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Packet Organization 
This unified packet assembles the petition cover letter, technical petition, consolidated supporting appendices, 
stakeholder templates, and compiled references into one Word document. Overlapping memoranda have been 
merged so that each appendix serves a distinct evidentiary or implementation function. 

1. Transmittal Cover Letter 

2. Technical Petition 

3. Appendix A - Proposed Annotation and Compliance Framework 

4. Appendix B - Essentiality, Necessity, and Development of the NOSB Record 

5. Appendix C - Methionine Precedent Timeline and Lessons 

6. Appendix D - Poultry Nutrition 

7. Appendix E - Swine Nutrition 

8. Appendix F - Alternatives, Environmental, and Farm Viability Analysis 

9. Appendix G - Manufacturing, Formulation, Excluded Methods, and Product Documentation 

10. Appendix H - Manufacturer Feasibility and Market Development Consideration 

11. Appendix I - Representative L-Lysine Feed Additive Source Document 

12. Endnotes and Compiled References 
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Transmittal Cover Letter 
 

September 10, 2026 

National List Manager 
USDA Agricultural Marketing Service 
National Organic Program 
1400 Independence Avenue SW 
Washington, DC 20250 

Submitted electronically via: nosb@usda.gov  

Re: Petition to amend the National List at 7 CFR § 205.603(d) to allow L-lysine for use in organic poultry and 
swine feed 

Dear National List Manager: 

On behalf of The Methionine Task Force, please accept the enclosed petition package requesting that the 
National Organic Program amend the National List of Allowed and Prohibited Substances at 7 CFR § 205.603(d) 
to allow L-lysine for use as a feed additive in organic poultry and swine production. 

This petition is submitted under the National List petition process described by USDA Agricultural Marketing 
Service for amendments to the National List at 7 CFR §§ 205.600-205.606. The petition requests review of a 
single generic substance, L-lysine, including feed-grade forms necessary for stable and effective use in poultry 
and swine feed, subject to the proposed annotation and supporting documentation provided in the petition 
package. [1] 

Requested Action 
The petitioner requests that 7 CFR § 205.603(d), Synthetic substances allowed for use in organic livestock 
production as feed additives, be amended to add L-lysine for use in organic poultry and swine production. The 
requested listing is limited to use as a feed additive to meet documented essential amino acid requirements 
when organic and nonsynthetic feed sources are insufficient to provide a nutritionally adequate ration without 
creating animal welfare, environmental, formulation, or economic tradeoffs inconsistent with sound organic 
management. 

Proposed Annotation 
The petitioner requests consideration of the following annotation: 

L-Lysine, including L-lysine monohydrochloride, L-lysine sulfate, and liquid L-lysine forms - for use only in 
organic poultry and swine production as a feed additive to meet documented essential amino acid requirements 
when organic and nonsynthetic feed sources are insufficient to provide a nutritionally adequate ration without 
excessive crude protein supplementation. Use must be documented in the organic system plan and supported 
by ration formulation records. The substance and associated formulation components must not be produced 
using excluded methods. 

 
  

mailto:nosb@usda.gov
https://www.ams.usda.gov/rules-regulations/organic/national-list/filing-petition
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Scope of the Petition 
Species scope: Organic poultry and swine only. The petition does not request a listing for all livestock species. 

Use scope: Feed additive use only, to meet documented essential amino acid requirements. The petition does 
not request use as a livestock drug, growth promotant, preservative, flavoring agent, colorant, or processing aid. 

Substance scope: L-lysine and feed-grade forms necessary for stable and effective use in poultry and swine 
feed, with associated formulation components disclosed and limited to those necessary for stable feed-grade 
products. 

Basis for Submission 
L-lysine is nutritionally essential for poultry and swine. Synthetic L-lysine is not universally essential in every 
organic ration, but it may be necessary for organic poultry and swine production where compliant feed sources 
cannot meet digestible L-lysine requirements without creating animal welfare, environmental, formulation, or 
economic tradeoffs inconsistent with sound organic management. 

The petition package explains that the requested listing should be evaluated as a narrow, documented-use feed 
additive allowance. It is not intended to substitute for appropriate organic feed sourcing, outdoor access, 
species-appropriate husbandry, breed selection, or other organic livestock management practices. Rather, the 
requested allowance is designed to help organic poultry and swine producers meet existing regulatory 
obligations to provide nutritionally adequate rations while avoiding crude protein overformulation, unnecessary 
nitrogen excretion, and other avoidable tradeoffs. 

This request is also informed by the existing National List precedent for DL-methionine in poultry feed and by 
NOSB’s 2024 recommendation to remove numerical limits from the methionine annotation. That 
recommendation recognized animal health, amino acid adequacy, lack of realistic natural alternatives, and the 
problem of crude protein overfeeding as relevant considerations. See [22]. 

Petitioner Contact Information 
Petitioner Name: Methionine Task Force 
Petitioner Organization:  Methionine Task Force 
Mailing Address: 516 Rheas Mill Rd, Farmington, AR 72730 
Phone: 479-530-4469 
Email:  ashley@hbfeggs.com  
Authorized Representative: Ashley Swaffar 
 
The petitioner respectfully requests that NOP review the enclosed petition package for completeness and, if 
complete, forward the petition for NOSB review and consideration through the National List petition process. 

Thank you for your consideration of this petition. 

Sincerely, 

Ashley Swaffar 
Methionine Task Force 
  

https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
mailto:ashley@hbfeggs.com
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Technical Petition 
Technical Petition to Amend the National List 

Petition to Add L-Lysine for Use in Organic Poultry and Swine Production at 7 CFR § 205.603(d) 

Executive Summary 
This petition requests that the National Organic Program amend 7 CFR § 205.603(d) to allow L-lysine as a 
synthetic feed additive for use in organic poultry and swine production. The requested listing is limited to 
documented, nutritionally justified feed rations where organic and nonsynthetic feed sources are insufficient to 
meet essential amino acid requirements without excessive crude protein supplementation. 

The requested action is not intended to expand the use of synthetic feed additives as a substitute for sound 
organic livestock management. Rather, the requested listing would provide a carefully limited tool to support 
nutritional adequacy, animal welfare, environmental stewardship, and compliance with the organic livestock 
requirement to provide feed rations sufficient to meet nutritional requirements, including proteins and amino 
acids. 

L-lysine is an essential amino acid for monogastric livestock. In swine, L-lysine is commonly treated as the first 
limiting amino acid and the reference amino acid around which other amino acid ratios are formulated. In 
poultry, L-lysine is also an essential amino acid and is one of the principal amino acids used to formulate diets 
on a digestible amino acid basis. The petition is therefore limited to the two livestock categories for which the 
technical need and organic-system relevance are strongest: poultry and swine. 

This petition references, but does not overstate, the precedent established by DL-methionine. The National List 
currently allows DL-methionine, DL-methionine hydroxy analog, and DL-methionine hydroxy analog calcium for 
organic poultry production. That precedent is important in two respects. First, it confirms that a synthetic amino 
acid can be compatible with organic livestock production when needed to meet nutritional requirements and 
avoid animal welfare or environmental harms from crude protein overfeeding. Second, it shows that the 
National List may identify not only the base amino acid but also closely related chemical forms or analogs 
needed for commercially stable and nutritionally functional feed use. 

In October 2024, the NOSB recommended removing the numerical inclusion limits from the DL-methionine 
annotation, citing avian health, alignment with trading partners, and lack of realistic natural alternatives. The 
recommendation specifically recognized that limits on methionine may force producers either to provide 
inadequate amino acids or to overfeed protein to meet minimum amino acid requirements. [22] 

The same logic applies to L-lysine when it is the limiting amino acid in organic poultry or swine diets. Without 
access to a verified non-excluded method source of L-lysine, producers may be forced to increase organic 
soybean meals or other protein sources to achieve L-lysine adequacy. This can result in excessive crude 
protein, increased nitrogen excretion, potential ammonia burden, ration imbalance, and unnecessary cost, 
while still not guaranteeing an optimal amino acid profile. 

Accordingly, this petition requests a narrow, enforceable, and species-specific listing. It is not a request for all 
livestock. It is not a request for unrestricted use. It is not a request to use L-lysine to promote faster growth, 
substitute for outdoor access, or compensate for poor organic management. It is a request to permit L-lysine for 
organic poultry and swine only when its use is documented in the organic system plan and supported by ration 
formulation records showing nutritional need. 

https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
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Proposed National List Annotation 
The petitioner requests that § 205.603(d) be amended by adding a new paragraph as follows: 

L-Lysine, including L-lysine monohydrochloride, L-lysine sulfate, and liquid L-lysine forms - for use only in 
organic poultry and swine production as a feed additive to meet documented essential amino acid requirements 
when organic and nonsynthetic feed sources are insufficient to provide a nutritionally adequate ration without 
excessive crude protein supplementation. Use must be documented in the organic system plan and supported 
by ration formulation records. The substance and any formulation components necessary to produce a stable 
feed-grade L-lysine product must not be produced using excluded methods. 

The requested annotation follows the successful methionine model by identifying the base amino acid and 
commercially relevant stable forms. It also adds enforceable guardrails appropriate to the NOSB’s historical 
concerns about synthetic amino acids: species limitation, documented nutritional need, ration-formulation 
records, organic system plan oversight, and exclusion of products produced using excluded methods. 

 

A. Petition Category Information 

A.1 Section of the National List 
This petition seeks inclusion of L-lysine at 7 CFR § 205.603(d), “Synthetic substances allowed for use in organic 
livestock production - As feed additives.” The current § 205.603(d) includes DL-methionine, DL-methionine 
hydroxy analog, and DL-methionine hydroxy analog calcium for use only in organic poultry production, as well 
as trace minerals and vitamins used for enrichment or fortification when FDA approved. [16] 

A.2 Petition Type and OFPA Category 
This is a petition to add a synthetic substance to the National List for use in organic livestock production. The 
relevant OFPA category is production aid/feed additive, with functional overlap with nutritional enrichment or 
fortification. L-lysine is petitioned as a nutritional feed additive used to meet essential amino acid requirements 
in poultry and swine rations. 

A.3 Inert Ingredients 
This petition does not seek approval of L-lysine as a pesticide inert ingredient. This item is not applicable. 

A.4 Generic Substance 
This petition is submitted for the generic substance L-lysine and specified feed-grade L-lysine forms, not for a 
brand-name formulated product. The petition is intended to cover only forms and formulation components 
disclosed in the petition and verified by certifiers as compliant with the final annotation, including excluded 
method restrictions. 

  

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.603
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B. Substance Information 

B.1 Substance Name and Chemical Identity 
Item Information 
Common name L-Lysine 
Feed-grade forms covered by petition L-lysine, L-lysine monohydrochloride, L-lysine sulfate, liquid L-lysine, 

and stable feed-grade forms consistent with the final annotation. 
Chemical class Essential amino acid. 
Function Feed additive used to meet essential amino acid requirements in poultry 

and swine rations. 
CAS number, L-lysine 56-87-1. 
CAS number, L-lysine monohydrochloride 657-27-2. 
Additional identifiers Product-specific identifiers for L-lysine sulfate and liquid L-lysine should 

be supplied with manufacturer documentation. 
 
FDA recognizes lysine, including L- and DL-forms, as generally recognized as safe when used in accordance 
with good manufacturing or feeding practice at 21 CFR § 582.5411. [18] 

Regulatory source:  

B.2 Petitioner and Manufacturer Information 
This petition is for the generic substance L-lysine rather than any proprietary brand. Representative 
manufacturer literature identifies feed-grade L-lysine products including L-lysine HCl, L-lysine sulfate, and 
liquid L-lysine. CJ Bio describes L-lysine as a fermentation-based product available in powder and liquid forms. 
Evonik describes Biolys as a concentrated source of L-lysine for feed use in poultry and swine and identifies the 
product as produced through fermentation. [70, 72, 73]  

B.3 Intended or Current Use 
L-lysine is intended for use as an animal feed additive in certified organic poultry and swine rations. Its function 
is to provide the essential amino acid L-lysine where ration formulation based solely on organic and 
nonsynthetic feedstuffs cannot reliably meet L-lysine requirements without excessive crude protein 
supplementation. 

The intended use is nutritional. It is not petitioned as a livestock drug, growth promotant, preservative, flavoring 
agent, colorant, pesticide, sanitizer, or processing aid. FDA’s regulation at 21 CFR § 582.5411 recognizes L-
lysine as GRAS when used in accordance with good manufacturing or feeding practice. [18] 

B.4 Intended Activities and Application Rate 
The substance would be used in organic poultry and swine feed formulation. Application rates would be 
determined by species, age, production stage, feed intake, ingredient amino acid profile, amino acid 
digestibility, and the target lysine-to-energy or lysine-to-calorie ratio. The petition does not request a fixed 
maximum inclusion rate because L-lysine need varies by species and life stage. Instead, use should be limited 
by the annotation to document essential amino acid requirements, good feeding practice, and certifier review 
through the organic system plan. 

A conservative compliance framework would require the producer or feed manufacturer to maintain records 
demonstrating: 

• The ration is formulated to meet, not exceed, essential amino acid requirements; 

https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://cjbio.net/en/products/bestamino/llysine
https://www.evonik.com/en/products/an/pr_52055049.html
https://www.evonik.com/content/dam/evonik/documents/Biolys%20Brochure.pdf.coredownload.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
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• Organic and nonsynthetic feed sources alone are insufficient or would require excessive crude protein 
supplementation; 

• Use is limited to poultry or swine; 
• The L-lysine source and necessary formulation components are not produced using excluded methods; 
• The material is reviewed by the certifier through the organic system plan or feed-mill input approval 

process; and 
• The use is consistent with good manufacturing or feeding practices. 
 

Kansas State University materials emphasize that feed-grade amino acids must be used within balanced 
formulation. In swine, once the L-lysine requirement is determined, other amino acid ratios relative to L-lysine 
must also be considered. Amino acid imbalances can occur when an amino acid is supplied at levels lower or 
higher than needed, potentially reducing feed intake or growth performance. This supports a documented, 
nutritionist-formulated use pattern rather than open-ended inclusion. [40, 41] 

B.5 Manufacturing Process 
Commercial L-lysine is generally produced by fermentation. Representative manufacturer literature describes 
fermentation-based production using agricultural carbohydrate substrates such as corn, sugar cane, beet 
molasses, or other carbohydrate sources. A representative manufacturing process for feed-grade L-lysine may 
include the following steps: 

1. Preparation of a carbohydrate substrate; 
2. Fermentation using selected production microorganisms; 
3. Separation, concentration, purification, or conversion of the fermentation broth into the intended feed-

grade L-lysine form; 
4. Formation of a stable salt or liquid product, such as L-lysine monohydrochloride, L-lysine sulfate, or liquid 

L-lysine; 
5. Drying, granulation, liquid stabilization, or other final-form processing; 
6. Standardization to feed-grade specifications; and 
7. Packaging and distribution for feed manufacture. 

For L-lysine monohydrochloride, hydrochloric acid may be used to form hydrochloride salt. For L-lysine sulfate, 
sulfuric acid or sulfate chemistry may be part of the final salt form or product matrix. For liquid L-lysine, water 
and pH adjustment may be necessary to maintain feed-grade stability. Fermentation-broth products may 
contain L-lysine in salt form together with coproducts from the fermentation process. The final petition must 
disclose whether the petition seeks approval for purified L-lysine salts only or also for fermentation-broth 
products containing biomass or coproducts. 

Excluded methods are a central review issue. Many modern amino acid fermentation systems may involve 
genetically modified production strains or substrates derived from genetically engineered crops. This petition 
therefore requests approval only for L-lysine and necessary formulation components that are not produced 
using excluded methods. The final petition should include manufacturer affidavits and supply-chain controls 
sufficient to demonstrate compliance with NOP excluded method restrictions, including statements on 
production organisms, genetic modification history, fermentation substrates, downstream processing aids, 
carriers, and stabilizers. [13, 14, 28] 

https://www.asi.k-state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/aminoacidsandprotein.html
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/determiningotheraminoacidsrequirements.html
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-A/section-205.2
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-B/section-205.105
https://www.ams.usda.gov/sites/default/files/media/MSExcludedMethodsFinalRecApril2022.pdf
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B.6 Formulation Components and Stable Feed-Grade Forms 
This petition intentionally uses the methionine precedent to address commercially stable chemical forms and 
associated formulation needs. The current methionine listing does not merely say “methionine.” It lists DL-
methionine, DL-methionine hydroxy analog, and DL-methionine hydroxy analog calcium, with CAS numbers, for 
use only in organic poultry production. That structure recognizes that feed-grade amino acids may be supplied 
in different stable and functional forms, including salt or analog forms necessary for feed manufacture, storage, 
handling, and nutritional delivery. 

Following that precedent, the petitioner requests that the lysine listing includes L-lysine, L-lysine 
monohydrochloride, L-lysine sulfate, and liquid L-lysine forms. The purpose is not to approve undisclosed 
proprietary formulas. The purpose is to ensure that the listing covers the stable feed-grade forms in which L-
lysine is realistically manufactured and used, provided that all components are disclosed, are consistent with 
the final annotation, and are not produced using excluded methods. 

The petition distinguishes three categories of formulation-related substances: 

Substance forms: L-lysine, L-lysine monohydrochloride, L-lysine sulfate, and liquid L-lysine. These should be 
included in the annotation if the NOSB accepts the methionine-style approach. 

Necessary formulation components: water, acid/base components, salts, fermentation coproducts, and 
anticaking or flow agents that may be necessary for stable feed-grade forms. These should be fully disclosed 
and reviewed as part of the petition record or certifier input review. 

Unrelated carriers, coatings, or proprietary additives: These should not be automatically allowed by the L-lysine 
listing unless separately allowed, disclosed, and found compliant. Rumen-protection technologies are outside 
the immediate poultry/swine scope and should not be swept into this petition. 

B.7 Previous Reviews and NOSB History 
The NOSB has previously reviewed amino acids and synthetic amino acid use in livestock production. The NOSB 
has accepted, through the methionine listing, that a synthetic amino acid can be compatible with organic 
livestock production where needed to meet nutritional requirements and avoid animal welfare or environmental 
harms. [16, 22] 

The petition record shows that generic amino acids were reviewed in the early NOSB record and were not 
recommended for rulemaking as a whole class and that the 2013 pet food amino acid recommendation did not 
support most petitioned amino acids, including L-lysine, where the Subcommittee concluded that amino acid 
requirements could be met through feedstuffs.  

There is of course a precedent for amino acids in poultry with methionine. In 2001, NOSB approved methionine 
for interim use in organic poultry production, despite cautioning that it was not fully consistent with organic 
agriculture. In 2005, NOSB extended methionine based on need, animal welfare, economics, and lack of 
alternatives. In 2008 and 2010, NOSB continued to apply pressure toward natural alternatives and resisted 
open-ended use. In 2015, NOSB accepted practical welfare problems associated with inadequate methionine, 
including poor feathering, feather pecking, cannibalism, and overfeeding protein. In 2024, the NOSB 
recommended removing the numerical limits, recognizing that the restrictions could impair amino acid 
adequacy and force overfeeding of protein. [6, 20, 22, 24, 25, 26, 27] 

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.603
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/dl-methionine
https://www.federalregister.gov/documents/2010/08/24/2010-20977/national-organic-program-amendment-to-the-national-list-of-allowed-and-prohibited-substances
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
https://www.ams.usda.gov/sites/default/files/media/LS%20MET%20Final%20Rec.pdf
https://www.ams.usda.gov/sites/default/files/media/Mth%20NOSB%20Final%20Recommendation%202008.pdf
https://www.ams.usda.gov/sites/default/files/media/Mth%20Recommendation%202005.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20on%20Petition%20for%20the%20Amount%20of%20Methionine.pdf
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B.8 Regulatory Authority 
FDA recognizes lysine, including L- and DL-forms, as generally recognized as safe when used in accordance 
with good manufacturing or feeding practice under 21 CFR § 582.5411. No EPA pesticide registration or 
tolerance is required because the petitioned use is not pesticidal. [18] 

L-Lysine, including L-lysine monohydrochloride, liquid L-lysine, and dried or liquid L-lysine fermentation 
products, including sulfate-containing fermentation-product forms, provided the product conforms to 
applicable AAFCO feed ingredient definitions and the substance and necessary formulation components are 
not produced using excluded methods. 

B.9 Physical and Chemical Properties 
L-lysine is an essential amino acid used in protein synthesis and animal nutrition. In feed use, L-lysine is 
commonly supplied as L-lysine monohydrochloride, L-lysine sulfate, or liquid lysine. The material functions as a 
nutrient, not as a pesticide, sanitizer, livestock drug, or preservative. 

Chemical interactions 
L-lysine is expected to interact nutritionally with other amino acids because ration formulation depends on 
amino acid balance. In swine, L-lysine is often used as the reference amino acid for establishing ratios of other 
amino acids. Poorly balanced use can create amino acid imbalances, which supports the proposed 
requirement for ration formulation records. 

Toxicity and environmental persistence 
At feed-use levels and under good feeding practice, L-lysine is regulated as GRAS by FDA. It is metabolized as a 
nutrient by livestock and is not expected to persist in the environment in the manner of a pesticide, parasiticide, 
or sanitizer. [18] 

Environmental impacts from use 
The principal environmental benefit of L-lysine supplementation is the ability to formulate diets closer to 
essential amino acid requirements rather than overfeeding crude protein. Overfeeding crude protein can 
increase nitrogen excretion and manure nutrient burden. Amino-acid-balanced formulation can reduce excess 
nitrogen intake and excretion while maintaining nutritional adequacy. 

Environmental impacts from manufacture 
Commercial L-lysine manufacture is fermentation-based and relies on agricultural carbohydrate substrates. 
Manufacturer-specific review is necessary because environmental and organic-compliance implications 
depend on production organism, substrate sourcing, processing aids, coproduct management, waste streams, 
and excluded method status. 

B.10 Safety Information 
The safety and quality documentation available for representative L-lysine feed additive products supports the 
conclusion that L-lysine is a recognized feed ingredient used to supply an essential amino acid in livestock and 
poultry rations, but the currently available documents are not yet sufficient by themselves to establish organic 
compliance for any specific commercial source. The available SDSs, product sheets, brochures, and 
specification-bearing materials generally identify the products as feed-grade sources of L-lysine, including L-
lysine monohydrochloride, liquid L-lysine, and fermentation-derived lysine products; describe their intended 
use in animal feed; provide guaranteed L-lysine content or minimum assay information; and include standard 
safety, handling, storage, transport, and hazard information. These materials are useful for demonstrating the 

https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
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identity, feed function, commercial availability, and general safety profile of L-lysine products when used 
according to good manufacturing and feeding practices.  

However, for National Organic Standards Board review, the more important remaining quality and compliance 
documents are current supplier-issued SDSs, labels, specification sheets, certificates of analysis, contaminant 
limits, manufacturing summaries, component disclosures, and excluded method affidavits. Those documents 
are important to verify not only that the products are suitable feed-grade L-lysine sources, but also that the 
production organism, fermentation substrate, processing aids, carriers, stabilizers, salts, coproducts, and 
other necessary formulation components are not produced using excluded methods and are consistent with 
the petition’s proposed annotation. Please see Appendix I for more details.  

B.11 Research Information
The scientific and technical record supports the following points: 

• L-lysine is an essential amino acid and is commonly the first limiting amino acid in swine diets.
• After determining L-lysine requirements in swine, other amino acid ratios relative to L-lysine must be 

considered to avoid amino acid imbalance. 
• In poultry, essential amino acids cannot be synthesized by the bird and must be supplied in the diet; when

an essential amino acid is limiting, protein synthesis and utilization of other amino acids are impaired.
• Amino-acid-based formulation can reduce excessive crude protein feeding and can reduce nitrogen

excretion or manure nitrogen burden.
• L-lysine supplementation is not a stand-alone solution. It must be used within balanced ration formulation

and should be limited to documented nutritional needs.
• The NOSB has already recognized, in the methionine context, that organic poultry producers must be able

to meet amino acid requirements, and that restrictions on amino acid use can force inadequate nutrition or
overfeeding of protein. [22]

• Commercial L-lysine products are available from multiple manufacturers in powder, liquid, and
fermentation-derived forms, but manufacturer-specific excluded method documentation is essential.

Contrasting evidence and concerns: Synthetic amino acids have been scrutinized by NOSB because they may 
be perceived as supporting conventionalized ration design rather than organic system development. This 
petition addresses that concern by proposing a documented-use annotation, species limitation, excluded 
method restriction, and certifier oversight. The petition should also acknowledge that excessive or poorly 
balanced use of L-lysine can create amino acid imbalance, which is why ration formulation records are 
necessary. 

C. Petition Justification Statement

C.1 Necessity for Organic Poultry and Swine Production
L-lysine is nutritionally essential. Synthetic L-lysine is not universally essential in every organic ration, but it may
be necessary for organic poultry and swine production where compliant feed sources cannot meet digestible L-
lysine requirements without creating animal welfare, environmental, formulation, or economic tradeoffs
inconsistent with sound organic management.

The petitioned substance is necessary because organic poultry and swine producers are required to provide 
rations sufficient to meet nutritional requirements, including proteins and amino acids. Where L-lysine is 

https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf


L-Lysine National List Petition Package 

 
L-Lysine Petition Packet Page 12 

limiting, producers may need to overfeed organic protein sources to meet L-lysine requirements. That approach 
can increase crude protein, nitrogen excretion, ammonia burden, feed cost, and ration imbalance while still 
failing to provide the most efficient amino acid profile. 

Kansas State University’s swine nutrition guide explains that after determining the L-lysine requirement, other 
amino acid ratios relative to L-lysine can be determined. University of Nebraska materials similarly describe pig 
diets as being formulated to meet L-lysine requirements and note that reducing excess amino acids reduces 
nitrogen excretion. [38, 41] 

Methionine is typically the first limiting amino acid in common poultry diets, which explains the existing 
methionine listing. However, L-lysine remains an essential amino acid, and common ingredients can be 
deficient in L-lysine relative to bird requirements. Poultry diets are increasingly formulated on a digestible amino 
acid basis, and L-lysine is one of the principal amino acids used in such formulation. The poultry request is 
therefore not that L-lysine replaces methionine, but that L-lysine be available as a documented feed-
formulation tool where needed to achieve balanced amino acid nutrition without excessive crude protein. 

C.2 Alternatives to the Petitioned Substance 
Potential alternatives include: 

• Organic soybean meal; 
• Organic peas and other pulses; 
• Organic fish meal where available, appropriate, and compliant; 
• Organic dairy-derived proteins where appropriate; 
• Insect meals, if organic standards and certified organic supply become available; 
• Pasture and forage, depending on species and production system; 
• Breed selection and slower-growth genetics; 
• Ration reformulation using multiple organic protein sources; 
• Improved feedstuff testing for amino acid content and digestibility. 

These alternatives are important and should remain first-line tools in organic livestock management. However, 
they are not always sufficient, commercially available in organic form, nutritionally balanced, or 
environmentally preferable. Protein-source selection depends on digestibility, amino acid profile, energy 
content, anti-nutritional factors, variability, consistent sourcing, cost, and production goals. In practice, the 
alternative to targeted L-lysine may be additional organic soybean meal or other high-protein ingredients, 
resulting in unnecessary crude protein and nitrogen burden. 

This petition therefore does not argue that organic protein sources are unimportant. It argues that organic 
protein sources alone may be an imprecise and environmentally burdensome way to correct a specific limiting 
amino acid, especially in swine and, in particular circumstances, poultry. 

C.3 Environmental, Human Health, and Farm Ecosystem Benefits 
A limited allowance for L-lysine can support lower crude protein rations while maintaining essential amino acid 
adequacy. This has potential environmental benefits because excess dietary nitrogen is excreted in manure. 
Reducing crude protein overfeeding can reduce manure nitrogen, ammonia burden, and associated bedding, 
housing, and nutrient-management challenges. 

The benefit is not merely economic. In organic systems, manure nitrogen, ammonia, bedding quality, animal 
comfort, nutrient cycling, and farm ecosystem management are integral organic concerns. A ration that 

https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/determiningotheraminoacidsrequirements.html
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supplies essential amino acids more precisely may be more compatible with organic livestock health and 
environmental stewardship than a ration that overuses crude protein to compensate for a single limiting amino 
acid. 

No adverse human health effect is known or expected from use of feed-grade L-lysine in accordance with good 
manufacturing or feeding practices and organic certification controls. FDA recognizes L-lysine as GRAS when 
used in accordance with good manufacturing or feeding practices. [18] 

C.4 Animal Welfare and Livestock Health 
This petition does not claim that L-lysine is a cure-all or that every organic poultry or swine ration requires 
synthetic L-lysine. Rather, the petitioner asserts that essential amino acid adequacy is a meaningful part of 
livestock health and welfare. Where L-lysine is limiting, overreliance on crude protein sources may produce 
imbalanced rations, unnecessary nitrogen burden, or inadequate amino acid nutrition. 

C.5 Compatibility with Organic Agriculture 
This petition is compatible with organic livestock production since the petitioned listing is narrowly annotated 
and enforced through organic system plan review. The proposed annotation is designed to ensure that L-lysine 
is used as a nutritional correction tool, not as a substitute for organic management, outdoor access, 
appropriate genetics, high-quality organic feedstuffs, or species-appropriate husbandry. 

The requested listing parallels the current methionine reasoning. In 2024, NOSB recognized that amino acid 
restrictions can create animal health impacts, prevent adequate nutrition, and encourage overfeeding of 
protein. A similarly disciplined approach to L-lysine would advance the same regulatory purpose: nutritionally 
adequate organic poultry and swine production within a system of organic management. [22] 

C.6 OFPA Evaluation Criteria 

Potential for detrimental chemical interactions 
No detrimental chemical interactions are expected when L-lysine is used as a feed nutrient in accordance with 
good feeding practices. Nutritional interactions with other amino acids are expected and beneficial when 
managed through ration formulation. Poorly balanced use could cause other amino acids to become limiting, 
which is why this petition proposes documentation and ration-formulation controls. 

Toxicity, mode of action, breakdown products, and environmental persistence 
L-lysine functions nutritionally as an essential amino acid. FDA recognizes L-lysine as GRAS for use in 
accordance with good manufacturing or feeding practices. It is metabolized by livestock and is not expected to 
persist as an environmental contaminant. [18] 

Probability of environmental contamination during manufacture, use, misuse, or disposal 
Use in feed presents low environmental contamination concern. Manufacturing impacts require manufacturer-
specific review, especially with respect to fermentation substrates, fermentation organisms, processing aids, 
waste streams, and excluded methods. Final petition materials should include manufacturer environmental 
documentation and excluded method affidavits. 

Effects on human health 
No adverse human health effect is expected from use of L-lysine in livestock feed under good feeding practice. 
FDA’s GRAS listing supports this conclusion. [18] 

https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
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Effects on biological and chemical interactions in the agroecosystem 
The primary agroecosystem effect is expected to be beneficial where L-lysine allows reduced crude protein 
overfeeding and corresponding reductions in nitrogen excretion. The effect is mediated through ration 
formulation and manure nutrient management, not direct soil or crop application. 

Alternatives 
Alternatives exist but are not uniformly adequate, available, or environmentally preferable in all organic poultry 
and swine systems. Organic soybean meal and other protein sources remain essential ration ingredients, but 
protein-source selection is constrained by digestibility, anti-nutritional factors, variability, sourcing, cost, amino 
acid profile, and environmental consequences of overfeeding crude protein. 

Compatibility with sustainable agriculture 
A narrowly annotated listing for L-lysine is compatible with sustainable agriculture because it supports precise 
nutrition, reduces crude protein overfeeding, may reduce nitrogen loading in manure, and helps producers meet 
the organic livestock requirement for nutritionally adequate rations. 

D. Proposed Organic System Plan Documentation 
To address NOSB concerns about synthetic amino acids and to make the listing certifiable, the petitioner 
proposes that use be documented through the organic system plan or feed-mill input review. The following 
documentation should be sufficient for certifier review: 

• Identification of the poultry or swine class receiving the ration; 
• Ration formulation records showing target amino acid requirements and ingredient contributions; 
• Documentation of why organic and nonsynthetic feed sources alone would be insufficient or would require 

excessive crude protein supplementation; 
• Product label, SDS, certificate of analysis, and manufacturer specification sheet for the L-lysine product; 
• Manufacturer statement that the L-lysine and necessary formulation components are not produced using 

excluded methods; 
• Disclosure of production organism, fermentation substrate categories, processing aids, salts, carriers, 

stabilizers, anticaking agents, and coproducts to the extent necessary for organic review; 
• Annual or batch-based verification, as appropriate, that the approved source remains compliant; and 
• Certifier approval before use. 

This documentation framework is intended to make the listing narrow in practice, not merely in wording. 

E. Strategic Treatment of Excluded Methods 
The petition notes that excluded method concerns will be among the most important issues raised by NOSB, 
NOP, certifiers, and public commenters.  

The petitioner does not request approval for any L-lysine product produced using excluded methods. The 
requested listing is limited to L-lysine and necessary stable feed-grade forms for which the producer, feed 
manufacturer, and certifier can verify that the production organism, fermentation substrate, processing aids, 
carriers, stabilizers, and other formulation components are not produced using excluded methods. We note 
that the methods currently employed for verification of methionine inputs should be sufficient for L-lysine 
inputs.  
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F. Responses to Likely Concerns of NOSB and Public Comment  

1: Amino acids conventionalize organic livestock production 
Response: The petition is limited to poultry and swine, requires documented nutritional need, and ties use to 
organic system plan review. It does not permit L-lysine as a productivity enhancer or management substitute. It 
is designed to avoid the welfare and environmental consequences of crude-protein overfeeding while 
supporting nutritional adequacy. 

2: Producers meet amino acid needs through organic feedstuffs 
Response: Organic feedstuffs remain the foundation of the ration. The petition applies only when organic and 
nonsynthetic feed sources are insufficient to provide a nutritionally adequate ration without excessive crude 
protein supplementation. The petition supports organic feed development but recognizes, as NOSB did with 
methionine, that natural alternatives may not be commercially realistic in all circumstances. 

3: L-lysine may be produced using genetic engineering 
Response: 7 CFR 205.105 expressly excludes L-lysine and feed formulation components produced using 
excluded methods. [14] 

4: Multiple L-lysine forms approve undisclosed proprietary formulations 
Response: The requested annotation follows the methionine precedent by identifying stable chemical forms 
needed for feed use but does not approve undisclosed proprietary products. Necessary formulation 
components must be disclosed and reviewed, and unrelated carriers or coatings are not included unless 
separately allowed and compliant. 

5: Be species-specific. 
Response: The petition is species-specific. It requests use only for organic poultry and swine, not all livestock. 

G. Requested NOSB Action 
The petitioner requests that the NOSB recommend rulemaking to add L-lysine to § 205.603(d) as a feed additive 
for organic poultry and swine production, with the following annotation: 

L-Lysine, including L-lysine monohydrochloride, L-lysine sulfate, and liquid L-lysine forms - for use only in 
organic poultry and swine production as a feed additive to meet documented essential amino acid requirements 
when organic and nonsynthetic feed sources are insufficient to provide a nutritionally adequate ration without 
excessive crude protein supplementation. Use must be documented in the organic system plan and supported 
by ration formulation records. The substance and any formulation components necessary to produce a stable 
feed-grade L-lysine product must not be produced using excluded methods. 

If the NOSB prefers a more conservative initial listing, the petitioner would support an annotation limited to L-
lysine monohydrochloride and L-lysine sulfate, with liquid L-lysine addressed only where formulation 
components are fully disclosed and verified compliant. 

  

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-B/section-205.105
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[12] 7 CFR Part 205: https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205  
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https://www.ams.usda.gov/rules-regulations/organic/national-list/filing-petition
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.607
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.607
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances
https://www.ams.usda.gov/rules-regulations/organic/nosb/subcommittees/livestock-proposals
https://www.ams.usda.gov/rules-regulations/organic/nosb/subcommittees/livestock-proposals
https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/growfinish/useGF5_AminoAcids_Final.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/growfinish/useGF5_AminoAcids_Final.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/pdf/KSU%20Protein%20Sources%20for%20Swine%20Diets%20fact%20sheet.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/pdf/KSU%20Protein%20Sources%20for%20Swine%20Diets%20fact%20sheet.pdf
https://www.asi.k-state.edu/extension/swine/peer-review-publications-pdfs/2002/De%20La%20Llata.%20Effects%20of%20increasing%20L-lysine%20HCl.pdf
https://www.asi.k-state.edu/extension/swine/peer-review-publications-pdfs/2002/De%20La%20Llata.%20Effects%20of%20increasing%20L-lysine%20HCl.pdf
https://www.asi.k-state.edu/extension/swine/peer-review-publications-pdfs/2002/De%20La%20Llata.%20Effects%20of%20increasing%20L-lysine%20HCl.pdf
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-formulation-of-organic-poultry-feed/
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-formulation-of-organic-poultry-feed/
https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://cjbio.net/en/products/bestamino/llysine
https://www.evonik.com/en/products/an/pr_52055049.html
https://www.evonik.com/content/dam/evonik/documents/Biolys%20Brochure.pdf.coredownload.pdf
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Appendix A - Proposed Annotation and Compliance Framework 

Recommended Proposed Annotation 
The following language is the petitioner's recommended starting point for amendment of 7 CFR § 205.603(d): 

L-Lysine (CAS # 56-87-1), including L-lysine monohydrochloride (CAS # 657-27-2), L-lysine sulfate, and liquid 
L-lysine forms - for use only in feed for organic poultry and swine to meet documented essential amino acid 
requirements when organic and nonsynthetic feed sources are insufficient to provide a nutritionally adequate 
ration without excessive crude protein supplementation or other formulation tradeoffs inconsistent with 
sound organic management. Use must be supported by ration formulation records and disclosed in the 
organic system plan. The substance, including necessary formulation components, carriers, stabilizers, and 
manufacturing inputs, must not be produced using excluded methods. 

Control Points Embedded in the Annotation 
Element Reason for inclusion 
Poultry and swine only Limits the request to the species where the case is 

strongest and most reviewable. 
Documented essential amino acid requirements Distinguishes nutritional necessity from convenience 

or production enhancement. 
Organic and nonsynthetic feed-source insufficiency Preserves preference for organic/nonsynthetic 

sources and frames L-lysine as a limited corrective 
tool. 

Avoidance of excessive crude protein 
supplementation 

Links the annotation to environmental stewardship, 
nutrient management, and ration precision. 

OSP disclosure and ration formulation records Provides a practical certification and enforcement 
mechanism. 

Necessary formulation components disclosed and 
compliant 

Recognizes commercially stable feed additive forms 
without approving undisclosed additives. 

No excluded methods Addresses the primary organic integrity concern 
associated with fermentation-derived amino acids. 

Certification Implementation 
The annotation is intended to be implemented through ordinary material review and Organic System Plan 
oversight. A certifier should be able to verify: 

• the operation produces or handles organic poultry or swine feed within the scope of the listing; 
• the specific L-lysine source and commercial form are identified; 
• carriers, stabilizers, salts, fermentation coproducts, anticaking agents, and other associated components 

are disclosed; 
• manufacturer documentation adequately addresses excluded methods; 
• ration formulation records establish a documented essential amino acid need; 
• the use avoids excessive crude protein supplementation or an equivalent formulation tradeoff; 
• the use is disclosed in the Organic System Plan or feed-mill input approval process; and 
• the product is used as a nutritional feed additive, not as a medication, growth promotant, or substitute for 

required organic livestock practices. 
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Short-Form Alternative 
If NOSB prefers a shorter annotation, the following version preserves the core limits while leaving 
implementation details to guidance and certification review: 

L-Lysine - for use only in feed for organic poultry and swine to meet documented essential amino acid 
requirements when organic and nonsynthetic feed sources are insufficient to provide a nutritionally adequate 
ration without excessive crude protein supplementation. Use must be documented in the organic system 
plan and supported by ration formulation records. Must not be produced using excluded methods. 

Relationship to the Technical Petition 
The technical petition contains the legal and factual basis for the requested listing. This appendix is 
intentionally limited to the proposed language and its enforceable control structure; nutrition, alternatives, 
environmental effects, manufacturing, and stakeholder evidence are addressed in the appendices that follow. 
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Appendix B - Essentiality, Necessity, and Development of the NOSB Record 
 
L-lysine is nutritionally essential. Synthetic L-lysine is not universally essential in every organic ration, but it may 
be necessary for organic poultry and swine production where compliant feed sources cannot meet digestible L-
lysine requirements without creating animal welfare, environmental, formulation, or economic tradeoffs 
inconsistent with sound organic management.  

The relevant question is not whether every organic producer will use L-lysine or whether natural feed ingredients 
contain L-lysine. The question is whether, for the specified poultry and swine uses, a compliant L-lysine source 
may be necessary to meet existing organic livestock obligations without creating animal-welfare, 
environmental, formulation, or economic tradeoffs inconsistent with sound organic management. 

Section 205.238(a)(2) requires organic livestock producers to provide feed rations sufficient to meet nutritional 
requirements, including proteins and/or amino acids [15]. Section 205.603(d) is the National List category for 
synthetic feed additives allowed in organic livestock production [16]. Organic production therefore imposes an 
affirmative duty to provide adequate nutrition as well as restrictions on synthetic inputs. 

Three Levels of Essentiality 
• Nutritional essentiality: L-lysine is an essential amino acid for poultry and swine and must be supplied 

through the diet. 
• Formulation necessity: A limiting amino acid can determine whether a ration is nutritionally adequate. 

Where digestible L-lysine cannot be supplied in the proper amount and balance from available organic 
feedstuffs, producers may be forced to overfeed crude protein or accept an imbalanced ration. 

• Organic-system necessity: A compliant L-lysine source may support adequate nutrition, animal welfare, 
reduced nitrogen excretion, efficient use of organic feed resources, and economically viable organic poultry 
and swine production. 

Natural Sources and Practical Necessity 
The existence of L-lysine in soybean meal, peas, and other organic feedstuffs does not by itself resolve the 
National List question. The relevant inquiry is whether those sources can reliably supply digestible L-lysine in 
the right amount, ratio, life stage, and ration context without causing other problems. 

Organic soybean meal is a valuable amino acid source and has been specifically studied for organic poultry 
formulation [34]. Swine protein-source selection nevertheless depends on amino acid profile and digestibility, 
energy content, anti-nutritional factors, variability, consistent sourcing, cost, and production goals [48]. The 
alternatives analysis in Appendix F evaluates these issues in detail. 

Why Limited Prior Visibility Does Not Show Absence of Need 
Limited prior public comment should not be treated as proof that a need is absent. The NOSB record is shaped 
by petitions, sunset reviews, discussion documents, meeting agendas, and questions formally placed before 
stakeholders. L-Lysine has not had the repeated, focused, species-specific review history that methionine has 
had [1, 2]. 

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-C/section-205.238
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.603
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-formulation-of-organic-poultry-feed/
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/pdf/KSU%20Protein%20Sources%20for%20Swine%20Diets%20fact%20sheet.pdf
https://www.ams.usda.gov/rules-regulations/organic/national-list/filing-petition
https://www.ams.usda.gov/rules-regulations/organic/national-list
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Producers may experience an L-lysine constraint indirectly as expensive feed, limited ration flexibility, heavy 
reliance on soybean meal, crude protein over formulation, manure nitrogen, litter or bedding concerns, or 
difficulty balancing available ingredients.  

This is particularly relevant in swine, where L-lysine is commonly first limiting and central to ration formulation 
[38]. In poultry, L-lysine remains part of the essential amino acid profile for broilers, layers, and turkeys even 
when methionine is the first limiting amino acid [32]. 

Organic operations may keep production moving by increasing protein ingredients, relying heavily on soybean 
meal, accepting higher crude protein, or absorbing higher feed costs. Those workarounds do not necessarily 
represent the best organic outcome and may mask the underlying constraint rather than expressing it as 
demand for L-lysine. 

In the analogous methionine context, NCAT/ATTRA explained that high plant-protein rations can create health 
and environmental concerns and that alternative ingredients may be expensive or unavailable in organic form 
[30]. An L-lysine constraint may likewise be absorbed through feed bills, ingredient substitution, nitrogen load, 
and practical inefficiency rather than expressed as an explicit request for L-lysine. 

Methionine became highly visible because it was repeatedly placed before NOSB through petitions, annotation 
changes, and public comment. The 2024 recommendation and NOP response demonstrate that the record can 
evolve as practical production consequences become clearer [22, 23]. Appendix C addresses that precedent 
without treating it as determinative of the L-lysine petition. 

Conclusion 
A more limited prior record is not evidence against need. A narrowly annotated L-lysine listing would help 
organic poultry and swine producers meet essential amino acid requirements while preserving organic integrity 
and reducing avoidable welfare, environmental, formulation, and economic tradeoffs. 

https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://www.ncat.org/publication/organic-poultry-production-providing-adequate-methionine/
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
https://www.ams.usda.gov/sites/default/files/media/NOPResponsetoNOSB__Fall2024.pdf
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Appendix C - Methionine Precedent Timeline and Lessons 

Scope of the Precedent 
Methionine and L-lysine are distinct amino acids with different nutritional contexts. The methionine record does 
not compel approval of L-lysine. It is nevertheless the closest National List precedent because it shows how 
NOSB and NOP have weighed essential amino acid needs, animal welfare, environmental consequences, 
alternatives, annotation design, and organic integrity. 

Timeline of Methionine Review and Rulemaking 
Year / action Methionine event Key point for L-lysine 
1993 and 1999 - amino acid 
reviews 

NOSB reviewed amino acids for 
possible addition to § 205.603. The 
USDA petitioned-substances 
index states that amino acids were 
not recommended for rulemaking 
in those early reviews. 

A petition for L-lysine should not 
be framed as a broad request to 
approve amino acids as a class. It 
should be narrow, species-
specific, and tied to documented 
need. 

2001 / 2003 - initial methionine 
allowance 

NOSB reviewed DL-methionine 
and related forms; methionine 
was later added to the National 
List at § 205.603(d), effective 
November 3, 2003, for organic 
poultry production. 

The initial success of methionine 
came through a narrow poultry-
specific allowance, not a general 
livestock amino acid listing. This 
supports a disciplined petition 
architecture for L-lysine. 

2005 - extension with preference 
for natural alternatives 

NOSB recommended extending 
synthetic methionine in organic 
poultry production to October 1, 
2008, to allow time for further 
research on organic alternatives. 
The vote was 11 yes, 0 no, 2 
abstain, 1 recuse. 

NOSB may approve a synthetic 
amino acid while still expressing a 
clear preference for natural 
alternatives. The L-lysine petition 
should acknowledge and preserve 
that preference. 

2008 - essentiality and market-
disruption finding 

In 2010 rulemaking history, AMS 
summarized the 2008 NOSB 
determination that organic and 
natural methionine sources 
existed but were not available in 
sufficient supply; NOSB 
concluded methionine was 
necessary for nutritionally 
adequate organic poultry diets 
and essential to organic 
production. 

This is one of the strongest 
precedents for L-lysine. The issue 
is not whether natural sources 
exist somewhere, but whether 
they are sufficient, available, and 
practical for nutritionally adequate 
organic production. 

2010 - step-down approach NOSB recommended continued 
allowance with staged limits, 
attempting to meet basic 
maintenance needs, satisfy 
consumer preference to reduce 
synthetic methionine, and 
motivate development of natural 
alternatives. 

L-lysine should anticipate the
same balancing exercise. The
proposed guardrails should be
strong enough to satisfy organic
integrity concerns without
imposing arbitrary limits that
undermine nutrition.
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Year / action Methionine event Key point for L-lysine 
2015 - welfare and crude protein 
overfeeding recognized 

NOSB recommended an 
annotation allowing methionine 
rates averaged over the life of the 
flock. The record described 
deficiency concerns, poor 
feathering, feather pecking, 
cannibalism, ammonia, foot 
blisters, and crude protein 
overfeeding as practical 
consequences of insufficient 
methionine flexibility. 

This is the central functional 
precedent. A synthetic amino acid 
may reduce, rather than increase, 
organic-system stress when the 
alternative is crude protein 
overformulation or nutritionally 
imbalanced feeding. 

2019 - lifetime averaging 
implemented 

USDA’s petitioned-substances 
index records a methionine 
annotation change effective 
January 28, 2019, reflecting the 
move toward averaged inclusion 
over the life of the flock. 

The regulatory system can 
translate NOSB’s practical 
nutrition concerns into 
enforceable annotation language. 
For L-lysine, documentation and 
OSP oversight may be preferable 
to fixed numerical caps. 

2024 - NOSB recommends 
removing numerical limits 

NOSB recommended removing 
methionine inclusion limits. It 
found that limits negatively 
affected organic poultry health, 
did not hasten natural 
alternatives, and should not be 
prioritized over bird health. NOSB 
voted 14-0 for the annotation 
change. 

This modernizes the precedent. 
NOSB has recognized that amino 
acid restrictions can impede 
compliance with organic livestock 
nutrition obligations and may not 
effectively drive alternative 
development. 

2026 - AMS proposes 
corresponding rulemaking 

AMS published proposed 
rulemaking to remove current 
restrictions on methionine use in 
organic poultry feed, stating that 
doing so would provide producers 
flexibility to meet flock health and 
nutrition needs. 

NOP’s response confirms that the 
methionine precedent remains 
active and relevant. The L-lysine 
petition should ask NOSB to apply 
the same logic carefully to poultry 
and swine. 
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Appendix D - Poultry Nutrition 

Key Conclusions 
• L-lysine is an essential amino acid that poultry must obtain through the ration.
• Methionine is commonly first limiting in poultry diets, but L-lysine remains a defined and nutritionally

significant requirement for broilers, laying hens, turkeys, and other poultry.
• Crude protein is an imprecise proxy for amino acid adequacy; digestible amino acid supply and balance are

the more relevant formulation measures.
• Organic feed ingredients can supply L-lysine in many rations, but availability, digestibility, balance,

consistency, cost, and required inclusion levels vary.
• A documented-use allowance would provide a targeted ration-balancing option when available sources

require excessive crude protein or create other material tradeoffs. 
• Amino acid precision can reduce dietary nitrogen, excretion, ammonia potential, and manure or litter-

management burdens. 

Why L-lysine Matters in Poultry Nutrition 
Poultry requires amino acids to synthesize body proteins and support tissue maintenance, feathering, egg 
production, immune function, and other physiological processes. Essential amino acids cannot be synthesized 
in sufficient quantities and must be supplied by the diet. When one essential amino acid is below requirement, 
it becomes limiting and impairs efficient use of the others [33, 36]. 

Methionine is often the first limiting amino acid in common poultry diets, but that fact does not make L-lysine 
optional. Purdue Extension identifies L-lysine requirements for broilers, laying hens, and turkeys and explains 
the importance of amino-acid-based formulation. L-lysine is required in larger absolute amounts than 
methionine at every life stage across all three classes of poultry, and it serves a role beyond meeting its own 
requirement: because the ideal ratio of every other essential amino acid to L-lysine holds steady across diet, 
environment, and genetics, nutritionists use L-lysine as the reference point from which the entire amino acid 
profile is calculated [32]. 

Broilers 
Broiler amino acid needs change across the production cycle. Purdue Extension notes that feeding phases are 
used to more closely match the requirements of the developing bird. The relevant petition point is not that L-
lysine is always first limiting, but that it is required at defined, changing levels and that a crude-protein target 
can mask a L-lysine deficiency or imbalance [32]. 

In organic systems, increasing soybean meals or another protein ingredient to solve a single amino acid 
constraint may oversupply total protein and other amino acids. Reduced-crude-protein diets likewise require 
adequate supplementation of limiting amino acids, including methionine and L-lysine, to avoid impaired 
performance. 

https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://poultry.caes.uga.edu/extension/poultry-nutrition/soybeans/amino-acids.html
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
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Laying Hens 
Laying hens require balanced amino acid nutrition for maintenance, egg production, egg size, feather condition, 
and flock health. L-lysine is among the key requirements identified for layers. A targeted allowance is relevant 
where supplying L-lysine indirectly through high crude-protein ingredients increases nitrogen intake and 
excretion without improving organic integrity [32]. 

Turkeys and Other Poultry 
Amino acid requirements vary by species, age, physiological stage, genetics, and production purpose. Turkeys 
and other poultry therefore support a ration-record approach rather than a single universal use rate. The 
petitioned use should be justified by the animal class and ration formulation rather than presumed from 
species alone. 

Crude Protein and Amino Acid Adequacy 
Crude protein does not establish whether essential amino acids are present in the correct amounts and ratios. 
Where amino acids are supplied in excess of the limiting amino acid, the excess may be deaminated and 
excreted as nitrogen rather than used for body protein synthesis. Washington State University and Purdue 
Extension describe formulation to amino acid requirements to reduce total dietary nitrogen intake and nitrogen 
excretion [32, 33]. 

For organic poultry, lack of a compliant L-lysine source may lead to increased use of organic protein 
ingredients. That response can increase crude protein, nitrogen excretion, ammonia potential, feed cost, and 
manure or litter burdens while remaining an imprecise solution to a specific amino acid constraint. 

Organic Feed Ingredients and Practical Limits 
Organic soybean meal is an important and generally digestible L-lysine source. Research on organic soybean 
meal confirms its value for poultry formulation [34]. It remains an intact protein ingredient rather than a precise 
amino acid correction tool, and its usefulness depends on processing, digestibility, consistency, supply, cost, 
and the balance of the complete ration. 

Other protein alternatives - including pulses, fish meal, dairy by-products, yeast products, and emerging insect 
meals - may contribute to amino acid supply but can be constrained by availability, organic status, consistency, 
digestibility, consumer expectations, and formulation limits. These alternatives are assessed comparatively in 
Appendix F. 

Animal Welfare and Environmental Relevance 
Adequate amino acid nutrition is part of organic livestock care under 7 CFR § 205.238(a)(2) [15]. This petition 
does not equate L-lysine with methionine or claim that every welfare issue is caused by L-lysine. The narrower 
point is that a deficiency or imbalance can limit protein synthesis and efficient use of the ration. 

Where a targeted L-lysine source permits a lower-crude-protein balanced ration, it may reduce nitrogen 
imports, excretion, ammonia potential, and litter or manure-management burdens. The environmental benefit 
is conditional on documented need and balanced formulation, not on supplementation alone. 

https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-formulation-of-organic-poultry-feed/
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Poultry-Specific Conclusion 
The poultry evidence supports access to compliant L-lysine when available in organic and nonsynthetic feed 
sources cannot provide digestible L-lysine in appropriate balance without excessive crude protein or other 
material tradeoffs. Poultry use should remain subject to the annotation and compliance framework in Appendix 
A. 
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Appendix E - Swine Nutrition 
 

L-lysine is commonly the first limiting amino acid in swine diets and the reference amino acid for ideal-protein 
formulation. A documented-use allowance may be necessary where available organic feedstuffs cannot meet 
stage-specific digestible L-lysine requirements without excessive crude protein, nitrogen loss, ration 
imbalance, welfare concerns, or avoidable cost. 

Why L-lysine Is Central in Swine Nutrition 
The University of Nebraska Swine Nutrition Guide states that L-lysine is first limiting in most swine diets [38]. 
Peer-reviewed literature likewise describes L-lysine as the first limiting amino acid in typical swine diets and a 
basic substrate for body proteins, peptides, and other molecules [52]. 

Swine diet formulation also uses L-lysine as the reference amino acid. Requirements for other amino acids are 
commonly expressed as ratios relative to L-lysine because proper concentrations and balance are essential for 
protein synthesis [41]. This makes L-lysine an anchor for the whole ration rather than merely an isolated 
additive. 

Crude protein is an incomplete measure. A ration can be high in crude protein and still be deficient in digestible 
L-lysine; increasing protein to raise L-lysine can oversupply other amino acids and nitrogen. USDA NRCS 
guidance supports formulating to specific amino acid requirements while reducing excess crude protein where 
possible [56]. 

Life-Stage Considerations 

Nursery Pigs 
Nursery pigs have high amino acid needs relative to body weight and feed intake. Feed-grade amino acids are 
used in conventional nutrition to meet requirements while reducing crude protein and diet cost. The organic 
relevance is not automatic adoption of conventional practice, but recognition that this life stage is nutritionally 
sensitive and may be difficult to serve through intact protein sources alone. 

Grow-Finish Pigs 
Grow-finish L-lysine needs are closely related to growth rate and feed intake. Kansas State provides a practical 
estimate of approximately 20 grams of standardized ileal digestible L-lysine per kilogram of daily gain [43]. This 
illustrates that digestible L-lysine needs can be calculated and documented in ration records. 

Gestating and Lactating Sows 
Sow diets require particular caution. University of Nebraska advises careful use of crystalline amino acids as 
substitutes for intact protein in gestation and lactation diets, especially in limit-fed animals [38]. This supports 
life-stage documentation and balanced formulation rather than open-ended use. 

Organic Ingredient Constraints 
Organic swine rations depend on organic grains and protein sources. Organic soybean meal is valuable, but 
protein-source selection is affected by availability, price, consistency, digestibility, amino acid profile, energy, 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4377136/
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/determiningotheraminoacidsrequirements.html
https://directives.nrcs.usda.gov/sites/default/files2/1719834914/Nutrient%20Management%20190-08%2C%20Animal%20Diets%20and%20Feed%20Management.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/estimatingnutrientrequirements.html
https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf
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and anti-nutritional factors [48]. A targeted L-lysine allowance would not eliminate intact protein needs; it 
would permit more precise correction when those ingredients cannot efficiently supply the limiting amino acid. 

The relevant comparison is between a balanced ration using a documented amount of compliant L-lysine and a 
ration that must add enough intact protein to reach the L-lysine target while oversupplying nitrogen and other 
amino acids. 

Environmental, Welfare, and Farm Implications 
Reduced-crude-protein swine diets supplemented to meet amino acid requirements can reduce nitrogen 
excretion. Environmental learning resources and peer-reviewed reviews describe this direction of effect across 
nursery and grow-finish production [59, 60]. 

Amino acid adequacy can also have welfare and behavioral implications. A 2023 study associated low-protein, 
amino-acid-deficient diets with poorer performance and more damaging behavior, with indispensable amino 
acid supplementation counteracting those effects [55]. The study is not an organic standards model, but it 
supports the narrower conclusion that amino acid balance is relevant to livestock care. 

Feed cost is a supporting, not independent, basis for the petition. Where producers overuse expensive organic 
protein ingredients to compensate for a L-lysine constraint, the cost may impair farm viability without improving 
animal welfare or organic integrity. The integrated economic analysis appears in Appendix F. 

Balanced Use and Technical Caution 
L-Lysine cannot be used as a substitute for overall amino acid balance. Kansas State research shows that 
replacing too much intact protein with L-lysine HCl without accounting for the next limiting amino acid can 
reduce performance [49]. Any allowance should therefore depend on complete ration formulation, not simply a 
L-lysine inclusion rate. 

Summary Table 
Issue Swine Nutrition Relevance NOSB Relevance 
First limiting amino acid L-lysine is commonly the first 

limiting amino acid in swine diets. 
Supports the essentiality and 
necessity argument for swine-
specific use. 

Ideal protein formulation Other amino acid requirements 
are often expressed relative to L-
lysine. 

Shows L-lysine is central to 
balanced ration formulation, not 
merely a discrete additive. 

Digestible L-lysine Stage-specific requirements are 
better expressed as standardized 
ileal digestible L-lysine than total 
crude protein. 

Supports documentation through 
ration formulation records. 

Crude protein overformulation Increasing protein sources to 
meet L-lysine needs may 
oversupply nitrogen and other 
amino acids. 

Supports environmental and farm-
system rationale. 

https://lpelc.org/effects-of-amino-acid-supplementation-with-reduced-dietary-crude-protein-on-greenhouse-gas-emissions-in-swine/
https://jn.nutrition.org/article/S0022-3166%2824%2901240-9/fulltext
https://www.nature.com/articles/s41598-023-45704-0
https://www.asi.k-state.edu/extension/swine/peer-review-publications-pdfs/2002/De%20La%20Llata.%20Effects%20of%20increasing%20L-lysine%20HCl.pdf
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/pdf/KSU%20Protein%20Sources%20for%20Swine%20Diets%20fact%20sheet.pdf
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Issue Swine Nutrition Relevance NOSB Relevance 
Organic ingredient constraints Organic soybean meal and other 

protein sources may vary in 
availability, cost, digestibility, and 
amino acid profile. 

Supports alternatives analysis and 
practical necessity. 

Animal welfare Amino acid deficiency or 
imbalance can affect performance 
and behavior. 

Connects the listing to organic 
livestock care rather than 
convenience. 

Guardrails L-lysine must be balanced with 
other amino acids and should not 
replace whole-feed nutrition. 

Supports a narrow annotation and 
OSP/certifier review. 
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Appendix F - Alternatives, Environmental, and Farm Viability Analysis 

Evaluation Standard 
An alternative is not adequate merely because it contains L-lysine. The practical question is whether it can 
supply digestible L-lysine in the needed amount and balance, at the relevant life stage, in compliant form and at 
workable inclusion levels, without excessive crude protein, nutrient loss, welfare compromise, or undue farm-
level burden. 

The analysis considers nutritional adequacy, amino acid balance, organic availability, formulation practicality, 
environmental effect, animal welfare, economic feasibility, and enforceability. 

Why Crude Protein Is Not an Adequate Substitute 
Pigs do not have a requirement for crude protein as such; they require the amino acids that make up protein, 
with profile and digestibility determining protein quality [40]. Poultry guidance likewise treats L-lysine as an 
explicit requirement rather than a crude-protein percentage [32]. 

Where digestible L-lysine is deficient, adding protein ingredients may oversupply other amino acids and 
nitrogen. Purdue Extension reports that each percentage-point reduction in crude protein, when amino acid 
needs remain met, may reduce nitrogen excretion and ammonia emissions by approximately 8 to 10 percent in 
poultry and swine [57]. 

Comparative Alternatives Matrix 
Alternative Primary 

contribution 
Main strengths Key limitations Overall conclusion 

Organic soybean 
meal / soy products 

High-quality plant 
protein; strong L-
lysine contribution 

Widely used; 
familiar; strong 
amino acid profile 

May require 
excessive crude 
protein; cost and 
organic supply 
constraints; not a 
precise L-lysine 
tool 

Essential feed 
ingredient but 
incomplete 
substitute 

Peas, faba beans, 
lentils, other pulses 

Protein and crop-
diversification 
value 

Can support 
organic rotations 
and regional 
sourcing 

Variable 
digestibility, fiber, 
anti-nutritional 
factors, supply 
limits 

Useful partial 
alternative 

Fish meal / marine 
proteins 

Concentrated 
protein and amino 
acids 

Nutritionally dense; 
useful in some 
poultry and young 
animal diets 

Cost, 
sustainability, 
preservative, 
sourcing, market 
concerns 

Useful but not 
universal 

Dairy and animal-
derived proteins 

Highly digestible 
protein in specific 
uses 

Can work in 
specialized young 
animal rations 

Limited organic 
supply, cost, 
acceptance, and 
regulatory 
constraints 

Context-specific, 
not broad 
substitute 

https://www.asi.k-state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/aminoacidsandprotein.html
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://www.extension.purdue.edu/extmedia/as/as-582-w.pdf
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Alternative Primary 
contribution 

Main strengths Key limitations Overall conclusion 

Other oilseed 
meals 

Protein 
diversification 

Can reduce 
dependence on soy 

Variable L-lysine, 
fiber, anti-
nutritional factors, 
lower energy 

Partial alternative 

Yeast, algae, 
single-cell proteins 

Novel protein and 
amino acid sources 

Future 
sustainability 
potential 

Cost, scale, 
organic status, 
excluded method 
questions 

Promising but not 
established 

Insect meals Emerging protein 
source 

Potential circular-
economy value 

Organic status, 
substrate, scale, 
cost, variability 

Future option, not 
current substitute 

Pasture and forage Welfare, behavior, 
system integrity 

Supports organic 
husbandry and 
environmental 
goals 

Not precise or 
reliable L-lysine 
source for 
monogastrics 

Important practice, 
not nutrient 
substitute 

Genetics / slower 
growth 

Reduced nutritional 
pressure and 
system fit 

Can support 
organic integrity 

Does not eliminate 
amino acid needs; 
may impose 
market/cost 
burdens 

Complementary 
strategy 

Phase feeding / 
formulation 

Nutrient precision 
and lower waste 

Strongly aligned 
with organic 
stewardship 

Cannot overcome 
missing digestible 
L-lysine in 
ingredient set 

Necessary but not 
always sufficient 

Key Findings by Alternative 

Organic soybean meal and soy products 
These are foundational feed ingredients with a strong amino acid profile and good L-lysine digestibility. They are 
not precise correction tools, and higher inclusion can increase crude protein, nitrogen, cost, and dependence 
on a constrained organic supply. 

Peas, faba beans, lentils, and other pulses 
Pulses can support diversified and regional feed systems, but amino acid profile, digestibility, fiber, starch, anti-
nutritional factors, palatability, and supply vary. They are useful ingredients rather than consistent one-for-one 
substitutes. 

Fish meal and marine proteins 
These can provide concentrated amino acids but may be constrained by organic availability, cost, quality 
variability, sustainability considerations, flavor or odor limits, and consumer expectations. 

Dairy by-products and other animal-derived proteins 
These can contribute useful amino acids in some systems, but availability, organic status, handling, 
consistency, biosecurity, and formulation fit limit broad substitution. 
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Canola, sunflower, flax, and other oilseed meals 
Oilseed meals support diversification but differ in L-lysine content, digestibility, fiber, anti-nutritional factors, 
and feasible inclusion rates. 

Yeast, algae, and single-cell proteins 
These may become valuable, concentrated alternatives but presently face variable composition, regulatory 
status, organic availability, scale, and cost constraints. 

Insect meals 
Insects may eventually provide a circular protein source, but certified organic production, feed status, scale, 
consistency, and cost remain substantial limitations. 

Pasture, forage, and outdoor access 
These remain central organic practices and may contribute nutrients and behavior opportunities, but they 
cannot reliably meet precise L-lysine requirements for poultry and swine across life stages. 

Breed selection and slower-growing genetics 
Genetics and adjusted production expectations can reduce nutrient demand in some systems, but they do not 
eliminate the obligation to provide a nutritionally adequate ration. 

Improved formulation, phase feeding, and feed management 
These are essential first-line practices and should accompany any allowance. They improve matching of feed to 
animal need but cannot create digestible L-lysine that is not present in the available ingredient set. 

Environmental Pathway 
Step Without compliant L-lysine With narrowly annotated L-

lysine 
Amino acid need Digestible L-lysine need may be 

met indirectly through more crude 
protein or more protein-rich 
organic ingredients. 

Digestible L-lysine can be supplied 
directly when documented as 
necessary. 

Crude protein level Rations may be formulated above 
optimal crude protein levels to 
supply enough L-lysine. 

Rations can be formulated closer 
to essential amino acid 
requirements. 

Nitrogen intake Excess protein increases nitrogen 
intake beyond what the animal 
can retain. 

Lower crude protein can reduce 
excess nitrogen intake while 
maintaining nutrition. 

Excretion pathway More nitrogen is excreted in 
manure, urine, or poultry litter. 

Reduced excess nitrogen can 
lower manure/litter nitrogen 
burden. 

Farm system effect Greater manure/litter 
management pressure, ammonia 
potential, bedding challenges, and 
nutrient loading risk. 

Improved nutrient-use efficiency 
and more precise organic feed-
resource use. 

Organic integrity Avoiding the synthetic input may 
not improve organic outcomes if it 
forces inefficient overfeeding. 

Use is limited by OSP review, 
ration records, documented need, 
and excluded method restrictions. 
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The environmental benefit is conditional. L-Lysine should be credited only where ration records show that it 
permits lower crude protein or otherwise improves amino acid balance. Supplementation without a 
demonstrated reduction in excess protein or nutrient loss would not establish the claimed environmental 
benefit. 

In poultry and swine, excess nitrogen becomes part of manure, litter, bedding, ammonia, nutrient cycling, and 
potential water- or air-quality concerns. Sources addressing poultry formulation, swine feed-grade amino acids, 
and nitrogen excretion support the direction of the analysis [33, 38, 57, 59, 60]. 

Farm Viability and Economic Discipline 
Feed is a major recurring cost in poultry and swine production. The petition should not argue that lower cost 
alone makes a synthetic substance essential. The defensible economic point is narrower: where an operator 
must overuse costly organic protein to correct a specific L-lysine constraint, the added expense may be 
unrelated to organic integrity and may accompany nitrogen, welfare, and ration-balance tradeoffs. 

USDA organic survey data demonstrate that organic livestock and poultry production is economically significant 
[61, 62, 63]. A constraint that increases feed cost without improving organic outcomes can discourage 
continued participation, particularly for smaller and mid-scale operations with limited purchasing leverage. 

Precision-feeding research supports the general principle that closer matching of amino acid supply to animal 
need can reduce L-lysine intake, feeding cost, and nutrient excretion, although conventional precision systems 
should not be treated as direct organic models [53]. 

Integrated Finding 
Organic and nonsynthetic alternatives should remain the first line of ration formulation. The evidence does not 
show that any single alternative reliably replaces a narrowly annotated L-lysine allowance in every poultry and 
swine ration where digestible L-lysine is limiting. A compliant source may be necessary when the alternatives 
cannot meet documented requirements without excessive crude protein, ration imbalance, nitrogen burden, 
welfare compromise, or undue feed-resource inefficiency. 

https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf
https://www.extension.purdue.edu/extmedia/as/as-582-w.pdf
https://lpelc.org/effects-of-amino-acid-supplementation-with-reduced-dietary-crude-protein-on-greenhouse-gas-emissions-in-swine/
https://jn.nutrition.org/article/S0022-3166%2824%2901240-9/fulltext
https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Organic_Production/
https://www.nass.usda.gov/Newsroom/archive/2022/12-15-2022b.php
https://www.nass.usda.gov/Publications/Highlights/2022/2022_Organic_Highlights.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC6951959/
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Appendix G - Manufacturing, Formulation, Excluded Methods, and Product 
Documentation 

Commercial Forms Within the Petition Scope 
Public manufacturer information supports the commercial existence of dry L-lysine monohydrochloride, L-
lysine sulfate or fermentation-broth products, and liquid L-lysine. Each form raises different concentration, 
associated substance, handling, and documentation questions. 

Commercial form General description Formulation/stability 
relevance 

Review implications 

L-lysine 
monohydrochloride 

Concentrated crystalline 
or granular salt form 
widely used in feed. 

Generally dry, 
concentrated, relatively 
easy to specify by assay; 
may require granulation 
or flow aids depending 
on product. 

Likely easiest form to 
evaluate if manufacturer 
provides purity, SDS, 
COA, contaminants, 
manufacturing process, 
and excluded method 
documentation. 

L-lysine sulfate / 
fermentation-product 
forms 

Feed-grade L-lysine 
supplied as a sulfate salt 
with fermentation 
coproducts or biomass-
derived nutrients. 

May improve flowability, 
mixing, or cost; product 
may include coproducts 
from fermentation that 
are nutritionally relevant. 

Requires more detailed 
review of coproducts, 
residual biomass, 
organism/substrate 
history, contaminants, 
and whether all 
components fit the 
petitioned use. 

Liquid L-lysine Aqueous L-lysine 
preparation used in 
liquid feed systems or 
liquid dosing. 

Raises questions about 
stability, concentration, 
microbial control, pH, 
handling, and possible 
stabilizers. 

Should be covered only if 
formulation 
components, 
preservatives/stabilizers, 
storage conditions, and 
use patterns are 
disclosed. 

General Manufacturing Pathway 
Commercial L-lysine is generally produced by fermentation. A representative pathway includes: 

• preparation of a carbohydrate substrate; 
• fermentation using a selected production microorganism; 
• separation, concentration, purification, or conversion of the fermentation broth; 
• formation of the intended salt, sulfate, broth-based, or liquid product; 
• drying, granulation, stabilization, or pH adjustment; 
• standardization to feed-grade assay and quality specifications; and 
• packaging and distribution for feed manufacture. 

Manufacturer-specific documentation is necessary for the production organism, organism history, substrates, 
processing aids, acids and bases, carriers, stabilizers, coproducts, residual biomass, contaminants, and waste 
streams. 
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Formulation and Stability 
Issue Why it matters in feed use Documentation to request 
Assay and concentration Feed formulation depends on 

accurate nutrient contribution. 
Different forms provide different L-
lysine concentrations. 

Typical assay, guaranteed 
analysis, analytical method, COA 
range, and lot variability. 

Flowability and dust Feed mills need materials that 
convey, meter, and blend safely 
and uniformly. Dust may create 
worker exposure or combustible 
dust considerations. 

SDS, particle-size data, bulk 
density, flowability data, dust 
controls, and handling 
instructions. 

Mixing and segregation Amino acids are often included at 
low rates. Uniform distribution 
matters for animal nutrition and 
compliance. 

Mixability data, 
granulation/agglomeration 
process, recommended inclusion 
and blending instructions. 

Moisture and shelf stability Moisture can affect caking, assay 
stability, microbial risk, and 
handling. 

Shelf-life statement, storage 
conditions, moisture 
specification, packaging controls. 

Liquid stability Liquid products may require pH 
control, microbial stability, 
compatible dosing equipment, 
and storage instructions. 

Concentration, pH, 
stabilizers/preservatives if any, 
storage temperature, shelf life, 
microbial specification. 

Coproducts and carriers Fermentation coproducts or 
carriers may be nutritionally 
relevant, but they must be 
disclosed for organic review. 

Ingredient/component disclosure, 
source, function, percentage 
range, safety data, and excluded 
method status. 

Necessary components should be functionally justified and fully disclosed. The listing should not automatically 
cover unrelated carriers, coatings, proprietary additives, or technologies outside the poultry and swine feed 
scope. 

Excluded Methods Review 
Excluded method compliance is a threshold issue because amino acid fermentation may involve genetically 
engineered production strains, genetically engineered agricultural substrates, or processing aids and 
formulation components that require review. The petition requests only sources that comply with 7 CFR § 
205.105 [14]. 

A generic 'non-GMO' claim is not sufficient by itself. The review must address the production organism and 
predecessor strains, genetic engineering or gene editing, fermentation substrates, processing aids, carriers, 
stabilizers, residual production material, and other associated components. 

The highest-risk points are the production microorganism, carbohydrate substrate, downstream processing 
aids, formation of salts or liquid products, fermentation-broth coproducts, and undisclosed proprietary 
components. Product-specific attestations should be supported by process descriptions and traceable 
documentation rather than broad marketing statements. 

 

  

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-B/section-205.105
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Appendix H - Manufacturer Feasibility and Market Development Considerations 

Purpose of This Appendix 
This appendix addresses the current state of the domestic L-lysine manufacturing space, and the information 
manufacturers are likely to need before treating organic-compliant L-lysine as a viable market. It is intended to 
supplement the technical petition and the excluded methods, manufacturer-documentation, and supplier-
sourced documentation appendices. 

The purpose is not to ask the National Organic Program or National Organic Standards Board to approve existing 
commercial L-lysine products without verification. Rather, this appendix explains why a National List review 
may be necessary to create the regulatory signal that allows manufacturers, certifiers, feed mills, and organic 
livestock producers to determine whether a compliant supply pathway can be developed. 

Current Manufacturing Landscape 
Stakeholder outreach indicates that domestic feed-grade L-lysine production is concentrated among three 
principal manufacturers: Evonik, ADM, and CJ America. This concentration matters because the development 
of an organic-compliant L-lysine supply will likely depend on whether one or more of these manufacturers can 
justify the technical, operational, and commercial work needed to produce or document a compliant source. 

Feed-grade L-lysine is generally fermentation-derived. This distinguishes L-lysine from DL-methionine, which 
has historically been discussed as a chemically manufactured amino acid. For L-lysine, the organic-compliance 
questions therefore center on the fermentation organism, strain-development history, fermentation substrate, 
processing aids, downstream conversion, product stabilization, and any carriers or associated formulation 
components. 

Information Manufacturers Need to Evaluate Market Viability 
The outreach indicates that major L-lysine manufacturers would be more likely to evaluate organic-compliant 
production seriously with a credible indication of market potential. The following information would help 
manufacturers determine whether the organic livestock market could justify alternative strain selection, 
compliant substrate sourcing, segregation, documentation, and price modeling. 

Information Need Why It Matters 

Market size Estimated number of organic poultry and swine animals in the United States, by 
production class where possible. 

Organic share of total 
production 

An estimate of organic poultry and swine production as a percentage of the broader 
domestic monogastric livestock sector. 

Expected inclusion rate Estimated use per animal unit, per ton of feed, or by production phase under the 
proposed annotation. This should be presented as a reasonable range rather than a 
fixed universal rate. 

Annual demand estimate A back-calculated annual volume of organic-compliant L-lysine demand based on 
animal numbers, feed consumption, and expected inclusion rates. 

Price feasibility An estimate of the price premium or minimum selling price needed to make a lower 
yield, segregated, or otherwise compliant production pathway commercially viable. 

Documentation expectations A clear list of what manufacturers must provide for organic review: specifications, 
SDSs, labels, COAs, process summaries, excluded method affidavits, substrate 
information, and component disclosures. 

Tolerance for uncertainty A directional estimate may be sufficient to initiate manufacturer discussions. 
Stakeholder outreach suggested that an estimate within approximately plus or minus 
20 percent may be adequate for early market evaluation because inclusion rates vary 
with commodity prices and feed ingredient quality. 
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Conclusion 
Organic-compliant L-lysine may require additional verification or adaptation of current commercial production 
systems. NOP and NOSB can evaluate whether L-lysine should be eligible under a strict annotation, while 
leaving product-specific approval to manufacturer documentation, certifier review, and compliance with the 
excluded methods prohibition. 
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Appendix I - Representative L-Lysine Feed Additive Source Documents 
Exhibit Index 

# Source / product Document included  Document Role 
1 Evonik - Biolys® Brochure / use 

instructions / nutritional 
matrix / product facts 

Supports feed-additive use, forms, handling, stability, 
and product facts. 

2 Evonik - BIOLYS® 
bulk 

Safety Data Sheet Supports safety, composition, handling, storage, and 
hazard information. 

3 ADM - Liquid L-
Lysine 50% 

Product sheet / use 
instructions 

Supports identity, fermentation-broth origin, use, 
handling, enclosed tank/metering system, and nitrogen-
efficiency statements. 

4 ADM - Liquid L-
Lysine 50% 

Liquid delivery system 
sheet 

Supports use/delivery system, handling, and feed-mill 
implementation. 

5 CJ Bio / CJ America - 
BestAmino™ L-
Lysine 

Leaflet / specification-
bearing product 
information 

Supports product forms and specifications for L-Lysine 
HCl, Lysine 70, Lysine 64, and liquid forms. 

6 CJ Bio America - L-
Lysine 
Monohydrochloride 
99% 

Safety Data Sheet Supports animal-feed use, hazard information, and 
supplier identity. 

7 CJ Europe - L-Lysine 
HCl Feed Grade 

Safety Data Sheet Useful as representative support for L-lysine HCl feed 
grade safety. 
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Endnotes and Source Verification Notes 
Verification note. The source list below consolidates the references provided in the petition package and 
preserves live links where URLs were available. Core USDA/NOP/NOSB, eCFR, FDA, university extension, and 
representative supplier/manufacturer sources were checked against their cited identity and use in the packet. 
eCFR links are retained to the official section pages; where automated access was limited, the section identity 
and relevant text were confirmed through accessible search results and official/mirror snippets. Supplier-facing 
documents remain representative and should be replaced or supplemented with final current supplier 
affidavits, labels, SDS, COAs, specifications, and excluded methods documentation before final submission if 
newer confidential supplier materials are obtained. 

Endnotes and Compiled References 
L-Lysine National List Petition Package 
Purpose. This appendix compiles the external references cited or identified across the L-lysine petition package 
for proposed addition of L-lysine to 7 CFR § 205.603(d) for use in organic poultry and swine feed. References are 
grouped by topic to help NOP assess completeness and to help NOSB members locate the regulatory, 
scientific, technical, and practical support for the petition record. 

Core USDA/NOP/NOSB and Federal Regulatory Sources 
1. USDA Agricultural Marketing Service. “How to File a Petition.” National List Petition Guidelines. 
https://www.ams.usda.gov/rules-regulations/organic/national-list/filing-petition 

2. USDA Agricultural Marketing Service. “The National List of Allowed and Prohibited Substances.” 
https://www.ams.usda.gov/rules-regulations/organic/national-list 

3. USDA AMS. National List of Allowed and Prohibited Substances overview. 
https://www.ams.usda.gov/rules-regulations/national-list-allowed-and-prohibited-substances 

4. USDA AMS. NOSB meetings page and public-comment process. 
https://www.ams.usda.gov/rules-regulations/organic/nosb/meetings 

5. USDA AMS. Petitioned substances index. 
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances 

6. USDA AMS. DL-Methionine petitioned-substances index. 
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/dl-methionine 

7. USDA AMS. Excluded Methods petitioned-substances index. 
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/excluded-methods 

8. USDA AMS. Livestock Subcommittee proposals archive. 
https://www.ams.usda.gov/rules-regulations/organic/nosb/subcommittees/livestock-proposals 

9. USDA AMS. National Organic Standards Board Meeting - Spring 2025. 
https://www.ams.usda.gov/event/national-organic-standards-board-nosb-meeting-spring-25 

10. USDA AMS. National Organic Standards Board Meeting - Spring 2026. 
https://www.ams.usda.gov/event/national-organic-standards-board-nosb-meeting-spring-2026 

https://www.ams.usda.gov/rules-regulations/organic/national-list/filing-petition
https://www.ams.usda.gov/rules-regulations/organic/national-list
https://www.ams.usda.gov/rules-regulations/national-list-allowed-and-prohibited-substances
https://www.ams.usda.gov/rules-regulations/organic/nosb/meetings
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/dl-methionine
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/excluded-methods
https://www.ams.usda.gov/rules-regulations/organic/nosb/subcommittees/livestock-proposals
https://www.ams.usda.gov/event/national-organic-standards-board-nosb-meeting-spring-25
https://www.ams.usda.gov/event/national-organic-standards-board-nosb-meeting-spring-2026
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11. USDA. Organic 101: Allowed and Prohibited Substances. 
https://www.usda.gov/about-usda/news/blog/organic-101-allowed-and-prohibited-substances 

12. eCFR. 7 CFR Part 205, National Organic Program. 
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205 

13. eCFR. 7 CFR § 205.2, Terms defined. 
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-A/section-205.2 

14. eCFR. 7 CFR § 205.105, Allowed and prohibited substances, methods, and ingredients in organic production 
and handling. 
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-B/section-205.105 

15. eCFR. 7 CFR § 205.238, Livestock health care practice standard. 
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-C/section-205.238 

16. eCFR. 7 CFR § 205.603, Synthetic substances allowed for use in organic livestock production. 
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.603 

17. eCFR. 7 CFR § 205.607, Amending the National List. 
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.607 

18. eCFR. 21 CFR § 582.5411, Lysine GRAS listing. 
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411 

19. FDA. Generally Recognized as Safe (GRAS) Notification Program for animal food/feed. 
https://www.fda.gov/animal-veterinary/animal-foods-feeds/generally-recognized-safe-gras-notification-
program 

20. Federal Register. National Organic Program; Amendment to the National List of Allowed and Prohibited 
Substances, Aug. 24, 2010. 
https://www.federalregister.gov/documents/2010/08/24/2010-20977/national-organic-program-amendment-
to-the-national-list-of-allowed-and-prohibited-substances 

21. Federal Register. National Organic Program; National List of Allowed and Prohibited Substances, Mar. 23, 
2026. 
https://www.federalregister.gov/documents/2026/03/23/2026-05598/national-organic-program-national-list-
of-allowed-and-prohibited-substances-per-october-2021-october 

NOSB Methionine, Amino Acid, and Excluded Methods Precedent 
22. National Organic Standards Board. “DL-Methionine Annotation Change Final Recommendation.” Oct. 24, 
2024. 
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf 

23. USDA National Organic Program. “Response to Fall 2024 NOSB Recommendations.” Jan. 8, 2025. 
https://www.ams.usda.gov/sites/default/files/media/NOPResponsetoNOSB__Fall2024.pdf 

24. NOSB. “DL-Methionine” final recommendation, 2015. 
https://www.ams.usda.gov/sites/default/files/media/LS%20MET%20Final%20Rec.pdf  

https://www.usda.gov/about-usda/news/blog/organic-101-allowed-and-prohibited-substances
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-A/section-205.2
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-B/section-205.105
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-C/section-205.238
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.603
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/section-205.607
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582/subpart-F/section-582.5411
https://www.fda.gov/animal-veterinary/animal-foods-feeds/generally-recognized-safe-gras-notification-program
https://www.fda.gov/animal-veterinary/animal-foods-feeds/generally-recognized-safe-gras-notification-program
https://www.federalregister.gov/documents/2010/08/24/2010-20977/national-organic-program-amendment-to-the-national-list-of-allowed-and-prohibited-substances
https://www.federalregister.gov/documents/2010/08/24/2010-20977/national-organic-program-amendment-to-the-national-list-of-allowed-and-prohibited-substances
https://www.federalregister.gov/documents/2026/03/23/2026-05598/national-organic-program-national-list-of-allowed-and-prohibited-substances-per-october-2021-october
https://www.federalregister.gov/documents/2026/03/23/2026-05598/national-organic-program-national-list-of-allowed-and-prohibited-substances-per-october-2021-october
https://www.ams.usda.gov/sites/default/files/media/LS_DLMethionineAnnotChangeFinalRec.pdf
https://www.ams.usda.gov/sites/default/files/media/NOPResponsetoNOSB__Fall2024.pdf
https://www.ams.usda.gov/sites/default/files/media/LS%20MET%20Final%20Rec.pdf
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25. NOSB. Methionine recommendation, 2008. 
https://www.ams.usda.gov/sites/default/files/media/Mth%20NOSB%20Final%20Recommendation%202008.p
df  

26. NOSB. Methionine recommendation, 2005. 
https://www.ams.usda.gov/sites/default/files/media/Mth%20Recommendation%202005.pdf  

27. NOSB. Petition for the amount of methionine recommendation. 
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20on%20Petition%20for%20the
%20Amount%20of%20Methionine.pdf  

28. NOSB Materials Subcommittee. Excluded Methods Final Recommendation, April 2022. 
https://www.ams.usda.gov/sites/default/files/media/MSExcludedMethodsFinalRecApril2022.pdf 

29. eOrganic. Synthetic Methionine and Organic Poultry Diets. 
https://eorganic.org/pages/69042/synthetic-methionine-and-organic-poultry-diets 

30. NCAT/ATTRA. Organic Poultry Production: Providing Adequate Methionine. 
https://www.ncat.org/publication/organic-poultry-production-providing-adequate-methionine/ 

31. USDA NIFA project summary. Fishing for a Novel Source of Methionine in Organic Poultry Feed. 
https://training-portal.nifa.usda.gov/web/crisprojectpages/1007117-fishing-for-a-novel-source-of-methionine-
in-organic-poultry-feed-exploring-the-potential-of-invasive-asian-carp-as-sustainable-fish-meal.html 

Poultry Nutrition, Amino Acid, and Organic Feed Sources 
32. Purdue Extension. Protein and Amino Acid Requirements for Poultry, AS-584-W. 
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf 

33. Washington State University. Protein and Amino Acid Requirements for Poultry. 
https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-
final.pdf 

34. University of Georgia Extension. Amino Acid Content in Organic Soybean Meal for the Formulation of 
Organic Poultry Feed. 
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-
formulation-of-organic-poultry-feed/ 

35. eOrganic. The Amino Acid Composition of Organic Soybean Meal for the Formulation of Organic Poultry 
Feed. 
https://eorganic.org/node/25491 

36. University of Georgia Extension. Amino Acids. 
https://poultry.caes.uga.edu/extension/poultry-nutrition/soybeans/amino-acids.html 

37. FAO. Poultry species overview. 
https://www.fao.org/poultry-production-products/production/poultry-species/en 

Swine Nutrition, L-Lysine Requirements, and Ideal Protein Formulation 
38. University of Nebraska-Lincoln. Swine Nutrition Guide. 
https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf 

https://www.ams.usda.gov/sites/default/files/media/Mth%20NOSB%20Final%20Recommendation%202008.pdf
https://www.ams.usda.gov/sites/default/files/media/Mth%20NOSB%20Final%20Recommendation%202008.pdf
https://www.ams.usda.gov/sites/default/files/media/Mth%20Recommendation%202005.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20on%20Petition%20for%20the%20Amount%20of%20Methionine.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20on%20Petition%20for%20the%20Amount%20of%20Methionine.pdf
https://www.ams.usda.gov/sites/default/files/media/MSExcludedMethodsFinalRecApril2022.pdf
https://eorganic.org/pages/69042/synthetic-methionine-and-organic-poultry-diets
https://www.ncat.org/publication/organic-poultry-production-providing-adequate-methionine/
https://training-portal.nifa.usda.gov/web/crisprojectpages/1007117-fishing-for-a-novel-source-of-methionine-in-organic-poultry-feed-exploring-the-potential-of-invasive-asian-carp-as-sustainable-fish-meal.html
https://training-portal.nifa.usda.gov/web/crisprojectpages/1007117-fishing-for-a-novel-source-of-methionine-in-organic-poultry-feed-exploring-the-potential-of-invasive-asian-carp-as-sustainable-fish-meal.html
https://www.extension.purdue.edu/extmedia/as/as-584-w.pdf
https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://wpcdn.web.wsu.edu/wp-puyallup/uploads/sites/346/2014/11/Protein-and-amino-acid-for-poultry-final.pdf
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-formulation-of-organic-poultry-feed/
https://fieldreport.caes.uga.edu/publications/C1140/amino-acid-content-in-organic-soybean-meal-for-the-formulation-of-organic-poultry-feed/
https://eorganic.org/node/25491
https://poultry.caes.uga.edu/extension/poultry-nutrition/soybeans/amino-acids.html
https://www.fao.org/poultry-production-products/production/poultry-species/en
https://animalscience.unl.edu/sites/unl.edu.ianr.casnr.animal-science/files/media/file/swinenutrition.pdf
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39. Kansas State University. Swine Nutrition Guide. 
https://www.asi.k-state.edu/extension/swine/swinenutritionguide/ 

40. Kansas State University. Amino Acids and Protein. 
https://www.asi.k-
state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/aminoacidsandprotein.html 

41. Kansas State University. Determining Other Amino Acid Requirements. 
https://www.asi.k-
state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/determiningotheraminoacidsrequi
rements.html 

42. Kansas State University. Diet Formulation. 
https://www.asi.k-
state.edu/extension/swine/swinenutritionguide/general_nutrition_principles/dietformulation.html 

43. Kansas State University. Estimating Nutrient Requirements. 
https://www.asi.k-
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