orooportion of amino acids in the
diet influence the individual’s susceptibility to the amino acid load. (Deshpande, 2002).
However, this is not a relevant concern, given that these materials are not intended for
human consumption in this petitioned use.

Effects on soil organisms, crops or livestock

Soil Organisms
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Amino acids are commonly produced from microorganisms found in natural soil. One
gram of natural soil contains about 100 million microorganisms. From these a useful one
can be picked out.

Generally, microorganisms produce the 20 kinds of amino acids only in the amounts
necessary to themselves. They have a mechanism for regulating the quantities and
qualities of enzymes to yield amino acids only in the needed amounts. Therefore, it is
necessary to release this regulatory mechanism in order to manufacture the target amino
acid in large amounts.

Crops or Livestock

Chains of carbon, with each carbon atom linked to other carbons, form the “backbone” of
organic molecules. These carbon chains, with varying amounts of attached oxygen, H, N,
P and S, are the basis for both simple sugars and amino acids and more complicated
molecules of long carbon chains or rings. Depending on their chemical structure,
decomposition is rapid (sugars, starches and proteins), slow (cellulose, fats, waxes and
resins) or very slow (lignin). (UN FAO 1998)

Many plants, including important agricultural crops, form symbioses with soil
microorganisms that take N2 gas out of the atmosphere and convert it to forms that are
useful for growth (called N fixation). In some cases, plants will take up simple amino
acids from soil. Organic nitrogen actually exists in many forms in soil, including as free
amino acids, and can be bound in large organic molecules that are associated with soil
minerals. (Penn State, 2011)

The amino acids contained in this petitions are either required or recommended to
adequate livestock nutrition.

10. Safety information about the substance
Material Safety Data Sheets

Attachment A includes Material Safety Data Sheets for all of the petitions amino acids in
this category.

Substance Report from the National Institute of Environmental Health
Studies

The Food and Drug Administration (FDA) does not require a National Institute of
Environmental Health Studies report for taurine. Therefore a NIEHS report has not been
developed. The information contained in this petition under Section 9 covers the safety of
human health and environment.
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11. Research information about the substance which includes
comprehensive substance research reviews and research
bibliographies, including reviews and bibliographies which
present contrasting positions to those presented by the
petitioner in supporting the substance's inclusion on or
removal from the National List.

The National Research Council’s Nutrient Requirements of Dogs and Cats (2006) stands
as the primary source of scientific information regarding the amino acid requirements for
dogs and cats. The 2006 publication was developed by an ad hoc committee convened by
the NRC Committee on Animal Nutrition in 2000.

As explained in the preface of the 2006 publication “Throughout the study process, the
(ad hoc) committee sought input from various sources. We held public meetings in
conjunction with professional meetings and invited experts to speak with us as we
completed our task. Over the course of 3 years, the committee held six meetings and four
public sessions. We acquired data and information from various public and private
organizations. By combining a thorough literature review with critical analysis of
scientific data and professional experiences, the committee developed recommendations
that are firmly founded in science. (NRC, 2006)”

12. Petition Justification Statement
Overview

The U.S. Department of Agriculture’s National Organic Standards recognized from the
outset that vitamins, minerals and other required nutrients are essential in formulating
certified organic products that will meet the nutritional requirements of humans and
animals.

Specifically, §205.603(d)(2) and §205.603(d)(3) allow trace minerals and vitamins to be
utilized in livestock for enrichment or fortification when FDA approved. Similarly,
§205.605(b) allows food products labeled as “organic” or “made with organic” to contain
nutrient vitamins and minerals, in accordance with 21 CFR 104.20, Nutritional
Guidelines for Foods. Those nutrients are allowed for use in livestock feed and human
food regardless of the method of manufacturing or handling.

Under the current regulations, pet food products seeking certification under the USDA
Organic Standards must be produced in accordance with §205.605 and §205.606 of the
National Organic Standards. Certain nutrients required by cats and/or dogs are not
included in §205.605, §205.606, and are not referenced in 21 CFR 104.20(b). Without the
inclusion of those nutrients, however, commercially-produced pet foods cannot be
labeled as Complete and Balanced under the model regulations developed by the
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Association of American Food Control Officials in accordance with the National
Research Council’s Nutritive Requirements of Cats and Dogs.

The specific levels of required and recommended nutrients (including amino acids) are
listed in the following tables of the National Research Council’s Nutritive Requirements
of Cats and Dogs.

Table 15-3 Nutrient Requirements for Growth of Puppies after Weaning

Table 15-5 Nutrient Requirements for Adult Dogs for Maintenance

Table 15-8 Nutrient Requirements for Bitches for Late Gestation and Peak Lactation
Table 15-10 Nutrient Requirements for Growth of Kittens after Weaning

Table 15-12 Nutrient Requirements for Adult Cats for Maintenance

Table 15-14 Nutrient Requirements for Queens for Late Gestation and Peak Lactation

The tables referenced above are all included with this petition as Attachment D.

It is important to note that the NRC is recognized as the authoritative source of nutrient
information within the international community. For example, The European Pet Food
Industry Federation’s August 2011 report entitled Nutritional Guidelines for Complete
and Complementary Pet Food for Cats and Dogs, contains the following table:

TABLE A, = Substantiation of nutrient recommendations for dogs

GENERAL

1 Amino acids, trace Unless indicated with an © and substantiated ° MRS Chapter 15, Mutrent Requirements

elements, vitamins  hereafter, the values recommended for aguh 3nd Dietary Nutrient Concenfrations. In:
(Adult dogs) dogs are the levels recommended by MRC Hufrient Requiraments of Dogs and Cats
od The Hationa Academic Fress.

2006 Increased by 20% to compensate for the  Washington, DC. 2008 pp. 359-380.
lowar energy requirement of housshald degs  tabDle 15-4,

[sme Annex |} compared 1o the snargy intake

assumed by NRC.

(European Pet Food Industry Federation, 2011)

State regulators utilize the model regulations in the Official Publication of AAFCO as the
basis of determining if a commercial pet food product qualifies to be labeled as complete
and balanced. The specific levels of required amino acids identified in the Official
Publication of AAFCO are listed on Pages 7-9 of this petition.

Other references on this topic include:

Idiosyncratic nutrient requirements of cats appear to be diet-induced evolutionary
adaptations, James Morris, Department of Molecular Biosciences, School of
Veterinary Medicine, University of California, Davis. Nutrition Research Reviews,
2002, 15 Pages 153-168.
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The carnivore connection to nutrition in cats, Debra L. Zoran, DVM, PhD, DACVIM
Journal of the American Veterinary Association, Vol. 221, No. 11, December, 1,
2002 http://catinfo.org/docs/zorans_article.pdf

Comparative Nutrition of Cats and Dogs, D H Baker, and G L Czarnecki-Maulden,
Annual Review of Nutrition, Vol. 11: 239-263 (Volume publication date July 1991)

Additional studies used in the preparation of this petition are included in Attachment F.

Why the synthetic substance is necessary for the production of an organic
product.

Because dogs and cats rely on commercially-prepared foods as their sole source of
nutrition, it is vital that those commercial food products contain all of the nutrients
required for healthy growth and adult maintenance. Accordingly, the American
Association of Feed Control Officials (AAFCO) have developed model regulations,
based upon the National Research council’s Nutrient Requirements of Dogs and Cats,
regarding the level of nutrients for a commercially-produced pet food to be labeled as
complete and balanced. The term complete and balanced means that the formula supplies
a nutritionally adequate diet when fed according to label instructions.

Deficiency of even one of the essential amino acids can have damaging—and even
fatal—effects on the animal. Within the order Carnivora, cats are more sensitive than
dogs and ferrets to hyperammonaemia resulting from consumption of an arginine-free
diet. Cats are exquisitely sensitive to arginine deficiency, for there is no other example in
a mammalian species where consumption of a single meal lacking an essential nutrient
can lead to death. (Morris, 2002)

Nonsynthetic substances or alternative cultural methods that could be
used in place of the petitioned synthetic substance

Dogs and cats have been domesticated over the past thousands of years, but their
digestive tract remains largely unchanged from the time when they acted as predators in
the wild. Consequently, their protein (amino acid) requirements remain largely
unchanged from the time when the animals consumed diets consisting of freshly-killed
animals. This historic diet included more than simply the muscle meat of the prey, and
included the hide, fur, bones, --and for dogs--the contents of the stomach.

Consequently a diet consisting exclusively of fresh-killed game (for cats), and a
combination of fresh killed game and plant matter (for dogs), could contain the levels of
amino acids required for growth and maintenance in dogs and cats. Evidence shows that
animals existing in the wild do not have as long of a lifespan as those consuming
complete and balanced pet food.

Replicating the nutrient levels contained in a diet of freshly-killed game and foraged
plant matter (for dogs) is extremely difficult in a commercially-manufactured food
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product. For example, the heat required during processing to meet the food safety
requirements for commercially manufactured food products also decreases the
bioavailability of several endogenous amino acids—particularly taurine (Zoran, 2002).
Accordingly, additional incremental amounts of these nutrients must be added to
commercially manufactured products.

Further, even though cats do not have the ability to synthesize these amino acids, the
amino acids are not conserved. In fact, utilization of taurine, arginine, methionine and
cystein is higher in cats than in dogs. (Zoran, 2002)

Not all of the required amino acids will require the use of synthetic materials. As
mentioned above, amino acids are derives from many animal and plant sources. The
following table ists the dietary sources of the amino acids:

Amino Acid Dietary Sources - Animal Dietary Sources - Plant
Arginine cottage cheese, beef, pork, poultry, wild wheat germ, flour, buckwheat,
game, seafood oatmeal, peanuts, nuts, seeds
(pumpkin, sesame, sunflower), chick
peas, soybeans
Methionine eggs, fish, meats Cereal grains, Seeds (sesame,
pumpkin), nuts
Cysteine Cottage cheese, eggs, pork, poultry (chicken, | garlic, broccoli, Brussels sprout, oats,
turkey, duck), yogurt red peppers, wheat germ, sprouted
lentils
Lysine Beef, cheese, eggs, fish, milk, poultry Amaranth, beans (kidney, Navy)
Soybean, lentils,
Taurine Meat, seafood
Tryptophan Beef, eggs, fish, lamb, pork, poultry (chicken, | Bananas, nuts (almond, pistachio,
turkey), spirulina, cashew), potatoes, seeds (pumpkin,
sesame), soybeans
Threonine cottage cheese, poultry, fish, meat, Lentils
Histidine Cheese, eggs, meat, poultry, pork Brewer’s yeast, rice, rye, wheat
Isoleucine Cheese, eggs, fish, lamb, poultry (chicken, soy protein, seaweed
turkey)
Leucine beef, fish, , chicken, eggs, Almonds, beans, chickpea, corn,
oats, peanuts, rice, soybeans,
Phenylalanine Beef, cheese, fish, poultry, pork, yogurt Nuts, seeds, soy products
Tyrosine cheese, cottage cheese, fish, poultry Almonds, lima beans, peanuts, seeds
(chicken, turkey), yogurt, (pumpkin, sesame) soy products,
Valine cottage cheese, fish, poultry ,Peanuts, sesame seeds, and lentils

(WHO, 2007(, Virginia-Maryland Regional Veterinary College, 2010)

The following required amino acids are generally available through organically-produced

dietary sources:

e Histidine

e [soleucine

e Leucine
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e Phenylalanine-tyrosine
e Valine

As noted by the NOSB in its November 2008 recommendation regarding Certified
Organic Pet Food, the following amino acids are not generally available from organically
produced agricultural products, and must be added in a synthetic format:

l-arginine

d-1 Methionine
l-cysteine
I-lysine
Taurine
I-tryptophan
I-threonine

Because of the specific minimum (and in some cases, maximum) level of these essential
nutrients that must be present in a formulated food product to be recognized as complete
and balanced, small amounts of the synthetic materials are used to balance the
formulations, and to compensate for the loss that occurs through the normal
manufacturing process.

Beneficial effects to the environment, human health (pet health), or farm
ecosystem from use of the synthetic substance that support the use of it
instead of the use of a nonsynthetic substance or alternative cultural
methods.

Effect on the Environment

These required amino acids allows for the formulation of pet foods with the correct
balance of these amino acids for the diet of cats and dogs. While most attention is
dedicated to minimum requirements, excess levels of certain required nutrients can create
an imbalance that can be detrimental to the pet, and results in higher levels of amino
acids being excreted by the animal. As stated above, excess amino acids are excreted as a
component of nitrogen in the urine of these animals. Formulation of pet food products
with the appropriate levels of required amino acids will reduce the amount of excess
amino acids excreted by the animal.

Effect on Human (and Animal) Health

The essentiality of these amino acids comprises the foundation of this petition for their
addition to §205.603 of the National List.

As explained in the NRC, “Dietary protein is required for two reasons. First, protein
provides amino acids that dogs and cats cannot synthesize (essential amino acids) but are
required for synthesis of the many proteins in the body. Second, protein provides dispen-
sable amino acids (amino acids that can be synthesized if appropriate nitrogen and carbon
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sources are provided) that animals need for maintenance, growth, gestation, and lactation.
Dispensable amino acids provide nitrogen and carbon for the synthesis of any needed
dispensable amino acid and carbon for gluconeogenesis and/or energy. Dispensable
amino acids also provide nitrogen and/or structural components necessary to make other
compounds that are essential for life, such as purines, pyrimidines, heme, various hor-
mones, neurotransmitters, and/or neuromodulators (e.g., thyroxine, catecholamines, y-
aminobutyric acid, taurine).

“For either dogs or cats that consume primarily animal tissue, amino acids also provide
carbon chains for gluconeogenesis to supply glucose to tissues that require it (e.g., red
blood cells, nervous tissue) to maintain normal tissue metabolism. As for most other
animals, the following 10 amino acids have been shown to be essential for both dogs and
cats: arginine (Arg), histidine (His), isoleucine (He), leucine (Leu), lysine (Lys),
methionine (Met), phenylalanine (Phe), threonine (Thr), tryptophan (Trp), and valine
(Val). In omnivores and certain herbivores (e.g., rats, chicks), removal of a single essential
amino acid results in a decrease in food intake that is known to be a primary
neuroresponse caused by the lack of the limiting essential amino acid (Gietzen, 1993). In
cats, the limited work available (e.g., Hardy et al., 1977; Rogers and Morris, 1979)
shows that food intake does not decrease as quickly as in rats after initial consumption of
diet devoid of an essential amino acid. Although food intake does decrease with time, the
depression is not as severe as in omnivores and herbivores. (NRC, 2006)”

The negative interactions among amino acids have, for the most part, not been studied in
humans. (Baker, 2008)
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Zoran, Debra L., DVM, PhD, DACVIM (2002) The carnivore connection to nutrition in
cats. Journal of the American Veterinary Association, Vol. 221, No. 11, December, 1.
http://catinfo.org/docs/zorans_article.pdf

13. Commercial Confidential Information Statement

There is no confidential Business Information being submitted with this petition.
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Attachment A
Current Ingredient Labels
of Conventional
And Made with Organic Products Containing the
Petitioned Materials

Below are current labels of conventional and certified “Made with Organic” pet food
products containing materials included in this petition. The petitioned materials are
underlined in these examples:

Current conventional wet cat food label, with taurine, L-lysine and DL-methionine:

Water, Beef, Beef By-Product, Pork By-Products, Pork Liver, Wheat Flour, Corn Starch, Rice
Flour, Powdered Cellulose, Chicken Liver Flavor, Soybean Oil, Corn Gluten Meal, Calcium
Sulfate, Guar Gum, Locust Bean Gum, Carrageenan, Brewers Dried Yeast, Dicalcium
Phosphate, Iron Oxide, Calcium Carbonate, Choline Chloride, DL-Methionine, Taurine, lodized
Salt, L-Lysine, Potassium Chloride, Vitamin E Supplement, Thiamine Mononitrate, Zinc Oxide,
Ferrous Sulfate, Niacin, Manganous Oxide, Copper Sulfate, Pyridoxine Hydrochloride, Calcium
Pantothenate, Vitamin B12 Supplement, Riboflavin, Biotin, Calcium lodate, Vitamin D3
Supplement, Folic Acid, Sodium Selenite.

Current conventional dry cat food with taurine and L-arginine:

Chicken By-Product Meal, Corn Gluten Meal, Brewers Rice, Whole Grain Corn, Animal Fat
(preserved mixed tocopherols and citric acid), Powdered Cellulose, Chicken Liver Flavor, Lactic
Acid, Soybean Oil, Soybean Mill Run, Potassium Chloride, Choline Chloride, Calcium Sulfate,
Calcium Carbonate, lodized Salt, Natural Flavor, DL-Methionine, Vitamin E Supplement, vitamins
(L-Ascorbyl-2-Polyphosphate (source of vitamin C), Vitamin E Supplement, Niacin, Thiamine
Mononitrate, Vitamin A Supplement, Calcium Pantothenate, Riboflavin, Biotin, Vitamin B12
Supplement, Pyridoxine Hydrochloride, Folic Acid, Vitamin D3 Supplement), Potassium Citrate,
Taurine, Fish Qil, minerals (Ferrous Sulfate, Zinc Oxide, Copper Sulfate, Manganous Oxide,
Calcium lodate, Sodium Selenite), preserved with mixed Tocopherols and Citric Acid, L-Arginine,
Phosphoric Acid, Beta-Carotene, Rosemary Extract.

Current conventional dry cat food with taurine and DL-methionine:

Chicken Meal, Ground Whole Corn, Corn Gluten Meal, Chicken Fat (Preserved with Mixed
Tocopherols), Ground Whole Brown Rice, Ground Whole White Rice, Tomato Pomace (Source of
Lycopene), Herring Meal, Avocado, Natural Flavor, Egg Product, Chicory Root, Salt, Whey,
Potassium Chloride, Vitamins (Choline Chloride, a-Tocopherol Acetate (Source of Vitamin E),
Niacin, Vitamin A Acetate, Thiamine Mononitrate (Source of Vitamin B1), Calcium Pantothenate,
Pyridoxine Hydrochloride (Source of Vitamin B6), Menadione Sodium Bisulfate Complex,
Riboflavin Supplement, Ascorbic Acid (Source of Vitamin C), Vitamin D3 Supplement, Vitamin
B12 Supplement, Folic Acid, Biotin), Minerals (Zinc Sulfate, Zinc Amino Acid Chelate, Iron Amino
Acid Chelate, Ferrous Sulfate, Copper Sulfate, Manganese Amino Acid Chelate, Copper Amino
Acid Chelate, Manganous Oxide, Sodium Selenite, Calcium lodate), Avocado Oil, Lecithin,
Taurine, Calcium Carbonate, Parsley Flakes, Kelp Meal, DL-Methionine, Yucca Schidigera
Extract, Inositol.

Current dry dog food with taurine and L-carnitine:
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Venison Meal, Dried Potatoes, Potato Starch, Potato Protein, Pea Protein, Sunflower Oll
(preserved with mixed Tocopherols), Chicken Fat (preserved with mixed Tocopherols), Dried
Plain Beet Pulp, Natural Flavors, Flaxseed, Potassium Chloride, Salt, Powdered Cellulose,
Choline Chloride, Zinc Sulfate, Taurine, Vitamin E Supplement, Ferrous Sulfate, L-Ascorbyl-2-
Polyphosphate (source of Vitamin C), Potassium lodide, Copper Sulfate, L-Carnitine, Niacin
Supplement, Calcium Pantothenate, Biotin, Manganous Oxide, Thiamine Mononitrate (Vitamin
B1), Selenium, Vitamin A Supplement, Pyridoxine Hydrochloride (Vitamin B6), Riboflavin
Supplement (Vitamin B2), Vitamin D3 Supplement, Vitamin B12 Supplement, Folic Acid,
Rosemary Extract.

Current certified “Made with Organic” dry cat food with taurine:

Organic Chicken, Chicken Meal, Organic Peas, Organic Brown Rice, Organic Barley, Pea
Protein, Organic Chicken Fat (Naturally Preserved with Mixed Tocopherols and Citric Acid),
Salmon Meal, Organic Flaxseed, Natural Chicken Flavor, Dried Egg Product, Minerals (Zinc
Proteinate, Iron Proteinate, Copper Proteinate, Manganese Proteinate, Calcium lodate, Sodium
Selenite), Calcium Sulfate, Salt, Vitamins (Vitamin E Supplement, Niacin, L-Ascorbyl-2-
Polyphosphate, Vitamin A Supplement, Riboflavin, Calcium Pantothenate, Thiamine Mononitrate,
Vitamin B12 Supplement, Pyridoxine Hydrochloride, Biotin, Folic Acid, Vitamin D3 Supplement),
Choline Chloride, Taurine, Potassium Chloride, Yeast Culture (Saccharomyces cerevisiae), Dried
Enterococcus faecium Fermentation Product, Dried Lactobacillus acidophilus Fermentation
Product, Dried Aspergillus niger Fermentation Extract, Dried Trichoderma longibrachiatum
Fermentation Extract, Dried Bacillus subtilis, Fermentation Solubles, Rosemary Extract

Current Certified “Made With Organic” dog food with L-carnitine:

Organic Chicken, Chicken Meal, Organic Brown Rice, Organic Millet, Organic Peas, Organic
Oats, Tomato Pomace, Chicken Fat (Naturally Preserved with Mixed Tocopherols and Citric
Acid), Salmon Meal, Natural Chicken Flavor, Organic Flaxseed, Organic Quinoa, Dried Egg
Product, Minerals (Zinc Proteinate, Iron Proteinate, Copper Proteinate, Manganese Proteinate,
Calcium lodate, Sodium Selenite), Organic Apples, Organic Carrots, Organic Broccoli, Organic
Pumpkin, Organic Pears, Potassium Chloride, Salt, Calcium Carbonate, Choline Chloride,
Vitamins (Vitamin E Supplement, L-Ascorbyl-2-Polyphosphate, Vitamin A Supplement, Calcium
Pantothenate, Niacin, Riboflavin, Vitamin B12 Supplement, Biotin, Thiamine Mononitrate,
Pyridoxine Hydrochloride, Folic Acid, Vitamin D3 Supplement), Chondroitin Sulfate, L-Carnitine,
Yeast Culture (Saccharomyces cerevisiae), Dried Enterococcus faecium Fermentation Product,
Dried Lactobacillus acidophilus Fermentation Product, Dried Aspergillus niger Fermentation
Extract, Dried Trichoderma longibrachiatum Fermentation Extract, Dried Bacillus subtilis,
Fermentation Solubles, Rosemary Extract

Current Certified “Made With” gog food with taurine:

Organic Chicken, Organic Brown Rice, Chicken Meal, Organic Oats, Organic Millet, Organic
Barley, Organic Grain Sorghum, Organic Peas, Organic Potatoes, Chicken Fat (Naturally
stabilized with Mixed Tocopherols), Organic Canola Oil, Organic Flaxseed, Dicalcium Phosphate,
Organic Carrots, Calcium Carbonate, Natural Flavor, Salt, Potassium Chloride, Organic Spinach,
Organic Cranberries, Organic Tomato Pomace, Choline Chloride, Zinc Proteinate, Ferrous
Sulfate, Zinc Sulfate, Vitamin E Supplement, Vitamin B-12 Supplement, Taurine, Manganese
Sulfate, Niacin, Riboflavin (Vitamin B-2), Copper Proteinate, Copper Sulfate, Calcium
Pantothenate, Vitamin A Acetate, Inositol, Folic Acid, Pyridoxine Hydrochloride (Vitamin B-6),
Thiamine Mononitrate (Vitamin B-1), Vitamin D-2 Supplement, Biotin, Potassium lodate, Cobalt
Sulfate, Sodium Selenite, Yucca Schidigera Extract, Organic Parsley, Organic Rosemary, Dried
Kelp, Ascorbic Acid (source of Vitamin C).
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Attachment B - Material Safety Data Sheets

Arginine
Reactivity @
Persomsl g
Protecrion
Material Safety Data Sheet
L-Arginine MSDS
Section 1: Chemical Product and Company Identification
Product Namec L-Argrine Contact Information:
- o SLA1AT Sciencalan.com, Inc.

‘Catahog Codes: SLAZIRD, SLAZERD, SLAIATT s S

CARE 74723 Housion, Teaas 77355

RTECS: CF1334200 UGS Sales: 1-800-001-7247

Intemiational Sales: 1-281-541-4400
paat) e
TSCA: TSCA 31} Inventory: L-Arginine SRS

Cl#: Mot available.

o CHEMTREC [24HR Emergency Telsphons], call:
SYTORYM:  2-Amine-Sguandnaalnc acd; L-Arghing 1-500-£24-3200
Chamical Name: Argining Infermational CHEMTREC, call: 1-T03-527-3887
Chamical Formula: CSH14MS02 Fior non-smengency assistance, call: 1-231-241-4400

Section 2: Composition and Infeormation on Ingredients

Compasifion:
Hame cas# | o oy weagnt
IL-JArgining. | T3 o

Toxlcological Data on Ingredients; L-Arginine LDSD: Not avallable. LCSO: Mot avakale.

Section 3: Hazards identification

Potenttal Acute Haalth Effects: Sigtty Nazandous In C352 of Skin contact (Iiant), of @ys contact [ImEnT), of ngestion, of
Irhatation.

Potential Chronlc Health EMacts:

CARCINOGENIC EFFECTS: Not avallable. MUTAGENIC EFFECTS. Mulagenic for mamirailan somalie cels.
TERATOGENIC EFFECTS: Mot avallable. DEVELCPMENTAL TOXICITY: Kot avallabie. Repealed or proionged exposure 1s
nat known b aggravaie medical condition.

Section 4: First Aid Measures

Eys Comtact:
ek for anvd rRMove any contact lenses. In case of contac, Immediately NUSh sy=s wiith penty of water for at least 15
minutes. Cold water may e Usad, Gat medical Sention If INHEH0N Decars.
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Skin Contact:
‘Wash with soap and waler. Cover the imftaied skin with an emolient. Get medical attenttion If Infiation develops. Cold water
My e usan

Seriows 5kin Contact: Not avaliabie.

Inhalstion:
¥ inhaled, remove to frash alr. I not breathing, give arttclal raepiaion. If breating |s diMcut, ghe oxygen. Get medical
Ftenson.

Sarious inhalation: Mot availabie.
Ingestion:
Do NOT Induce vormiting unless direcied o oo so by medica personnel. Never give anything by mouth o an unconsgious

person. If large quantties of this matedal are swalowed, call 3 physidian Immediaisly. Loosen tight clothing such a5 a collar,
e, beft or walstoand.

Sarious Ingestion: Mot avalate.

Section 5: Fire and Explosion Data
Frammabiiify of the Product: May be combustie 3t high temperature.
Aurto-ignition Temparaturs: Not available.
Flsh Pointa: Mot avaabie.
Flammabis Limita: Hot 3vaianis.
Products of Combustion: Thess pHoducts are carbon oxdes (GO, CO2) nimogen oxldes (MO, NOZ._L
Fire Hazands kn Presence of Varous Subetancse:
‘SAghty Nammabée 10 Niammabie In presance of Neal. Non-fammabie in precance of shodks.
Explosion Hazards In Prassncs of Varous Substances:
Riske of 2xpaasion of T producs 1N presence of machanieal Impact Mok avaliabie. Risks of expiosion of the product in
presence of staiic dscharge: Not avallable.
Fire Fighting Media and instructicna:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use waler spray. fog or %am. Do not use water el
Spectal Remarks on Fire Hazards: Not avaianie.
Special Remarks on Exploalon Hazards: Not avallable

Section & Accidental Rels Measures

Small
m%ﬂmmmmmmwmm.wammmmmw Firish ciening by Spresdng water on
12 contaminatad surface I ciSpose of SCEOMENG 0 1503 3Nd regiona SUNONty FEqUrEmEnts.

Larga Spill:
Use a showed fio pat the maberal info a convenient wasie disposal cortainer. Finish cleaning by spreading waier on the
contaminaed surface and Flow to evacuate hrough the sanitary sysem.

Section 7: Handling and Storage

Precautiona:
#i2Ep IDCKed Up.. Kisep 3way fom heat Keeo away Tom soumes of igniton. Emply contanss poss 3 s nsk, evaporas he
TeEide under 3 fume hood. Ground 3k equipment containing matena. 0o not breane dust Wear sullEhie protective cothing.

p.2

I you el unwet, sesk medical aRenton and shaw ME 1302 when possiniz. Kesp away TTom Incompatibies such s pxiding
agents.

Storage:
Lignt senstiive. Siore in light resistant containers. Keep container tightly ciosed. Keep containar in a.cool, wel-ventliated area
Do rat store above 24°C (TS.2°F).

Section 8: Exposure Controls/Personal Protection

Enginssring Confrola:
Use process eNciosUres, 1ocal extaust vantiation, or other engnesnng conbmis i kesp airnome levels below recommended
20eUre B, T LSer CRratons genarane Tust, Tme Of MISL LSe Veriaton 10 keap exposurs 10 Arome comaminants
Delow e caposune Imit

Parsonal Protection: Satty glasses. Lab o, DUSt respiator. Be SUTe 10 LSE a0 3pOMOVadioentited respimior of equivaient
Goves.

Parsonal Protection In Cass of a Langs Spil:

Splach googies. FUl sult. Dust respirsior. Boots. Giowes. A 52 contained breaifing apparatus showd be used to avokd
Irhalation of the product. Suggested proteciive ciothing might not be sufficlent; conswit a specialst EEFORE handiing this
product.

Exposure Limita: Not avaliabia

Section 3: Physical and Chemical Properties

Physical state and appearance: Sal |CrysElne powas)
‘Odor; Mot avalabie.

Taste: Not avallable.

Molacular Walght: 174.2 gimoie

‘Color: White.

B (1% soinAwater): Mot valabie.

Boiling Point: Mot avallabie.
Malfing Point: 235°C (455°F)

(Critical Temperaturs: Mot avaiable.

Specific Graviy: Mot svallabic.

‘Vapor Presaurns: Not applizabis.

‘wapor Denslty: Mot avalanie.

Volatily: Mot avallabie.

‘Dclor Theshotd: Mot 3vaiabie.

‘WateriOil Dist. CosfT.: Mot avallable.
lonicity {In Watsr): Mot avalable

Diapersion Properties: See solubillly In wansr.

‘Solubdiity:
Solubla In cold water, hot water. Insolubiis in disthyl ether. Sparingly soluiis in aloohol

| Section 10; Stability and Reactivity Data
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| Etabiltty: The product 3 skadie.
:M‘Imn:m{rmm:.
Conditicns of mciabikty: Eerass e light

‘with warious Reacte witn codizing agen:.
Coroetvity: Mon-IomosE In presance of glass.
| Bpsolal Asmarks on Resatiity: Lignt sarsthe.
| Spaolal Remarks on Comocivity: Kot suntane.
:Wﬂnﬂ:'ﬂ‘lrﬂtnﬂxﬁ

| Section 11: Toxicological Information

| Foutes of Entry: innaiaton. ngestion.

| Tamklty bo Anlmal:
| LDSO: Mot avalishie LCST Mot awvalabée.

Cheonio Effsats on Humane: MUTAGENIC EFFECTS: Mutagenic for mammaian somatic ceds.
Orthar Toxio Efteobs on Humans: SHgntly hammous in case of TEin contsct (rRant), of ngestion, of nhalaton.
| Bpeclal Remarks on Toxiody fo Animals: Mot avallacie

| Epeclal Remarks on Chronio Effects on Humans:
My affect geretic material Some Laboratony sxpeniments Fawve resuited in muagenic effecs. Affough same disfary sludies
i amimais have gemonzirted thae arginine defclency C3 impal rEnrodUCtvE SRpan CEVESORMEN: a5 well 35 Fawng Soverse

| =ffects om gestaton and iacktion, we cid ot iocae any iterbure on posshie Soverse rEpOdUCEE Eecs of suppsEmantl
AGININE JUNg NUTaN DREITAncy.
Spaoial Remarks on otfar Toxlo EMesds on Humans:
Arite Potential Saakn Efscte: SHT Ay CRUSE Sin imiton. Epss May Caiss mys imianon nhaatior May causs

mspirny trad iriiadon. Ingestion: May cause gastrointestinal ravc irtation with nausea, vomiting, and diahea. The:
| wmcoingios propartas of s SURRANCE hyaE mot besr Ry ITvezsgaten.

| Section 12: E g

| Eoohoaioty: Mot avaanie.
| EDDE and COD; Mot avaiabie.

| Produsts of Exodearacstion:
| Possibty hazamous short = degradation products are not [l efy. Howsver, long berm degradaiion producs may arss.

| Tamssity of tha Productc of Blosegradation: The proauct e and i procurts. of degradason ar not tm
| ‘Zpeclal Remarks on the Products of Blodegradation: Mot avaliabie.

| Section 13: Disposal Conslderationa

| Weacts Decpocal:
| ‘Wemste must e ESpoSED of In SCCOMIANCE WEh federal, shle and loca! envionmentsl control reguiations.

Section 14: Tranaport Information

pa

| DT ClacsMoation: Mot a DOT controiled maierial {Unibed Stales)
lidentifioation: Mot acciicabie.
| Epeclal Provicions for Trancport: Not appicable.

| Section 15: Other Reguiatony

Federal and Siaie Reguiations: TS0A S0 Inveniony: L-Amginne
Other Regulations: EINECS: This product Is on e European Inveniory of Existing Commerdial Chemical Substances.
(Other Ciacsioations:
WHMIS (Canada): Mot controlied under WHRES (Canada)

| DECL [EEC):
[RAT- Possiie risks of mevessbie effects. 22-Keep out of the reach of childen. 53537 Wear sulabie prolective colfing and
| moves

| MR UE.A L
Healtn Hazans: 1
Fire Hazard: |
Reaothity 0
Parconal Proteation: £

| Mabional Fire Frodection Accociztion [U.2AY:
Health: 1
FlammabliRy: 1
Reaotilty: 0
Ipeoific hazard-

Protsotive Equipment
| ‘Gizves. Labooat Dustresgintor. B sore 0 USE AN approvediomied maminboror equivalent. Sxely glacses.

Saction 16- Othsr information

| Fisferenoss: Mot avaliabis

Other Special Concioerationt: Mot svaiaoie.

Cyested: 90/112005 19:20 AM
| Last Updated: 11012010 12200 °M
| The information acove 5 belleved i De accureis and FEORSEES fhe best imbrmation curently avalable io us. Howsver, we
| mEkE ND WaTEND of MEATTNANESSY oF 3Ty GINET WITANTY, SXIVEDS o7 IMCded, W PRSP 10 SUch RTInon, and e JImume
| ino Raciy resulting fom &3 us=. Livers shooid make thair cwn imvespations 10 defermine fe suttatdly of the information b

| e pavticurar purposEs. I 70 EVERE shall SCienceLah oo Se Kabes e any chalms, m;wm:dara-mwarm
S ROES OF Ny SORCIE, IRCVRL MgenEal, conssuential of SXemnary SOMSREE, MORTOSVET aTENg, sen

| has been advised of e COSSEY Of SUCH camages.
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Methionine

2

D oy

Material Safety Data Sheet
DL-methionine MSDS

Section 1: Ch Product and Company ldentification
Produot Name: DL-mathicrine contat Infeematicn:
Catalog Codes: SLAMI3E Soienosish ecm, Ine.
14028 Smis Rd.
cagE S35t Housion, Texas 77396
RTECE: SD0255000 US Baes: 1-800-801-7247

TECA: TECA 8(b} Invertory: DL-mesioning BiEmitonl fokes LA AW
Crdier Orfine: EcisnosLab.com

Gl Mot swasaie

CHEMTREC (24HR Emeegenoy Talephonsl. sall:
Iymonym: DL-2-Amino-<- mefykoiutric acd 1-300-424-5300
‘Chamioal Fommule: C5H1INOES Iniemiational CHEMTREC. call: 1-TO3-527-3287

For nan-smasrgenay sccleianos, sall $-281-441-4400

Saction 2; Composition and information on Ingredisnts

‘Compocition:
" Mame [ caza | %4 by weeignt
(DL metionine | 5516 | 100

| Tomsoosogiosl Data on ingradisnts: D-mathionine LDSTE Mot avaiiabée. LOSD: Mot svasabie.

Section 3: Hazards identiNcation

Potential Anute Health Effeabe: Hamemous in case of skin contact (tant), of ey contact (miant), of ingestion, of Inhsaton.

Potential Chronls Health Effeots:

HaTarTious In Case of SKin Contact (AR, of mye conbact (miant, of ingestion, of iInhalation. CARCINDGENIC EFFECTE:
Mot avalane. MUTAOEMC EFFECTE: Not avalabie. TERATOOEMIC EFFSCTE: Mot avalisbis. DEVELOPMENTAL
TOMGCITY: Notavalabie

| Saction & First Ald Measurss

Eys Contaot-
Chec for and remave any Contact enses. Immedaiy SUSS eyes Wt running water for ot east 15 minees, Respng epeids
open. Sold water mary be ussd. Do notse an ey oitment. Seek medioal attetion.

Ekin Contagh:

-8

Afier contact with skin, wash Fmmedaiely with pienty of water. Gentiy and Soroughly wash the contaminated skin with uaning
water and non-abrasive scag. Be particuiary carefu io ciean foids, oewices, creases and groin. Coid water ray be used.
Ciower te Irriinted SEiN W an emolient If iriation persists, sesk medical amention. Wash contaminated clofhing before
rEng.

Ssriouc Skin Contast:
‘Aash adh a dsinfectant soap and cover the contaminated skin Wi an ans-bactenial oream. Sesk medical afierSion

Inhatation: Aflow the victim {0 nest in & wed ventialed area. Seek immedate medcal atenbion.
Sarouc inhalaBion: Not svasatie.

Insgesctian:
Do not induce voming. Loosen Bgnt ciothing Such a3 2 colar, e, bedt or walsthand. ¥ the witim I5 not bresthing, perform
POUEHo-meth rEsuEcRation. Sest mmadiate medca atenbion,

Serouc ingection: Mot svalane.

| section 5: Fire and Explosion Data
Flammahilty of the Froduct: hiay be comiusttie af high mperatre.
Basindgnition Temperature: Mot avaliabie.
Fisch Points: ot avaiabe.

Flammabie Limfs: Not avanshie.
Produots of Combuction: These products are carbon axides (00, SO, nErogen oxides (R0, NOZ_1
Fire Hazande in Precanos of Varous Bubciancec: Mol avalabie.

o

Hazarde In of Various =
Risks of mxpiosion of the product in presence of mechanical impact Mot avaliabie. Fisks of expiosion of the product In
presence of siadic giscrame: Mol svallatie.

Fire Fighting Media and inctrussions:
SMALL FIRE- Uise DRY chemical powdsr. LARGE FIRE: Lise watsr spray, Sog of foam. Donot use water jet.

Spaalal Remarke on Firs Hazarde: Nol seistie
Epecial Remarks on Explocion Harandc: Mot avaiabie.

Sectlon & Accidental Releass Measures

Emall 3pal-
{Use approprace tno's & put e Splled 506d in 3 Convenient wasts dSposs CoMAner. Finish Ceaning by sprending water on
the contaminated Surface and dSpose of accoring 10 ol and regional Aoty rEguiements.

Lasge SpiR:
(ze @ shovel b put the matenial into 2 comvemient waske diposy confaines. Fin'sh deaning by spreadng waier on fhe
corsamirated surface and sliow in svaneie thmugh T sanlry syzem.

Section 7: Handiing and Sforags

Precautians:

e sway from hest. Kesp away fmm sources. of ignition. Empty continers Dose 8 AN NSk, SWEDorate the rEsidue undar

@ fume hood. Cmmdalnﬂumnertmnmlumu Do not oreate dust. Wear sufiabie profecive ciothing In case of
war sutabie f youfes U], Sesk mediosl atenton and Show the e when

pomsiie. Avokd CONESCWEH Skin and ey

B2
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Storaga:
Keen container dry. Kasp in 2 0o0i place. Ground all sguipment confaining materisl, Keep container fighty cosed. Keenin a
o0, weibventiated place. Combustiie materials shoud be sored away from extreme Reat and awy from <frong cildzing

agents.
| Sectlon 8. Exposurs Controle/Personal Protection
Enginssring Confrols:
tUse process endosures, ioral evhaust ventisSon, or other enginesring controes 1o Seep alrbome leveis beiow recommended
SXpOSUFE (P, IT USer OpEratonS Qenerate Qust, fume of misl, uze oo kesp Arbome oo
Betiow the exposure Bmt.

Personal Protection:

Solsh gogpies. Lab coat. Dust restimecr. Be SUPE i wse an approvedCeEtted respitor or squtvaient. Gloves.
Personal Protection in Cacs of a Large Epill:

‘Spiash goggies. Full sut. Dust respirator. Soots, Cioves. A 523 conmined bresthing apparabus should be ised o aveid
inhxiaton of the product. Suggesied protective dothing mgit Fet be suficent consut o spedlalst EEFORE handing this
product.

[ section : Physical and Chemical Properties

Phycleal ctabe and appearancs: oid. IS0k powder.)
DOdor: Kot avaiable.

Tashe: Not avalabie.

Wcleoular Weight: 14221 gimoe

Color White.

D {19 codniwaber): Not aoalates.

E0ling Point: Mot avaiane.

Msiting Polnt: Decomposes. [2817C or S3T2°F)
Critioal Teenperature: bot avaliabis.

Epsolfio Gravty: 132 (Watsr= 1)

Wapor Freceure: Mot apolicabie.

Vapor DenERy: Mot svailstie.

Volatility- Hot aaabie.

Cdar Threehold: Mot avaiatie.
WatnriD Ditct. Cosfl.: Mot availabie.
foniolty fin Wateri: Mot avaiasie.

DiGparTinn Properties: Ses socusity m w3t metharal
Solubility: Sotuble in coid waler, methanol.

| Saction 10: Stabilty and Reactivity Data

Etabiiiy: T product iz stadie.

| imctanity Teenperatora: Mot yeaiabie.
Conditions of InciabiBy: Mot vt
v ‘with variow Mot availabis
‘Comrochvity: Hor-Comosive in presence of giass.
Spaolal Remarks on Resotivity- Kot svssns
Epeclal Remarks on Comoshvity: Mot aaiabie.
Polymarzabon: Mo

1 Seciion 11: Toxlcological Information

Roartes of Entry: Eye comact. inhastion ingestion.

Taoxkity to Animale:
LDS0: Mot avasiisbie LCS0" Mot avalabie

Chwornio Effsots on HUMans: Not svatabis

‘Other Toxlo Efeots: on Humane: Hazmous In case o skin conkact {ImEanty, of ingestion, of Nhamtion.
Epaoial Aemarks on Toulofy fo Animals: Mot svaiiabie

Bpsolal Remarks on Chronio EMBotE on HUMANGE: PAITES Sough e farera) Bamer in anima
Epeolal Femarks on other Toxle Effects on Humane: Mot awaiadie.

| Section 12: £ 1

g

Epctouioity: Mot avalabe.

BODE and COD: Not avalabie

Produate of Edodegradation:

Fossbly RATRTOUS Short R dapraaaton products ans not IKEy. Sowsyar, iong S SEpradaton Droducss mEy arms
Toudsity of tha Producds of Blodsgradation: The proquets of gagradanon am mors 1w

Epecial Femarks on the Froducis of Blodegradation: Mot avaliabie.

Sectlon 13 lapoeal Conalderations

| Seciion 14: Transport Information

DT Classfoation: Mot a DOT controlled material (Uniked Staies]
sandtfioation: Mot apodcatie.
Epecial Proviciont for Trancport: Mot appicabie.

Section 15 Other Reguiatory

[Federal and 3aie Regulations: TECA Sik) Inventony. DL-methionne
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Other Regulations: Mot awaiatie..

| Dirar Clacsifcations:

'WHMIS [Canada): Mot controfled uncer WHWES | Canadal.
DECL [EECH: R35/38- Imtating b &yes and shin
HMIZ {UEAL

Fire: Hazard:
Reagtivity- 0
Parzonal Protsofion: E

Kational Fire Frofestion Accoctation (UL3.AL

Health: 2
FlammatdiRy: 1
Resatnfty O
Speoiiio hazard:
Protective £

quipmant:
| Gioves. Lab coat Dustrespirsior. B Sure b0 Use 8N SppOveiCarSfiag respirir or squivalent. Siash gopgies.

Becion: 16 utwe i n

| Fsfersnops: fot avaiiatis
| Other 2peolal Conclderaionc: Mot avaliabis.

Crmated: AIS00 0505 T
Lact Updated: 11012010 12:00 FM

| The information above Is belleved &0 be accuraie and rEpeEsErs e best infrmation corently avaliabie o us. However, we

maks N wWamany of mercanaidEy or any cifter waranly, Saness or imoded, wim respedt io swch frmaton, and we ssume

| me Natusy reswang fom s use USErS Shousd mans Shair cwT IMVESSRSNONS i ORRVTTUNE M Sutstity of the IRNTIanon e

Sty AErtic U SIS ES. N NG Event Shall ScienceLak com b Sabie e any CAmS, 0SSEE, o SImapes of any i party or ke
oSt profYs o any Special oot INCIoert CONSEqUEntSl oF SYEMpaTy JSMapes, MOWSOEVET arising, sven X Sclencelah oom

35 been awsed of the PoSSEETY of SuCh damages.
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Cysteine

Healbih 2
Firs 1
FReactivits 0
[4

Prictiea E

Material Safety Data Sheet
L-Cysteine MSDS

Section 1: Chemical Product and Company ldentification

Product Name: L-Cysisine Cantaot Infermation:

Catalog Codes: SLC3307 Zolenoelab.oom. Ino.
140125 Emin Rl

CARE SI-30-1 Heweton, Texas 77336

RTESS: HA1500000 US Sxes 1-800-801-7247

PEmationsl Saes 1-281-441-4400
TECA: TECA Bib) Invenaoey: L-Cyst=ne
Omler Onfine: Sciencelad.com

ClE: Not svaiiabie

CHEMTREC (24HR Emergeny Telephone]. cail:
Symonym: 2-Amino--merapioprosancic sod 1-300-~424-5300
Chamical Fommula: C3-THOZS Infernational CHEMTREC, call: 1-713-527-3387

ol NoN-8margenoy acaiciance. sall: -181-441-4400

| R W DM T NN PROAA A3 R

| Compoction:
Nama cazs % by Waiohd
T-Foystsne =04 o

| Tamscsogioal Data on ingradiants: L-Cysteine: OFAL [LDST): Acies 1830 mgfg [Fiaf). 560 mgkyg [Mouse].

Sechon 3: Hazards

(Pabandial Aowts Haalih Emsate:
Harardous In case of skin contact (eriant, of eye coniad: dirtant), of ingestion, of inhatation. Slightty hazardoos In cse of
| skin contact (permeaton)
| Putentlal Chacnis Haatin Effasts:
| CARCIMOGENIC ESFECTE: Notawalble MUTADENIC EFFECTE: Not svalisble. TERATOGENIC EFFECTE: Mot awalabie.
| DEVELOPMENTAL TOXICITY: Not avasalie. The SUDTIINCE & (00 00 IURgS, MUCKAS memioranss. Repeaisd or proonged
=posure So the substance can produce target organs damage.

Section 4 First Ald Massures

[Eye Contaot:
| Check for and remave any comtact ierses. mmedialely fush eyes with running water for at least 15 minuess, BeEning syelds
open. Cold water may be used. Do nof wse an eye cirtment. medical athention.

Bkin Contaot:

After contact with SEn, wash mmemaial with pienty of water. Geantly and Somughy wash he contaminated Son with nning
water and ron-abrasive soap. Be particuany Caret o Ciean foios, CRvices, Creases and groin. Coid water may De used.
Cover e iritsted skin with on emollent. If iriiation persists, sesk medical atfention. Waash confamirated clodhing before
reusing.

Earious Ekin Contack:

‘Wazh wiha and coverthe 2K Wi an ceam. Eesk immediate medicy
attenzon_

Inhatalion: Allow the wichim to rest in 3 wel vertisted anea. Sesk immediate medicy azenton.

Barious inhataBion: Not aiabie.

Ingestion:

D not Induce vomitng. Examine ine ps and mouth o ascerals whether fe fosues ane damaged, 2 possibie indicaton Tat
fhe towic material was ingesied: the absence of such signs, however, ks not conclusive . Loosen Bight ciofing such as a coliar,
e, bek or waistband. If the victim s nok breathing, perbem moufr-io-mouth resuscialion. Seek immediale medical atiention.

Serlous Ingection: Not avalabie.

(Snction S Hive e S ploson PR

Famemabiiky of the Preaunt: My be comecsster ot high Empenatrs,

Aafodgnition Temperaturs: Mot availsble.

Fiach Poibs: Mot avatiabie.

[Flamemiabiss Limis: ot avaisble

Progusts of Combustion: These products are Carmen oxises (OO0, COX), nErgen owides (N, NOZ_)
{Fare Hazarde in Fracence of Varous Subciannec: Mot maiane.

[Explosion Hazards In Precenos of Various Subcianoss:
Fizks of expiosion of the product In presance of mechanicsl impact: Mot avalable. Fisks of sxpiosion of the product In
presence of siadc dischame: Not svailsble

[Fine Fighiing Mesdis and Inctructions:
SMALL FIRE: Use DRY chemical powader. LARGE FIRE: Use water spray. fog or foam. 0o not use waier jt.

‘Spealal Remarks on Fire Hazards: Not aalatie.
Epeolal Remarks on Explocion Hazndc: Mot avalabis

| Section 6: & Rgleass Me;

Small 2pal:
‘zz appropriate bools 60 pA T Spdied Todd In @ convenent wask dIpos mntaner Fm:mlﬂ SprEadng waleron
e confaminzied surace and dipose of according 10 ool and negional authorty Feguinements.

ILarge: 2l
WUse & shovel 1 pit the raleral inio s convenient wasie disposal containes. Finish deaning iy spreoding water on the
and aliow! through B sanitary system.
Saction 7- and Storage
Precautians:

Feep away from hest. Heep away from scurmes of ignifion. Emply confsiners pose a fire risk, evaporaie the reskdue under 3
fume meGd. Smund o eguipment conaining mateny, Do not ingest. Do not breatne oum. Wear sutabie profective cothing In

B2
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| cmse of insufficent ventSalion, wear sultahie espiann squpment Fingested, seek madicyl advice mmedslely and show fe
corfainer of e label. Awold cormtact with skin and eyes

Storage:
[Fzen consainer oy, KEep 0 3 ool piace. Ground 3 sguipment con@ining matenial. Keep conianer tghty cosed, Kespin 2
oo, place. ey id b shored away from sxtreme ot ard away from sirong ankdmng
g

Sion & Epan Ny Con-SERmi oo o

Enginearing Controls-

LLisE process anciosares, (oo exhaust ventiason, or other Enginssrnyg Controes 10 KEsp aFbome: isves DG recommencded
emosure (. T user cosratons generade dust, furne or mist, wse vertiation to keep sxpozurs b arbome contaTinans
oo the spozune Imi

Peronal Protection:

‘Epiash gogges Lab coat Due: respirator. Ba sure f0 use an approvedicertitad recpiraior or equivaient. Glover

Pemaonal Protsotion In Cacs of 3 Large Spill:

‘Bplash goggles. Full suil. Dust respiraior. Boots. (ioves. A sef confained breathing apparsius should be usad o avoid
inhalaton of he product. Suggesied protecSve dothing might not be sufldent. consut a speclalst EEFTRE handing this
product

[Exposure Limits: Mot aalacie.

Section 3: Physical and Chemical Propertiss

| Physioal siabs and appearanoe: Sobd.

Do Mot salabie.

Taste: ok avalinbie.

isoular Welght 124.15 gimoe

Color: Mot avaiabee.

18 1% colnhwater): Not seaistie.

[E0iing Foint: Not avalabie,

IWstting Puink: hiot svaliable

Critioal Temperature: Mot Svalabe.

Epsoifio Graty: Mot avalabie.

Vapor PrsGeuns: Mot appacatie.

‘Vapor Dencity: Mot svailssle.

“Volatiitty: Not Feaiatie.

‘Odor Thresehok: Mot svassbie.

WintsriON Doct. Coall: Notsmianie.

foniedty fin Watar): ot avaianie.

Dispercion Froperties: See souliity in water.

Solubdity: Scéubie n cokd waler,

 Section 10: stability and Reactivity Data |

B2

Efabiltty: Tre product &= stabie.
inctatinty Temperahure: Mot avadatie.
| Condtitons of inctablity: Mot avalatie.
‘with warioy oia : Not avarlable.
Coaroeivity: Mor-comosive in presence of glass,
Epeolal Remarks on Resotivity- Not avalabie.
Epoolal Remarks on Cormoslvity: Mol avalabie,
| Polymertzmbion: No.

| Section 11: Toxicological Information

Foutet of Entry: Eye comact. haabor. Ingestion.
| Toxdelty to Animalke: Aoue ol foxdchy (DS B8 mog [Wouss].
Chronie Effeots on Humane: The substance is booic i lungs, muccus memibranss.
| Direr Toxlo Efeots on Humane:
| Hiazardos In case of skin conback fmitang, of Ingeston, of innalaton. Slghty Rarrdous In mse of skin conbad (pemeaice.
Epaalal Fismarks on Toxdofly fo Animale: Mot seaiaie.
Bpaoial Remarks on Chronlo EMects &N HUMane: Notawalane.
Spaolsl Femarks on otter Toxio EMestc on Humanes: Fot saisse

Saction 12:E

i

| Enotoatofy: Mot svasatie.
EDDE and TOD: Mot aealaie.

| Produats of Etadegracation:
| Possibly hazamious short i2m degradation products ane not kely. However, long term degradadon products may arse

| Tandelty of the Producds of Blodegradation: The products of gegradaon ar mone iaxic.
Epevlal Femarks on the Producis of Elodegradation: Mot avalabie.

Saction 13 Disposal Conslderations

| Seciion 14: Tranaport Information

DOT Classifeation: Mot a DOT conried materal (United States)
| identifoation: Mok appicabis.
Epecial Provicionc Tor Transport: Mot appicabie.

Section 15: Other Reguiatory Information

B4
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Federal and 3tale Reguiations: TSCA S0 Inventary. L-Cystene

Other Reguiations: TEHA Haramiows by defintion of Hazrand Communication Standard (23 CFR 12101200}
Othar ClaccNoations:

WHMIE (Canada): Mot controdied under WHMES (Canadal

DECL[EECK
F22- Harmiul f seaiowsa. 3638 ITRatng o snes and skn.

HMIZ (LS AL

Reaotilty: 0
Spealfio hazard:

Proteottve Equipment:
Gigwes. Lab coat Dust respirior. Be sure (0 Use 3N appovedicenfiad respiminror eqavalent. Spas gogges.

| Saction 18- Other Information

FReferonoes: Mot avaiiabie

Oihar Bpacial Conglderations: Not availatie
Camated: 10022005 05:03 FM

Lact Wpdated: 11012010 12:00FM

The Mnformation anove i5 hafleved 0 e SCCITSIE 200 MO SENE the SE! IRIaNion CurEntt avalanle i us. However, we
IS N WETINT O TESTTNANEaly OF any 0N WRTANT, SIS O ImModed, Wil MESDECT I SUCh ITRrmanon, and e Jisume
o bty resufting fom iz use. Users should make thelr own Imve Sipaions o demmine ihe sulfadily of the nformation Br
el Partruir CUDOSES. [N A0 SVE Shad SCRRnceLan, com e Katie v any chEms, oTses, or damages of any td party or &
ST DFONES OF ANy SPeCE, INCIECT, OSSR, COTSSUENtal o SXemnar CaMages. NOWS0SVer arsing, even X Schenceiab com
has been advised of e cossibly of swch camages.
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‘Storaga: Keep container tightly cosed. Keep container in a cool, wellventiaied area.

Section 8: Exposure Controls/Personal Protection

Enginssring Controda:
USE [rocess enciDsLres, 10c3l exnaEst ventiation, or other engnasnng Conmis 10 ke 3lrmome levels Daiow racommengsd
ENDOBLIE IS, I USEr DPSrations QENSrEts BUS, TUMe oF MIS, US2 VEmEaTon I RSap EXPOSUTE 10 AMmomE contaminats.

Delow M exposurs Bt
PParsonal Profection: Safsty glasses. Lao coat Dust respirator. Be sure 0 use 30 apo o oF e
Gloves.

|Paraonal Protection In Cass of 3 Lange Spill:

Splash goggies. Ful sult DUSt respiEior. Boots. Gioves. A 5aH contsinad breaning apnaratus shoud be usad o avoid
Inhalation of the product. Suggested protective cathing might not be suMicent; coneut 3 speciakst BEFCRE handing this
product

Exposure Limits: Mot avalans

Section 9: Physical and Chemical P i

Physdcal state and appaarsnes: Sold {Granuar soid or Powderad solid )
‘Dgor: Mot avalabie.

Tastec Mot avalable
Mclscular Weight: 152.53 gmoie

‘Color White. Off-shite.

P [1% solniwater): Not avalabic.
Bodling Point: Mot Svailatie.
Mslfing Point Mot 3valable.

Critical Temperatine: Mot Fvaiae.
Specific Gravity: Not avallabic.

Vapor Pressurs; Mot appilcabis.

‘iapaor Denalty: Mot avatame.
Violatiity: Mot awaliatle.

‘Dojor Threshold: Mot avalabie
‘wabar/Cil Diat. CosfT.: Mot avalanie.

lonlcity {In Water): Mot avalable
IDiaparsion Proparties: Sas solubify In waier.
Solublitty” Sokitis In oold water.

Section 10: Stability and Reactivity Data

Stability: The proguct is stz
Inztabliity Temparature: Mot avalabie.
Condifions of Instabiifty: Excess hest ncompatinle maenas, dust genaraton.
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Taurine

Material Safety Data Sheet
Taurine MSDS

Haahik

1
1
Rescilviiy 0
E

Fersonal
Proiceilen

SOV L hveric 41 Py et e oty K WTNCAon

Froduot Name: Taurre

Catalog Codes: LTI

CAsS: 107357

RTECE: AXI175000

TECA: TECA Bilr) imemriony: Taurine

‘Contaot Infermaticn:
Zolenceiah com. no.
14025 Emn Rl
Housion, Texas 77356
LS Saes 1-800-801-T247
Fiemational Sales 1-281-441 4400
Onder Oniine: Bciencelab.com

CHE: Mot avaliabie
CHEMTREC (24HR Emergandy Telsphons]. salt:
wwm: mmﬂt acdt - 1-300~424-5300
ncettyizutionic ackd; 2-Sultethyiamine
International CHEMTREC, call: 1-T03-527-3387

Chemioal Kame: Taurne
[For Mon-smargancy accictancs, sall: -281-541-400
Chemioal Formula: C2-HT-H-03-8

Saction 2: Composition and on ingredisnts
CompocHion:
Hams | caxe & by werht
Taumne | 35T T |

Tansooogioal Data on ingreciants: Mot apoioe.

| Seoctlon 3: Hazards Ideniification

{Potendial Anube Healin Effsofs: SEghty fazemious n case of skin contact (Imtans), of eye contact (i), of ingeston, 2
inhaiaton.

[Pobential Chronia Healin EMects:
CARGINOGENIC EFFECTS: Mot avallable. MUTAGENIC EFFECTS: Not avallable. TERATOGENIC EFFECTS: Not avalabie.
DEVELOPMENTAL TOXICITY: Mot avatatie. Repaated of Droionged ENDOILTE IS NOtENOWN 0 3D0ravals medica condtion

Section 4. First Ald Maasuras

Eys Comtant
‘T 107 2N FRTOEE ATy DI InSes. 10 CRDe OF CONSaC, imradianely T eyes with plenly of water for af mact 15
mindtes Cold waler may be used. Gef medical aSention F iflation ocours.

-8 |

| Ekin Contaot:
| Wash with scap and waler. Cover the infiated skin with an emailent. Get medical attenfion | iriation develops. Cold water
| may be used.
| Ssriouc Bkin Contaok: Mot avaliabiz.
irchalation:
| ¥ infaled, remove fo fresh ar. i not breathing. give arficial respiraion. ¥ breathing &5 difficut. give cxygen. Get medical
aitenfion.

Eeriouc inhalaSion: Kot avaiabie.
| maestion:
| Do NOT induce vormiting unkess drectsd o 0o 50 by maical personnel. feyer gise anything by mouth b an oRoorscous
| person. Locsen 8ght Ciofung Such a2 a colar, te, beit or walsand. Get madicy! aiention (f 5y Mptoms aopear

Eerious ingection: ot avaianie.

| Saction 5: Firs and Explosion Data

| Fiamenabmgty of the Product: May be combestiie at igh mpertre.
saftodgnition Temperature: Not svaiiacie

| Frashi Pointe: Mot avaiabis.

| Famenabie Limis: Hot avaiabls

| Prodwsts of Combusticn: These products ane Gabon udes (00, COZ, nirogen oxtdes (NO, NO2.)
Fin Hazards in Procecce of Varkous Subsianoes:

| mighiy fam—ane b fammabis In precance of Faal Mor-fameabis I presence of shocks.

| Explocion Hazarde In Fracenoe of Various Jubcianose:

| ‘Sgnauy mxpiozive I presence of open flaTES aNd SoavkD. NOTENDRGHE I prEsEncE of Shocks.

| Fare Fighting Medis and inctructons:

| SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Uise waler spray, fog or foam. Do nof use waler jet
Zpeolal Fmmarks on Fire Hazarde: Az Wi mozt ofganic sodds, Tre i pozsbie at sevand tevperatues.

| Epeolal Femarks on Explsion Hazams:
| Fine dust dizparsed In i 0 SUTICIEN CORCENTACONS, 4N In S presance of an ignition SCArce S @ potengal dust expicsion
oz

| Section & Accidental Relsass Measuras

| Eman zpa-
| se appopriae ok fo put £ spiied s03d n 2 convenient wasie dspesy contner. Firish Ceaning by spreading aaier on
| the rontarminated surtace and dipose of according o lomal and regional autnorty requirements.
Largs Ipli:
| WUseasnovs o put the mabera rio a convenient waste d=posal container. Finish Ceaning by spreading waier on the
| contamirated surface and SoW 10 SvaCLIE though S saniony SEEm.

| Sectlon 7: Handling and Storags

Precautions:

Wimer away from SouTes of igition. Ground 32 squiprent contsining maberal Do notingsst. Do nobbreathe dust: {f ingested,
| sesk medcal advioe Immediabsty and show the container or the label. Kesp sy from Incompatiies such as oiding
| agents.
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| Btoraga: Keep contuner tighy ciosedt, Keep contsner 3 cool, weitventistd smes.

| Saction & Exposurs Controle/Personal Protaction

| Enginsering Controse:

| st process enciosures, local exhaust ventlaSon, or cther enginesring controfs 1o keep aibome ievels beiow recommended
| sxposiure limits. If user operatons generate dust, fume of mist, use ventilafon 1o keep exposure b Srbome ontaminans

| Below the exmosure imt

| Perconal Protection: Safety giazses. Lat oot Dust respinstor. B2 sure §o use 3 approvediosrtiead respirmtor of squivaient.
Cioves.

| Peronal Protection In Caca of a Langs Splll:

| ESolash goggies. Ful sut. Dust resgirator, Soots. Gioves. A s conined breathing appanius shoukd be used 20 avoid

| mihaiaton of the product. SUDQESIET ProtECTvE COMING Mgt not b SUNcEnt: Corsut o speciaist EEFORE handing this
| product

| Exposurs Limits: kot sz

Seciion 9: Physical and Cheamical Propartiss

| Physioat ctabe anc appearanoe: Sol. (Crystafine soi. Crystafine powdis |
| Ddor: Odoriess.
| Tacte: ot avaliabie.
| Mclsoular Welght: 125,12 gimas
Color: Wiee.
| P 1% cainfaartan: hot malabe
| Eoling Point: Mot e,
| Meiting Point: 300°C (572°F)
Crtitoal Temperature: niot avalanie.
| Epesifio Gravity: Not avainbie.
| wapor PrecEurs: Nt sricanie.
| vapor Dencsy: Mot svailscie
| Volatiity- Mot svasstie.
or Threchal: Not aianie.
| WealBriON Dict. Coser.: Mot awlanie.
| tonletty fin Watnr}: Mot avataie.
| Dicperzion Propertisc: Ses soutilty in sater

| Doty
| ‘Boubie n oo water. Soiualiy K water 55 g1

Sectlon 10 Stabllity and Reactivity Data

| Stability-Tre product s st
Inctabiify Temperahare: Mot Zvatabie.
| Conditions of inciabiity: Evcess hest, dust generation, nmompattle materas

B3

e ‘with various REnctive with arsizing agents.
COMOGIvity: NOR-COMOS!ve In oresence of giass.
‘Epeoial Remarks on Reactivity: Not avalane.
Epeoial Ramarks on Comosivity: Mot avaiace.
Polymertzation: Wil not ocor,

[ ‘Section 11: Toxicoiogical Information

Foutes of Entry: infaiaton ngestion.

Todelty bo Animale: Acue oral boecity (LDSET >5000 mgfg [Rat]

Chwono Effeats on Humane: Mot avaliaple

Ottsar Toxio EMsate on HUmMSNe: 5igntly Rarsmous I CasE oF skin comact (et of ngasher, of nhambon.
Epsolal Ramarkes on Toxiofy fn Animale: Not svaissie

Spsolal Remarks on Chronio EMsots on Humane:

M3y cause aoverze meproductive eTers and D defecls (eraingenic) Gazed on aniTal =gl dal. May e geneco mairal
i EniC]

Epeoial Femarks on other Toxlo Effecis on Humans:

Arube Fotential Healh Effects: Skin: May cause skin iriation. Eyes: May cause eye infiafion. inhaition: bay cause
respiradory tract imidon, Ingeshor: May cause digesSve fract Imiation. The txicoogcal propertes of this subsanoe have not
RN 47 MVESTgEtEd May B0 MMt DERETOT SOTTOENDE, || MAtsna s

| Saction 12: Ecologl i

Eootoxiofty: Mot avasane.
BODE and TO0: Not avalabie.

Produate of Exodegracation:
Fossibty hazamous short term degradation products are not lkedy. However, iong term degradadon products may arse:

Toxkeity of the Producis of Blodegradation: The product i and iis producs of degradadon are not toxic.
Epeoial Ramarks on the Froduis of Blodegradation: Mot avalabie.

Saction 15: Disposal Conslderations:

Wacis Dicpocal:
‘Wiashe st e Esposed of in sccomance wih federsl, st and local environments! control reguiations.

Section 14: Traneport Information

DOT Classifoation: Mot a DOT controiled maierial (United Staizs).
ideniifioation: Mot appicabie.

Epeolal Provicione for Trancport: Not appicates

Section 15: Other Reguiatory information

B4
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| Faderal and 3iais Reguiations: TSCA S5 imventony: Taunns
Other Reguiatione: EMNECS: This product | on £2 Ewropean invenfiory of Existng Commerdial Chemical Substances.
Oiter Classifloations:
WHMIE (Canada): Not controlisg under WHAME (Canadal

DECL [EET):

This: product b not ciassied scrondng & the SU reguiabions. 3455 Avold coréact with skin and eyes 535- In case
of contact win eyes, rinse bmemaglate fy Wit pienty of waiter and ssak medioal adhvice. E28- Afler contact wih skin, wash
Imredaety Wi plenty of water. 538 Wear subahie proiecthe dotning

HMZ jUBAY
Health Hazand: 1
Fire Hazard- §
Reagtivity: C
Parconal Proteotion: £
Hational Firs Prodeobion Acsoolation [UL3.A%
Haaith: 1
Flammatdiry: 1
FReeaathity- O
apsaifia hazard:

Froteothve Eguipment:
Gioves. Lab coat Dust respirator. Be sure (o Use an approvemicarsfiag MEspirainr of equivaient. Satety gamses.

| Saction 1§ Other Information

Refsrenoss: Mot avalishis

‘Oiher Zpecial Conciderations: Not avaiatis.
Crealed: 101102005 12:00 AW

Laet Updated: 11012010 12200 FM

The nfomation S00VE (5 Seflevess 3o be SCCUREE 300 PEIVESEMTS e Sesd IMGNTEINON CUTENtl aVvalabee Io U HOWEVer, we
ke fo WAty of marchanisbiily or any oifer warandy, sxprecs or impfed, wilf nespect o swch inbrmation, and we Fsume
o Daslify PRELAONG FR AT UsE USRI ShOuld S ShEr GWn MTVERQENGNT 1D SRmUTine M ey of the nfmation B
Shelr paricaiar purposes. in o evert shal Sciencelah com be Sabis rany Claims. josses, or damages of any thid party o e
ot peoits or any specia) indiect, hotental, consequeniial or sremplan damages, howsosver anising, even § Sclencelab com
N3z een advsed of e oSSy O SUCh camages
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Tryptophan

Material Safety Data Sheet
L-Tryptophan MSDS

Section 1: Chemical Product and Company

Product Name: L-Tryptoohan Contact Information:
Catalog Codse: SLT370D, SLT1ES4 Schmcsatcom e
! 94005 Smitn Al

case 73223 Hauston, Texas 77255
RTECS: YNS130000 U5 Sales 1-600-9017247
sieges o Infemational Sdes: 1-281-441-4400
m-m“ il Jpedemy: |- Trpphiplon: Order Crfine: ScienceLas.com

o CHEMTREC [24HR Emergsncy Telsphons), call:
Synomym: Tiypiophar; L-aigha-ami 1-500-4524-3300
o T ave s roonis s, nkemational CHEMTREC, call 1-703-527-3857
(SFTrypiophan; 1-bel-Tndofyiaianing; iH-ndole-2- For non-smergency asslstance, call: -231-441-4400

HBI.ITE {S}- 1ﬂ—|m1lwm m.
isk: - oo

Aanine, Hnao- 2yt L-Tryprophans; L-Hpru—Anm
Indolaprpionic Ack; Indole-3-aianine; Proploric ackd, 2-
aming-2-ndok-3-yt Tryptophane; L-Tryptotan
Chemical Name: L-Tryplophan

Chemical Formuta: CT1-H12-82-02

Section 2: Composition and Information on Ingredients

‘CompoalBon:
ams [ case | woywegt
Ly | 7323 | m

Taxlcological Data on ingredisnta: Not appliasie.

Potential Acute Health ENfecta: Signtly Nazardous In Case of skin contact (ITRant), of eye contacs (Intant), of ngestion, of
Inhaiation.

Polanttal Chronic Health Eacts:
CARCIMOGENIC EFFECTS: Not avallable. MUTAGENIC EFFECTS: Mutagenic for bactena andior ysast TERATOGENIC

T TTT

| Ramlior, L. Pyl il By ooy |
Do ST |

Lrom o =g e TR TR T i ey oy e ey o e e m e 1]
W Rl T il e el e TR0 ekl

|
:r;::n-nnh LR P R B (W e g o ey
B . B EOE 2
[T

F o B e 3 Fmrwry o 3o o g op ewema
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Section 10: Stability and Reactivity Data

Stabifity: The procuct s stabie.
Inztablity Temparaturs: Mot avalable
C - EXpess heat, materas
ity with various Feaciive acids.
Comoelvity: Nor-comelve In presence of giass.
Special Remarks on Reactivity: Protect from light
Spescial Ramarks on Comoalvity: Not avallabie
Polymertzation: Wil not occar.

Section 11: Toxicological Information

Routes of Entry: Irhalaton. ingestion.

Toulcity fo Animals: Acuts oral toxicity (LDSD): 15000 ma/kg [Ra].

Chronic Effacés on Humans: MUTAGENIC EFFECTS: Mutaganic for Dactera andior yeast.

Other Toxic EMscts on Humana: Sigtty Nazamous In case of skin contact {IManty, of Ingestion, of N3aton.
Special Remarks on Toxicify o Animala: Not svaliabiz,

Special Remarks on Chronic EMects on Humans:
W3y Calse Adverss repmaductive eff=cts Dased on animal test dFa My C3Use CANCer D3sSD O anMal lest 018, May aflect
genetc malena (mutagenic)

Special Remarks on other Toxlc Effscs on Humans:
Actrz Poiential Hearh Efecis: Sk wmmnmm.mmmmm.mwm

mqumyma-nm INGREHION: CaUSEE Severs INfial nause3. May affect Dehawiroentral NESVOUE System |ooweiness,

nesdache, cxciEment, semnalnce, MsomTia, musc waaknsss, muoew}.msplmtmpmnayeﬂe«a]m
\genrattis). May affect biood and cause L- Inoieed yrdrome. This liness is characterized
by musculoskelatl

mmmnmgwagas armreigas, and ;mmslmas The piysical findings eonsiet of muscie
and pesiorital agema, eosinophila. Chioric Podential Haalth Efcs: Ingeston;
Pmlnngednmepeamﬂlngesﬂmm alfect the fiver, metabolism (welght loss), blood (changes In red biood call courd,
(oyspena, Y S0EME), uTnay SysEm

Section 12: Ecological Information

Ecotoxicity: Not avallatie.
BODS and COD: Mot avalable.
nmummgmm

Sossibly n products are not ey, However, long term degradation producss may arise.
Toxleity of the Products of Blodagradation: Tha proguct iself and its products of degradation ane not toadc.
Special Remarks on e Products of Blodegradation: Not ayaliable.

Section 13: Disposal Considerations

Wasts Disposal:
WWaste Must be disposad of I accordance Wit federsl, s13te 3nd local envirnmental contol reguEatons.

p.4
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Section 14: Transport Information

DOT Clzsaincation: Mot 2 DOT controded matena (United States)
ldenifNcation: Not applicable.
Special Provislons for Transport: Mot apoicabie.

Section 13: Other Regulatory Information

Federal and State Regutations: TSCA &(b] iInventory: L-Tryptophan

Other Reguiations: EINECS: This product IS 0n e ELFpaan IMentory of Existing Commerdal Chemical SUDStanoss.
Other Clagaifications:

WHMNS [Canadal; Nat controded under WHMIS |Canada)

DSCL (EEC):
This produd s not classifled according fo the EU reguiations. 524725 Awold comtact with skin and eyes.

HMIS [ULS.A )
Hsalth Hazard: 1
Firs Hazand: 1
Reacgvity: 0
Perzonal Protection: £
MNatlonal Firs Protection Assoctabion [U.5.A):
Haalthc 1
Frammabiiity: 1
Raacavity: 0
Spaciflc hazard:

Profactive Equipment:
Gowes. Lab coal. Dust respirator. B sure io use an

app cer or Gately giasses.

Section 16: Other In

Referances: Mol avaiabie.

Othar Spaclal Conalderalons: Not avdlable.
Croatad: 10411/2005 1250 PM

Last Updated: 11/012010 1200 FM

The information above s belived & be aCCUraie and MOVESENts M@ bos! Intvmanon CUENDy valahie i U However, we
meke no waranly of merchanizbily or any ofher wararly, express or implied, with respect io such information, and we assume
mmﬁyres-_mgmmm.mmmmmmmmrammumywmmmm

a3 bean aavised of e PoSSIDM OF SUCh DEMEgES.
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Threonine

D, il

E

200 Baastiier

FPernonsl
Frotecibon

Material Safety Data Sheet
L-Threonine MSDS

Sectien 1: Chemical Product and C 1y Identification
Product Name: L-Threanine Comtaot Information:
Catalog Codes: SLT127E, BLT1584E, SLT3133 Solenoelab.oom, ino.
14025 Emin Rd.
CARE: 72155 Houston, Texas 77356
RTECE: XDE530000 US Sales: 18009017247
Irfemationsl Sales 1-381 4414400

TSGA: TECA 8{b) Inventory: L-Threonine Oviter Oniline: Sciancel ah.com
A p— CHEMTREC (244 Emergenay Telphonel, sall
Symonym:  L-2-Ammino-3-hydrosybugyric acd 12004 2£-3300
Chamioa Fommuia: G253 Intermational CHEMTREC, oall: 1-703-527-2887
For non-smargenoy acclciance, call: +-381-421~:400

| Saction 2: Composition and tion on ingredienis
Composition:
Nama cazg | o5 oy wesgnt
f-Frhmeonine T35 100

Toxleobogioat Data on ingrediisnts: L-Threanine LDS0: Mot svaiistie LCSO: Mot avaiishie

| Section 3: Hazards identification

Potential Aouts Haalth Eftsote:

HaTartoes In rase of £y comtact (AR of Rgesson of Raiaton SAghey MATaRacus i cazs of sn Contsct (e
Potential Chronis Health Efats:

Hazarrices In rase of £ye rontact (Imtany, of Rgesson, of Reaison. SigheY Fazrdous ) cass of Skin CORSCE (ImEne.
CARCINDGENIC EFFECTE: Mot avallable. MUTAGENIC EFFECTE: Mot avaliable. TERATOGENIC EFFECTS: Not avalable.
DEVELCPMENTAL TOXICITY: Not avaliable.

| Saction 4: First Ald Maasurss

Eye Contaot:
e for and remove any contac enses, immediately Tusi eyes with running water for 2t east 15 minges, kesping syslds
open. Sold water may be sed. Do notuse an eye cniment. Sesk medical abention.

Bt

‘Bkin Contsat:

Adfter COMSCEWER SEin, wash Immedately with prenty 0T water. Gantly and SOnughiy was the Contamnatsn skn Wit nening
waber and nen-abrasive scap. Ee particulany carefdl fo ciean foids, orevices, oeazes and groin. Toid water may be used.
Cowver Bhe iriisted skin with an eolient I iration persists, seek medical atiention. Wash confamirated clothing before
rEng.

Eeriouc 3kin Contaat: Mot avaiabie

inhalation: Allow the vicim torest in @ wel ventiaied area. Seek Immediote medical adention.

Zertouc InhalaBon: Mol avaiabie.

ingection:

Do not Induce vomiting. Loosen fght clothing such 2= a collar, te, beft orwaisand. ¥ the vichim Is noi bresthing, perdorm
FoUf-i-mouth resusciation. Seex mmedate medica afiention

Banouc ingection: Mot Fvacanie.

| RGN h s ST XN D
Flammabiity of the Produot: May be combusttes at high temperaire.
Aarindgnition Temperature: Not availabie
Flach Points: Mot avatable.
Flamenaiée Limis: ot avasabie
Produots of Combuetion: These products ans camen oxides (OO, COZI, NErDgen orides (NG, NOZ...
Firs of Various Mot zvakaie.

Exploclon Hazards In Precenocs of Varicuc Jubctanoes:
FRizks of explosion of the product in presence of mechanical impact Mot avaiiabée. Risks of explosion of the produc in
presence of stadr discramge: ot avaiiabie

[Fir Fighting Miedla and inciructanc:
BMALL FIRE: Use DRY chemical powder. LARGE FIRE: Lize waier spray, fog or foam, Do not use waler jet.

Epeolal Remarks on Fire Hazards: Not avalabie.
Spaolal Femarks on Explocion Hazane: Mot avaiane.

| Gaction & Accidental Releass Measurss

| Emat zpa:
‘e approprime I00S T pUl Doe spdied S0 In 2 convenient waste JSpOsy Comaner. Finioh ceaning by oreading wakr on
fhe contarnbed saface and dispose of accordng 0 local and regional authorty Feguinements.

Lasge Zpll:
LUise & Showss I Pt the ralenisi rio 3 convenizntwaste dsposs comainer. Finish oeanng by spreading water on the
contaminated surface and sliow 10 Swncuate hinough e sanitry System.

| Section 7: Handling and Storags

Precautions:

e swaly from hest. Ksep away Fom soUres of igriton. Empty containers pose 8 fre fsk, EVERORE the FESiiae under 3
fume hood Ground i equipment conm@ining matensl. Do mot breathe dust Awndd contact with 2yes Wear sultabis protective
iciothing In casa of NSUMcient vertiation, wesr SUSShis nesninstony souipereEnt ¥ you feel neel, sesk medcs amention and

show the iabel when possibie.

B2
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shoraga:

Kmep corfminer dry. Keep i a coof place. Sround 2! equipment corfaining maizriy. Keep container tghty dosed. Keepina
| cood, welFventiated piace. Combustiee miaterials should e stoned 3wy oM extreme Feat and away from sirong oxidzing
| agenes.

| section §: Exposurs Controls/Personal Protection

| Enginsering Condroc:
(I8 PrECRIS AN COIUReS, (00 AL wETannn o othar EnQIESrN ] CONTTNE 10 TRED ARDOITE IEVES DRoE MErmmmendad

| =posure limis. H user operaions generate dust, Tume or mist, use vendiafion o keep sxposure | arbome comtaminans
beiow the Emmosure Bmt

| Perconal Proteotion:

| ‘Boish gopgies. Lah cost. Dust respirator. Be sure 1o wse o aporoved/rertiied respirtor or sxuhmient. Giowes.
Personal Proteotion In Cace of 2 Lange Epill:

| ‘Gpiash goggies. Full sut. Dust respiraior, Soots. Giowves. A 525 confained breathing apparatus snould be used bo avosd
inhaiaton o the product. Suggesied protectve Ciothing might rot be suffcent: corsult a cpecisist EEFORE handing

| product

| Expocure Limis: Kot svalasbie.

Section 3: Physkcal and Chemical Propartias

| Phyiosl ctabe and appearane: Soid.
Odor: Not avalabie.

Tasbe: Mot avalimte.

| Mciecular Wolght: 113,12 gmale

| pH 1% soinnwarten): Nt meatais.

| Baofing Point: Not zvailatie.

| Maiting Point: Dacomposes. (255°C or 432 8°F)
Crttioal Temperature: Mot mvalable.

| Epsolfic Gravity: Mot avainbe.
Viapor Pracoune: Mot appiicatie.

| Vapor Denesty: Not avsiasie
Volatiity: Not aaalatie.
Odor Threshold: Mot avasatie.

| WateriOfl Dist. Coefl.: ot availabie.
lenlolty fin Wabsr]: Not avalabie.
Dispersion Propertise: Ses souniity in waser

| Salubiity: Ensliy solbie in coid waler.

saction 10: Stability and Reactity Data |

Etability- Tre proguct 1o stamie. |

B3

instabay Temperatums: Mot avatatie.
Conditions of inciablity: Not avsiatie.

with various hat avaliable.
‘Comroahvity: Non-comosive in presance of glass.
Special Remarks on Resothity: Not svaratis.
Spaial Remarks on Comeshvity: Not saisbie.
Polymerzabion: Mo,

| Secilon 11: Toxlcologlcal Information

Foutes of Entry: Eye comact. nhaabion. ingeston.

Taudeity to Animale:
LDSD: Mot avaliable LCS0- Mot avalabie.

‘ther Toxlo Effeobs on Humans:
Hazardous In caze of ingestion. of mhaiaton. Signty hazandcus in cace o Siin conBa (IFRant).

&psolal Remarkes on Toxlofy fo Animale: Nt avalasis
peolal Femarks on Chronlo Effects. on Mumanc: Fazces fough S piaceril Damer n fuman
Zpevial Remarks on oiher Toxlo Effeeic on Humans: Mot aalae.

[ saction 12: E

Enotoxiofty: Not avaiaie.
BODE and CO0: Not svalabie.

Produgte of Evadegracation:
Fossibly NEEamoUs Short Bnm dagradation products ane not [Rey. Howaver, [ong B oEgradanan products may s

Taudeity of tha Produots of Blodsgradation: The products of deprmdaton ar more o
Speolal Remarks on the Froduots of Blodegradation: ot avalabls.

[ ssction 13: Dieposal Considerations

[ Section 14: Transport Information
BOT G : Not a DOT carer al L L
icanitfination: ot acpacabie.

Spouial Provisiont for Transport: Mot appicatis

Sechion 15: Other Reguiatary Information

pd
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Federal and Stale Regulations: TECA S nventony: L-Thmonke
Othar Reguiations: Not Fvaiane.
Ciher Claccioations:
WHMIE [Canada): Mot controlied under WHMES {Canadal
DEGL (EEC): R3& imiasing oo eyes.
HMIZ (U A F
Health Hazana: 2
Fire Hazard- 1
Reaatvity: O
Ferconal PFrotection: E
Kational Fire Protecfion Assooistion [U.3.A)
Heaith: 2

Froteothve Equipment:
Gioves. Lab coat. Dustrespirtar. B2 SUre In use an approvedi Dertfisd respeior or equvalent. Soiash gogoes.

| Saction 16 Othar Information

Referenoss: Mot avalanie

Oitar Bpscial Conclsrationt: Not availabie.
Cawaied: 0102005 08:30 FM
Last Updated: 117012010 1200 FM

The information anove [5 befevad i be aCcurae and e e et cuTEnty U5 HOWEVET, WE

maks o wamanty of merchanksaiily o any cifier warmanty, express or inpled, Wil respect do such irformadion, and e assume

P AaCUSy resumng foum A7 use UTErs Should made T Own TR SIRaTons I gemvInine e Sualdny of e nfrmaron T

el particuiar purposes. in no evend shall ScienceLab oom e Kabie brany calms, josses, o damapes of any thied pany or e

h:mmu:wmﬂn‘w , Incitereal, con or damages, arising, even ¥ Sclencei.ab com
has been adised of e pozsibily of such damages
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Material Safety Data Sheet
L-Histidine MSDS

| Section 1: Chemical Product and Company identification

Product Hame: L-Histdine Contaot Infosmaticn:

Catalog Codes: SLHZ317, ELHI183, BLH1843 Sutenoeiab.com, ine.
14025 Emin Rd.

CAZE 71001 Houslon, Texas 77386

RTECE: MS3070000 UE Syes 1-800-801-7247

Inemations S 1-381-441 4800
Order Online: Eciencelab.com

CHEMTREC (24HA Emerpancy Talephone] sall:
Symanym: {3 Falpfa-Amne-TH-micazis-d-propianic 1-800-424-5300
ackd

Intemational CHEMTREC, call: 1-T03-527-3387
For nan-smergenoy acelctanoe, sall: -381-421-4400

TECA: TECA Bib) inwentory: L-Histidine
Cht: Mot »alisbie

Chamioal Fomnulas: CEHENIO0Z

| Section 2: Composition and on Ing
Compasttion:
Hame CASE % by Weight
T-Histine 71001 100

| Taxsciogieal Dats on Ingrdients: L-HeSdine: DRAL (LOS0 Acue: 15000 mghg [Rat]. 15000 mgkg Mouss].

| Sachion 3: Hazards

| Pobendlal Aoube Health Effscbs:

| Eimmrionss in case of ingestion. of mhasstor. SAgRY haamous in case of skin conisct (TRt of £ye contact e

| Potandial Chrcnic Health Effeats:

| Harardus In mse of ngestion. of mhaisbor. Signdy hazardous in cace of skin contct {imkart). of eye contact (imitacs)

| CARCINCGENIC EFFECTSE: Not available. MUTAGENIC EFFECTE: Not avaliabie. TEHI\TQG:NICE—‘FEC—'FE Mot avaiate.
| DEVELOPMENTAL TOXICTTY: Not avalabie. The sutstance i touiC 10 NS, MUCOWS membranss. Repesed of proonged

| =sposure b0 the substante £3n BrodUCE et DAJANS dAMAgE.

| Saction 4: First Ald Measuras

| Eye Contaok immedateny fiush =y=s Win nning wotsr for ot isast 15 minutes, kesping eyefics cpen. Cold watsr may be
| umed

Skin Contaot:

After contact wih Sk, wash mmedatety with pet of waser. Gertly and Sorughiy wash the cortamn sad Son wie renieg
waler and non-abrasive soap. Be particuay Caetl 10 ciean foids, PEWoEs, Creases and grnin. Cold water may be used.
Ciwver o ritaded s whn an el e,  friation persats, sset medicl aeniion. Was corfamated cicthing befars
msing.

Beriout Skin Comtaot: Not avaliahie
Inihalabion: Allcw the vicim o rest in s well verttaisd anes. Seek Immedis medica amenton.
Serious inhaiadion: Mot avalabe.

ingection:
D not induce vomiing. Loosen Sght ciothing Such &3 2 codan, f2, bef or waisand. ¥ the victim Iz not bresthing, perfom
moutrio-mouth resuec ation. Seek mmediaie medical atiention.

Barious ingecdion: Mot svaiane.

Sactlon 5: Fire and Expleston Data

Flamenabifity of the Froduot: May be combustbie ot high iempermtire.

Aafin-grition Temparature: ot svalssie

Flach Poinbs: fct avaiatie.

Flamenabie Limis: ot avalisble.

Produnte of Combustion: These products are carmon awides (G0, COZ), nirgen oudes (KO, NOZ_).
Firs Hazards in Frecence of Varous Subsiances: Mot svaiaoie.

nmummmwwm
FResks of exmicsion of mﬂ.nmummmmmmmrwmam:mm
oreserce of Sadc discrame: Mot svarlabie.

Fire Fighting Media and instrusanc:
EMALL FIRE: Use DRY chemicy powder. LARGE SIRE: Use waisr spray. fog or foam. Do not use water jet

Spaolal Remarks on Fins Hazards: Not svalsbis.
Epeolal Remarks on Explosion Hazands: Mot avalabie.

| Section &: Accldenial Relsass Measuras

Emall 2pdi-
\Use approprizte: toois fo pul fre spilled sold In 2 convenlent wast= dsposal container. Finish Ceaning by spreading waier on
e comamnaed SUrace and dispose of ALCOFIinG 10 00 and regionsl authorty reguiements.

Large Ipli
\Use 3 shoved I put he material oo a convenient wasks dsposa container. Finisn Ceaning oy spreading waier on the
contamirated surface and sliow 10 SWacuate through e saniry Sysem.

| Section 7: Handiing and 3torage

Pracautions:

Fzep away from heat Keeo away fom souroes of ignition. Emply containers poze a fne rick, evaporade he residoe under 2
fume Focd. Ground afl eguipment conaining mabenial. Do nol ngest Do not breathe dust, Wear sutable probecSve cothing =
case of Insufficient ventiaton, wear sulaie ey Squipment F Ingesoed, seek Medical 0vice mmadaiely and show Fe

cortainer or e bel
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Etorage:

Fzen coniner ary. KEep 0 2000 place. Sround A eQURMEn: con@ning materia. Keep contaner tohty dosed. Kespma
| cocd, weikventiated pisce. Combustibie mabery's should be stored away from etreme Rizat and away from strong deldzing
| agests

Saction 8. Expoaurs Controds/Perzonal Protaction

[Enginearing Condrois:

| Uz process sncosures, local exnaust ventlaton, or cihar enginssrng [onfis 10 KeeD 2FDome evels Deios mecommanded
‘SamosUrE (TS T USeT OOSTINONT QRrenos GUSh TUTe OF Ml use ventianon [0 keep 2NDOIUne D Mhome omaminans

| Eeiow the Fmcsure Sme

| Perconal Protsotion: Safsty gazses. Lab cost Dust resoirator. Be sune 5 use an anprovedicsrtfed respiranoe or squiasnt.
| s,

| Perscnal Protection In Cace of a Large Spill:

| ‘Splash goggies. Fall sut. Dust respirsior. Soots. Gioves. A 32 contained breathing spparats should be used 5o avold

| mhataton of the product. Suggesind protecove Cothing might nobbe suffcent: consut a specaist BEFORE handing this

| product

Expocurs Limits: Mot svalatie

Section 3: Physical and Chemical Propertiss

| Phystoat siabe and appsarancs: Sl (Crysiaiine soid |
| ooor: oaoness
| Moisoular welght: 15,15 gmas
| cosor: winae.
BH {19 wodnhwater): Mot sealabie.
| Eoming Pont: Notavmiase.
Motting Poink: Decompesess. (257" or S28.6°F)
| Critioal Temperatune: Mot avalabie.
BpestNo Oravity: 1.44 (Wassr = 1)
| vapor Freswuns: st sopicame.
| vapor Denciy: Mot svailabie
| vokatiity: Mot avatatie.
dor Thrsehald: Not svatate.
| WetnriOR DSt Coett.: Mot maiiatie.
lonioity (in Water): Mot avaiooie.
| Dwpercsan Propadtiss: Ges ssusiity in water

EolubHty:
| Pty soicbie in i water. Viery slighty soluble in methand. Insciabie in detyl ether.

Sckon v Shily med i tdy Uat;

03

| Federal and 24ate Reguistions: TSCA SiE) Inventory: L Threanine
‘Oirer Regulations: Mot avalabie..
Other Claccifoations:
| WHMIE [Canacay: Not contries under WHIRS (Cansda)
| DECL [EET): R35- imintng o eyes.
| B UEA Y
Healfn Hazmnd: 2
Fire Hazard: 1
Reaativity: 0
Forsonal Proteatice: £
| Mabional Fire Protestion Assosisbion (U838 )
Health: 2
Flamnmabilfty: 1
Reantivity: 0
Spsoifio hazard-

| Protootive Equioment:
| ‘Gioves. Lab coat. Dust respirator. Be sure to use an approvedicertfied respinior or equivalent Sninsh goggies:

| Section 15 Other Information

| Reterenos: ot avalistie
ier Epsolal Conelderations: Hot availscie.

| Cosated: 30102005 030 FM

| Lot Updated: 11012010 1200 A4

| The information adgve is hefleved 50 fe SCCURRIE SN RO SRS e best nfmation cuenty avaliable i us. However, we
| ks no waTaTEy of mEThanimality o any oer WaTanty, SXESS Grimeded, W ESpect 10 Such rmann, and We ZEsume
| no ety resuiing fom &5 use Users shouwld make their own imestipations D defermine the sufiablify of the information br
| shetr particaiar purposes. 7 RO event shall ScenceLan com be Kadie for any Claims, Jozoex, o SImagES of any thid pany or
| IS DROECS OF ANy Specid, o, CONSSQUENEE o ENETINGY CATIRQE S, ORTOEVEY 21Tng, even £ Ecenoeian com

| has feen advised of e pOSSGETY Of SLUCH Camages.
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| Etabiltty: Tre product is stabie.
Inchaniisy Temmperatun: Mot swalatie.
Conditions of inclablRy: Mot availadie
L ‘with wark cia : Mot availabie.
CoToEivity: Non-romoste in presence of giass.
Special Remarks on Reactivity: Mot avalabie.
Spanisl Remarks on Comocivity: Mot sukste.
Polymerization: Mo,

| Section 11: Toxlcologlcal Information

Foutes of Entry: Infalasan. ngastor.
Towkelty to Animalk: Aoz oral hexoty (ILDSDT 15000 mo/kg [Mousz].
Chwonis Effsote of Humant: The sutsince & S0mc 60 [Rgs, MUTOWUS MEmDranss.

Othar Toxio Efeots on Humans:
Hazardoas In caze of Fgesbior, of mhaation. Signdy hazardous In caze of siin conxa (imfant).

Spaolal Remarks on Toxlefy fo Ankmale: Mot svsitasis
Epeoial Femarks on Chronle Effecks on Humane: Passes frough e placental barrier in Faman.
‘Bpaolal Remarke on other Toxlo EMssds on Humans: Mussanos dost

| Ssction 12: Ecologl

Epotemiofty: Mot avalatie.
EDDE and COD: Nol avalacie.

Prodismbe of Elndegrasation:
[Possitly hazardous short e degragation products ane not ey, Howsver, jong term degradadon producs may arise.

Taxtelty of the Preduots of Blogsgradation: The products of depradaton am mone oW
‘pecial Remark: on the Produvis of Blodegradation: ot avalabie.

saction 13 Disposal Conslderations

| Seciion 14: Transport Information

DOT Classitoation: Not a DOT contraiisd materal {United States)
sendifioation: Mot Spoacanie
Zpecial Provicions for Transport: Hot appicabie.

Ba
Federal and 3ate Reguiations: T3CA Sib) nveniony: L-Hstidne
Otter Reguiations: CEHA: Harsrcars by defntion of Hazan Communicaton Sanda (23 CFR 1910.1200)
Other Claccifioations:
WHMIE [Canada): CLAZS D-2A: Maieryl cousing other indc effecks (VERY TOMIC).
DECL [EEC):
Thés, procuct ks not cassed scrondng o the EL egunkons.
HMIZ U.BAL
Heaith Hazard: 1
Fins Hazard: 1
Reagtwvity: O
Ferconal Protegtion: E
Hational Firs Profestion Acociation {3 A
Haalth: 1
FlammatbdiRy: 1
Raaatwity O
Spaifia hazard:
Protsotive Equipment:
Gicves. Lab coat Dustinespimsior, Be sure ko use an approvedicenified resparaion or equivalent. Wear appropriate respirabor
when ventiaston is nadequate . Salsty glasses
Fafersnoss | Mot avaiiabie
Cther &pegial Conclderations: Mo avaiaie
Created: $0/102005 08:20 P
Lsct Updatsd: 11012010 1200 FM
The infarmaiion apove 5 befleved io be accurale and o senis the Sesd mbrmation cumently avalladle o us. However, we
make no wamrany of merchaniaslEy or any oiher warranly, sxpress or imeded, with respect fo such informadon, and we assume
e latify resuting fom I3 use. Uisers should make Shair own Imestipations 10 determing e sttty of the vrmanion b
el pariicudar purposes. i no everd shad Sclencelab oom be dabie br any claims, losses, or damapes of any B sany or e
105t DrOYS oF ANy ToeCiy, dnokect, ncidenral, oo o damages, artsing, even f Sclenceiah com
has been advised of the posstally of such damages.
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Isoleucine

1
2’0 Remcibvliy 0

Friieciea E

Material Safety Data Sheet
Llzoleucine MSDS

| Section 1; Ch Product and Company Identification
Froduot Name: L-iscisucine Contact Informaticn:
Catalog Coces: SLISE2, SLII2Z L1645 Saiancalah.oom. ino.
14025 EmEn Rd.
CAZE T3-32-% Honsion, Texas TTI56
RTECE: NSATHSIO0 LS Eaies: 1-8900-801-T247

rematiors Saes 1-2E31-441-8800
Order Online: Sciencelab com

CHEMTREL (24HRA Emengenay Telephonel, call:
aynonym: 2-Aminc-3-mathyivaienc s 1-800-424-2300

TECA: TECA il Imemniony. L4soieucine
CHR: Nof awaliable.

Chaminal Formula: CEH1INOT infemational CHEMTREL, call: 1-T03-E27-3887
[For non-amergency acelctanoe, call: -281-<21-2400

| section : Compasition and information on ingredisnts
| Composition:

Mama CASE | % by Wsight
T-Hecleacne T3 | 100

Torleckogieal Data on ngredientc: L-iseeucne LOED: Mot availabie. LTSD: Mot avalabie.

Saction ¥ Hazards idsntfication

Pobential Aoube Health Effecbs:

‘viery harardous in ese of Ingestion. Hazandous n case of skin contac (iniaet, permestort, of eye contact (itare), of
Inhaaton.

Potenilal Chronle Health EMests:

“mry Fazardcus in case of ingeston. Hazamdous in caze of skin contact (it permesior) of eve contact (), of
inhaiafon. CARCIMIGENIC EFFECTE: Mol avalabie. MUTAGENIC EFFECTE: Nol avalabie. TESATOGEMIC EFFECTE:
ot avalabie. DEVELOFMENTAL TCAUCITY. Mot avaliabie.

Sachion 4: First Ald

Eye Contaot
{Cfeck for and TEMOVE ANy Contact lanses. Immediatey Ml Eyes wih rUnRing water for ot lens? 15 minues, Kesning symids
iopien Coid water may be Umed Do not wse A sye ontmant Sesk madon stenton.

Bt

Ekin Contagi:

Adier contact wih skin, wash Fmedately with pleniy of water. Gently and Somughiy wash the contaminated st wif raning
water and ron-abrasive soap. Be particuany care io cisan fos, CTEVICES, rEsses and groin. Gold water may be uzed.
Coower 2 Imiiated Sk With an emollent. If irRalion persists, sesk medical afention. Wash contaminabed ciothing before
maEing.

Ssrouc Bkin Contact:

‘#ash wih a dsinfectant soap and cover the contaminatad thin with an arf-baciedal oeam, Esek medical atierfon.
inhalafion: Alow the victim o rest in 2 wel veriiaied area Sesk Immediate medical afiention.

Zerious inhaladion: Not avaladie.

Inegesciion:
D o induce vemitng. Loosen Sgie ciothing such 2z 3 colar, Te, Dedt or waisTand. ¥ the victie |z nat breaihieg, pedorm
moutrio-mouth resusckation. Seek mmediaie medica atintion.

Serious Ingestion: kot avaiane.

I Saction 5: Firs and Explosion Data

FPamomabiity of the Produnt hay be Comoeshis 5t ngn epEstr

Arfodgrition Tamperature: Mot svaianis

[Flach Poinbe: Mot avaiiabie.

Flamsnabie LIS Mot avalanis

Produgbe of Combustion: These products are carbon ouddes (GO, COZ) nErogen culdes (MO, NOZ.. ).
[Fim Hazarde in Precance of Varlous Eubcianoess: Mot avaladie.

Explosion Hazards In Frecence of Various Subcianoes:
Risks of expiosion of the produc in presence of mechanical impact: Mot avaliabie. Risks of eapiosion of the produd in
presence of siadc dischage: Mol avadiabie.

[Fire Fighiing Media and inctruesons:
EMALL FIRE: Use DR chamical powseer. LARGE FIRE: Use water spray. %og o foam, Do nct use water jet

‘Zpeolal Remarks on Fire Hazards: Hot aalatie.
Epeolal Femarke on Explocion Hazards: Mot avaladie.

| Section &: & e

Emadl 3
wnmswmmwmﬂmacmﬂmmﬂmmm Finish cieaning by spreadng water on
the contarminated SUraCe and dispose of BoTring 10 Iocal and reglonai authorty regunements.

Laager ZpiE:
lUise 3 showel I pat the matenal inlo 3 convenieant waske disposal container. Finiss ceaning by sprending water on the
contamirated surface and sliow 10 evarLaie hiough B sanitry sysem.

saction 7: Handung and Storags

Precautions:

Fomer away from heat. Kesp away fom souross of igniton. Exply containers pose & fre rizk, svaporais the residue under
afume hood. Ground 2l squipment contaming material, Do nof breate dust Wear sufabie protecive Cothing in caze of
Insufficient veniiation, wear sulabie nespiraiony squipment ¥ you fesl unwel, seek medical attenfon and show e label when

| possibie. Awold contact with skin and eyes

B2
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Ehorage:

Feep container dry. KeEp I B 00 Pisce. Gmund Sl BUIDMER: ConiNng maleral. Kesp contsner tghty tosed. Kesp n'a
00, weiventiaied piace. Combustbie mabeas shousd be sioned away oM extreme Feat and away from stong kEzng
agenis.

Section 8 Exposurs Controde/Personal Protaction

Enginssring Controle:

\Urse process encosanes, e Syt ventiason, or other Enginsam Toiis in k2ep aDome iEvess beow reccmmenoed
eapozure (s, 1 user operations generate dust Tume or mist, wse wengiadon o keep expozune b Arbome containants
below the mmomure Emt

Pemcnal Proteotion:

‘Eplash gopges. Lab coxt D52 respiranor. Be Sure 1D Use an approvediTenttted respirmce o squivaient Gioves.
Perzonal Protection In Cace of a Lange Spill:

‘Epiash, goggies. Full cut. Dust respiraior. Soots. Gioves & sa# corfainad braathing apparatus chould be uzad to avoid
mhaaton o the nrodunt SUggeTied pmbectve cothing MghE not B sufoen; corsut 3 spersist EEFORS handing this
product

Exposure Limis: Mot aaiase.

Section 3: Physical and Chemical Properties

| Phyciosl stabs and appsaranoe: Gofo. (Powdered soid |}
Odor: Kot saiate.
Tate: Mot avalisbis.
Miolsouiar Welght: 131,17 mae
0¥ {1% coinmeaten]: Not avalabiz.
Bofling Point: Notswiiabie.
Mstiing Point: Decomposes. (284'C or S43 21
Critioal Temnperabure: Mot avalabée.
Epecifio Grawity: Mot avalabie.
‘Vapor Prossure: ot appicabie.
Vapor Dencity: Mot avsissie
‘Vilatility: Mot avalabie.
Ddor Threchald: ot awalabie.
‘WiarkerOl Dict. CoedT.. Mot avallasie.
Somicly fin Waterj: Not avasacie.
Dicpareion Propartiss: See soounity In waser
Solubaity: Fartisty soiubie in cokd waber.

I section 10; Stability and Reactivity Data |

Stability: The product iz stabie. |

B2
Invctahiiy Temperahsm: Kot wiace.
Conditions of iInctablity: Not svalanis
“With warious Not BV latie
COrnEivily: Nor-omeeve in presence of gass.
Spanlal Ramarks cn Resobuity: Mot avasane.
Epsolal Femarks on Comoclvity: bot saiabie
Polymerization: ko
| Section 11: Toxicological Information
FRourtec of Entry: Derma comtact Eye corfact. imhatation Ingeston.
Tadeity to Animalke:
LOSD: Mot avaliable LCED Mot avalabe.
Chronio Effects on HUManc: Mot avaiatie
(Crther Toxlo Effecbs on Humane:
\ry FITANGOUS I CRsa of ngEshon HATAMoUE In cye of TN montact (it permestor| of meatson
Spaolal Remarks on Toxiofty 10 Animalc: Not avalanie
Spanlal Ramarks on @n Humane: UG B pRacen| Bamer in fuman
‘Epavial Remarks on othar Toxlo Efecis on Humans: Not avalacie,
Saction 12: Ecological information
Epotoxiofty: Mot avaiabie.
EDDE and TOD: Mot aalabe.
Produaks of Slodegracstian:
Poszibly WEESFGOUS shart Berm degraiation Dmaucts ans not ey, Howsewer, Iong term deDraiaton producss may arse
Taxkeity of the Products of The producs of are more fowk.
Speolal Remarks on the Froduoctt of Blocegradation: hot avaiabe.
| Section 13: Disposal Conslderations
‘Wiarie Dicpocal:
[ ‘Sectlon 14: Transport Information
DOT Classifioation: kot 3 DOT confrofied material {United Stades).
isendifoation: Not appacane.
Spanlal Provieions for Traneport: Mot appicans
| Section 15: Other Reguistory information
pa

Required Amino Acid Organic Petition Information

Prepared by Crystal Springs Consulting, Inc.

Page 76 of 117



[Federal and 3iaie Regulations: TSCA Sibi Imvenion: L-soieucine
Other Regulations: Rot avalabie..
Other ClacsiNoations:
WHMIE [Canaca): Mot controlieg under WHWE (Canada)l
D2CL (EECT: R35738- Irtatrg b eyes and skin.
IS LAY
Health Hazard: 2
Fire Hazard- 1
Feagtivity: O
Ferconal Proteafion: E
Kationai Fire Prodection Accoctabion [U.3.A )
Heaith: 2
Flammabillky: 1
Peantiity: O
Speoifio hazard:

Proteothe Equipment:
Gioves. Lash coat. Dustnespiraior, Se sure b tise an approvedicasifed respiraio o squivalent. Spinch goggies.

Saction 16: Othar information

Feterenosc : NCt avaiatie

Other &peolal Conclderations: Hot avallabie

Croated: 10/102005 08:20 Fid

Lact Updated: 115012010 12:00 Fil

The information adove is befleved io be accurade and sepresents five Sest hibmmation curently avalable io us. However, we

IS N WY O MATCNaNISIRy O STy CINET WOITITY, SRDETS CF STICHe, WITT PESDECT 40 SLch IROTTISOoN, Snd W ST

N0 [OUSy rESLEENG fOM T Ve USET Sh0UD Maar thelr OWn IMVESTRSToNS I geRTine M suaddny of e nfrmanon e
. i1 i Event shal Sriencelsh com b abie e any COAms. IDSSES, OF Samapes of any Ml cany or by

iy, 1
o3t profs or any special, indkedt, incidendal, covssqUential or Sxemniay Camages, howsoever ansing, even § Sclencelab com
s bewn advized of he poscEMy of such camages:
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Leucine

Reacililiy 0

Prieoiae 7

Material Safety Data Sheet

L-Leucine MSDS
Saction 1: Product and pany lon
Froduct Name: L-{sucne ‘Contaot Infosmation:
Catnlog Godes: SLL1268, SLL1S42, 5114054 Zalenoslah gom. ino.
14025 Smin Al
CASE 51-505 Hooston, Tewes 77356
RTECE: CH2550000 US Sales: 1.800.801.7247

TICA: TECA BIE} Imsmnory: L4 eucre T ST IS
Crder Onéne: ECiencelad com

CHE: Not svaiisbie.

\CHEMTREC (24HF Emergency Talsphons], sail:
Symonym:  -Aminc-i-methyvaieric acd 1-800-434-3300
Chemioal Formula: CEH13N02 Infemational CHEMTREE, oall: 1-703-527-3887

[FOF RON-SmArganoY eElctanos, sall: +-151-L81-5400

i Saction 2: Composition and on ingredients
ComposHion:
Mama cAzg % by Welight

[T S I

Toxeokogioal Data on Ingredients: _-Lewucns LOSD: Not avaiabie. LCED Mot avaiadie

Sectlon 3 Hazards Ideniification

Potential Aoute Health Eftsabs:

Sy haZmmoUT 0 o of eyE DTl (mitanl, of nhaston. Very hazrtous nooase of Ingeston. infammaton of the
eye is characierized by redness, wabering, and Eching.

Pobential Chionio Health Effeats:

Ewrealy hazamous i case of eye contact (e, of nhaton. Very hazious 0 case of Ingesson. CARCINGGENIC
EFFECTS: Mot avaliable. MUTAGENIC EFFECTE: Not avalabie. TERATOGENIC EFFECTS: Not avaisbie
DEVELOPMENTAL TOXICITY: Not avalatie.

| Section 4: First Ald Messuras

Eye Contact
Cmecs for an POV ANy DOMaTt enzel. Immedately TUSh EYES Wi runming waber for ot ast 15 mines, keaning syeids
apen. Cold water may b uzed. D0 notuze a0 ByE Gntment. Sesk madioal atention.

Bt

Bkin Contaot: Mo known: effect on skin contact, rinse with waler for a faw minades.

Berious 3kin Contact: Not avaliable

Inhatation: Ajow e victim to restin 3 wel ventiated anea Seek immediate medcl amenbon.
Sarious inhalation: Mot Jvsanie.

ingestion:
Do notinduce vomting. Loszen SNt Ciothing Such a2 3 coiar, T2, Do or walsmand. ¥ the victi™ (s not creathing, perform
mouttrio-mouth resuscBation. Seek immediade medica atiention.

Berious ingection: Not avaiabie.

| Saction 5: Fire and Data

Flamemabiity of the Froduot: May be combustbee at high i=peraturs.

Saftodgrition Temperature: Not ava s

Fach Poinbe: ot avaliabie.

Flamanabie Limss: hot avaiiable

Produstc of Combuston: Thess products ane cabon axides {C0, COZ). nfrogen oxides (MO, NOZ_ 1
Fire Hazards in Precence of Varous Subctsncss: Not avalabis.

Expiocion Hazards In Fracenne of Various Subcianaes:
Fisks of suplosion of the product In presence of mechanical impact: Mot avalisbie: Risks of sxpiosion of the product In
pressnce of stadr cischage: Hot awaiiabie.

Fare Fighting Media ard instrusbone:
SMALL FIRE: Uise DRY chemicy powdsr, LARGE FIRE: Use water spray, g or foam. Do mot use waiter jet.

‘Bpeolal Remarks on Fine Hazards: Mot sealaie.
Epeclal Aemarks on Explocion Harans: Mot avalse.

[ Section 6 Accldsntal Releass Measursa

Small Spdiz
\Use sppropiats toots S0 Ut e Spdled Soid In 3 conveniant waste dsposal container. Finish cieaning L preading waler on
the moniarinmed surace and dispose of according fo ol and megional authorty regqUrements

Lasge Spili:
\Use 2 shovel o put the malenial into 3 conveniant waste dsposal container. Finish ceaning by spreading water on the
contamirated surface and alow fo svacuate through Se sanibry system.

| Section 7- and Storags

Precaions:

Heep away from hest Keep awary from sounces: of ignition. Empty containers pose a fine: sk, svaporaie the residue under
afumne hood. Ground al equipment containing material. Do not breathe dust. Avold contact with eyes in case of Insuffident
weriation, wear soitble respratory equinment H you el urwel, seek medica atierbion and show e kabel when possoie.

Storage:

Erep condainer dry. Keep 1 a coo place. Sround il equipmens coniining maierial. Keep container tghty Cosed, Kesnin a
oo, weibventiates place, Combustivie mabenias shoud be moned sy fom exineme Deat and sy from srong axkdzng
agem.

n2
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SAETI . EXPORNR C OIS EVIACon

[Engineering Condrols:
fUse process enciesunes, local exhaust veniiation, or cther enginesrng controés 10 keep arbome eves DEow

SRS (S, I USET GOETINONT QENERE DUSt TUTE Of Mist, uIe vEnTiaton i kSR SNTOIUNE I Srome contaminans
below the exposure Emit

Perconal Protsction: Spiash goggles. Lab comt.

Personal Protestion in Case of a Large Zpill:
Splash goggles. Full sut. Bocts. ioves Suggesied probecite chotning —ight not be sdens consud 3 spaciasst EEFORS.
randing this product.

[Expogurs Limits: Mot aalanie.

Saction 9: Physical and Chemical Propsrtiss

PPhyzioal ctate and appsaranoe: Sold.
Odor: Not avalabie.

Tascher Mot avaintis.

Wolecular Weight 134,17 gimoie
Color: Mot avalinbie.

PH (1% colnmearten]: hot avalacie,

IEcding Foind: Notsvaiaie.

ietting Poink: Subimes. | 444" or 23 2F)
Critical Temperature: Mot avalabie.

Speaifio Srawity: 123 (Water = %)

apor Precsure: Mot aopécabie.

Vapor Density: Not svsianie.
Vnlatillty- Kot saiabie,

‘Odor Threshold: Not aviatie.
WistsriOR Dict. Coset.: Not swaisbee.
lenley fin Water]- Not avaiiabie.

DI perion Froperties: See soiUDiLy n e
Solubilty: Sountie i CONT water,

| Saction 10: ity and y Dats

Stablilty: The product is stabie.
Iectabiitly Temperature: ot avalatie.
‘Conditions of inctablity: Mot avalatie

with various cubctanoss: Mot avalabis
Comuelvity: Non-tomosse In presence of giass.
Epeoial Remarks on Reagtivity: Mot avaianie.

2paolal Remarks on Comooivity: Not svaiatie.
Patymantzation: ko

pl

[ Saction 11: Toxicological Information

Routns of Entry: Eye consact. inhalation. Ingestion.

Toudeity bo Animaie:
LOST: Mot avalishie. LCSD: Mot avaiabes.

Chroais EfMsobs on Humane: Not svaishie

(Oifwer Toxio Effecbe cn Humans:
[Exmemey NATAUoUS 7 G2 oF INNiaTon. Very Mazardous in case of ngestion.

Spsolal Remarks on Toxloty fo Animale: Mo avaiacie
Speola Remarks on Chronlo Efests on Humans: Fasses Srough fe placeral pamer in arimal.
Epeolal Remarks on other Toxlo Effects on Humane: Muisance dust

Saction 12: Ecological Information
[Enotoxiatty- Not svaiahie,
IB00E and COD: Hot swaisbe,

Produote of Elodegracation:
[Pozsibly hEEsmous Shor tenm degraaation products ane notiiely. HOWEVEr, (ong D oegradaton poducts =y arse.

Taudalty of the Products of : The producs ane more foxic.
‘Epeolal Remarke on the Froducic of Blods gradation: Mot availabie.

| Sectlon 13; Disposal

Weatie Dicposal:

[ Sactlon 14; Tranaport Information
DO Gncsifination: ok a DOT cortroiied mariera) (Unted States).
icentinoation: Mot apeacavie.
Epelal Provicsont for Trancport: Not appicabie.

| Saction 15 Other Regulatory information

Federal an State Reguiations: TSOA S imventor: L-Leutine

Other Regulations: GEHAC Hazardous by definbion of Hazar Communicaion Standard (23 CFR 19101200}
Other ClassiNoations:

WHMIS (Canaa): CLASS D-25: Malenial causing other bwc effects (TONITL

DECL (EEC): R1- Aisk of serous damage o eyes

Required Amino Acid Organic Petition Information
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HMIZ {U.BAL
Health Hazard: 3
Fire Hazard: 4
Feagtiity: 0
Parconal Prateaticn: |
Hational Fire Prodection Assocdabion (US4
Heaith: 3
Flammabily: |
Reaativity- C
Spsatfio hazard:
Protethe Egquipment:
Mok appiicabie. Lab coab Waar aporopeshe respomior wher verdation i macequate Spiath goggles.

Referenosc: Mot avaisbis

Oitr Bpealal Soneiderations: Mot avalisbis
Created: "0/102005 08:21 FM

Laast Updaied: 11012010 1200 FM

The information above 5 belleved o be accrad and repmseris e Dest nfbnmadion curently avalable o us. However, we
Mk N WIS of marT AUy OF SNy DIMES WAL, SXFESS O ImGder, Wi rESDacT 8 5ot FTTanon, and we Sssume
o Aty reswtng o i ase. Users should make dheir CuT imee Sigations 10 delmrmine e suitasdly of the information &

iy PERCANY DUTCISEE. B RC EVER? Shall SCEnCELI, oo be Rabie v any Cabms, 0Sses, or mapes of any e Saty o i
Iost profts or any soecie, indimct, incidental, consequential or avemglarn damages, howsoever arising, sven § Sclencelab com
has peen aovised of Me possETY of SLCh damages
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Phenylalanine

1
o) =
‘ ot X
Material Safety Data Sheet
L-Phenylalanine MSDS

Section 1: Chemical Product and Company Identification

Product Name: L-Phanmyiaanne Confact Information:
Catalog Codes: SLPATTY, SLP1543, SLEITET Sclencalab.com. Inc.

14025 Smith Rl
CAzEEREt Housion, Texas 77395
RTECS: AYTS35000 U5 Sales 1-800-901-7247

Intemational Sales: 1-261-451-4400
TSCA: TSCA 3[b} Inveniory: L-Phenyialanine

8 Ordar Onfine: SclenceLat.com
& Mot avallable.
CHEMTREC [24HR. Emergency Taisphons]. call:

Synonym:  L-aipha-Aminchydmocirnamic acd 1-500-424-8300
Chamical Formuta: CEHTINO2 Intsrnational CHEMTREC, call: 1-T03-527-3887

For non-smergency assistancs, call: 1-231-441-4400

Section 2: C. ition and on Ingredients
Composltion:
Name: | cas# | = oy weignt
TLIFtenyaEnne EETE] EC

Toxlcological Data on ingredisnts: L-Sheyiaianine LDS0: Mot avalizie. LOS0: Mot avakanie,

Section 3: Hazards Identification

Pofantial Acute Health Effecta:

Hazardous In case of eye contadt {imfant), of ingestion, of inhalation. Stghily hazardous In case of skin contact {Imfant).

Pofantial Chronic Health EMects:

‘Hazamiows In case of eye cantact {IThant), of ingestion, of halation. Sightty In c3se of skin contact {Imiant).
CARCINOGENIC EFFECTS: Not avallable. MUTAGEMIC EFFECTS. Mot avalabie. TERATOGENIC EFFECTS: Mot avalable.

DEVELOPMENTAL TOXICITY: Mot avalabie.

Section 4: First Aid Measures

Eye Contact:
Cheek for and remove any contact lenses. Immediataly SUEN Sy2s with IUNNing water for 3t ieast 15 minles, kesping sysids
medical attantion.

open. Coid wabsr may be used. Do nat use an eye ointment. Seek
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Federal and Siaie Reguiations: TSCA &b imveniony: L-Phemyiaaning
‘Ofher Reguistions: Not avalabie .
Cfher Clasaifcations:
WHMIS [Canada): Mot contiled under WHMES (Canada).
DSCL (EEC): R35- kmtating to =yes,
HMIS {ULS.A)
Haalth Hazard: 2
Fira Hazard: 1
Reacavity: 0
Personal Protection: £
National Firs Protection Association (U.S_AJ:
Health: 2
Fiammability: 1
FRsacavity: 0
Spacific hazard:
Protective Equipmant: ;
Glowes. L3b cost Dust respirator. B sure o uss 3n approventertified respiraion of squivaient. Soiasn gogges.

Section 16 Other Information

Referances: Mot avalabie.

Other Spactal Consldaradons: Mot avaliable.

Created: 10/ 10/2005 0548 PM

Last Updated: 11012010 1200 FM

The intrmaton above i beleved 5 be GCCUTATe and MEGMESENLS Me has!t INbMaton CUTENDY SVENaDie & 1. HOWEVEr, WE
mmlmmyarwmnwywawmm'}r BYIVESS OF IMpiled, With Fespect o Sush KTaMManon, and We S55ume
o ahilty resufting from Its use. Lsers should make thalr own Investigations i defermine the sulzhlity of the infbrmation for
their particular DDCSEE. 11 N0 event shal Sciencelah com be fable for any Ciakms, JS5es, o GSMages of any Mird pary o for
Jot proits oF any Special, indivect, Incidental, consequential O eNempiary dameges, NOWSOSVEr arising. even It Sciencelab.com
135 bean 20VSEd of e PosSmNy of SUCh TAmMages.

Bs
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Tyrosine

Reacililiy 0

Proieofes

Material Safety Data Sheet

L-tyrosine MSDS
Sectlon 1: Chamical Product and Company ton
Poduct Hame: L-hrosine Comtact Infosmaticon:
Catalog Codss: SLT3331, ELT1992, SLTI205 Bolenoelah.com, ino.
14025 Emitn Ad.
i1 e Housion, Texas T35S
RTECE: YP2ITS500 US Saes: 1-800-501-7247
riemational Saiss: 12814412400

THCA: TECA Bik) Imverion: L-4yosine
Ci#: Not avaiisble.

Onder Oniine: Eciencelab com

CHEMTREC [24HRA Emergeny Telsphone]. call:
e 1-500-424-3300
e n - Informational CHEMTREC, oall: 1-703-527-3287
Benzenepropancic 30, sipha-amino-d-fydrowy-, (S L- For non-smargenoy ascictancs, sall: 1-281-5241-4400
Frenyiaanine, £-ydrowy-; Propancic acid, 2-aming-3-4-
hyorophemy T, (E1
Chemioal Kama: L-Tymzine
Chemioal Formmula: CE-11NOE

TNy -Tyrosing Lo i
[-Faipha-Amno-p-hygnohydres nnamic acd; (S
acid;

| Saction 2: Compaosition and on ing

Composition:

Mama cang % by Welght
L-yosne 60-18-4 100

Taudookogload Data: on Ingredienbs: Mot apoicable.

Section 3. Hazargs identification

Potertial Aoube Health Effeats:

Hagardows In tase of ingestion. of ichatation. Sighly hazardous in case of skin contact {irant), of eye contact (iniant)
Potential Chonis Health Efsote:

Sighoy razamicus n caze of okin coniact sensazen. CARCIMCGENIC EFFECTE: Mot avsiale. MUTAGENIC EFFECTE:
Mot avalable. TERATOGEMIC EFFECTE: Not avaabie. DEVELOPMENTAL TOXCTTY: Not avalabie.

Saction 4: First Ald Massuras

B

Eys Contact
Tk for and remove amy contact lenses. i Caze of conkact, imredistely fush eyes with plenty of water for at jeast 15
s, Cokd waber may be used. WARM water MUST be used. Gt medicl atention  intation ocours.

Bkin Contant: Wasn Wit scap and water. Cover the Iiated skin with an smolient Get medicsl aftention If imtation develops.
Berious Bkin Contast: Not avaiiatie.

Inhaisfion:

¥ Fraled, remove 10 fresh air. I not breatting, gue arsficisl respirason. ¥ breating s diMcul, gve cgen. Gt medics
attertion.

Serious inhalaBon: Not avalabie.

mgestion:

0 MO Induce vormiting unias: dinecied bo do 52 iy medical persorrel Mever give amything by mout b an urcorsthous
permor. If iange quartles of this matenal ane Swalowed, cal 3 phymoian mmedalely. Lopoen Dght Coming Such 3z a cola,
92, bek or walstband.

Barious ingsetion: Kot avalabie.

| Ssction 5: Firs and Exploston Data

| Famemabity of the Froduct: May be combosibie o igh iparhire.
Auto-ignition Tempsrature: hot avatae.
Fisch Poinbs: CLOBED CUS: 178°C (MB.8'F),
Fammabis Lim: Mot avaiabls.
Produgts of Combustion: These products ane CaDoN axides (G0, COZ), nirogen modes (MO, NOZ..).
Fire Hazande in Precence of Various Subciances:
Sighty famrabe b fammable in presence of open fames and sparks. of hest Non-fammabis in presence of shocks.
Explogion Hazards In Precenos of Various Subcianoes:
Fisks of exniosion of the prodactin presence of mechanicnl Impact: Mot avaiiahee. Siightty evpiesve Inpresence of open
s and soarks.
Fre Fighiing Media and instrusdons:
EMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water soray, fog or foam. Do not use waterjst.
Spavial Remarks on Fire Hazarde:
Az with mosf powdered organic solds. fire is possibie of elevaied temperafures or by contact with an ignition souce.
Special Remarks on Explosion Hazandc:
Fine st dispersed in aF In Siicent coRcerratons, and in Te precences of an iz 3 posental gus
Fazrd

Section & Accldenial Release Measuras

small gpdl:
e appropriae oS b0 pUt T Soiled 1060 N B ConveniEnt EEl dIpony CORtAnE PNt OEANINg by SEreaang sulron
e CONETINNED MR 3N JIRote of 0TORing 10 oAl and regionsl ausnerty reguneTenis.

Epi:
\Use 3 chovel b put the ~aberia rio 3 convenient wasks dposa comtaner. Fincs ceanng oy cpreading water on the
contamirated surface and aliow 10 &vacuate Mrough e Saniry SeEem.

Section 7: Handling and Sforage

B2
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Precautions:

Feep away from heat Kees away Som sounces of igriton. Emply containers pose a fine risk, evaporate the residue under

= Tume hood. Ground all equipment contairing material. Do nel oreathe dust Wear suftabie protechve cothing. In case of
ot ventiaton, mmmewmmwmmﬁ Uil seax medical alenton s Show the bed Ehan
posshie. Keep away fom noompatibles such as ondlzing

Storage: Kesp contamer igniy Cosed. Kesp container i @ oool, welkventisted area.

| Section &: Expoaurs zonal Pro

Enginsaring Confrolc:

LUisE PrOCEss enciosanes, 100 E¥haus ventisson, of sther Snginesrng Contes 1 ke Mo ievels DEDW recommended
SNpOSUE IS, I user oOeratons QenErate GuIl, TUme of MISL Use ventiatom 10 kesp ENpOIure D AImeme [oniaminans
eiow the smoure fmL

Personal Protsotion: Safesy gasses. Lab coat Dust nespiraton:. BE SUME 10 552 3 approvedicertied rEspIafior of equivaent.

Sioves.

Perconal Protsotion In Cass of a Largs Spill:

Spish gogpies. Full sutt. Dust respiraior. Soots. Gloves. A sel* confined breathing scoartus should be used to avweed
inhaiaton of the product. Suggesied probecive ciothing might rot be sufident consut a spedallst EEFORE handing
product.

Expocure Limitc: Not avaiabe.

Saction 9: Physlcal and Chemical P'I'DM
Phytioa! ctate and appearanos
Sold. (Powdered soid. Crysialine powder. Cryshis soid.}
Ordor: Odores.
Taste: Not avaliabie.
Boisoular Weight 184.15 gmaoie
Color: White.
D {5 soinfwater]: Not awlsbe.
Bofling Point: Not availabie.
Mntting Point: Decompostion temparshire: 344°C (E51.2'F)
Critioal Temnpersture: Not avalabis.
Spaoifio Gratty: Density 1455 (Wakera 1)
Vapor Proceure: bt appicatle.
Vapor Denciy: Mot svaisniz.
‘Wolatiifty: Mot avaiabis.
Odor Threehald: Kot svsabie.
Wartsr/OR Dist. Coef?.: The product is more soluble n of; logiobwater)= 23
lonisify fin Water)- Mot svasabie.
Disparcion Fropsriies: Mot avalase.

Solubaity:
Wery Sighty UMD P COT WaREr. Imoiuie n gyt e, acetone. Solusilty mowaten 0253 00 @ 25 Corstme
absolute alcohol. Soluble alkaline soligons. gty soluble in acetic ackd

B3

‘Sactlon 10; Stabllity and Reactivity Data

Stabiltty= The procuct is stadie.

Inctabilty Teerperahors: hot avainbie.

Conditions of inctabiity: Excess heat, Ignition saurces, dust genembon, RCompatibie maleniss
with warious Resctive with corcizing agents.

Comrochily: Nor-romoshe In presence of glass.

‘Speolal Femarks on Resotvity: Not avaiabe.

Epecial Remarks on Comostvty: Mot eianie.

Polymerization: Wil not oo

Section 11: Toxicologlcat Information

Routss of Entry: Inalason. ngestion.

Toudeity to Animals:
LDSD: Mot avalishie. LCSD Mot avalabie.

Chronie Effects on Humant: Wot avaiiabie

Otfer Taxlo Efests on Humans:
—mmlnmsrm:ﬁmum Sighity harmirdous In case-of skin contact {imkant).

Epeclal Remarks on Toxloky fo Animals: LDS0 [Mowse] - Roue: inrapedioneai; Doge: > 1450 makg
‘Bpecial Aemarks on Chronlo EMsots on Humans:

Ay affect geretic matenal {mutagenic). May cause Bdverse repoductive <ech and birth deficts fleriogenic) based an
aniai hest data, No Fuman cata Fas been fung,

‘Spsolal Remarks cn other Toxlo Efssts on Humane:

ACute Fotental Healn Effscts: SHN: Moy Cause skin iTiaton Eyes: May Cause eye ITiagon nhaition: Dust may cause
PRSIy tract mtason. |nmm:.mseme=vem-mm Inggestion of IAPDE (iouic) amounts may alse Mt e
Pver | cauze romeni doease, heralifs, tactyranda and hypertension or bradycardis and rypotension. Chromc Fobentisl Heakn
EMects: ingestion: Froionged of repeat=d Ingeston may aTect the urrary sysi=m, biood, and behavior, Skn: Froiongsd or
repemied contact may cause dermatits

Sactlon 120 E

Enotoxialty: kot svaiatie.
BODE and T0D: Mot avalabie.

Produsts of Elodegracation:
Enzsibty hazsriols short rm degradation products ans notiltely. However, (ong berm degradaton products may arse.

Toukity of the Producis of Blodegradation: The product fises’ and its producss of degradation are not towc.
‘Bpeclal Femarks on tha Procusds of Blocs oratation: Mot avaiabie.

| Section 13 Diaposal Conslderationa

Wacts Dicpocal
‘Maste must be disposed of In accomdance with federal, siale and local environmenia! control reguiations.

-]
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DOT Clacsifoation: Not 2 DOT contrailed materal fUnited States).
identifioation: kot appicaie.
Epeolal Provickons for Transport: Mot appicable.

Section 15: Other o

il ¥

Federal and 3tate Reguiations: TSCA S(E) Invemton: L-tymsine
Oitar Reguiations: ERECE: This product |2 on e Eurnpean inventony of Exstng Commarntial Chamicsl Substaness.
Ditsr ClacsMoations:
WHMIS [Canada): Mot controdisd under WHLMES. (Canads)
DECL [EEC):
This product ks not ClassRed aocondng fo the U neguiations. 24225~ Awoid contact with skin and eyes. 525~ Afer contack
weth SR, Warsh [ mmanlatety Wi planty of Water, S37- WS subabie Qioves, S45- N CESE of ACTIoant o If you fesd el
e madEy avios ImrEdates (oW e e EharE possiie
HMIE {88
‘Health Hazara: 1
Firs Hazard- 1
Resotiity 0
Ferconal Protection: E
Matsonal Firs Prodsotion Sccocdation (U.3.A Y
Healtn: 1
Flarnmabdify: 1
Rasatwity O
2peaifia hazard:
[Proteotive Eguipment:
Gioves. Lab roat Dust respirsior. Be Sure o Use 3N SOpROVATicAra mespiralor o EqUvalens Satehy gasses.

| Section 16: Other Intermation
Rederenons: Mot avaliabie.
Other Special Conclderations: Mot avalatle.
Creaied: ¥0/102005 08:22 FM
Lt Upaaled: 11012010 12:00FM

T fONTAtion Jo0VE (5 SeleEd ID DE SOOI SN0 MEDMRIENET MR SoE nMTaNon cuTenty avalanie @ un Howevern e
R N0 WSSy OF METTRarISiiey OF Sy CifEr FETRTY, STDRESS o7 ke, W T SDECT i Such I, Snd W JSsUme
70 (EOUSY FPESLTNg O I3 use USErT Should maks el own IIVESRAN0NS I CemTine e SUSI0NSy of the nformanion B
el pariicuiar purposes. n no event shal Sclence(ah oom e liabie i any dalms, josses, or damages of @ny i pany or by
ot peites o any speci, inckect, incitental, CONSAGUATH GF SXAMDINY CAMages, ROWSOSVET SN, £ven X Scienrelah com
haz been advized of M oSSBTy of suoh damages.
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Reactvity: 0
Parsonal Pratection: 3

National Firs Protsction Assoctation {ULS.A )
Haalth: ¢
Flammability: 1
Reachvity: 0
Spacinc hazard:

Proactive Equipment

Mot applicaie. Lab coal Not appicable. Sasty glasses.

Section 16: Other

References: Mot avalabie.

‘Other Special Consideralions: Mot avallable.
Creatsd: 10r10/2005 D&:32 PM

LLast Updated: 110172010 1200 M

The information above is belleved 10 be acclrale and /Bpresents Me es! Ifonmation CLmently' svallabie io US. HOWEver, we
‘make no warranty of merchaniabilly or any other wamaniy, express or implled, with respect o such Information, and we assume
3 iailty FESUINg O Ifs Usa. LSers Shouid made thelr own IVEsiganons i Jelering Me SuaaiRy of fhe Intymaton for
heeir particuiar DURGSES. I NG event shill Sciencelah com be Rabie for any GRS, Ms5es, Or Jamages of any hind pany orfor
last pIDArs oF any Speckal, indved, Inciienta, consaquential ar eXeMpiEry damages, OWSOSVEN aiTsing, Sven If Sclencel ab. com
N5 bean advised of e possbiNy oF SUCh Jamages.
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Attachment C -- June 27, 2011 Memorandum from
FDA CVM to USDA NOP

at®
i

DEPARTMENT OF HEALTH & HUMAN SERVICES

L ]

Foad ond Drusg Acmindrintos
Recke Bl MD 20E5T

Tune 27, 411

Ms. Sharmon Nally

Sinpdnrds Division

Uneived Stabes Department of Apricultune
Maticua] Crpanic Program

14410 Bnclependence Avenus 3W

Room 26458-5, STOI 0268

Wisthengion, [Fsirict ol Columbaa 20250

Dear Ms. Madlv:

W mre responding 1o your esmai] nequisst of May 31, 23001 far clanReatian an hew the United
S1ares Food and Drug Administration (FDA) determines which nstrients are required in the
dizts ol amimals other than man snd the acceplability of mgredicols weed fo supplensent anlmal
diis [ arder 1o moet specific nuerkent requirciments

The regulaiions in Tiibe 21 of the Code af Faderal Rigwlmtons (21 CFR) Pars 500 te 595 [2]
CFE. 300-598] that pertain to the labeling and formulation of animal feeds, including foods for
dogs and cals, o nol contain a cormespondiing or homelegous Part to 21 CFR 104, Nutritional
Qunlity Guideline for Foods wivich applies ONLY 1o foads for people. Part 104 of 2§ CTR
seis Dhuly Refermee Yeloes {DRV) or Becommended Dadly Intakes (RDL) far 21 nuirients that
many e sdded 10 certnin foods for peeple under the conditions specified within the regulation,

The Center for Veferinasy Medicine (CWh) is the Cender within FI3A that has reguintory
mutharity over animal feeds and he ingredients used © lonnulate ammal feed products. For
animal Feeds, iscluding foods for degs and cats, the CVM bas not established ar promul gated
ANy mininmem rnqwir:m:nl.u (MR}, adequate tntakes (AT}, recominended allowances (HA) or
ibver referenos starrdands for daily nuisient intakes for any particular notrient. The O%M relies
o the vareeus ad Ao expert rutrition committess under the Caommittee an Animal Nulndon

of lhe Nateonal Research Courscll in the Matonal Acadenyy of Sciences for establishment of
which nutriants, and in what amounts, are essential in the dizts for specific species of domestic
nrirmaks 1o meet that specics’ |la:i|_l.- nulrent I.'E'.ll.ﬂl.TETm.ﬂ'l.IS. Far dn:-g_a and cats, tho t-.*qu;r-:d.
exdential nuisdents are listed and deseribed in the 2006 edition of Mwfrient Reguirements of
Dags and Cents,! The CVM considers the nirtrients Hsted in Tables 15-3, 15-5, 15-8, for dogs,
ad Tables 15-14, 15-12, 15-14 for cals, 1o be essential sutrients and eligible for
supplememation If sequired 1o meet and provide the listed MR, ar in the ahsence of a sabed
value for the MR then the listed valee for Al for that ntrient, bn products repeesenied o be
“eomaplete and balanced.”

Martional Besearch Conncil {HEC. 2006, Matrient Segwireness off Dogr and Covr. Washingoon, D05 - Marioan]
Academy Press,
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Page 2 of 4 — Ms. Shannon Nally

FDA regulates the ingredients added to animal foods, one purpose of which can be to supply
nutrients to the finished product. Ingredients that FDA finds acceptable for inclusion in animal
feeds may be found in several lists, publications and locations. Title 21 CFR Part 573, Food
Additives Permitted in Feed and Drinking Water of Animals lists the additives that FDA has
formally approved for the indicated intended use contained in the specific regulations.
Substances that are generally recognized as safe (GRAS) for an intended use in animal feeds
are listed in 21 CFR 582 and 21 CFR 5384. The CVM has recently initiated a GRAS
Notification Pilot Program similar to the GRAS Notification Pilot Program for ingredients in
foods for people administered by the FDA Center for Food Safety and Applied Nutrition.
Although at the time of this letter no substances have completed the CVM GRAS Notification
process, eventually substances for which CVM has no questions regarding a GRAS
determination made by a stakeholder will be indicated at
eGRASNotifications/ucm192224 htm. Finally, although not formally approved through the
food additive approval process or reviewed under the GRAS Notification Pilot Program, CVM
generally allows the use of ingredients defined in Official Names and Definitions of Feed
Ingredients in the Official Publication (OP) of the Association of American Feed Control
Officials (AAFCO) in animal feeds within the specifications or restrictions contained in a
particular ingredient’s definition. At this time the Official Names and Definitions of Feed
Ingredients in the OP of the AAFCO is likely the most comprehensive listing of ingredients
acceptable for use in animal feeds.

Many dog and cat foods, possibly even the majority, are formulated to be complete nutrition
products, similar in concept and objective to total mixed rations for cattle and complete feeds
for swine and poultry. It is generally not possible to attain all required nutrients from a
combination of typical food ingredients used to make dog and cat foods without including one
or more specific nutrient supplements in the products. This is especially true for one or more
required vitamins, minerals, and a few amino acids, and such nutrient supplements are not
likely to meet the definition or standard for being organically produced. The National Organic
Program (NOP) undoubtedly will have encountered such occurrences in the diets (or rations)
required for cattle to produce organic milk and for the production of pork or poultry that can be
labeled as organic. A notable required nutrient for cats that will likely not have merited
consideration in the diets of other organic feeds is a requirement for the beta-sulfonic amino
acid taurine. Because of losses in taurine content during processing and because taurine
deficiency manifests as serious, irreversible blindness, heart failure, reproductive, and
developmental failure, all complete cat foods are supplemented with synthetic taurine. The
food additive regulation for taurine at 21 CFR 573.980 is for use in the feed of growing
chickens. However, given the scientific determinations of the need for taurine in the diets of
cats and the National Research Council’s declaration of taurine as being essential for cats,
CVM has not objected to inclusion of taurine in the diets for cats. The feed ingredient
definition 6.12 for taurine in the OP of the AAFCO indicates it may be used in the diets for
cats and dogs. There may be other nutrient-supplement ingredients specific to dog and cat
foods that the NOP Standards Board has not considered before in regards to the formulation of
diets for other animal species. Taurine is simply the most obvious example.
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Page 3 of 4 — Ms. Shannon Nally

Your e-mail mentions the AAFCO Dog and Cat Food Nutrient Profiles. These profiles contain
a list of required nutrients and recommended concentrations for those nutrients in dog or cat
food products if a manufacturer wants to claim the product is complete and balanced based on
the product containing the nutrient concentrations listed in the particular profile. Such claims
are enforced by various states through the state’s feed laws and regulations if that state has
adopted the AAFCO Model Regulations for Pet Food and Specialty Pet Food that are also
contained in the OP of the AAFCO. The AAFCO Dog and Cat Food Nutrient Profiles do not
contain any nutrient that has not been determined to be essential and listed in the previously
referenced tables in the 2006 edition of Nutrient Requirements of Dogs and Cats. The 2006
edition of Nutrient Requirements of Dogs and Cals contains some additional specific fatty
acids as essential required nutrients for specific life stages of dogs and cats that are not
currently listed in the AAFCO Dog and Cat Food Nutrient Profiles. The AAFCO Dog and Cat
Food Nutrient Profiles are presently under consideration for revision, but what the specific
revisions will be cannot be stated at this time. As previously indicated, FDA CVM relies on
the Committee on Animal Nutrition of the National Research Council in the National
Academy of Sciences for establishment of which nutrients are essential in the diets of animals,
not the AAFCO Dog and Cat Food Nutrient Profiles.

In terms of concentrations of nutrients to meet some reference standard for daily nutrient
intakes, the values in the AAFCO Dog and Cat Food Nutrient Profiles generally are equivalent
to the Al or the RA amounts listed in the 2006 edition of Nutrient Requirements of Dogs and
Cats. This is to provide a safety factor to ensure that minimum requiremenis are met should
any interference in nutrient availability occur due to interactions between ingredients or from
nutrient losses over the product’s shelf life. Such formulations above absolute minimum
requirements will generally not dictate whether a specific nutrient supplement is needed to be
used, as in the case of taurine discussed above. The need for supplementation will exist
regardless, only the amount used to meet a given reference standard will vary.

I hope the information in this letter is helpful in clarifying the following points:

1. The nutrients FDA consider essential in dog and cat foods and the source of the
designation for essentiality.

2. The various listings for ingredients the FDA considers to be acceptable for use in
animal feeds, including ingredients for supplementation of specific nutrients in diets for
animals. Please note, such ingredients may not meet the National Organic Program’s
criteria for being considered acceptable in organic products, but are acceptable for use
in animal feeds under FDA’s policies and authority.

3. The relationship between the 2006 edition of Nutrient Requirements of Dogs and Cals
and the AAFCO Dog and Cat Food Nutrient Profiles.
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Page 4 of 4 — Ms. Shannon Nally

You may contact me by telephone (240-453-6865), telefacsimile (240-453-6882) or email

(william.burkholder(@fda.hhs.gov) and refer to DAF 11177 if you have any questions

concerning the content of this letter.

Sincerely,

- F

Wﬁwﬂwﬁ,

William J. Burkholder, DVM, PhD, DACVN
Nutrition and Labeling Team

Division of Animal Feeds

Center for Veterinary Medicine

ce:
Miles McEvoy

Deputy Administrator, National Organic Program
United States Department of Agriculture

Room 2646-8, STOP 0268

1400 Independence Avenue, SW

Washington, DC 20250-0268

Nancy Cook

Pet Food Institute

2025 M Street, Suite 800
Washington, DC 20036
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Attachment D - NRC Discussion on Protein and
Amino Acids

Protein and Amino Acids

BASIC CONCEPTS

Iwtraductian

I}ug'\. have been used as g moded for the study of hmon
nutrition far nearly two centuries, Magendie (1816} was the
firsd 19 demodistrate that protein wis sssennal for Tifie by
showwing that ofive oil or sugar alone would not support life.
bt af protein was added, the dogs were in better condition
for @ much longer penod of time, These carly experinients
and many others were confounded by the lack of knowledge
and apprectation of the need for cssential micronulnents
MNevertheless, it was clearly understond that protein was es-
seifial in the dief. The Magendie Commission was ap-
pomted in 1815 10 evaluute the nutritve value of gelatin. In
1841, it reported (cited by MeCollum, FO57) that dogs could
ol be mndained when fed gelatin alome. This led to the
testing of other purified proteins with the resaly it no po-
rified protein, when fed alone withous other Tfood ingredi-
ents, could maintain a dog in good health, Despite the lack
of Kiowledge of the essentiwlity of micronutrients, over 4
period of & few decwsdes there came o realization that the
qualiny (amind ackd composition ) of protein in dog diets wos
important (Chittenden, 19048, In 1905, Kaufiann reponszd
that dogs mainained nitrogen equilibrivm when fed o
gelatin-based diet supplemented with tyrosine, cysting, and
tryprophan, Later work with rats showed thal o similar diet
wis ot nutritionully adeguate (ackson e al, 19283, The
concentratioms of other essentiol amino acids were tog lw
ter mneet the reguirement of animals for maiprenance. Never-
theless, mutritional rescarch with dogs helped establish that
certiin wmine acids present in prof2in were essential in the
dier. Although Abderhalden and coworkers were able to for
mulate satisfactory diets for dogs osiog protem hydeolysates
during the early par of the twentieth century, they were
never sucogssful an formuolating a satisfactory diet wstng
amino seids as the sole nitrogen source ( Abderhalden et al.,
19123, This fear bad fo wait umil Rose isolated and charac-

Required Amino Acid Organic Petition Information

1l

terizod throomne, s lust essenbial ming acil 0 be discov-
ercad that b5 required by all pnimals (MeCoy et al. 1935y In
1939, Rose and Rice repored @ shght positive nitrogen hal-
ance in dogs fed amino neid diets containing the same 1 es-
sential amino acids i are required Tor the prowing pac
They also reponied that the removal of arginine had no effect
on mitroeen equilibriom, whereas biter work (Bums g1 al.,
T98% 1) showwed thar arginine was an essental mino acid for
the pdult l,klg. Since Rose and Bice did nor publish the com-
position of the diet they wsad, the ditference betwesn the v
stslies remuans niexplained

Cils were not used as early or as routinely i nuirtion ex-
periments o e essentialiny of proten and amiso acids as
wiere dogs. One early experiment wsing cats that had generl
apphication was published by Bidder and Schinidy in 1852 in
which they showed. using controlled expenimental condi-
Liess, that after cats ingestad ul] the mear they could eat dur-
ing a 7-day period, all of the dietary mitrogen (escept 0,7
percent, which was within experimentl error was found in
feces and unpe and none was released os niltogen zas. Nev-
ertheless, B was soranl the middle of the reenrieth centary
that Da Silva and cownrkers (19500b) and Allison and
comarkers (19365 designed satisfactory purified diets thet
cats would eat readily, and cats could then be wsed effec-
tively in nuiriticon rescarch. Not until 1979 were thie same 10
amino scids shivwn o be essential forcaes as for dogs and
el aniied :\[H-:“L"ir.':\. IR-.;-HE'M aied Mowris, 1979,

Structure and Function

With the excv:pnnh' of proline, all aming ackds presens in
maost proteins are g-aminoe acids and have G-aming and
tx-carboocyl groups, both of which are involved in the peplide
bomids that are essential for pridein stewciure. Each amiiio
acld hay & shde chuin on the m-carbon that ringes inoshee
from a hydmgen atom o on indole fing, The vanouws side
chaims cominbete to the secondary and tertinry structure of
protein, and several are oflen conjugated W variods other

Prepared by Crystal Springs Consulting, Inc.
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eroups such & phosphare and smino sugars. Also of notr-
tional impertinee are the acidic and basic side chiins in pro-
teins that can accepl or demate protons, depending on the pH
of the medivm in which the prdcin i present, Acid-precip-
ftated profeing (e cosein} hive protons added 1o the cur-
by d growp side chans. These protons, together with those
on the basic side chains, bre feleased during digestion, uh-
sorption; and urilization and contribete to metabolic acido-
5. Aning scids are important 0 oproviding building blocks
for many smportunt biologically active compounds plus
countless peptides and proteing. The sensory perceplion of
purified proteins per se bs thut they are quite biand. whereas
peptides. and free aming acids have various mstes for hu-
mans thut range (rom biner (e.g.. pheny lalanioe, tryplophan,
s v, Tenicini ), o sour (¢, ghetamic wnd aspartic acids).
sweet (e.g., ghvcine, threonine), wimint (mdonosodivm ghta-
mitte}, or combinations theréod. The D-amino acids often
hwvie @ differemt 1asie; for example. D-iryplophan i5 many
times sweeter than sucrose, Whether dogs and cus perceive
{taste) amino acids in the sume way as humans is not known:
howeever silection of wmine acids sech as lewcine by the cat
amd different neuroresponses by cats and dogs indicate some
differerces i taste perveptions of different amino ackds.

Essentiality of Aming Acids

Dietary protein 1% regoined for two ressons. First, protein
prowvides amiing acids that dogs and cats cannot synthesiee
{essential aminn ueids) bt sre required for synihesis of the
nny proteins in the body. Second. prodein provides dispen-
sable wmino weids (aming ackds thit can be synthesided if
appopriate nitrogen pnd carbon sources are providedy that
animals need for mumienance, growth, gestation_ and lacta-
tion, DhHspensable-amino acids provide nitrogen and carbon
fior the synthesis of iny necded dispensable aming ackd wnd
carhion for gluconcogenesis andfor encrzy, [Haspensable
aminn seids il provide nitrogen andfor structorl comps
ments necessary 1o make other compounds that are essential
for life, such as porines. pyrimidines, heme, various hoe-
mhoes, peurdrunsmitiers, andfor neurmdolators fe.g.
thymxine, cuecholamines, Faminobutyric acid. taurim,
For either dogs or cats that consume primily abamal issue,
amine weids atso provide carbon chains for gloconeogenesis
fo supphy glucose to tssues thild réguire i (eg., red hiood
cells, nervos Tissue) 1 mainizin normal tssue metabolism,
As for most other animuls, the [ollowing 10 wming acids
huve been shown 1o be essentisl for both dogs and cals: argi-
nine {Argl, histidine (Hish woleucine (e}, leucine (Leul
Ivsine (Lys), methionine (Mat), phenylalanine (Phel. threo-
ning { Thri. tryptophan (Trpp, asd valine (Valy, In ommnivores
wndd certadn herbivores (oo tats, chicks), Temoval of 8 sin-
gle essenmel aming ocid results in a decrease i food intuke
thitl 1% Enewn 1 he o primary newroresponse cised by the
Tack of the limiting essential amino acid (Gicteen, 1993, In
cils, the limited work availoble {e.g. Hordy 2 ab, 1977,
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MUTRIENT BEQUIREMENTS OF ROGS AN CATS

Rogers and Morris, 1979) shows thar food intake. does not
decreqse as quickly as in mats after initie] consumpricn of &
diet devoid of s essential aming acid, Althongh food ke
e decrease with Lime. the deprossion 15 608 45 scveTe as in
omnivores wnl herbivores, The depression of food inake ap-
pears 1o be a secondary effect. and the result of o lack of
need of encrgy (or growth, since the kittens stop growing
and slowly lose weight. Cats may be o good mods] for strict
cammivores since it could be argoed teleologionlly thil stnct
carmivores that cat only animal tissug would never expen-
ence un essenmal aming weid deficiency. Therelore, cami-
vores do not need o respond 0 sach a sensitive way fo i
predein or an essential aming wcid deficiency as cmnivores
amd herbivores. There is less exidence for dogs. It appears,
however, that dogs may respond more like other Ginnivores:
{Milner, 197%a bl

Omnivores and herbivores avodd diets delicent i 4 sin-
ghe casential amine weid. Rars are able 10 seleot between
diets (ot contains less thon 0.1 ke " dilference in an es-
sentin]l omino scid (Hrupka et al., 1997) Hrupka et ol
(1959 also showed thut the learned tuste pversion that me-.
iates this chodce agamst a low distary concentration of a
particulor essential amine acid oecurs belope food intike is
decrensed. That is, the establishment of & leamed Laste aver-
siom 15 1ore sensitive o deficiency than simpiy 1 redoc-
tion of food intake. Liltke work has been done on whether
leamed aversions occur after feeding various essential
aming acid-deficient diets o dogs and cats. Dogs are known
o select Tor an adéyuate quantty of prolein (three o four
times their requiremnent; Romaos snd Ferguson, 1583; Tor-
es o il 20030, whiereas cats do not (Cook et al,, 1985)

Digestihility and Bloavailability of Protein and
Amino Acids

Digeston of dietwry profeis by animals: iovolves emey-
mutic cleavage of the protein to amme sods and small pep-
tide residues that are capabile of being absorbed by the mie
cosal cells of the smull intestine, Protein digestibility—or
mare specitically. tul digestive tract digestibility—is gen-
erally defined in nueritional science w the percentage of in-
gasted protein that is nod excreted in the feces us measured
by imput and ourpot of nirogen. Bioovadlabality is generslly
defined as (he degree 1o which an ingested nutrient in i pid-
ticular source is shsorbed in oo form thag can be wilized inthe
animal’s metabolism (Lewis and Bayley, 19951, Muoch de-
{ailied work his becn done on the hioavailability of amino
poids from common proteing in food-animal nutrition
{Lewis and Baylew, 1995 Sibbuld, 1987 vsing ilcal di-
gestibilities as a measure oF bivavailsbility, Similar studies
have been done with dogs (see Johnson et al., 1998; Bednur
et ul., HHK; Clapger et al, 2001 i however, alimoss nothing
is available for cats (Hendnks and Emimens, 199%; Larsen ¢t
al.. 200, 2002 ). perhaps becouse of the perceivied difficaly
in keeping ileally cannuluted cars (Mawhy et al; 194909 L
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The first approach in determining bicavailability is o
asure “apparent digestibility”™ of protein in & dict. This
provades an overall evaluation of mirogen absorbed bul does
mot provide o measure of the “guality™ or efficiency of uki-
Hration of nitrogen or of the individual essential aming
scids. Histoncally, i human and animol mstrtion, protein
guality tesis such as protein efficiency ratio (PER ), biologi-
gal value (BY), snd net protein utilization {NPL, es deter-
mincd in rig assays, have been used a5 one measore of over-
all amino ueid bioavaeilability. Net protein atilization
provides a measure of the efficiency of utilizaion of & pro-
temn. Dilferences in efficienees of ublization of the same
profein in variows specics may resalt from different di-
gestibilities andfor mirogen and wmino acid requirements.
Carnivores in genernl, including cats, huve lower apparent
digestibihizies of poorly digestible prowins (Kendall et al..
1982; Ahlstrom und Skrede, 1998 wnd higher requirements
for sonmwe wmino acids such us arginine (Andersan et al..
1979 Costello et al. 1980). Further refinement of the
bioavailability valmes for individieal amino seids resuls
from determination of the ileal digastbility of individual cs-
sennial amine acids, Although these valees provide i betier
indication of bioavailubility than total gastrointestinal (G}
irct digestibibivy, dietary protein could be 100 percent di-
geasted and absorbed, bat protcin and sming acids would sl
emer the colon because of gastroiniestinul secretions
felonghed mucosa and digestive enzymes). Thus, “wrue™ ileal
digestibihnes have begn measured wamg a number of woh-
migues 1o estimate endogenons prodein excreted from the
ilenm (Movghan et al.. 19985, Since only some of this en-
dogenous profein is essential for protein wtilization, even
true digestibalities of mitrogen and essential amino acids my
not réflect trse hioavailobilities. It should be noted that some
digrary proteins contsin inhibitors of rypsin or other ¢n-
rymes that can greatly increase the loss of secreted en-
eymes. Generally, some in vivo measure, sech as weighl
gain andfor nitrogen retention, 15 considered the ultimate or
“gold standard” for determumng nitrogen amd aming acid
ioovailabilities { Lewis wnd Boyley, 1965

The spparent totsl trees digesgibiliny of peotein 1s similar
int ks, cats, wnd dogs for highly digestible proteins, Proteins
with lower digestibilities have higher spparent digestibilities
in deses than in cats [ Kendall et al., 1982). For prodeins with
digestibilities greater than W percent fe.g., fresh mince amd
purificd dietsi, there 1= no difference in digestibility begween
deegs and cais, For dry or canned dog or cat foods, dogs have
& priviein digestibaiiny sboot 53-8 percent higher than do caes
(Kendall ctal, F982). This difference in digestibility of pro-
tein tn processed fooxds appeirs o be the result of the shorter
length of the small intestine, relative o body size, in cars
compiered o dogs. Animal prideins generally have o higher
digestibility than do plant proteins (Mever et al,, 1981,
1oss:; Kendall and Holme, 1982; Neidnck et al, 19591, and
predonged heat processing decreases animal prodcin di-
gestibiliny by dogs and cats (Meyer el al., 19815 Backus et

Required Amino Acid Organic Petition Information

all,, 1998 Johnsen e al, 19981 Heal processing mereases
ihe digestibility of some profeins becass ontiryphis wetivity
15 destrowed by heat (Morgan etal., 19510 The digestibilivg
of protein varies with size, breed, and ape of dogs, Pointers
bl & higher spporent ot tract digestibility of protein than
hmskies (83 vs. 81 percent ), and young smniature poodles or
schoanzers hod o higher digesubility fpbout 4 percem
Bigher) than did older ones (Hanmh e al, 19959, Insoluble
fiber 5 oot reported W allect protein digestibility, whereas
soluble fiber oficn decreases the total trct protem di-
gestibibity in both dogs {(Muir et ol 1996 Silvio e al.,
2000y and cats (Sunvold eval., F995; Hurper, 19496),
[Jigestibilities of the protein m vanous mgredients of typ-
wcal dog food by ileally cannulsted dogs heve shown thar the
apparent ileal digesnbility of crude protem {CP) 15 abom 1-
200 percentage units lower than apparent todal et di-
gestibiliny, Preswmably, bsctena degrade and unlize protein
in the colon. with the release and ahsoeprion of ammons
wnd oaher low-molecalar-weightl nitregen-contuning com-
poands (Miihlum et al., 198% Muir et al, 1996, Muiray ot
ol 1997, 1998 Hendriks and Srtharan, 20020, Teal crude
prosein digestibilities ranged from 63 1w 96 pencent whereas
wtal tract protein digestibilities ranged from 71 1o 98 per-
cent. When diets contained o high contem of Inw-digestible
carbobydrare, ileal apparent priein dizestibiiity was even
mene impatred than ol tect digestibility | Muhlum et ol
1989 Tieal digesubilities of individual amino acids from
normnal ingredients in dog foods have been shown o vary
tremendously (Johnson et al,, 1998). Teoe fleal digestibili-
ties for some amine acids such as-arpimime varied from 77 1o
87 percent, whereds others such as cystme, threomne, and
Bvsine vaned from 29 to 66 percent. 52 ko 78 pereent, and 62
t B4 percent. respectively, The Fowest aming sead di-
gestihilines were reported for rendered lamb meal. presam-
ably because of extended heating during the sendering and
drying provess. For all of the essential amine acids, di-
gestibilities of low-ush meac and booe meal were bower {5-
I8 percentage umitsy than those of high-gsh mest smd bone
meeak. The same was ot true. for paniiey by-peoduct menls
for which no difference was found between high- and Fow-
ash meals. Of particular inlerest s the very low eysting di-
gesnbiliey (29 percent) found wn low-ash luomb meal and the
finding thal. in general. mcat und bone nseals lad higher di-
gestibilities of all of the essentind amino acids than did poul-
iy by-product meals, These resulis indicare the Imponance

of guality control in processing imgredients {Le., the need to——

contral the rendering and drying processes 0 preserve o
high digestbility of afhino scids, especially cystine, threo-
mine, ond tysing). Swprisingly, the digestibility of methion-
ine was wor as low in this study, varying only from 83 w0 93
percent {Jobhnson et al., 1998 ). Fiber contént of the digr had
lintle effect on ileal digestibility of crude protein excepl for
sofuble dietury fibers suech as pectin (Mever et al, 1989;
Muir et al,, 1996 Silvie et al, 200001 Additon of 50 g
pectin-kg ™' diet cansed o decrease of aboul 7 percent in ieal,
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but emly 2 percent in woial tract crode protein digestibiliy
iMuir ¢t al.. 1996). Good-guality soybean meal {properly
hiesit treatad] as an ingredient in dog food has equal or higher
ileal and wal treact digestibilities than good-guality meat
meils (Bednar et al., 2000 Clapper e al,, 2001, wnd the
content of various carbohyvdnes including oligossccharides
in soybear meal hud wo significant effect oo Tleal dizestibil-
iy of soybean protein (Meyer et al., 1989 Zuw et al., 1996)
Johnsen et ol {1994 compared digestibilities of dog food
determined with covectomized poosters to thit with ileally
cannulated dogs and foand correlation coefficients of 189,
a4, (.87, and 0.90 for lysine, cystine. threonife, and mi-
thioine, fespectively, Thus. spparcnt digestibilities deter-
mined by cecectomized mosiers may be Teasomible wppros -
{mations Tor the biowvsilabilities of amine scds for s

" Lapsen e al. (2000, 30021 reported validation of 2 growth
gty 10 determine hinavailabilities of lysine and mietlonine
in protetns for growing kitens. They showed that weight
watn wiss 25 percent lower when kitlens were given 3 cusein
diet (moistened, 30 g glueose-kg ' casein, beated at 121°C
for 2 husirs ) than when they were fiven a diet of non-haat-
processed casein. Lysing in the casein before heat reatment
had a bioavalibility of 96 percent, shiteas heut processing
with plugose decreased s bicavailabality 1o 56 pertent
Since total tract protein digestihilitias for the sume food are
Iower in eas than in dogs (Kendall etal., 1982, it is doubi-
ful that the rat or other omnavorous species will be saisfac-
tory s i midel far cats (Hendriks and Enmens. 199,

Assessing Protein and Amino Acid 3tatus

Long-term proten status can be assessed by the mamte-
panee of serum albumin and fean body mass, Examination
of concentrations of pming acids in plasmi frovides a hisis
fur deternrintng which amino scids niay be limiting (Zicker
and Regers, 1990) in o panicular diet, Acwie protein defi-
cieney with wdeguate intake of energy {o.g.. very low proiein
o profein-free divth conses & dearense i all aming acids in
plasma, In leng-derm protein  deficiency (peotein-cnergy
malnuirition), the concenteations of hoth servm albumin and
the essentinl amine acids (except histidine and phenylala-
mine ) plus tyrosine wnd cysteline wre much lwer than mior-
mal, and the dispensable aming acids (especially proline,
ulaming, scrine, el glyeineh are higher than nommal (Hodt e
al., E0A3). Since changes in condentrations of glycine aml
valing are most extreme aler feeding a very Tow protein
diet, the extent of distoction of the normal glycinevaline
matio has been used as an index of the severfly of proein
prlmutrition. Tl only known cause of this unigue patiern is
profgin-encrgy malnutritlon. Food deprivation will not pre-
tuce this panem but will sustain o more normal amino cid
partern in plusma. [F only the elycine:valine ratio is wsad for
1 el dingreosts of dogs or cuts with kidney disease, o
false diagnosis of prosein malouirition muy ocour. In Kidney
disease, glycing increnses in plasma becowse the Kidney wor-
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mally convers glycine 1o serine. However, dugs and cats are
often ancresie duging Tenel disgasa: so, some protein defi
giency is nol unusmal,

Longenecker and Hanse (1959) showed that even if dogs
were niot deficient in progein. the limiting dictary amino acid
(and somistitnes the second and thied Bmiling ) eould be de
termuned from the patern of plasmo amine acids, The es
sential pmine acid that decreases the most (or increases 1he
leasl), 3% a perceniage, after feeding o complete meal con:
tuining (he protein in question is the one that is most [imin
ing; the oine that decreases the el st is seconi limiting
and so forth. This technigue requires overnight food depri
viilion and the ingestion of a large mizal. 1t is iipeant 4
teote thal fwming scids tend to retern e normal i e e
is loodd deprived, Algenatively, plasma sumples from dogs o
cats fed o diet ad libim for several days and taken in ty
absorpiive phise provide the same information, For cxam
ple, Hardy ot al (1977) reported that plasmo valine de
creased murkedly when valne was limuting n the diet, fron
mare than 300 mmodmL-! o 66 amolml " at the require
ient and to 33 amol-mL-! when valing was left completel,
aut of the dict. Reterence data generated in this wuy are use
[l o determine whether the need for each essential amim
peid has been met. Rogérs, Morris, sl cowarkers have de
termined the dose-response curve of each essential mmin
acid during amino acid requirement studies. These duts—
the concentration of each essential nmino acid in-plzsm
after feeding nermal diets (adequate intake |ALL t.e, ol |
I8 times the minimum regquirement [ME]S (he conoenta
tion after feeding diets devoid of each essential amino act
{AAL the concentrution ufier feeding diets comaining eae
wrmino acid just ot the MR and for soime smino acids, whe
present at o grest excess (upper limit of wlerance or sal
upper limit [SULJ) i Table 6-1}—can be usad to derermin
(e essentisl stio scid adegquiey of diets for cars st varios
life stoges. Unfortunately, similar complete plasmi iiEhin
acid duta ane not available for dogs. Normul plasma wmin
seid concentrtions are available {Strombeck und Roger

1978; Deluney et al, 2003y, and some information &s avai
able for arginine, leueine, lysing, phenylulanine, aid tyn
sine fur dogs (Tables 6-24 and B

REQUIREMENTS, ALLOWANCES, AND TOLERANCES
OF PROTEIN AND AMINO ACIDS

Role of Metabolic Adaptation in Protein and Aminp
Acid Hutrition

Relevant 1o both crude progein und esscnbial wmino. ac
requiremenis in various species is the nature und extent
metabolic adapration i nitegen and wmino acid metab
lisam. For example, res can dosneregalate nitrogen catabol
enzymics 1o such an extent that they mainiain nitrogen be
afiee when Fed o diet containing 4-5 pescent of meatabol
able energy (MEj as protein (National Research Counc
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PROTEIN AND AMING ACTY

TABLE 6-1  Plasma Aming Acid Concentrations
(nmolml-") of Kittens

Aming Aod =N Wit Al CLE
Arginine E Fi 10K K}
Histhline 4 35 194} =M}
Isakeucing 8 M 3 =X AN
Levacine 5 ] s =0
Laaine i5 ol [§01] LG
Methinning I A Tar 44 K
Phiiy lalanine L1 RAT-14 Lik] =M}
Tyrosine 1 35 an i
Thrermine Al 0 150 =1.400
Tyl 9 25 £ L3
Valise 5 B B =i K]
Cllwumaie S 14Hy S0 1(H} . 1]

Amion o gemcenimtn from iiens fed, noturn, diets lacking each
amino peid.

* i acil comeeartion from Eiitees fed; inwm, dists comtaining euch
i aoid dl the wanimmmm reainsment

Aoris aill concesttathm from kimens fed. in . dies conaining sach
aming it 3 1505 ar mone of the regquirsment (e adoguass iniake ),
dpanins nicid cobeentmon T Kinens fed, in wm, S eomtinisg. eacl
smine acwd Wl gvnat ecss, abar below the SUL

i), without iy wysiine in fhe de

75, wallun any pymesime in the diet

SOURCE: Summurizcd froen Zicker and Rogers L1900 sl Taylos ¢b al
(1996, 1990

1005y, Rt can ahi down-regulate the [ysine catubolic
pathway such that the lysine requirement for marntenunce s
only 12 pereent that for growth. whereas the luck of specific
down-regulation of isoleveme degrodutive enzymes resulls
i1 40 Tsoleucing requinement for maintenance SO percent hat
for growth. The same detuiled imformution is nol available

TABLE 624  Plasmo Aniine Acid Concentrations
{nmolmL*) of Puppies

Amira Ackd A MR® Al S0
Argiming 25 T 133 =
Leuciie 18 i} 150 -
Lysime n k3 140

Phicny lalonine T BS' o -
Iyrmaiti L e W e

ki i comeentrion Grom pappics fed. I e, diets k&g euch

amiz

i acid oscentmtion froom pruappies fed, in o diels comuining ¢l
ik achl at the m reguircment.

Aumines el eoncenimitn fram puppies fed in G, dicts contiining sach
el ncid m 1 80% or more af the requimenstir e, odedjuaie imake b
{pmime aekd concentration from puppies fed, io e, dists contaming sach
arime scid al preal excess. 48 of below ihe SUL.

“Comcentmtinn of pheiy lalanioe wiemn (yrmsine |4 pi preseos in thie izt
Cancostration o pheoylalanioe and fynsine when both are presend m e
aliel

#Cancentrmpen of gyre when it b gur resent in the e

SOURECL: Sapumanicd from the work of Srambeck anid Bogoms (197H);
Crarneckl and Buker (THR45: Milngr20al 119840 Crismecki e al. | L LETH
Hirakawa ¢ al. {19861 Delaney eial. | 2008,

TABLE 628 Plasma Amino Acids Concentrations
{nmelmL-Y from Narmal, Smabl-, and Large-Hreed Adult
Diogs {n = 131) Fed & Variety of Commercial Diets kanown
tiy Be Adequute for Maintenanoe

A Acid Mews SEM
Alawine et LAY
Angriies iz in
Asparsging an i1
Aspuiniuie 7 a2
Ciruilice 41 1.8
Cyspsine a4 1.3
Caluiarmae 23 12
Lalucaming 495 EE
lvcine i w4
7 10
67 41
b1 | [
0 a2
132 34
51 14
Chminhize 15 18
Pheny talamine 45 ng
Prodine 248 a2
B 107 4
Taurine '."-‘ al
Whisle hlosd 3 Al
Triracerifie |7 4.0
Teypeophan ] 1.7
Tyri=ine b L1
Walize 157 £

NOPTE: SEM = samsland oo of (he mean,
SOURCE: Delancy 1 ol (2003

for dogs o cuts; however, it 13 knewn that neither is as efti-
gient in down-repulating nitrogen catzbolic goxymes us s
{Fogers et al,, 1977; Momis et ol, 2007). Herhivores nnd
amnivores in general show up- and dewn-regulation of ni-
wragen casbolie enzymes and of engymes invelved in the
first irmeversible step in the cotabolism of essential amino
actds. For the disposal and conservation of nitrogen. thess
pedaptanions particularly involve Uhse L wnd down-regnlution
ol all af the urea cvcle enzymes (Schimke, 19621 a5 well as
alanine aminotunsferase and aspartic aminoiransiense (K-
plan and Pirot, 1970 Changes in the flux througlh the wren
evele cecur without a change in the amount of enEymes {5 4
resile of the following:

1. Increasing or decreasing the concentration of suls-
strate, Increasing o decresing the comcentration of ala-
pime, aspirtic scid; gmmonia, and glumc ertl will affect
the flow ol nitrogen fram thess und osher amina acids into
wrea since most of the carbolic engymes are working with
substrite concentrationg considersbly below their Michaelis
constant (K ) values

2, Changes In the congentration of ornithine in the
liver. As the postabsoeptive state approaches and ammonid
coming from the aming actds decreases. or afier feeding a
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hvwe-progein diet, omithine concentmation in the liver de-
creases (as a result of the actaly of ormithine S-aminotrans-
ferase ) uml weith very litthe acceptor availshle for carbamoyvl
phosphate, urcs synthesis makedly decremses. After inges-
tiom and absorption of anginine {usually in dietary. proteing
and the action of liver arginase, the liver i proveded with suf-
[iztint armithine 0 moximize urea synthesis foramy parici-
lar activity of the ures cvcle emeymes, 1 armithine is limiting
in the liver and o nitrogen source free of or low in arginine is
given toean animal (Wergedad and Harper, 1964), hyperam-
o oocurs, Cats (Morns and Fogers, 1978aby ure
more sensitive o argining deficiency than dogs | Bomsetal |
19k l: Cramecki and Baker, 19845, which, in turn, arc mose
sensitive than rats (Milner exal,. 1975; Rogers: 1984,

A Allsteric regulation of carbamoyl phosphaie syn-
thase. The first siep in the synthesis of urea ocewrs via acti-
vation by M-aceryiglutemote ( NALG), Syothesis of NAG is al-
losterically regulated by arginine, Thus, although the K, of
MNACG synrhests for amgimine s five times higher in cats than
in rats. the concentrution of arginioe in liver, as well as the
precursers of NAG (zlutamate and acetyl coenzyme A}, in-
flugnce hepatic MAG concentrations (Stewat er al, 1981
Both argimne and glofamote increase rapidly in liver after
the intake of a high-prodein meal, enhancing the abiliry of
thee liver 1o dispose of excess nitmgen, Ax substrates for srea
synthesis decrease, NAG diffuses out of the mitochondia
and 15 cleaved by an acetylase,

4. Up- and down-regulbation of the nitrogen catabolic
enzymes, The linal fevel of control to enable the animal o
maintuin amine acid homeonstasiz s the dp- aid down-reg-
laticn of the nitrogen catabolic engymes, Thes regulaton can
ooeur by n;;hungmg the rate of degradation of ihe enzvmes of,
mowe genecally, by changing the rute of synthesis of the en-
zymes through increasing the rwte of syntheszs of mENA
Up- and down-segulation of the nitrogen catabolic enzymes
does nol appear 0 OcCur any . prean extent i the ¢
(Regers etal., 1977: Tews et al., 1984) and ocours o a lesser
extent in the dog (Morris et al, 2002} than in the rat, The
three levels of conmol mentioned above wre ull rapid, occur-
nng i seconds, whereas the changes in the amounts of the
enzymes ke -5 days, 1 appears that the extent 1o which
amimaks can up- and dowo-reguloe the amounis of the ni-
trogen catabolic enrymes s what really dictates the ability,
o (hie ome: hondd, to efficiently utilize high-profein diets, and,
on thie other, W be able w pkuntsn aitrogen hidance when
fed o bow-protein diet. Thus. it hes been suggestod thi the
high-protein requirement of adult cats ut maintenunce is the
resull oaf the inability to effectively down-regulae the he-
patic nitrogen catabolic enzymes (Rogers et al., 19775 This
mterpretation hus been challenged by Russell et al, ¢ 2002)
USILE respirabion calorimeiry 10 peeasire proein oxidation
i adule eans; they showeed thot cats fully exidized all of the
probein after adaptation to o normat (350 g-kg=') and o high
(530 g-kp' ) crude protein diet, These authors sugeest that it
15 still unknown how the cars sdaprad 1o these twis Jevels of

Required Amino Acid Organic Petition Information
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pratein, whereas. Bogers und Morms (2002) comend that the
first three levels of control deseribed ahiwie, together with an
increasa i liver size (hereby increasing s total hepatic -
tromen catnbolic enzymes |, are suffickent 1o provide for com-
plete oxidution of the relatnvely high quantities ol distory
protein tested. Kussell et al, ¢2002) did not address the in-
abilivy of the car o sdapt 1o Jow-protein thets. Regardbiss of
the interpretntion of the results of these two groups. studies
of the reguirement [or mamtenance of sdolt cats show the
lack of akility of cals 1o maintin nitrogen balance at the
same minimal digtaey concentrarion is dogs and e mabal-
Ay of desgs fat lenst fong term) to maintain nitroger balance
at the same low conceniriion as that of ras

The limited information available on the effect of dictary
procgin on aming acid metabolism (Primal en al,, 1986
Humber et o, 2007} and the adaptation of enzymes in-
volved in the first step of the degradation of the essential
inino acids (s well as importunt dispensable aming wesds
such as dyrosine and cys=tine) indicate some up- and dowan-
regulation of these enzymes in the cat, but not to the same
extent ns in rats, Forenzymes imvolved in the merabolism of
trypiophan (Leklem ot al., 1968), histidine | Rogers et al..
1977). methionine (Fiéo et al., 1987a: Srieker, 19915, threo-
mine (Hommumer et al,, 19966), tyrosine (Bat et al., 1998), cys-
teine {Pack et al., 1990}, and taurine transporn (Park e al.,
1984, only absaul g 20-120 percent increwse 1o sclivity oc-
curs inocats swiiched from & low- 10 & high-protein dist,
compared (o u severulfoid increise of these enzyvmes in rats.
For cxumple, threonine catabolic enzymes increase only
aboarl pwalold when cabs are sedtched from a low- to a high-
protein diet (Hammer et al:, 19%6h ), whereas under imilar
conclivions, beter thin g tenfold increase occurs in rats
(Frecdland and Avery, 19645 Hurper, 1968), Likewise, digt-
induced daily thythms us 2 result of eating a normal dies
cous only 8 slight change (abowt 33 percent) in lepatie ry-
rosine aminotransferase oetivity of cats (Bal et al., 1998,
whereas (o rats a four- to five-fold change ocewrs (Wariman
amd Axelrod, 1967) The conscquence of less metabolic
acuptation i dogs-and cats is-that even ulter adapting o a
high-pratenn  diel, plissrma: amimo ackd concentrutions . are
higher afier o mesl (Tows et al, 1954 Torres and Rogers.
2003, whereas in rats after wdaptation, plasma amine acids
are similar whether they we sdapted 1o g low- or & high-
protein dier { Aderson e al., 19681,

Nitragen (Crude Proteinj Minimum Requirements,
Recommended Allowances, and Adequals Inlakes

Variables Used in Assessing Protein and Amino Acid
Raguiraments

Mirogan Balance

Nitrogen halance has, for many decades, been the pre-
ferredd dependent varable for determining nitrogen and
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amine achd reguirements for all lifc stages. Chiten, there i5 no
difference in the breakpoints for weight gain or nitrmgen re-
tention to delermine tdividusl amino scid requirements for
groawth of many species. Nevertheless, there are siluutions
fumad certain requirements) in which for dogs and cats, the
breakpoint for nitrogen balince results in g higher reguire-
meend thiam tht for weight guin. However, in determmation of
the nitrogen requirement of cats, a clear platesy does nof ul-
waws oceur (Hammer et al., 1996a), but, after the break-
point. there s still @ significant positive slope. Althoogh
misimal nifrogen reteation has been the standand viriable
usesd, when determinmg the nitrogen vrequitement, it has
been shown thar apparent nitrogen balance for mamtenance
miny be sustained while lean body ‘muss is decpeasing. up-
parently hecanse of the low sensitivity and consisient eqmrs
in a positive direction for nitrogen retention that do not exist
foor 1l wsual determinations of Tedn body mass | Hamiab @isd
Laflamme, 1996). In some experiments, only weight gam
has been used; in others, bath weight galn and nitrogen bal-
ance or jost nitrogen balance (e, for maimenance), In sull
oihers, some other metabolic or physiological variable was
used. In revicwing Lhe literarore on nitrogen and amino sl
requirements, the variable that resubbed in the highest MR
wis dacd.

Growth

Thie crude protein reguirements for growing puppies and
kinens have been determined primunily by using weight gain
and nitrogen halance s the deperdent variable. Mixed-food
profeins have been used in procticl diets, and purified pro-
teins o free amino acids. have boen wsed in purified diets.
Many experiments were done hefoms the individual exsential
amine acid requirements were known for either of these
spegies, There do not appear o be any detrimental effects
{except 8 shightly fower growth rate) of feeding diets al or
slightly below the nitrogen requirement, provided all of the
e=sential amino acid requirerments re met for all functions
knewn besides growth of muscle tissue and oiler siruciural
body proteins (.., safficicnt arginine for optimal ures cyvele
function. sufficient histiding (o prevent caturacts). Under
these comditions, if energy intake is restricted olong with
protein, there may be an morgase in longevity in same
breeds of dogs due o @ deley in onset of chronic diseoses
(e:g.. wrthritis and insulin resistance) (Keaby et al., 2002)

Maintenance, Gestafion, and Lactabion

Satisfactory maintemunce ¢an be achieved using a wide
variety of dictary erude protein concentrations for adult cits
vn purified diets and diets wsing common feed ingredients,
Cats, o compared o dogs, rats. and many herbivores or om-
nivires, do net show elfective adapration 1o low-proten
thets and, thus, esereic considerubly muore nitrogen when
fed a protein-free diet (Hendricks et al., 1997} or when food
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deprived (Biourge et al., 19941 A comparison of obligatory
nitrrEen excreion in vanns species is shown in Table 6-3,
Ir i apparent that the ohiigotery nitrogen loss in cats is sim-
ilar whether adull cats were fed & prowin-free diet or were
finsd deprived, the loss bemg nearly iwice thar of dogs.
while the loss in dogs is more thon theee times that of ho-
imuns. These dota suppeort (he fact thar cats luve a higher ni-
trogdn requiremiznt than these other species. The efficiency
of utilization (e.g., NPU; Jansen el al. 1975 of protein for
muinlenznce afd growth 35 also lower in cats than in these
aither specizs. This appears o be the result of lack of ability
o conserve both nitrogen and essential pmino seids even
though, on @ relatpeg basis, the nieogen requircment is
higher than that for the esscotial amino acads,

The protein requirements for reprodoction of dogs or cats
have nof been studied estensively and, therefore, hsve not
been well defined. General observations in both species in-
dicate that the crode protein requirement and amino acidl re-
quirements for gestation $o not excesd those found for mex-
imal nitrogen retenuon of weanhng puppies. o Kiftens,
whereas the reguirement for maximal hictition is known o
excesd that for maximal weight goin of weinling pappies
and kittens.

Application of Variabiles fo Assess Aequiremants

The most cominon vatiahles found in reviewing the liter-
amre for crude provein and amioe e requirements of dogs
o cats ab varsous life stages were weight gain for growing
animnls and nitrogen balunce for adult animuols. In this sec-
tion. the vanables s result in the masimuam requirement
are vsed. Maost often, @ metabolic variable, such as minimis-
ing urinury orotic scid for the arginine requirement or M-
imizing biood hemoglobin for the histding requircmend,
cave the highest value, Often datn on responss 1o varinhle
dietary concentrations were mob avinlabbe, especially for
mzintenance, gestation, and lction, Therefore, for each
aminn acid, an adequuie intuke (A was éstmated fos the
life stope (rom the guatity of cach amino acid in the &i-
gestible protein of commercial; dry diets thar were known fo
suppart pormal madntenance. growth, and reproduction,
Suceessful growth und reproduction of dogs and cals fed

TABLE 6-3  Endogenous Unmary
Murogen Excretion of Animals Fed a
Prodein-Free Diet

Adiiial mg Mk i
Hiipran B2
Marmers (NN
R |38
Fig 162
D 20
[ kLN

SOLTRCE: Tukes from Hendeks eal (1907
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stich diets over a period of several vears are common. When
requirement daty were not availeble, these estimated Als
weere dlw used as the recommemded allowances,

Growih

Dogs .I i

Estimates of the nitrogen requirenent of growing pug-
pies o hock many decides. Summuries in fhe Nafonal He-
scarch Council {NRC) Mutrieni Reguiremems series [or
dogs for cride protein, as g percentuge of cnergy, in 1953,
1962, 1972-1974, umd 985 were, reapectively, 200, 220,
220, and ~95- 115 gke ! dier. There is general consistency
in the recommended crude protein reguinement peeoss the
decades except the 1985, which s the sum of the aming
acids sugeesied (incloding the dispensable aming acids ). It
becodties appareal Irom the review by the 1985 KRC coi-
mittee and from reviewing the literature ever the past 20
yeirs thal there s & marked decrease inthe reguirements [or
both nitregen and essential aming acids between abowut 10
anid 14 weeks of age for growing puppies; thus, different te-
guirernents for weanling puppics before und aficr 14 weeks
ol age are sugpested. Also, i some insiances, weight gain,
rather than nitrogen balance. has besn used as the variable 1o
determine the reguirement. For dogs, generally imore dietary
criede: prodein s reguired for maximal nitrogen reiention
than for maximal weight gain, For newly weaned small-
breed or Inrge-breed puppies. when nens maximal weight
gauns were obitmned, the MR appenrs o be o | #.p CPkg™
diet contuining 4.0 keal ME-2-! iMilner. 1981; Bums et al.,
1982, Nap et al,, 1993; Schaeffer et al., 1985 Delaney ef al.,
2001 ). These studies used either highly dipesnble protein or
fres amnoo aced diets, and all of the known esseatial amuno
acid requirements were met for maximsal nilrogen retention.
When practical diers from cereals and variows amimal by-
products are used. the crude protein needed for maximal ni-
trogen retention (AT) appears 16 be aboar 250 g-kg'; e
(Ontker et ol 1957; Case and Cramecki-Mualden, 15990, For
puppies over |4 weeky OF age, the respective crude protein
reguirements {ME) for pusified highly digestible diets and
practical diets | AT} we, respectivelv, |40 and 200 g-ki -l djat
pontuiming 40 kea! MEp! (Cessert and Phillips, 19356
Burns et ul., 1982 Delancy et al., 20060 ).

Cats

Several estmates have been made of the nitrogen re-
yuirerment of growing kittens, The earliest estimutes, deter-
mined witheut considerimg the exseniial amino acid require-
ments, were aboul 250350 ¢ of dictory crude protein per
kilogram of diet ( Dickinson end Scoit, 1956; Miller pnd Al-
lison., 1958: Greaves, 1965 Fansen et al., 1975), More recent
estimates, based on dose-response curves'in which proscin
or anieo wcid diers were osed that comtammed all of the essen-

NOTMIENT REQUIREMENTS F QOGS AND CATS

titl wming weids an lewst S0 percent above the requirements
s listed by the NRC (1986}, reported crude protein reguine-
mients in the range of 160-240 g-ka™! dict containing 4 keal
MEg ! (Anderson o al., 19804 Smalley et al., 1985
Rogers ot al.. 19870 In a series of papers, Tavlor and co-
workers (1996, 1997, 1998 Rogers er al., [998) examined
the patiern of amino acids required for moximal weaght gain
wsd mitrogen relention by erovwing Kiigens, varving both the
concentration of crade protein i the diet and the ratio of 23-
sential wming acul nitrogen o total adiing ackd Ritrogen
(E:T}h At or below (he esseotinl dietury amine acid reguire-
ments, the addition of crede protein (as dispensable amine
acids) caused a decreasé in weight pain and nitropen reten-
Lo thisl wiss corrected by additional argimie sipplementa-

Tﬁon. If methionine and arginine were restricted to oot mone

|
1]
- amine acid diets and diess contzintng punficd proieins

L
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Uhan about twice their requirernents, oprimal weight geins
and nitrogen retention were observed. with ull of the nito-
gen conting from essentizl aming acids plus eystine snd 1y-
rosine. Kittens, therefore, con grow. masimally (see Figure
G0 with a much broader BT eatico (Roegees ot ., T998;
Tavlor et al.. 1998 thon rats (Stuckt and Harper, 1962) or
chicks iSmicki and Harpes, 1961} This work, using free

(Smielley et ol., 1983, Schuffer et ul.. 1989). indicates the
mimimum crude protemn requirerment (MR for grosals (wah
essentitl wming acids g about 150 percent of the | 986 NRC
requirements} i= showt 180 g CPkg ! dict contwining 4.0
keal ME-g-%. The E:T ratio may vary widely at inermediate
crede protein concentrations: however, the mtio s o be
higher for similar weight gains ar both low and high dietry
crwde predein concentrotions [ Figure 6-1), The ET raue
must be high for low dictary crude prolein concenirtions in

Weight Gsbn
=

&I&ﬁh I!I.;\ e /f'u‘l] tf'
S
9 fmp téf
8

FIGURE 6-1  Effect of dictary crode protein amd ramo of sssentiol
amine gcid nitrogen w 1otal amino scil nitrogen (E:T) on weighe
zabn of kigens, SOURCE: Taken with permission fmem Rogess ¢t
nk., B4R
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order b provide all of the necessary 24sentinl armina - ackds
(Taylor et al., 1997} and high at very high daetary crude pro-
feif concentrations 10 preven toxicity of some dispensahle
amine avids such as glomsae. Glotemate {5 considerably
phore Eexic when other dispensable aming acids ore also high
im the dist. presumably becatse metabilie aquilibrinm nesilis
in higher plasnia and tissue glutamaie coocendritions (Taylor
et ul,, 1908, Thus, for boty bow and high digtry protemn coa-
centrugions, body weight gains are higher with high-guality
than with w-guality priteins. Protein quality 1= less ampor-
fant i intermediate protein concentrations in the diet In
evilugting commercial, dry exponded diets thal have sus-
tained morral greewth for growing kittens, none contained
bess than 280 g CP kg™ dict comtmining 4.4 keal ME!,

Maintenance

Diogs

Early estimutes of the MR for erude protein for adult
dogs at maisienunce, using nitugen balance as the criterion,
vaaged from aboul 33 1 00 g-ka ' diet comaining 441 keal
ME-g! for good-guality proteins, These walues cume from
experiments using fooy prowins without knowledge of e
umine acid regiirements for gither growth or mainienince
{Melnick wnd Cowgill, 1937; Kade ¢f al., 1945 Amold and
Schad, 1954 Winnemacher and McCoy, 19660, Recently.
Sundersun et al, {2001 ) published o study in which beagles
maintained body weizht (BW) und sustmined tormal blood
chemistries and health (exvept for one dog that developed
dilated eurdiomyopathy, which was comected by taurine
supplementation) o 42-45 manths with  dict caleulated to
he #2 gk " diet contuining 4.0 keal MEg ! a5 a highly di-
gestible. high-guahiny protein. Excepr for the guestion about
meeting the taurine need of the dogs. these results together
withh earlier work suggest 80 g of vrpde proicin per kilogram
af diet contning &40 kel ME-g ' as the MR, Other squdies
iWangeracher snd MeCoy, 1966; Ward, 1976), published
and unpublished, support an Al of about 110 gkg | diet con-
tining 4 keal MEg ' as being adequate, thus suggesting
L0 & CPkg ' diet as the RA. Older dugs appear 10 reguin:
sismwhat mare orude profein o mainliin lbile proein (so-
called protein rescrves ), perlaps s much as 30 percent more
(Wannemacher and MeCoy, 1968), The optimal concentra-
tions for other varobles and oulcomes (g, optimal im-
pune response, wound healing, health in old age) have tobe
evulumed before more specilic: recomimendations. cun. be
ke,

Cats

Early estmotes of the mimmam crude proten reyuine-
ment (or aliowance) (MR) of sdoll eaie for miintenanee,
using mitrogen halance s the eriterion, varied fromm about 10
p M) percent of ME, These values came [rm experiments

Required Amino Acid Organic Petition Information

i1

using fowd proteins without knewhedge of the amino ncid re-
yuirzments for either growth o maintcnunee (Allison e al.
19%6: Miller and Allizon, 1958; Greaves and Scott, FI60) o
sometimes witheuwt considening. the digestibility of the di-
ety proteins. The difficulty in muking a purificd diet read-
ily awceptable 1o adult cals, (often very choosy about the 1ex-
psre and teete af their food), hes made derermining the cride
protein and aming acid requirements problematical, Indeed,
in one of the most thorough, long-tesm studies seported,
using nitropen balanee as the eriterion in which the diet con-
{mined the esseniial aming acids ut o disiary concentrabon &
least equivalent to the essennial wning acid requirements of
the growing kiten, the crode prolen fequirement wits sUg-
pested 10 he 125 gk’ diee (HO0 gikp" dhet containing 441
keal ME-2 ') (Burger et ol 1984; Burger and Smith, 1987}
Hewever, the authors removed some cets- froa the study be-
comse they would ot aceept the dier, and the cats s o while
Tt i small amount of weight, Mitrogen balance i Knoowmn wo
wrderestimete e mimogen requirement becanse ol enm-
phete collection uf feces and spilled food, In most evper-
rments with st species. there 5 & platcau at o smiall posilive
nitregen halance. Tn the work of Burger ef al, (E984), when
the regression line crossed at 0 nitrogen balance, 7 of |# caes
fed 1h4 g CPkg ' diet were in negatlve nibrggen balonce,
With all hut one cat in positive mitrogen balance, the protein
iniake wiek calonlated 10 be about 160 gky~! diet containing

Y 4 keal ME-gt, This value f» aken s the crude prorein ME

of adult cass for mabitenance. It should be pointed out that
ather putconse varinbles such fa oplimizing anmune re-
spoisg, lahile tissac profein, or environmental stiess were o
considered in this MR T a safoty allowance is made for such
peeds, & recommended allowance (A of 2000 CPae ! dier
comaining 4 kel MEs! s supgesied. In evaluiing com-
miercial, dry, expanded dicts that have sustained montenance
for months 1o years, none were found with less than 265 g
CP k! diet comuining 4.0 keal MEg™

Gesiation and Lactafion

Dogs

The protein anid amino acid regurenents of dogs during
reproduction have not been well defined. In general, it kas
been assumed that, if the dictary crudd protein pequirement
is met for growing puppies, the diet would meet the crude
protein requirement of bitches during gestation and lacta-
tion, Ne reporis coald be found in which the crude protein
requirement [or gastation or fsctation had been detenmiined
using, dose-response relationships in hitches fed purificd
diers. From experimenal work using nuwral ingredients
(Visek of ol 1976) and evaluating commercial, dry dog
foods that have moutinely supporied normal gestution and
lactation, the AT for crude protéin for zestution and lactation
for the bitch has been shawn to be IR0-2I0 zhkg™' dit con-
fining 4 keal MEg~! Meyer etal (1985} did 2 factorial cul-
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culation based on expermental work on milk veeld and milk
composition of bitches and recommended 210 g CP-I;;"
diet eormng 4 keal ME-g !, provided the proten quality
wus good ond the diet contasined carbohydnes. Based on
their experimental work, they il caleulated values of 10 ¢
protein-kg BW75 for small bitches suckling two puppics.
0 g kg BWSDT for mediomesieed bitches suckling sis pup-
pies. nnd 25 gkg BW" for Targe Bifches suckling eighi
puppies, Romaos eral, (19815 evaluated reproduction with
and without diewary carbohydrate using dicls containing
about 260g-kg~' crade protein (180210 g digestible crude
proveim ke’ a4 keal ME: g1y and showed that this concen-
wration wis ample protein for both gestation and lactation of
the diet conteined corbohydmie. whercas, if the dicl con-
tained no-carbohydrate, 260 g CPEg diet was meulficient
for the latter part of gestation bui was saflicient for lactation.
Kicnzle ot al. (19851 showed thar, when carbobydrane-free
dicts were fed o pregnant and Jpctating bitches, o prodein
content of M g-ky * diet was sufficient for snccesaful re-
prowductiam, bul a protein content of oaly 200 gk~ diet led
o severe impairment of reproduction including hiype-
glveemia in the bitches, high losses of puoppics. low liver
glveogen in the puppies, increased milk fag, decreased milk
lactose and water content, and decredsed milk vield. From
the ahove resulis, the AVRA for highly digestible crude pro-
tein for gestalion wmd luctation s setat 200 gka! diet con-
wining 4.0 keal ME-g ' provided there is carbohydsage in
thee dhiet,

Gats

The protein and amino ool reguirements of quesns dur-
ing reproduction kave mot been well defined, It has been as-
sumed that the digtary crude profein requirement for the
growving Kitten would moet the crude profein requirement of
the gueen doring gestation -and lectation. Factorial calenla-
tions by Kienrle (1998) of the protein reguirements of
queens during peak lactaion imdicated thar 2006290 gkg!
diet conteining 4 kool ME @' was reguired. Piechota ot al,
(1995, wsing punified diets based on sovbean protein-casein
(supplemented with essential amine acids to bring each one
i al least |30 percent of the 1986 NRC requirements for
growth), reporied the MR to be not greater than 170 g-kg-!
diet containing 4 keal ME-g ! lor pestation and about 241)
g-hg! for loctution asing kiten weighl gain and guesn
wizight Loy during lactation as key vanables, Thus, the MRS
foor crude protein tor cats during sestition amd lactstion, re-
spectively, are taken a5 |7 and 240 g-kg ' died contidning
4.0 keal ME gt This requinemcit for Ieciation s consisient
with the lowest level of digestible crude progein found i o
number of dry. expunded, commercial disis that have regu-
larty susiained gestution and facration, From an evaluation
of plismn aming acid resalts, the highest nuiritional require-
mett appeared o be during peak lactason {third o fourth
week), before the kitten's intoke of the queen's dier was sig-
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nificint, When plasmy amino acids were used us the crite-
riosm, severl essential aming acids appeased 10 be near iin-
iting, even with commercial diets contmning 2600 pko!
crude protein (4 keal ME-g 1. Methioning appeared o he
the lirmtng aming acid maost olten, with the crude progem
and amvinag acid requirements being higher for masimal lae-
tatsom than for maximal growth of kittens,

Amino Acid Minimum Reguirements, Recommended
Allowances, Adequate Intakes, and Sate Upper Limits

Sanistactory maintenance wnd maximal growih and repro-
duction of Sogs and cals can be acleved oo o wide varely
ol concentrations of aming seids in purified diets wing ei-
ther free amme acids, umine goids mpunfied priteins, or
proteins from common feed ingredient incorparsied into dry
expanded or canned diers; that s, oo epper Lo s Known.
The I amino soids shown to be essentigl for growing rofs
have been shewn o be esseniial for growing dogs and cais,
Mo stdies have been reporied in which the essentinl amino
delids Tor other life stages have besn deleted from the dist of
cither dogs or cats, excepd for the ohstract of Rose and Rice
(1935, whach showed than all of e ssme dnwio seds tdiat
wre essential for adult rats are essential for adult dogs. Later.
Hurms et al. (198 | | repored that arginine wits essential in the
diet to prevent hyperammonemiz and orotie seiduna in the
acfulr dog. Stmilar (o oller adult species. i1 assumed all of
the other nmino acids essential for sdolt s and hemons sre
exzeniial for adult dogs and cars

Argining

Some symihesiz of arginine occurs in many mxmmals and
at g sufficient rate to provide all of the arginine needs for o
variery of species incleding hemans, rominants, and aduli
rats and swine (Ropers, 1994} Metabolically, arginine is
glucogenic and has functions other than it role in the syn-
thesis of innumerable proteins. Arginine i an intermediate
in the wrea cyele, and when ghsorbed with & meal, it acts
both anaplerotically to stimulate urea syochesis and as an al-
Iosteric activator of acerylglutamate, which in turn, 15 an es-
sentinl allosieric activator of carbamaoyl-phosphate synthase,
the first epzyme in the detoxification of ammona and the
symthesis of urew, In addition, arzinine has been shown o
clicit the release of severn] homones and metabolic madis-
tors e lidinig insulim, gluwagon, snd gaston, and it 35 o pre-
cursor of hiogenic amines, which are impormant in cell repli-
cution, Arginine is alse the precursor of nhinc oxide, the
neurstransmitter involved m many svatems, from its effect
on blood pressure via relasation of blood vessels to its role
in macrophages-in killing foreign cells qe.g.. bacteriz gmd
virikses ), There have been many studies using srgimine as @
therapewrtic agent. apar from s rale in normal nulrton nd
health. The commutiee’s recommendations are based on the
need of dogs and cuts o minimize wrnary oo acid.
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Attachment E -- NRC Tables for Nutrient
Requirements of Dogs and Cats

Table 15-3 Nutrient Requirements for Growth in Puppies after
Weaning
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Table 15-5 Nutritional Requirements of Adult Dogs for

Maintenance
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Table 15-10 Nutrient Requirements for Growth of Kittens after

Weaning
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Table 15-12 Nutrient Requirements of Adult Cats for

Maintenance
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