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 2 

Identification of Petitioned Substance 3 

 
Chemical Names: 4 

L-methionine 5 

L-2-amino-4-(methylthio)butyric acid 6 

(s)-(+)-2-amino-4-(methylthio)butyric acid 7 

(s)-2-amino-4-(methylthio)butanoic acid 8 

2-amino-4-(methylthio)butanoic acid 9 

2-amino-4-(methylthio)-butyric acid 10 

2-amino-4-methylthiobutanoic acid  11 

 12 

Other Names: 13 

Methionine 14 

 15 

 16 

Trade Names: 17 

L-Methionine USP/FCC 18 

Cymethion 19 

Acimethin 20 

   21 

CAS Number:  
63-68-3  
 
Other Codes: 
200-562-9 (EINECS number) 
PD0457000 (RTECS number

Characterization of Petitioned Substance 22 

 23 

Composition of the Substance:  24 

 25 

Amino acids have an amino group (NH2) adjacent to a carboxyl (COOH) group on a carbon.  Methionine, 26 

with an empirical formula of C5H11NO2S, is a sulfur-containing essential amino acid.  The molecular 27 

structures of the two enantiomers of methionine are shown in Figure 1 and Figure 2.  In these figures, 28 

differences in the three-dimensional structure of the enantiomers are indicated by how the bonds to the 29 

amino groups are shown.  The wedge in Figure 1 indicates that the amino group is oriented in front of the 30 

plane of the page.  The dashes in Figure 2 indicate that the amino group is oriented behind the plane of the 31 

page. 32 

 33 

 34 

 
 

Figure 1.  Molecular Structure of L-Methionine 
Source: Helmenstine (undated) 

Figure 2.  Molecular Structure of D-Methionine 
Source: Helmenstine (undated) 

 35 

                   36 

Properties of the Substance:  37 

 38 

Methionine is typically found as a white solid or white crystalline powder.  Methionine is asymmetric, 39 

forming both an L- and a D- enantiomer (i.e., molecules with the same formula, but different three-40 

dimensional shapes).  It is available in its natural L- or D- forms, or as a synthetic (not present in nature), 41 

racemic mixture, DL-methionine (i.e., a mixture with equal portions of the two enantiomers).  While one 42 

author found that both the D- and L- enantiomers were equally utilized in animals (Writland and Rose, 43 

1950), another indicated that L-methionine is more efficiently utilized in the human body than the D- or the 44 

DL- forms (Kies et al., 1975).  The L- enantiomer is the only form of methionine petitioned for use in 45 

organic handling because the petitioner (the International Formula Council) is requesting its approval for 46 
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use in infant formula, and L-methionine is the only form allowed for use in infant formula (see 21 CFR 47 

172.320).  This report summarizes information for L-methionine only, unless specified otherwise.  General 48 

references to “methionine” in this technical report refer to any of its forms.  49 

 50 

L-methionine is soluble in water, methanol, alkali solutions, and mineral acids, and is slightly soluble in 51 

ether.  It is stable under normal temperature and pressure, but is incompatible with strong oxidizing agents 52 

(Acros Organics, 2009).  Toxic decomposition products of L-methionine include nitrogen oxides, carbon 53 

monoxide, oxides of sulfur, and carbon dioxide (Pestell Minerals and Ingredients, 2008).  Physicochemical 54 

properties of L-methionine are summarized in Table 1.      55 

 56 

 
Table 1.  Physicochemical Properties of L-Methionine 

Physical or Chemical Property Valuea 

Physical state Solid 

Appearance White crystalline powder 

Odor Characteristic 

Molecular weight (g/mol) 149.21 

Boiling point  NA 

Melting point 281°C  

Solubility in water (g/L) 30 (20°C) 

Vapor pressure (hPa) <0.0000001  

Density (g/cm3) 1.34 

aSources: ChemIDplus Lite (2011); Pestell Minerals and Ingredients (2008) 

 57 

Specific Uses of the Substance: 58 

 59 

Methionine is an essential amino acid that cannot be synthesized by the body; thus, it is used primarily as a 60 

dietary supplement in humans and a feed additive in livestock. Physiologically, methionine is required for 61 

nitrogen balance, cell metabolism, protein formation, and growth (Brosnan and Brosnan, 2006).  A number 62 

of soy-based baby formulas are supplemented with L-methionine because soy formula (unlike milk-based 63 

formula or breast milk) does not provide adequate levels of methionine to ensure adequate growth, 64 

nitrogen balance, and plasma albumin concentrations (Agostoni et al., 2006).  Brands of soy formula 65 

supplemented with L-methionine include Baby’s Only Organic (Nature’s One, 2007), Earth’s Best Organic 66 

(2011), and Vermont Organics (2011).  Methionine is also used to supplement some pet foods, but often 67 

with DL-methionine rather than L-methionine (Regal Pet Foods, undated; Healthwise, undated).  Some 68 

organic pet foods also contain DL-methionine supplements, including Newman’s Own brand adult cat 69 

formulas (Newman’s Own Organics, undated).  L-methionine may also be used as a supplement for pets in 70 

tablet form (NuVet, undated).  Urinary tract problems in cats may also be treated with L-methionine 71 

supplementation (Funaba et al., 2001; Stanford Cat Network, undated).   72 

 73 

Methionine may also be used for therapeutic purposes in humans.  Because L-methionine can help balance 74 

pH, it may be used to treat urinary tract infections.  It may also be used to treat acute pancreatitis and 75 

Parkinson’s disease, and studies have shown it may be able to reduce toxic acetaldehyde levels after 76 

ethanol ingestion (Fugakawa, 2006; Atmaca, 2004). 77 

 78 

Approved Legal Uses of the Substance: 79 

 80 

Synthetic L-methionine is not currently included on the National List of Allowed and Prohibited 81 

Substances (hereafter referred to as the National List) of nonagricultural (nonorganic) substances allowed 82 

as ingredients in or on processed products labeled as “organic” or “made with organic (specified 83 

ingredients or food group[s])” (7 CFR 205.605).  L-methionine has been petitioned for use in infant formula, 84 

but it may also be added to other foods, such as pet foods, or used as a dietary supplement.   85 
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 86 

Synthetic DL-methionine is currently included on the National List (7 CFR 205.603(d)) for use in organic 87 

livestock production as a feed additive.  However, a “step-down” measure was established to reduce the 88 

amount of synthetic methionine allowed in feed.  Until October 1, 2012, the following maximum levels of 89 

synthetic methionine per ton of feed are allowed—4 pounds for laying chickens, 5 pounds for broiler 90 

chickens, and 6 pounds for turkeys and all other poultry.  The NOSB has recommended that, after October 91 

1, 2012, the allowed levels of methionine be reduced to 2 pounds for laying chickens, 2 pounds for broiler 92 

chickens, and 3 pounds for turkeys and other poultry through October 1, 2015 (76 FR 13501).  As of the date 93 

of this publication, the NOP has not published regulations to implement the stepdown provisions that will 94 

take effect after October 1, 2012. 95 

 96 

Methionine (in either L- or DL- forms) is considered generally recognized as safe (GRAS) for animal 97 

consumption, but not for human consumption.  However, L-methionine is regulated as a human 98 

nutrient/dietary supplement and is allowed as a special nutritional and dietary food additive for human 99 

consumption (21 CFR 172.320).  DL-methionine and N-acetyl-L-methionine (CAS Number 65-82-7) also are 100 

approved by FDA for use as food additives, but regulations explicitly say they are not to be used in infant 101 

feed formulas (see 21 CFR 172.320 and 21 CFR 172.372). 102 

 103 

FDA regulations (21 CFR 107.100[f]) on the nutrient requirements of infant formula stipulate that the 104 

biological quality of infant formula protein must be equivalent to or better than that of casein, a protein 105 

that comprises roughly 80% of cow milk and 60% of human milk.  Because adequate methionine intake is 106 

essential for the production of cysteine (Brosnan and Brosnan, 2006), these two sulfur amino acids are often 107 

measured in relation to each other.   Casein proteins have a higher content of methionine in relation to 108 

cysteine than soy protein (Dudásová and Grancicová, 1992), indicating that soy-based infant formulas must 109 

be supplemented to maintain adequate sulfur amino acid content.  L-methionine is the only form of 110 

methionine permitted for use in infant food per FDA regulations (21 CFR 172.320).  Studies in animals have 111 

shown that supplementation with methionine improved the quality of soy protein to be equal with that of 112 

casein in rat assays and to about 85% the quality of casein in guinea pigs (Fomen et al., 1979).  In a human 113 

study, infants consuming unsupplemented soy protein formulas had less weight gain per 100 kcal, lower 114 

serum concentrations of albumin, and greater serum urea nitrogen compared with infants receiving breast 115 

milk, cow milk-based formula, or L-methionine-supplemented soy-based formula (Fomen et al., 1979). 116 

 117 

Action of the Substance:  118 

 119 

Methionine is classified as an essential amino acid because it is required in the diet for cell growth, protein 120 

formation, and cell metabolism, but cannot be biologically produced (Brosnan and Brosnan, 2006).  121 

Cysteine, another important amino acid, is synthesized from methionine, and adequate methionine intake 122 

is essential for adequate production of cysteine (Brosnan and Brosnan, 2006).   In humans, L-methionine is 123 

more efficiently utilized in the human body than the D- or the DL- forms (Kies et al., 1975).  Kies et al. 124 

(1975) found that more methionine was excreted in the urine when humans were given D- or DL-125 

methionine than when they received L-methionine supplements. 126 

 127 

Combinations of the Substance: 128 

 129 

Methionine is a precursor to cysteine, and the amount needed in the diet depends on the amount of 130 

cysteine already present.  Requirements for methionine are frequently cited in terms of methionine + 131 

cysteine because methionine is converted in the body (through several steps) to cysteine as needed 132 

(Brosnan and Brosnan, 2006).   133 

 134 

L-methionine is sometimes combined with other nutrients or vitamins in dietary supplements.  For 135 

example, Nature’s Plus markets a L-methionine supplement with vitamin B6 (Vitamin Shoppe, 2012).  136 

Vitamin B6 is allowed in organic handling per 7 CFR 205.605(b), which permits the use of “nutrient 137 

vitamins and minerals, in accordance with 21 CFR 104.20.”  Specifically, vitamin B6 may be added to food 138 

at levels provided in 21 CFR 104.20(d)(3).  It should also be noted that oral supplements of s-adenosyl-l-139 

methionine (SAM), derived from L-methionine through a metabolic pathway called the one-carbon cycle, is 140 
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a commonly-used dietary supplement and treatment for conditions such as depression (Mischoulon and 141 

Fava, 2002).  SAM does not appear on the National List (7 CFR 205.605) and it has not been approved by 142 

the FDA. 143 

 144 

L-methionine is petitioned for addition to organic infant formula.  Organic infant formula contains a 145 

number of nutrients (e.g., riboflavin, niacin, pantothenic acid, iodine, copper, potassium) included on the 146 

National List (7 CFR 205.605).   147 

 148 

No information could be found regarding whether or not raw L-methionine formulations contain 149 

preservatives or carriers.  Many dietary supplements (in capsule form) contain additives such as stearic 150 

acid, magnesium stearate, silica, or gelatin, but formulations vary by manufacturer.  Certain brands claim 151 

not to contain preservatives, artificial flavors, or colors (Vitamin Shoppe, 2012). 152 

 153 

Status 154 

 155 

Historic Use: 156 

 157 

Supplementation of infant formula with L-methionine began in the 1970s (AAP, undated).  158 

 159 

The history of the legal use of synthetic L-methionine in organic handling/processing has revolved around 160 

uncertainty over the nutritional status of L-methionine because it is neither a vitamin nor a mineral.  In 161 

1995, the National Organic Standards Board (NOSB) made the following recommendation in “The Use of 162 

Nutrient Supplementation in Organic Foods” (USDA, 2011) 163 

 164 

Upon implementation of the National Organic Program, the use of synthetic vitamins, minerals, and/or 165 

accessory nutrients in products labeled as organic must be limited to that which is required by regulation or 166 

recommended for enrichment and fortification by independent professional associations.  167 

 168 

The NOSB clarified that the term “accessory nutrients” meant “nutrients not specifically classified as a 169 

vitamin or a mineral but found to promote optimum health.”  However, confusion arose after the National 170 

List was established because an additional annotation at 7 CFR 205.605(b) permits the use of “nutrient 171 

vitamins and minerals, in accordance with 21 CFR 104.20” (USDA, 2011).  Originally, the National Organic 172 

Program (NOP) interpreted that under 21 CFR 104.20(f), which states that “nutrient(s) may be added to 173 

foods as permitted or required by applicable regulations established elsewhere in this chapter,” L-174 

methionine and other nutrients not specifically listed in the regulation were permissible.  However, after 175 

further discussion with the FDA, a memorandum (USDA, 2010) from NOP to the NOSB clarified that 21 176 

CFR 104.20(f) pertained only to substances listed in 21 CFR 104.20(d)(3), which does not include L-177 

methionine.  The NOP recently published a proposed rule that would amend the National List cross-178 

reference to the FDA regulation 21 CFR 104.20.  The proposed rule indicates that L-methionine is not 179 

among the substances allowed in non-milk based infant formulas as required by 21 CFR 107.100  (USDA, 180 

2012).   See “OFPA, USDA Final Rule” for more information. 181 

 182 

OFPA, USDA Final Rule:  183 

 184 

Synthetic and nonsynthetic L-methionine are not currently listed under 7 CFR 205.605 as a nonagricultural 185 

(nonorganic) substance allowed in or on processed products labeled as “organic” or “made with organic 186 

(specified ingredients or food group(s)).”   187 

 188 

The NOP final rule limits "vitamins and minerals" allowed for use in organic products to those in the FDA 189 

Nutritional Quality Guidelines for Food (21 CFR 104.20[d][3]), which does not include L-methionine.  190 

However, due to a previous misinterpretation of the regulations, some organic infant formulas do contain 191 

L-methionine and other nutrient additives (Nature’s One, 2007; Vermont Organics, 2011; Earth’s Best 192 

Organics, 2011).  To resolve the misinterpretation, NOP published a proposed rule in January 2012 (77 FR 193 

1980) that would not allow the use of nonrequired nutrients such as L-methionine as an ingredient in 194 

organic products, including organic food and organic infant formula, unless the NOSB issues 195 
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recommendations to add it to the National List and such recommendations are codified through 196 

rulemaking.  If promulgated as a final rule, this amendment would clarify that L-methionine is not allowed 197 

under the current annotation for required vitamins and minerals (USDA, 2012).     198 

 199 

International: 200 

 201 

L-methionine is not included on the Canadian General Standards Board’s (CGSB’s) Permitted Substances 202 

List for Processing.  However, the CGSB’s General Principles and Management Standards (CAN/CGSB-203 

32.310-2006), Section 8.3.4, provides the following information related to the use of food additives and 204 

processing aids (CGSB, 2009). 205 

 206 

Food additives and processing aids shall only be used to maintain:  207 

a. nutritional value;  208 

b. food quality or stability; 209 

c. composition, consistency and appearance, provided that their use does not mislead the consumer 210 

concerning the nature, substance and quality of the food; and  211 

i. there is no possibility of producing a similar product without the use of additives or processing 212 

aids; 213 

ii. they are not included in amounts greater than the minimum required to achieve the function for 214 

which they are permitted. 215 

 216 

Based on this information, it is assumed that organic soy-based infant formula could legally be fortified 217 

with L-methionine for nutritional purposes.  218 

 219 

The Codex Alimentarius Commission lists L-methionine as an acceptable ingredient in the Standard for 220 

Infant Formula and Formulas for Special Medical Purposes Intended for Infants.  It is also an accepted 221 

ingredient in Food for Special Medical Purposes other than Infant Formula (Codex Alimentarius 222 

Commission, 2011).  Section 3.5 of the Codex Standards for organically-produced foods includes the 223 

following information related to essential fatty and amino acids in food products (Codex Alimentarius 224 

Commission, 2010). 225 

 226 

Minerals (including trace elements), vitamins, essential fatty and amino acids, and other nitrogen 227 

compounds [are] only approved in so far as their use is legally required in the food products in which they are 228 

incorporated. 229 

 230 

The European Commission Regulation EC No. 889/2008, Article 27 provides information related to the use 231 

of certain products and substances in the processing of food (European Commission, 2008). 232 

 233 

For the purpose of Article 19(2)(b) of Regulation (EC) No 834/2007, only the following substances can be 234 

used in the processing of organic food, with the exception of wine: (a) substances listed in Annex VIII to this 235 

Regulation;… (f) minerals (trace elements included), vitamins, amino acids, and micronutrients, only 236 

authorised as far their use is legally required in the foodstuffs in which they are incorporated. 237 

 238 

L-methionine does not appear on the list of “certain products and substances for use in production of 239 

processed organic food referred to in Article 27(1)(a)” in Annex VIII of EC No. 889/2008.  However, per 240 

Directive 2006/141/EC and EC No. 1243/2008, infant formula must contain an identical amount of certain 241 

nutrients as is available in human breast milk (including 29 mg/100 kcal of methionine) suggesting that the 242 

EU would allow the use of L-methionine supplements in organic milk- and soy-based infant formulas. 243 

 244 

The International Federation of Organic Agriculture Movements (IFOAM) does not list L-methionine 245 

within its “Norms for Organic Production and Processing” but, relative to organic food processing, 246 

provides the following information (IFOAM, 2010). 247 

 248 

Minerals (including trace elements), vitamins and similar isolated ingredients shall not be used unless their 249 

use is legally required or where severe dietary or nutritional deficiency can be demonstrated in the market to 250 

which the particular batch of product is destined. 251 
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 252 

L-methionine does not appear on the list of approved food additives in the Japan Agricultural Standard 253 

(JAS) for Organic Processed Foods.  General principles state that organic processed food should be made 254 

“avoiding the use of chemically synthesized food additives and chemical agents” (JMAFF, 2006).  No other 255 

information is provided in the standard. 256 

 257 

Evaluation Questions for Substances to be used in Organic Handling 258 

 259 

Evaluation Question #1:  Describe the most prevalent processes used to manufacture or formulate the 260 

petitioned substance.  Further, describe any chemical change that may occur during manufacture or 261 

formulation of the petitioned substance when this substance is extracted from naturally occurring plant, 262 

animal, or mineral sources (7 U.S.C. § 6502 (21)). 263 

 264 

L-methionine may be isolated from naturally-occurring sources, produced from genetically-engineered 265 

organisms, or synthesized through many processes.  While methionine has been produced by fermentation 266 

in the laboratory, racemic mixtures of D- and L-methionine (i.e., DL-methionine) are usually produced 267 

entirely by chemical methods (Araki and Ozeki, 1991).  Most L-methionine is produced from synthetic DL-268 

methionine, and DL-methionine can be produced in following ways: 269 

 270 

 Reaction of acrolein with methyl mercaptan in the presence of a catalyst (Fong et al., 1981); 271 

 Reaction of propylene, hydrogen sulfide, methane, and ammonia to make the intermediates 272 

acrolein, methylthiol, and hydrocyanic acid (DeGussa, 1995; 1996);   273 

 Use of the Strecker synthesis method with α-methylthiopropionaldehyde as the aldehyde (Fong et 274 

al., 1981); or 275 

 Reaction of 3-methylmercaptopropionaldehyde with ammonia, hydrogen cyanide, and carbon 276 

dioxide in the presence of water in three reaction steps (Geiger et al., 1998).   277 

 278 

In general, L-methionine is produced from DL-methionine via optical resolution resulting in separation 279 

into the D- and L- enantiomers (Ajinomoto Corporation, 2012) or by acetylation of synthetic DL-methionine 280 

and subsequent enzymatic selective deacetylation of the N-acetylated L-methionine (Usuda and Kurahashi, 281 

2010).  Because much of the DL-methionine supply is synthesized using chemical methods, the L-282 

methionine produced from it is also synthetic.  While nonsynthetic L-methionine can be produced by 283 

fermentation, there are no commercial sources available that use this method (Kumar and Gomes, 2005).  284 

See Evaluation Question #2 for more information. 285 

 286 

Evaluation Question #2: Is the substance synthetic? Discuss whether the petitioned substance is 287 

formulated or manufactured by a chemical process, or created by naturally occurring biological 288 

processes (7 U.S.C. § 6502 (21)).  289 

 290 

Most commercially available L-methionine is synthetic based on the manufacturing processes described in 291 

Evaluation Question #1.  As described above, most L-methionine is produced from DL-methionine using 292 

optical resolution resulting in separation into the D- and L- enantiomers (Ajinomoto Corporation, 2012) or 293 

by acetylation of synthetic DL-methionine and subsequent enzymatic selective deacetylation of the N-294 

acetylated L-methionine (Usuda and Kurahashi, 2010).   295 

 296 

It is possible to produce nonsynthetic forms of L-methionine through fermentation; however, there are no 297 

known commercial sources that currently employ the bioproduction of methionine (Kumar and Gomes, 298 

2005; Usuda and Kurahashi, 2005).  This might be partially due to the complexity of the methionine 299 

biosynthetic pathway and, because methionine is vital to cellular function, it is highly regulated by the 300 

microorganisms that produce it.  The realization of large-scale fermentation production of L-methionine 301 

will likely require genetic modifications of microorganisms to deregulate some of these controls and allow 302 

for significant excretion of methionine (Usuda and Kurahashi, 2010).  Bacterial strains do mutate naturally 303 

to “overproduce” methionine, although screening procedures have been designed to allow for isolation of 304 

the overproducer mutants (Kumar and Gomes, 2005).  However, it is likely that the yields from unmodified 305 

bacteria would be too low for this to be a viable L-methionine source, and genetically modified bacteria 306 
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would be required to produce commercially viable supplies of L-methionine (Kumar and Gomes, 2005).  A 307 

recent patent application for a method to produce L-methionine by fermentation was available online 308 

(Usuda and Kurahashi, 2010).  The patent was submitted by Ajinomoto Corporation, which produces L-309 

methionine as one of its “small pack amino acids.”  According to its website, all of these small pack amino 310 

acids are made using biofermentation processes (Ajinomoto Corporation, 2011).  However, the patent 311 

indicates that genetic modifications of microorganisms are required, suggesting the product would not be 312 

allowed for use in organic agriculture.  In April 2011, Arkema chemical company announced plans to open 313 

a biofermentation plant to produce L-methionine from raw plant sources.  The plant is slated to “come on 314 

stream” by the end of 2013 (Arkema, 2011).  It is unclear if this production system requires genetic 315 

modification of bacterial strains. 316 

 317 

Evaluation Question #3:  Provide a list of non-synthetic or natural source(s) of the petitioned substance 318 

(7 CFR § 205.600 (b) (1)).  319 

 320 

As described in Evaluation Question #2, there are no known nonsynthetic sources of L-methionine 321 

commercially available at this time.  While L-methionine can be produced through fermentation processes 322 

of microorganisms, it is likely that the yields from nonmodified bacteria would be too low for this to be a 323 

viable L-methionine source at the commercial scale.  Genetically-modified bacteria would likely be 324 

required to produce commercially viable supplies of methionine (Kumar and Gomes, 2005).   325 

 326 

Nonsynthetic methionine is found naturally in foods such as rice; rapeseed; soybean meal; sunflower, 327 

safflower, and sesame seeds; flax; alfalfa; grass; corn; wheat; and peas (Fanatico, 2010).  Levels of 328 

methionine vary by food.  For example, corn has only 0.17% methionine while soybean meal has 0.64% 329 

methionine.  Methionine is also found naturally in animal protein from insects, meat, and dairy products, 330 

which are permitted in organic agriculture.  Thus, natural methionine can be obtained through the diet 331 

from various high-methionine foods.  However, methionine is not present in high volumes in 332 

unsupplemented soy infant formulas, and since many infants rely solely on infant formula, dietary 333 

methionine intake is not adequate from unsupplemented soy formula alone (Fomen et al., 1979).  334 

 335 

Evaluation Question #4:  Specify whether the petitioned substance is categorized as generally 336 

recognized as safe (GRAS) when used according to FDA’s good manufacturing practices (7 CFR § 337 

205.600 (b)(5)). If not categorized as GRAS, describe the regulatory status. What is the technical function 338 

of the substance? 339 

 340 

Methionine (in either the L- or DL- form) is generally recognized as safe (GRAS) by the U.S. Food and Drug 341 

Administration (FDA) for animals when used in accordance with good manufacturing and feeding practice 342 

(21 CFR 582.5475).  While it is not GRAS for human consumption, L-methionine may be used as a nutrient 343 

added to foods in accordance with 21 CFR 172.320.  The technical function of L-methionine is as a dietary 344 

supplement (see Approved Legal Uses for the Substance). 345 

 346 

Evaluation Question #5:  Describe whether the primary function/purpose of the petitioned substance is 347 

a preservative.  If so, provide a detailed description of its mechanism as a preservative (7 CFR § 205.600 348 

(b)(4)). 349 

 350 

There are no data indicating that L-methionine has preservative properties. 351 

 352 

Evaluation Question #6:  Describe whether the petitioned substance will be used primarily to recreate 353 

or improve flavors, colors, textures, or nutritive values lost in processing (except when required by law) 354 

and how the substance recreates or improves any of these food/feed characteristics (7 CFR § 205.600 355 

(b)(4)). 356 

 357 

L-methionine is not used to improve flavors, colors, or textures of food.  While its purpose is to increase the 358 

nutritional value of foods or provide supplemental nutrition, it is not intended to replace nutrients lost 359 

during processing. 360 

 361 
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Evaluation Question #7:  Describe any effect or potential effect on the nutritional quality of the food or 362 

feed when the petitioned substance is used (7 CFR § 205.600 (b)(3)). 363 

 364 

L-methionine supplementation can be used to improve the nutritional quality of food.  As stated in 365 

“Specific Uses of the Substance,” methionine cannot be produced by the body and must be supplied via the 366 

diet (Brosnan and Brosnan, 2006).  While many foods naturally contain methionine, certain populations, 367 

such as infants requiring a diet of soy infant formula only, will not obtain adequate methionine from diet 368 

(Fomen et al., 1979).  Most soy-based infant formulas are supplemented with L-methionine with the 369 

intention of improving the nutritional quality of the formula. 370 

 371 

Evaluation Question #8:  List any reported residues of heavy metals or other contaminants in excess of 372 

FDA tolerances that are present or have been reported in the petitioned substance  (7 CFR § 205.600 373 

(b)(5)). 374 

 375 

No information regarding residues of heavy metals or contaminants in L-methionine was identified.  It 376 

should be noted, however, that makers of dietary supplements can voluntarily apply for verification by 377 

U.S. Pharmacopeia (USP), which has a strict set of requirements for purity, potency, and quality of dietary 378 

supplements (USP, 2012).  A dietary supplement marked with a “USP Verified” label reportedly “does not 379 

contain harmful levels of specified contaminant” including heavy metals (e.g., lead and mercury), 380 

pesticides, bacteria, molds, toxins, or other contaminants (USP, 2012).  USP dietary supplements cannot 381 

contain more than 10 μg of lead, 15 μg of arsenic or total mercury, 2 μg of methyl mercury (as Hg), or 5 μg 382 

of cadmium (USP, 2010), suggesting that any L-methionine supplement that is USP verified should not 383 

contain metals at levels higher than these limits. 384 

 385 

Evaluation Question #9:  Discuss and summarize findings on whether the manufacture and use of the 386 

petitioned substance may be harmful to the environment or biodiversity (7 U.S.C. § 6517 (c) (1) (A) (i) 387 

and 7 U.S.C. § 6517 (c) (2) (A) (i)). 388 

 389 

Synthetic L-methionine used as a nutritional supplement can enter the environment through waste streams 390 

from its production, use, and disposal.  L-methionine has a relatively low vapor pressure, indicating that L-391 

methionine present in soil or water is not likely to evaporate into air.  L-methionine is highly mobile in soil, 392 

and research has shown that most of the L-methionine in soil breaks down in about 16 days.  L-methionine 393 

can exist as a vapor or particulate in the air.  Airborne L-methionine vapor will be degraded in the 394 

atmosphere with a half-life of about 7.5 hours.  Methionine is also found naturally in water from the 395 

metabolism of proteins in aquatic organisms.  The potential for bioconcentration of L-methionine in aquatic 396 

organisms is expected to be low based on its low bioconcentration factor (calculated by dividing the 397 

concentration of L-methionine in the tissue over the concentration of L-methionine in water).  L-methionine 398 

will degrade in water from exposure to sunlight (HSDB, 2010).   399 

 400 

Synthetic production of DL-methionine (from which L-methionine is usually derived) involves a number of 401 

toxic source chemicals (e.g., methyl mercaptan [CH3SH] and acrolein, the chemicals used as reactants in the 402 

production of DL-methionine) and intermediates that also have the potential to enter the environment 403 

through waste streams or accidental releases.   404 

 405 

The majority of acrolein releases reported to the Toxics Release Inventory (TRI) in 2010 were air releases 406 

(274,701 pounds of point-source releases); only 140 pounds of acrolein was released to surface water as 407 

reported by the acrolein manufacturing and processing facilities required to report (U.S. EPA, 2011).  In 408 

2010,  355,499 pounds of acrolein were disposed of in underground injection wells (U.S. EPA, 2011).  409 

Methyl mercaptan is not currently reported to TRI, so it is unclear how much is released through 410 

production wastestreams.  Occasional accidental releases of both of these chemicals have been reported, 411 

including a 2001 spill in Michigan in which a railroad car fractured and separated, releasing methyl 412 

mercaptan that subsequently ignited (NTSB, 2001).  Eleven accidental releases of acrolein were reported to 413 

the NRC (National Response Center; responsible for tracking chemical spills in the U.S. as required by law) 414 

in 2011, with releases ranging from unreported amounts to 43 pounds (NRC, 2011).  The NRC reported 415 

sixteen releases of methyl mercaptan in 2011 ranging from unknown amounts to 2150 pounds (NRC, 2011). 416 
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 417 

Evaluation Question #10:  Describe and summarize any reported effects upon human health from use of 418 

the petitioned substance (7 U.S.C. § 6517 (c) (1) (A) (i), 7 U.S.C. § 6517 (c) (2) (A) (i)) and 7 U.S.C. § 6518 419 

(m) (4)). 420 

 421 

Humans must acquire a certain level of methionine from the diet because it is an essential amino acid 422 

required for cell growth and it cannot be endogenously produced.  Required intake has been estimated to 423 

be 5–13 mg/kg-day as part of a 13–21 mg/kg-day intake of total sulfur amino acids (Fugakawa, 2006).  The 424 

L- form of methionine is used in human medicine as a dietary supplement and for a variety of therapeutic 425 

purposes, including pH and electrolyte balancing.  It may also be used to treat acute pancreatitis and 426 

Parkinson’s disease, and studies have shown it may be able to reduce toxic acetaldehyde levels after 427 

ethanol ingestion (Fugakawa, 2006; Atmaca, 2004).  However, methionine has been called the most toxic of 428 

amino acids (Benevenga and Steele, 1984 in Garlick, 2004) and it can be toxic to humans at high doses.  429 

Methionine may cause nausea, vomiting, dizziness, irritability, and liver dysfunction at high doses (e.g., 5 430 

or 10 g/day) and should be used with caution in patients with severe liver disease (Reynolds, 1996).  Most 431 

of these symptoms are short term and do not cause permanent damage in otherwise healthy individuals 432 

(Garlick, 2006).  Large doses of methionine (e.g., 11.3 g/day) may induce acidosis in humans, which, over 433 

extended periods, could cause negative nitrogen balance and decreased synthesis of muscle protein and 434 

serum albumin (Garlick, 2006).  Note that dietary supplements usually contain around 500 mg (0.5 g) of L-435 

methionine and are taken once daily (Vitamin Shoppe, 2012).  In volunteers given doses of 4–40 g/day of 436 

L- or DL-methionine by mouth for 2 weeks, 7 of 11 patients with schizophrenia experienced exacerbated 437 

psychotic symptoms (Antun et al., 1971 in Garlick, 2004; Garlick, 2006).  In addition, animal studies indicate 438 

that methionine (at doses of ~5% of diet) may cause homocysteinemia, which is correlated with 439 

cardiovascular disease.  This may be a concern for long-term users of methionine as a supplement (Garlick, 440 

2004).  These adverse effects are thought to be associated with the production of methanethiol-cysteine–441 

mixed disulfides in the body.   442 

 443 

Larger than normal doses of methionine in infant formula have led to cases of hypermethioninemia (excess 444 

methionine in the blood).  In a review article, Garlick (2006) described a case in which 10 infants consuming 445 

formula high in methionine (intake was estimated at 125–507 mg/kg-day of methionine compared with the 446 

average intake of 62–97 mg/kg-day from typical formula) experienced hypermethioninemia.  However, no 447 

long-term effects were reported in these infants.  The infant formula involved in these cases has since been 448 

reformulated (Garlick, 2006). 449 

 450 

Occupational exposure to the reactants used to manufacture DL-methionine and subsequently, L-451 

methionine, may also affect health.  Methyl mercaptan reacts with water, steam, or acids to produce 452 

flammable and toxic vapors (Sax, 1984).  Methyl mercaptan fires are highly hazardous and can cause death 453 

by respiratory paralysis (U.S. EPA, 1987).  Another potential component of methionine production is 454 

acrolein.  Acrolein is an eye and respiratory tract irritant (OEHHA, 2000) listed as a federal air pollutant by 455 

U.S. EPA and is 1 of 33 pollutants of “greatest concern for exposure and health effects” (U.S. EPA, 2003).   456 

 457 

Evaluation Information #11:  Provide a list of organic agricultural products that could be alternatives for 458 

the petitioned substance (7 CFR § 205.600 (b)(1)).  459 

 460 

No organic agricultural products that could serve as alternatives to L-methionine for use in dietary 461 

supplements, infant formulas, and foods were identified.  While infants could be fed organic milk-based 462 

formulas, which naturally have sufficient L-methionine content, rather than soy-based formulas, this 463 

would not be an option for infants with milk allergies. 464 

 465 

Certain foods naturally contain methionine.  Methionine is contained at lower levels in sunflower, 466 

safflower, and sesame seeds; corn; wheat; rice; and peas.  It is found at higher levels in animal protein from 467 

insects, fish, and dairy products (Fanatico, 2010).  These foods can be obtained from organic sources.  It 468 

may be possible for certain people to obtain adequate methionine (and total sulfur amino acids) from a 469 

balanced diet without supplementation.  However, populations such as infants requiring soy formula (with 470 
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low methionine content) and vegetarians may not obtain adequate methionine from their diet (Fomen et 471 

al., 1979).   472 

 473 

References 474 

 475 

AAP (American Academy of Pediatrics). Undated. Soy protein-based formulas: Recommendations for use 476 

in infant feeding. Report, AAP Committee on Nutrition. Retrieved February 2, 2012 from 477 

http://aappolicy.aappublications.org/cgi/content/full/pediatrics%3B101/1/148 478 

 479 

Acros Organics. 2009. Material safety data sheet: DL-Methionine. Retrieved November 29, 2011 from 480 

http://www.wku.edu/msds/docs/1870.pdf 481 

 482 

Agostoni, C., Axelsson, I., Goulet, O., Koletzko, B., Michaelsen, K.F., Puntis, J., Rieu, D., Rigo, J., Shamir, R., 483 

Szakewska, H., Turck, D. 2006. Soy protein infant formulae and follow-on formulae: A commentary by the 484 

ESPGHAN committee on nutrition. Journal of Pediatric Gastroenterology and Nutrition 42:352-361. 485 

Retrieved January 31, 2012 from http://www.espghan.med.up.pt/position_papers/con_24.pdf 486 

 487 

Ajinomoto Corporation. 2012. L-methionine. Retrieved January 23, 2012 from 488 

http://www.ajiaminoscience.com/products/manufactured_products/l-amino_acids/L-Methionine.aspx 489 

 490 

Ajinomoto Corporation. 2011. Better amino acids make better proteins. Retrieved December 5, 2011 from 491 

http://www.ajiaminoacids.com/default.aspx 492 

 493 

Antun, F.T., Burnett; G.B., Cooper, A.J., Daly, R.J., Smythies, J.R, and Zealley, A.K. 1971. The effects of L-494 

methionine (without MAOI) in schizophrenia. J. Psychiatr. Res. 8:63-71. 495 

 496 

Araki, K.; and T. Ozeki. 1991. Amino acids (survey). Kirk-Othmer Encyclopedia of Chemical Technology 9: 497 

504-571. 498 

 499 

Arkema. 2011. CJ CheilJedang and Arkema announce a project to build the world’s first bio-methionine 500 

plant  and a thiochemicals platform in Asia. Retrieved December 5, 2011 from 501 

http://www.arkema.com/pdf/EN/press_release/2011/cj_and_arkema_press_release_va.pdf 502 

 503 

Atmaca, G. 2004. Antioxidant effects of sulfur-containing amino acids. Yonsei Medical Journal 45(5):778-504 

788. Retrieved January 20, 2012 from http://www.ncbi.nlm.nih.gov/pubmed/15515186 505 

 506 

ATSDR (Agency for Toxic Substances and Disease Registry). 2007. Toxicological profile for acrolein. 507 

Retrieved March 26, 2012 from http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=557&tid=102 508 

 509 

Benevenga, N.J., and Steele, R.D. 1984. Adverse effects of excessive consumption of amino acids. Annu. 510 

Rev. Nutr. 4:157–181. 511 

 512 

Brosnan, J.T., and Brosnan, M.E. 2006. The sulfur-containing amino acids: An overview. Journal of 513 

Nutrition 136:1636S-1640S.  Retrieved December 12, 2011 from 514 

http://jn.nutrition.org/content/136/6/1636S.full.pdf+html 515 

 516 

CGSB (Canadian General Standards Board). 2009. General Principles and Management Standards: 517 

CAN/CGSB-32.310-2006. Amended June 2011. Retrieved December 5, 2011 from http://www.tpsgc-518 

pwgsc.gc.ca/ongc-cgsb/programme-program/norms-standards/internet/bio-org/documents/032-0310-519 

2008-eng.pdf 520 

 521 

ChemIDplus Lite.  2011.  Retrieved December 12, 2011 from: 522 

http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp 523 

 524 

http://aappolicy.aappublications.org/cgi/content/full/pediatrics%3B101/1/148
http://www.wku.edu/msds/docs/1870.pdf
http://www.espghan.med.up.pt/position_papers/con_24.pdf
http://www.ajiaminoscience.com/products/manufactured_products/l-amino_acids/L-Methionine.aspx
http://www.ajiaminoacids.com/default.aspx
http://www.arkema.com/pdf/EN/press_release/2011/cj_and_arkema_press_release_va.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15515186
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=557&tid=102
http://jn.nutrition.org/content/136/6/1636S.full.pdf+html
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/norms-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/norms-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/norms-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp


Technical Evaluation Report                  L-Methionine Handling/Processing 

March 27, 2012  Page 11 of 14 

Codex Alimentarius Commission. 2011. Advisory Lists of Nutrient Compounds for Use in Foods for 525 

Special Dietary Uses Intended for Infants and Young Children. CAC/GL 10 – 1979. Retrieved January 20, 526 

2012 from http://www.codexalimentarius.net/download/standards/288/CXS_072e.pdf 527 

 528 

Codex Alimentarius Commission. 2010. Guidelines for the Production, Processing, Labelling, and 529 

Marketing of Organically Produced Foods. Retrieved January 20, 2012 from 530 

http://www.codexalimentarius.net/download/standards/360/cxg_032e.pdf 531 

 532 

Degussa. 1995. Reducing the protein content of layer diets. Feed Back Special 1995:1-9.  533 

 534 

Degussa. 1996. Ideal protein in broilers: A new concept to optimize amino acid nutrition. Feedback Special 535 

1996:1-12. 536 

 537 

Dudásová S., and Grancicová, E. 1992. Influence of casein and soy flour proteins on amino acid content in 538 

the liver of experimental animals. Physiological Research 41(6):411-6. Retrieved November 29, 2011 from 539 

http://www.ncbi.nlm.nih.gov/pubmed/1299322 540 

 541 

Earth’s Best Organics. 2011. Organic soy infant formula with DHA & ARA. Retrieved December 5, 2011 542 

from http://www.earthsbest.com/products/product/2392310070 543 

 544 

European Commission. Commission Regulation (EC) No 889/2008. Retrieved January 20, 2012 from 545 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:250:0001:0084:EN:PDF 546 

 547 

Fanatico, A. 2010. Organic poultry production: Providing adequate methionine. A publication of ATTRA, 548 

National Sustainable Agriculture Information Service. Retrieved December 2, 2011 from 549 

http://attra.ncat.org/attra-pub/methionine.html 550 

 551 

Fomen, S.J., Ziegler, E.E., Filer, L.J., Nelson, S.E., Edwards, B.B. 1979. Methionine fortification of a soy 552 

protein formula fed to infants. The American Journal of Clinical Nutrition 32:2460-2471. Retrieved 553 

December 2, 2011 from http://www.ajcn.org/content/32/12/2460.short 554 

 555 

Fong, C.V., G.R. Goldgraben, J. Konz, P. Walker, Zank, N.S. 1981. Condensation process for DL-Methionine 556 

production, in A.S. Goldgraben et al. (eds) Organic Chemicals Manufacturing Hazards; 115-194. Ann 557 

Arbor, MI: Ann Arbor Science Publishers. 558 

 559 

Fugakawa, N.K. 2006.  Sparing of methionine requirements: Evaluation of human data takes sulfur amino 560 

acids beyond protein. The Journal of Nutrition 136:1676S-1681S. Retrieved January 31, 2012 from 561 

http://jn.nutrition.org/content/136/6/1676S.long 562 

 563 

Funaba, M., Yamate, T., Narukawa, Y., Gotoh, K., Iriki, T., Hatano, Y., Abe, M. 2001. Effect of 564 

supplementation of dry cat food with D,L-methionine and ammonium chloride on struvite activity product 565 

and sediment in urine. The Journal of Veterinary Medical Science 63(3):337-339. [abstract]. Retrieved 566 

December 6, 2011 from http://www.ncbi.nlm.nih.gov/pubmed/11307939 567 

 568 

Garlick, P.J. 2006. Toxicity of methionine in humans. The Journal of Nutrition 136:1722S-1725S. Retrieved 569 

January 30, 2012 from http://jn.nutrition.org/content/136/6/1722S.short 570 

 571 

Garlick, P.J. 2004. The nature of human hazards associated with excessive intake of amino acids.  J. Nutr. 572 

134(6):1633S-1639S. Retrieved July 14, 2011 from http://jn.nutrition.org/content/134/6/1633S.full#BIB94 573 

 574 

Geiger, F.,B., Halsberghe, H.J. Hasselbach, K. Hentschel, K. Huthmacher, M. Korfer, S.P. Mannsfeld, H. 575 

Tanner, F. Theissen, J. Vanrobaeys, and K. Willigerodt (Assigned to Degussa AG). 1998. Process for the 576 

preparation of D,L-methionine or the salt thereof. US Patent *5,770,769. 577 

 578 

http://www.codexalimentarius.net/download/standards/288/CXS_072e.pdf
http://www.codexalimentarius.net/download/standards/360/cxg_032e.pdf
http://www.ncbi.nlm.nih.gov/pubmed/1299322
http://www.earthsbest.com/products/product/2392310070
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:250:0001:0084:EN:PDF
http://attra.ncat.org/attra-pub/methionine.html
http://www.ajcn.org/content/32/12/2460.short
http://jn.nutrition.org/content/136/6/1676S.long
http://www.ncbi.nlm.nih.gov/pubmed/11307939
http://jn.nutrition.org/content/136/6/1722S.short
http://jn.nutrition.org/content/134/6/1633S.full#BIB94


Technical Evaluation Report                  L-Methionine Handling/Processing 

March 27, 2012  Page 12 of 14 

Gosselin, R.E., Smith, R.P., Hodge. H.C. 1984. Clinical toxicology of commercial products, 5th edition. 579 

Baltimore: Williams & Wilkins. 580 

 581 

Healthwise. Undated. Chicken meal and rice dry cat food. Retrieved December 6, 2011 from 582 

http://www.naturapet.com/products/671 583 

 584 

Helmenstine, A.M. Undated. D-Methionine chemical structure. Retrieved March 27, 2012 from 585 

http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---M/D-Methionine.-eSF.htm 586 

http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---M/L-Methionine.-eSE.htm 587 

 588 

HSDB (Hazardous Substances Data Bank). 2010. L-methionine. Retrieved July 14, 2011 from 589 

http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB 590 

 591 

IFOAM (International Federation of Organic Agriculture Movements). 2010. The IFOAM Standard for 592 

Organic Production and Processing; Version 2010 – Draft version 0.1.  Compilation of comments and 593 

responses from the IFOAM Standard Committee.  Retrieved February 23, 2012 from 594 

http://www.ifoam.org/about_ifoam/standards/norms/IS_V0.1.withcommentsandresponses_final201108595 

19.pdf  596 

 597 

JMAFF (Japanese Ministry of Agriculture, Forestry and Fisheries). 2006. Japanese Agricultural Standard for 598 

Organic Processed Foods. Notification No. 1606. Retrieved January 20, 2012 from 599 

http://www.maff.go.jp/e/jas/specific/pdf/1416_2006.pdf 600 

 601 

Kies, C., Fox, H., Aprahamian, S. 1975. Comparative value of L-,DL-,and D-methionine supplementation of 602 

an oat-based diet for humans. The Journal of Nutrition 105: 809-814. Retrieved December 12, 2011 from 603 

http://jn.nutrition.org/content/105/7/809.full.pdf 604 

 605 

Kumar, D., and Gomes, J. 2005. Methionine production by fermentation. Biotechnology Advances 23(1):41-606 

61. [abstract] Retrieved December 5, 2011 from http://www.ncbi.nlm.nih.gov/pubmed/15610965 607 

 608 

Meister, R.T. 1999. Farm chemicals handbook. Willoughby, OH: Meister Publishing Co. 609 

 610 

Mischoulon, D., and Fava, M. 2002. Role of S-adenosyl-L-methionine in the treatment of depression: 611 

a review of the evidence.  Am J Clin Nutr 76(suppl):1158S–61S. Retrieved January 20, 2012 from 612 

http://www.ajcn.org/content/76/5/1158S.full.pdf 613 

 614 

Nature’s One. 2007. Organic soy formula. Retrieved December 5, 2011 from 615 

http://naturesonedirect.com/orsoyfo.html 616 

 617 

Newman’s Own Organics. Undated. Ingredients and guaranteed analysis. Retrieved December 6, 2011 618 

from http://www.newmansownorganics.com/pet/products/ingredients.php 619 

 620 

NRC (National Response Center). 2011. Download NRC Data. Retrieved March 26, 2012 from 621 

http://www.nrc.uscg.mil/download.html 622 

 623 

NTSB (National Transportation Safety Board). 2001. Hazardous materials accident report: Hazardous 624 

materials release from railroad tank car with subsequent fire at Riverview. Retrieved March 26, 2012 from 625 

http://www.ntsb.gov/investigations/summary/HZM0201.html 626 

 627 

NuVet. Undated. Ingredients: Canine and feline formulas. Retrieved December 6, 2011 from 628 

http://www.nuvet.com/products.html?sectionid=47 629 

 630 

OEHHA (Office of Environmental Health Hazard Assessment). 2000.  Chronic toxicity summary: Acrolein. 631 

OEHHA, Sacramento, CA. Retrieved January 30, 2011 from 632 

http://oehha.ca.gov/air/chronic_rels/pdf/107028.pdf 633 

http://www.naturapet.com/products/671
http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---M/D-Methionine.-eSF.htm
http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---M/L-Methionine.-eSE.htm
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://www.ifoam.org/about_ifoam/standards/norms/IS_V0.1.withcommentsandresponses_final20110819.pdf
http://www.ifoam.org/about_ifoam/standards/norms/IS_V0.1.withcommentsandresponses_final20110819.pdf
http://www.maff.go.jp/e/jas/specific/pdf/1416_2006.pdf
http://jn.nutrition.org/content/105/7/809.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15610965
http://www.ajcn.org/content/76/5/1158S.full.pdf
http://naturesonedirect.com/orsoyfo.html
http://www.newmansownorganics.com/pet/products/ingredients.php
http://www.nrc.uscg.mil/download.html
http://www.ntsb.gov/investigations/summary/HZM0201.html
http://www.nuvet.com/products.html?sectionid=47
http://oehha.ca.gov/air/chronic_rels/pdf/107028.pdf


Technical Evaluation Report                  L-Methionine Handling/Processing 

March 27, 2012  Page 13 of 14 

 634 

Pestell Minerals and Ingredients. 2008. MSDS – DL methionine. 4 pp. Retrieved November 29, 2011 from 635 

http://www.pestell.com/msds/Methionine.pdf 636 

 637 

Regal Pet Foods. Undated. Dog foods. Retrieved December 6, 2011 from 638 

http://www.regalpetfoods.com/dog_food.html 639 

 640 

Reynolds, J.E.F. (ed.). 1996. Martindale: The Extra Pharmacopeia, 31st edition. London: Royal 641 

Pharmaceutical Society. 642 

 643 

Sax, N.I. 1984. Dangerous properties of industrial materials. 6th ed. New York: Van Nostrand Reinhold. 644 

 645 

Stanford Cat Network. Undated. Solving litterbox problems. Retrieved December 6, 2011 from 646 

http://catnet.stanford.edu/articles/litterbox.html 647 

 648 

Thompson, M.A., Bauer, B.A., Loehrer, L.L.; Cha, S.S., Mandrekar, J.N., Sood, A., Wahner-Roedler, D. 2009.  649 

Dietary supplement S-adenosyl-l-methionine (AdoMet) effects on plasma homocysteine levels in healthy 650 

human subjects: A double-blind, placebo-controlled, randomized clinical trial. J Altern Complement Med. 651 

15(5):523–529. Retrieved January 23, 2012 from 652 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2875864/ 653 

 654 

USDA (U.S. Department of Agriculture). 2010. Action memorandum for the chairman of the National 655 

Organic Standards Board: Scope of nutrient vitamins and minerals in organic food. Retrieved October 24, 656 

2011 from http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5084068&acct=nosb 657 

 658 

USDA (U.S. Department of Agriculture). 2011. Proposed recommendation: The use of nutrient 659 

supplementation in organic foods. National Organic Standards Board, Handling Committee. Retrieved 660 

September 23, 2011 from 661 

http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5089716&acct=nosb 662 

 663 

USDA (U.S. Department of Agriculture). 2012. Proposed Rule: National Organic Program (NOP); Sunset 664 

review (2012) for nutrient vitamins and minerals. FR 77(8):1980-1996. Retrieved February 16, 2012 from 665 

http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5096390   666 

 667 

U.S. EPA (U.S. Environmental Protection Agency). 2011. TRI on-site and off-site reported disposed of or 668 

otherwise released (in pounds), for all industries for acrolein, U.S., 2010. Retrieved March 26, 2012 from 669 

http://iaspub.epa.gov/triexplorer/tri_release.chemical 670 

 671 

U.S. EPA (U.S. Environmental Protection Agency). 2003. Toxicological review of acrolein. Retrieved July 20, 672 

2011 from http://www.epa.gov/iris/toxreviews/0364tr.pdf 673 

 674 

U.S. EPA (U.S. Environmental Protection Agency). 1987. EPA Chemical profiles: Methyl mercaptan. 675 

Washington: US EPA. 676 

 677 

USP (U.S. Pharmacopeia).  2012. The USP dietary supplement verification program. Retrieved January 30, 678 

2012 from http://www.usp.org/USPVerified/dietarySupplements/ 679 

 680 

USP (U.S. Pharmacopeia). 2010.  Limits of elemental contaminants. Pharmacopeial Forum 36(1):1-9. 681 

Retrieved January 30, 2012 from 682 

http://www.usp.org/pdf/EN/hottopics/2232ElementalContaminantsDietarySupplements.pdf 683 

 684 

Usuda, Y., and Kurahashi, O. 2010. Patent application title: Method for producing methionine by 685 

fermentation. Retrieved July 14, 2011 from http://www.faqs.org/patents/app/20100041108 686 

 687 

http://www.pestell.com/msds/Methionine.pdf
http://www.regalpetfoods.com/dog_food.html
http://catnet.stanford.edu/articles/litterbox.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2875864/
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5084068&acct=nosb
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5089716&acct=nosb
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5096390
http://iaspub.epa.gov/triexplorer/tri_release.chemical
http://www.epa.gov/iris/toxreviews/0364tr.pdf
http://www.usp.org/USPVerified/dietarySupplements/
http://www.usp.org/pdf/EN/hottopics/2232ElementalContaminantsDietarySupplements.pdf
http://www.faqs.org/patents/app/20100041108


Technical Evaluation Report                  L-Methionine Handling/Processing 

March 27, 2012  Page 14 of 14 

Usuda, Y., and Kurahashi, O. 2005. Effects of deregulation of methionine biosynthesis on methionine 688 

excretion in Escherichia coli. Appl Environ Microbiol 71(6): 3228–3234. Retrieved January 30, 2012 from 689 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1151843/?tool=pubmed 690 

 691 

Vermont Organics. 2011. Soy organic infant formula nutritional information. Retrieved December 5, 2011 692 

from http://www.vermontorganicsformula.com/soynutrition.aspx 693 

 694 

Vitamin Shoppe. 2012. Nature’s Plus L-methionine. Retrieved January 20, 2012 from 695 

http://www.vitaminshoppe.com/store/en/browse/sku_detail.jsp?id=NT-696 

1182&sourceType=cs&source=FG&ci_src=14110944&ci_sku=NT-1182 697 

 698 

Writland, K.A.J., Rose, W.C. 1950. Methionine requirement for growth and utilization of its optical isomers. 699 

J Biol Chem 187: 697–703. Retrieved January 20, 2012 from 700 

http://www.jbc.org/content/187/2/697.full.pdf 701 

 702 

 703 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1151843/?tool=pubmed
http://www.vermontorganicsformula.com/soynutrition.aspx
http://www.vitaminshoppe.com/store/en/browse/sku_detail.jsp?id=NT-1182&sourceType=cs&source=FG&ci_src=14110944&ci_sku=NT-1182
http://www.vitaminshoppe.com/store/en/browse/sku_detail.jsp?id=NT-1182&sourceType=cs&source=FG&ci_src=14110944&ci_sku=NT-1182
http://www.jbc.org/content/187/2/697.full.pdf

