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Abstract

L-Arginine is an amino acid that is conditionally essential for mammalian neonates, some strict
carnivores, birds and fish. The subject of this opinion is a request for renewal of authorisation of L-
arginine produced by a strain of Corynebacterium glutamicum. The strain designation has changed to
its new deposition number, NITE SD 00285, but the strain is otherwise unchanged from the previous
opinion. It is not genetically modified and possesses no antibiotic resistance of safety concern. Minor
changes in downstream processing following fermentation have been made. The FEEDAP Panel notes
that two out of five batches did not meet the specification of the current authorisation (minimum 98%
on a dry matter basis). The FEEDAP Panel concludes that L-arginine produced by fermentation to
C. glutamicum NITE SD 00285 remains safe for the target species, consumers of products from
animals fed the additive and the environment under the approved conditions of authorisation. The
additive is considered as irritant to skin, corrosive to eyes and poses a risk by inhalation.
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1. Introduction

1.1. Background and Terms of Reference

Regulation (EC) No 1831/20031 establishes the rules governing the Community authorisation of
additives for use in animal nutrition. In particular, Article 14(1) of that Regulation lays down that an
application for renewal shall be sent to the Commission at the latest 1 year before the expiry date of
the authorisation.

The European Commission received a request from Kyowa Hakko Europe GmbH2 for renewal of the
authorisation of the product L-arginine produced with Corynebacterium glutamicum NITE SD 00285,
when used as a feed additive for all animal species (category: nutritional additives; functional group:
amino acids, their salts and analogues).

According to Article 7(1) of Regulation (EC) No 1831/2003, the Commission forwarded the
application to the European Food Safety Authority (EFSA) as an application under Article 14(1)
(renewal of the authorisation). The particulars and documents in support of the application were
considered valid by EFSA as of 25/01/2017.

According to Article 8 of Regulation (EC) No 1831/2003, EFSA, after verifying the particulars and
documents submitted by the applicant, shall undertake an assessment in order to determine whether
the feed additive complies with the conditions laid down in Article 5. EFSA shall deliver an opinion on
the safety for the target animals, consumer, user and the environment of the product L-arginine
produced by C. glutamicum NITE SD 00285 for all animal species, when used under the proposed
conditions of use (see Section 3.1.3).

1.2. Additional information

The current authorisation is for L-arginine 98% produced by C. glutamicum ATCC 13870 for all
animal species.3 The applicant is requesting the renewal of the authorisation for the product L-arginine
produced by fermentation using C. glutamicum NITE SD 00285. This strain was derived from the
parental strain ATCC 13870 (the one authorised) by classical mutagenesis, and it was the strain
evaluated in the previous application.4 The authorisation mentioned the parental strain ATCC 13870
and not the actual production strain.

The EFSA Scientific Panel on Additives and Products or Substances used in Animal Feed (FEEDAP)
issued several opinions on the safety and efficacy of the product containing L-arginine produced by
fermentation using either C. glutamicum strains (ATCC-13870, KCTC 10423BP, KCCM 80099, KCCM
10741P and KCCM 80182) or Escherichia coli strains (NITE BP-02186) for all animal species (EFSA,
2007a; EFSA FEEDAP Panel, 2016, 2017a, 2018a,b, 2019a).

L-Arginine (98%) produced by C. glutamicum KCTC 10423BP, KCCM 80099, KCCM 10741P and
E. coli NITE BP-02186 are also authorised as nutritional feed additives for all animals without any
restrictions (Commission implementing Regulations (EU) 2016/9725, 2018/1296, and 2019/12).7

The FEEDAP Panel issued one opinion on the safety and efficacy of the use of amino acids
(chemical group 34) when used as flavourings for all animal species (EFSA FEEDAP Panel, 2014).

The European Pharmacopoeia has a dedicated monograph (07/2014:0806) for arginine (European
Pharmacopeia, 2017).

1 Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use in
animal nutrition. OJ L 268, 18.10.2003, p. 29.

2 Kyowa Hakko Europe GmbH, Am Wehrhahn 50, D-40211 Dusseldorf, Germany.
3 Commission Regulation (EC) No 1139/2007 of 1 October 2007 concerning the authorisation of L-arginine as a feed additive. OJ
L 256, 11, 2.10.2007, p. 3.

4 FEED dossier reference: FAD-2006-0009.
5 Commission Implementing regulation (EU) 2016/972 of 17 June 2016 concerning the authorisation of L-arginine produced by
Corynebacterium glutamicum KCTC 10423BP as feed additive for all animal species. OJ L 161/18, 18.6.2016, p. 3.

6 Commission implementing regulation (EU) 2018/129 of 25 January 2018 concerning the authorization of L-arginine produced by
Corynebacterium glutamicum KCCM 80099 as feed additive for all animal species. OJ L 22/21, 26.1.2018, p. 3.

7 Commission implementing regulation (EU) 2019/12 of 3 January 2019 concerning the authorisation of L-arginine as a feed
additive for all animal species. OJ L 2/21, 4.1.2019. p. 6.
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2. Data and methodologies

2.1. Data

The present assessment is based on data submitted by the applicant in the form of a technical
dossier8 in support of the authorisation request for the use of L-arginine produced by fermentation with
C. glutamicum NITE SD 00285 as a feed additive.

The FEEDAP Panel used the data provided by the applicant together with data from other sources,
such as previous risk assessments by EFSA or other expert bodies, peer-reviewed scientific papers,
other scientific reports, to deliver the present output.

The European Union Reference Laboratory (EURL) considered that the conclusions and
recommendations reached in the previous assessment are valid and applicable for the current
application.9

2.2. Methodologies

The approach followed by the FEEDAP Panel to assess the safety of L-arginine produced by
fermentation using C. glutamicum NITE SD 00285 is in line with the principles laid down in Regulation
(EC) No 429/200810 and the relevant guidance documents: Guidance on the identity, characterisation
and conditions of use of feed additives (EFSA FEEDAP Panel, 2017b), Guidance on the renewal of the
authorisation of feed additives (EFSA FEEDAP Panel, 2013), Guidance on the characterisation of
microorganisms used as feed additives or as production organisms (EFSA FEEDAP Panel, 2018c) and
the Guidance on studies concerning the safety of use of the additive for users/workers (EFSA FEEDAP
Panel, 2012).

3. Assessment

The additive L-arginine is currently authorised by Commission Regulation (EC) No 1139/200711 as
additive in feed for all animal species, under the category of nutritional additives and the functional
group of amino acids, their salts and analogues when produced by C. glutamicum ATCC 13870 and
containing a minimum of 98% L-arginine.

In the framework of the renewal of the authorisation, the applicant has applied for the renewal of
L-arginine as a nutritional additive in feed for all animal
species, although no changes in the production strain have taken place since the previous
assessment.14

L-Arginine is considered as a non-essential amino acid for most adult mammalian species including
humans, but it is classified as essential for birds, fish, possibly reptiles and also for strict carnivores.
For mammalian neonates, it is also considered to be essential.

3.1. Characterisation

3.1.1. Characterisation of the active substance/additive

The product L-arginine is authorised to have ≥ 98% arginine on dry matter basis.

8 FEED dossier reference: FAD-2016-0071.
9 The full report is available on the EURL website: https://ec.europa.eu/jrc/sites/jrcsh/files/FinRep-FAD-2006-0009.pdf
10 Commission Regulation (EC) No 429/2008 of 25 April 2008 on detailed rules for the implementation of Regulation (EC)

No 1831/2003 of the European Parliament and of the Council as regards the preparation and the presentation of applications
and the assessment and the authorisation of feed additives. OJ L 133, 22.5.2008, p. 1–65.

11 Commission Regulation (EC) No 1139/2007 of 1 October 2007 concerning the authorisation of L-arginine as feed additive. OJ
L 256, 2.10.2007, p. 11–13.

14 Technical dossier/Supplementary information July 2017/L-Arg response, reply to question 6.
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The Panel considers that the changes introduced to the production process since the 2007
authorisation are not expected to have an effect on the safety of the additive.

The applicant provided data on batch to batch variation of five batches of the additive. Average
content of arginine ‘as is’ was 83.2% (ranging from 82.1 to 84.1%).17 Moisture was on average 15.1%
(ranging from 14.6% to 16.4%). This resulted in an average arginine content of 98% (ranging from
96.4% to 99.2%) on a dry matter basis. Two of the five batches analysed did not comply with the
specification.

The product was confirmed to be the L-enantiomer of arginine from its specific optical rotation in
three batches (range +26.9 to +27.2�, compared to European Pharmacopoeia values of +25.5 to
+28.5� (European Pharmacopeia, 2017)).18

Heavy metals and arsenic were analysed in five batches of the final product. Cadmium and lead
were below the limit of detection (LOD).19 Mercury ranged from LOD to 0.03 mg/kg and arsenic was
also under LOD.20 Polychlorinated dibenzodioxins and dibenzofurans (PCDD/F) and dioxin-like
polychlorinated biphenyls (PCBs) were analysed in three batches of the final product. PCDD/F and sum
of PCDD/F and PCBs were in all cases < 0.1 ng toxic equivalents (TEQ)/kg (LOD).21

Microbial contamination was studied in three batches. Salmonella spp. were absent in 25 g
samples. Total aerobic count ranged from < 103 to 8 9 103 colony forming units (CFU)/g. Yeasts and
filamentous fungi were < 100 CFU/g and Enterobacteriaceae < 10 CFU/g.22 Three batches were
analysed for mycotoxins (aflatoxin B1, B2, G1, G2; fumonisin B1, B2; ochratoxin, deoxynivalenol (DON)
and zearalenone). All analytical values were below the LOD.23

The taxonomic classification of the strain has been confirmed as belonging to the species
C. glutamicum

The production strain has been deposited in the Biological Resource Centre of the
National Institute of Technology and Evaluation of Japan (NBRC) with the access number NITE SD
00285.25

The susceptibility of the production strain to the antimicrobials listed in the guidance on
characterisation of microorganisms used as feed additives or as production organisms (EFSA FEEDAP
Panel, 2018c) was tested.

No viable cells were detected in three batches of the final product when 20 lL of 100 g/L product
suspended in sterile water were plated on an appropriate growth medium, at 37�C for 48 h.27

The additive is a solid, white, odourless powder, with a pH of 10.5–12 (10% solution).28 The bulk
density, measured in three batches, ranged from 555 to 625 kg/m3 untapped and from 769 to 833 kg/m3

when tapped.29

17 Technical dossier/Supplementary information September 2018/Annex A, analytical method was EU official method (Regulation
152/2009).

18 Technical dossier/Sin July 2017/Annex A. European Pharmacopoeia (9th Edition) monograph 07/2014:0806.
19 Technical dossier/Supplementary information July 2017/Annex C. LOD (in mg/kg) of cadmium and mercury was < 0.01, the

one of lead < 0.05, and the one of arsenic < 0.1.
20 Technical dossier/Section II/Annex 2.3.
21 Technical dossier/Supplementary information July 2017/Annex B and supplementary information September 2018/Applicant

response and Annex B.
22 Technical dossier/Supplementary information July 2017/Annex B.
23 Technical dossier/Section II/Annex 2.5. LOD (in µg/kg) was 0.5 for each aflatoxin, 1 for ochratoxin, 10 for zearalenone, 20 for

each fumonisin and 100 for the DON.

25 Technical dossier/Section II/Annex 2.1.

27 Technical dossier/Supplementary information July 2017/Annex F.
28 Technical dossier/Section II/Annex 2.22.
29 Technical dossier/Section II/Annex 2.10.
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The dusting potential was analysed in three batches (Stauber–Heubach) and ranged from 2.3 to
2.8 g/m3.30

Three batches of the final product were analysed by laser diffraction to determine the particle size
distribution.31 The fraction of particles having a diameter of less than 100 or 50 lm ranged from 0 to
32% and from 0 to 10%, respectively. No particles were found < 10 lm.

3.1.2. Stability and homogeneity

Shelf life and stability in premixtures for piglet and sows feed were already assessed in the former
opinion. The new data submitted on the stability were the following:

Stability in premixtures

The stability of the additive (three batches) was studied in a vitamin/mineral premixture for
chickens for fattening containing choline chloride (15 g/kg). Arginine was supplemented at 20%.
Samples were stored in polyethylene bottles at ambient temperature for 3 months. Losses ranged
from 0 to 3.4%.

The stability of the additive (one batch) was studied when supplemented at 20% in a vitamin
mineral premixture (containing choline chloride) for salmon feed ‘without vegetal carrier or
supplemented protein sources’.32 Samples were packaged in polyethylene bottles and stored at
ambient temperature for six months. No losses were observed.

Stability in feedingstuffs

The stability of the additive (one batch) was studied when supplemented at 1.1% in complete feed
for piglets (with and without calcium propionate), and in complete feed for sows.33 Basal diets
consisted on wheat and corn (piglet feed) or wheat, rye and wheat middlings (sow feed). Temperature
of conditioning was about 60�C. Pelleting was performed at 1.8 bar and about 73�C. The pelleting
process represented about 6% arginine loss in sow feed (not observed in piglet feed). No losses were
observed after 12 months’ storage. Certificates of analysis were not provided. Total arginine was
measured. Loss of added L-arginine was calculated by subtracting the arginine content of the basal
feed.

The stability of the additive (one batch) was studied in a meal, kernel and pelleted feed for salmon
(containing choline chloride).32 The basal diet contained wheat, soya protein concentrate, fish oil,
sunflower meal and rapeseed oil. Total arginine (3.73%) was analysed and the free arginine was
calculated as before. Supplemented at 1% in feed and addition of 13.5% oil coated to the kernel. To
achieve this, 1.16% arginine was added to the dry meal mix. Finished dry mash was conditioned at
75�C and 2 bar pressure and extruded at 110–130�C and 20 bar pressure. Losses during feed
processing were observed after extrusion and were of 5%. Samples were stored in polyethylene
bottles at room temperature for 3 months. The observed loss in mash, kernel and pelleted feed after 3
months storage was 21.6%, 12.7% and 0.6%, respectively.

Homogeneity

The capacity of the additive (one batch) to distribute homogeneously in a feed for salmon (kernel
and pellet) was studied in 10 subsamples. Total arginine was analysed and the free arginine was
calculated as above. The coefficient of variation was 13% in kernel feed and 16% in pelleted feed.32

30 Technical dossier/Section II/Annex 2.9.
31 Technical dossier/Section II/Annex 2.8.
32 Technical dossier/Section II/Annex 2.20.
33 Technical dossier/Section II/Annex 2.18.

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 7 EFSA Journal 2019;17(6):5720



3.1.3. Conditions of use

The current application is for L-arginine as a nutritional additive to feed for all animal species and
categories without maximum content in feed or time of administration. No inclusion levels are
proposed as the requirements in quantitative terms depend on the species, the physiological state of
the animal, the performance level and the environmental conditions, as well as the amino acid
composition of the unsupplemented diet.35

3.2. Safety

In the previous opinion, the FEEDAP Panel concluded that L-arginine under assessment was
considered safe for the target species, consumer and the environment. It was considered an irritant to
persons handling the additive.

C. glutamicum is regarded by EFSA to be suitable for the Qualified Presumption of Safety (QPS)
approach to safety assessment only when used as production organism (EFSA, 2007b; EFSA BIOHAZ
Panel, 2019b). This approach requires the identity of the strain to be conclusively established and
evidence that it does not show acquired resistance to antibiotics of human and veterinary importance.
The identity of the production strain has been established as C. glutamicum and the absence of
acquired resistance was demonstrated so the qualifications were met. Consequently, the production
strain NITE SD 00285 used for production purposes is presumed safe for the target species,
consumers of products derived from animals fed the additive and the environment.

The applicant conducted two literature searches. One was not further considered due to the poor
reporting of the process.36 The second literature search was performed using the Web of Science
platform of databases.37 The time span covered was January 2006 to June 2018. Titles and abstracts
were screened to eliminate obvious irrelevant scientific papers. The full text was then submitted to
inclusion criteria: arginine supplemented in diet and end points relevant to safety (performance, blood
parameters, production and reproduction). Exclusion criteria were non-dietary administration; induced
infection, stress or other response; administration only as a blend with other substances; basal diets
with nutritional imbalances; studies on receptor response; acute administration to induce blood flow or
physiological response only. The search terms used were ‘arginine’ in combination with different
animal/groups of animal species and synonyms related to these species (e.g. for poultry, synonyms
were chicken, duck quail, breeder, pullet, hen (including laying) and turkey). The Panel notes that the
search applied did not included specific terms for the production strain or addressing safety other than
target species. The references of this literature search are listed in Appendix A.

As a result of the literature review conducted by the applicant, 94 full papers were submitted and
89 were considered relevant. Most of the papers concerned the effects of different supplementation
levels on animal performance (e.g. weight gain, feed conversion efficiency, reproductive parameters)
but in none of these publications adverse events or safety issues concerning L-Arginine produced using
C. glutamicum NITE SD 00285 the additive were reported.

With regard to the user safety, the Panel notes that the high dusting potential (up to 2.8 g/m3),
indicates that exposure by inhalation is possible. Moreover, the product has a high pH of 10.5–12
(10% solution) and it is considered irritant to skin, corrosive to eyes and therefore poses a risk by
inhalation.

Taking into account that the additive is produced by a QPS microorganism, that the production
process has not been substantially modified and that no adverse effects have been reported in the
literature search, the FEEDAP Panel considers that there is no evidence to reconsider the conclusions
reached in previous assessments. Therefore, the additive is considered safe for target species,
consumers of products from animals fed the additive and the environment. It is considered as irritant
to skin, corrosive to eyes and poses a risk by inhalation.

3.3. Efficacy

The present application for renewal of the authorisation does not include a proposal for amending
or supplementing the conditions of the original authorisation that would have an impact on the efficacy
of the additive. Therefore, there is no need for assessing the efficacy of the additive in the context of
the renewal of the authorisation.

35 Technical dossier/Section 2.5.1.
36 Technical dossier/Supplementary information July 2017/Appendixes G, H, I and J.
37 Technical dossier/Supplementary information September 2018/Annex D and Annex C.
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3.4. Post-market monitoring

The FEEDAP Panel considers that there is no need for specific requirements for a post-market
monitoring plan other than those established in the Feed Hygiene Regulation38 and Good
Manufacturing Practice.

4. Conclusions

The FEEDAP Panel notes that two out of five batches did not meet the specification of the current
authorisation (minimum 98% on a dry matter basis).

The FEEDAP Panel concludes that L-arginine produced by fermentation to C. glutamicum NITE SD
00285 remains safe for the target species, consumers of products from animals fed the additive and
the environment under the approved conditions of authorisation. The additive is considered as irritant
to skin, corrosive to eyes and poses a risk by inhalation.

5. Recommendations

The FEEDAP Panel notes that the authorisation should reflect the actual production strain
C. glutamicum NITE SD 00285’.

Chronology

Date Event

24/11/2016 Dossier received by EFSA. L-Arginine produced with Corynebacterium glutamicum. Submitted by
Kyowa Hakko Europe GmbH

24/11/2016 Reception mandate from the European Commission

25/01/2017 Application validated by EFSA – Start of the scientific assessment
23/02/2017 Request of supplementary information to the applicant in line with Article 8(1)(2) of Regulation

(EC) No 1831/2003 – Scientific assessment suspended. Issues: characterisation of the additive and
the production strain, manufacturing process, safety

25/04/2017 Comments received from Member States
21/07/2017 Reception of supplementary information from the applicant - Scientific assessment re-started

24/10/2017 Request of supplementary information to the applicant in line with Article 8(1)(2) of Regulation
(EC) No 1831/2003 – Scientific assessment suspended. Issues: characterisation of the additive

23/01/2018 Reception of supplementary information from the applicant - Scientific assessment re-started

26/04/2018 Request of additional supplementary information to the applicant in line with Article 8(1)(2) of
Regulation (EC) No 1831/2003 – Scientific assessment suspended. Issues: characterisation of the
additive, safety

20/09/2018 Reception of supplementary information from the applicant - Scientific assessment re-started

14/05/2019 Opinion adopted by the FEEDAP Panel. End of the Scientific assessment
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Appendix A – List of relevant references retrieved from the second
literature search provided by the applicant to support safety of the
additive

A.1. Safety for the target species

A.1.1. Poultry

Al-Daraji HJ and Salih AM, 2012a. The influence of dietary arginine supplementation on blood traits of
broiler chikens. Journal of Nutrition, 11, 258–264.

Al-Daraji HJ and Salih AM, 2012b. Effects of dietary L-arginine on carcass traits of broilers. Research
Opinions in Animal and Veterinary Sciences, 2, 40–43.

Ball RO, Urschel KL and Pencharz PB, 2007. Nutritional consequences of interspecies differences in
arginine and lysine metabolism. The Journal of Nutrition, 6th amino acid assessment workshop.

Bulbul T, Ulutas E and Evcimen M, 2015. Effects of dietary supplementation of arginine and
lysine on performance and egg quality characteristics of laying quails. Ankara Univ Vet Fak
Derg, 62, 307–312.

Duan X, Li F, Mou S, Feng J, Liu P and Xu L, 2015. Effects of dietary L-arginine on laying performance
and anti-oxidant capacity of broiler breeder hens, eggs, and offspring during the late laying period.
Poultry Science, 94, 2938–2943.

Ebrahimi M, Zare Shahneh A, Shivazad M, Ansari Pirsaraei Z, Tebianian M, Ruiz-Feria CA, Adibmoradi
M, Nourijelyani K and Mohamadnejad F, 2014. The effect of feeding excess arginine on lipogenic
gene expression and growth performance in broilers. British Poultry Science, 55, 81–88.

Emadi M, Kaveh K, Bejo MH, Ideris A, Jahanshiri F, Ivan M and Alimon RA, 2010. Growth performance
and blood parameters as influenced by different levels of dietary arginine in broiler chickens.
Journal of Animal and Veterinary Advances, 9, 70–74.

Emadi M, Jahanshiri F, Kaveh K, Hair-Bejo M, Ideris A and Alimon AR, 2011. Nutrition and immunity:
the effects of the combination of arginine and tryptophan on growth performance, serum
parameters and immune response in broiler chickens challenged with infectious bursal disease
vaccine. Avian Pathology, 40, 63–72.

Fascina VB, Pasquali GAM, Berto DA, da Lapa Silva A, Garcia EA, Pezzato AC, Gonzales E and Sartori
JR, 2017. Effects of arginine and phytogenic additive supplementation on performance and health
of brown-eggs layers. Revista Brasileira de Zootecnia, 46, 502–514.

Fernades JIM, Murakami AE, Gomes de Souza LM, Ospina-Rojas IC and Rossi RM, 2013. Effect of
arginine supplementation of broiler breeder hens on progeny performance. Canadian Journal of
Animal Science, 94, 313–321.

Foye OT, Ferket PR and Uni Z, 2017. The effects of in ovo feeding arginine, b-hydroxy-b-methyl-
butyrate, and protein on jejunal digestive and absorptive activity in embryonic and neonatal turkey
poults. Poultry Science, 86, 2343–2349.

Jiao P, Guo Y, Yang X and Long F, 2010. Effects of dietary arginine in methionine levels on broiler
carcass traits and meat quality. Journal of Animal and Veterinary Advances, 9, 1546–1551.

Khalaji F, Tahmasebi M, Hassanpour H, Akbari MR, Qujeq D and Wideman RF, 2011. Effects of
supplementation of canola meal-based diets with arginine on performance, plasma nitric oxide, and
carcass characteristics of broiler chickens grown at high altitude. Poultry Science, 90, 2287–2294.

Khalaji S, Zaghari M, Ganjkhanloo M and Ghaziani F, 2013a. Arginine, soy isoflavone and
hydroxypropylmethylcellulose have protective effects against obesity in broiler breeder hens fed on
high-energy diets. British Poultry Science, 54, 766–779.

Khalaji F, Basoo H and Faraji M, 2013b. Estimation of arginine requirements for male broilers grown at
high altitude from one to twenty-one days of age. Journal of Agricultural Science and Technology,
15, 911–917.

Khalaji F, Moghaddam MH and Hassanpour H, 2014. An L-arginine supplement improves broiler
hypertensive response and gut function in broiler chickens reared at high altitude. International
Journal of Biometerology, 58, 1175–1179.

Kodambashi Emmami N, Golian A, Rhoads DD and Danesh Mesgaran M, 2017. Interactive effects of
temperature and dietary supplementation of arginine or guanidinoacetic acid on nutritional and
physiological responses in male broiler chickens. British Poultry Science. 8 pp. https://doi.org/10.
1080/00071668.2016.1257779

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 12 EFSA Journal 2019;17(6):5720

https://doi.org/10.1080/00071668.2016.1257779
https://doi.org/10.1080/00071668.2016.1257779


Liebold MA, Halle I, Frahm J, Schrader L, Weigend S, Preisinger R and D€anicke S, 2016a. Effects of
Long-term graded L-arginine supply on growth development, egg laying and egg quality in four
genetically diverse purebred layer lines. Japan Poultry Science Association, 53, 8–21. https://doi.
org/10.2141/jpsa.0150067

Liebold MA, Halle I, Frahm J, Schrader L, Weigend S, Preisinger R, Breves Gerhard and D€anicke S,
2016b. Effects of graded dietary L-arginine supply on organ growth in four genetically diverse layer
lines during rearing period. Japan Poultry Science Association, 53, 136–148. https://doi.org/10.
2141/jpsa.0150131

Li X, Bazer W, Johnson GA, Burghardt RC, Erikson DW, Frank JW, Spencer TE, Shinzato I and Wu G,
2010. Dietary supplementation with 0.8% L-arginine between days 0 and 25 of gestation reduces
litter size in gilts. The Journal of Nutrition. Nutrient Physiology, Metabolism, and Nutrient-Nutrient
Interactions, 140, 1111–1116.

Maur�ıcio TV, de Vargas Junior JG, de Souza MF, Amaral Barboza W, de Carvalho Nunes L, Ribeiro
Nobre Soares RT and da Silva Nascimento H, 2016. Digestible arginine concentrations in the diet of
Japanese quails Digestible arginine levels in diets for Japanese quails. Semina: Ciências Agr�arias,
Londrina, v. 37, n. 4, suplemento 1, p. 2453-2462. https://doi.org/10.5433/1679-0359.2016v37
n4supl1p2453

Murakami AE, Fernandes JIM, Hernandes L and Santos TC, 2012. Effects of starter diet
supplementation with arginine on broiler production performance and on small intestine
morphometry. Pesquisa Veterin�aria Brasileira, 32, 259-266.

Oso AO, Williams GA, Oluwatosin OO, Bamgbose AM, Adebayo AO, Olowofeso O, Pirgozliev V,
Adegbenjo AA, Osho SO, Alabi JO, Li F, Liu H, Yao K and Xin W, 2017a. Growth performance,
nutrient digestibility, metabolizable energy, and intestinal morphology of growing turkeys fed diet
supplemented with arginine. Livestock Science, 198, 24–30. https://doi.org/10.1016/j.livsci.2017.01.
018

Oso AO, Williams GA, Oluwatosin OO, Bamgbose AM, Adebayo AO, Olowofeso O, Pirgozliev V,
Adegbenjo AA, Osho SO, Alabi JO, Li F, Liu H, Yao K and Xin W, 2017b. Effects of dietary
supplementation with arginine on haematological indices, serum chemistry, carcass yield, gut
microflora, and lymphoid organs of growing turkeys. Livestock Science, 198, 58–64. https://doi.org/
10.1016/j.livsci.2017.02.005

Wang C, Xie M, Huang W, Xie JJ, Tang J and Hou SS, 2012. Research Note Arginine requirements of
White Pekin ducks from 1 to 21 days of age. Poultry Science, 92, 1007–1010. https://doi.org/10.
3382/ps.2012-02596

Wang C, Xie M, Huang W, Xie JJ, Tang J and Hou SS, 2013a. Research Note Arginine requirements of
White Pekin ducks from 1 to 21 days of age. Poultry Science, 92, 1007–1010. https://doi.org/10.
3382/ps.2012-02596

Wang C, Xie M, Huang W, Yu JY, Feng YL and Hou SS, 2013b. Dietary arginine from 15 to 35 days of
age affects feed intake and carcass yield in White Pekin ducks. Animal Production Science, 53,
1041–1045. https://doi.org/10.1071/an1216

Wang C, Hou SS, Huang W, Xu TS, Rong GH and Xie M, 2014. Arginine affects appetite via nitric oxide
in ducks. Poultry Science, 93, 2048–2053. https://doi.org/10.3382/ps.2013-03812

Silva LMGS, Murakami AE, Fernandes JIM, Dalla Rosa D and Urgnani JF, 2012. Effects of dietary
arginine supplementation on broiler breeder egg production and hatchability. Brazilian Journal of
Poultry Science, 14, 233–273.

Xia W, Fouad AM, Chen W, Ruan D, Wang S, Fan Q, Wang Y, Cui Y and Zheng C, 2016. Estimation of
dietary arginine requirements for Longyan laying ducks. Poultry Science, 00, 1–7. https://doi.org/10.
3382/ps/pew205

Xu YQ, Guo YW, Shi BL, Yan SM and Guo XY, 2018. Dietary arginine supplementation enhances the
growth performance and immune status of broiler chickens. Livestock Science, 209, 8–13. https://d
oi.org/10.1016/j.livsci.2018.01.001

Yang H, Ju X, Wang Z, Yang Z, Lu J and Wang W, 2016. Effects of arginine supplementation on organ
development, egg quality, serum biochemical parameters, and immune status of laying hens.
Brazilian Journal of Poultry Science, 18, 181–186. https://doi.org/10.1590/1516-635x1801181-186

Yuan, C, Li JM, Ding Y, He Q, Yan HX, Lu JJ and Zou XT, 2015. Estimation of L-arginine requirement for
Xinyang Black laying hens from 33 to 45 weeks of age. Journal of Applied Poultry Research, 24,
463–469. https://doi.org/10.3382/japr/pfv049

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 13 EFSA Journal 2019;17(6):5720

https://doi.org/10.2141/jpsa.0150067
https://doi.org/10.2141/jpsa.0150067
https://doi.org/10.2141/jpsa.0150131
https://doi.org/10.2141/jpsa.0150131
https://doi.org/10.5433/1679-0359.2016v37n4supl1p2453
https://doi.org/10.5433/1679-0359.2016v37n4supl1p2453
https://doi.org/10.1016/j.livsci.2017.01.018
https://doi.org/10.1016/j.livsci.2017.01.018
https://doi.org/10.1016/j.livsci.2017.02.005
https://doi.org/10.1016/j.livsci.2017.02.005
https://doi.org/10.3382/ps.2012-02596
https://doi.org/10.3382/ps.2012-02596
https://doi.org/10.3382/ps.2012-02596
https://doi.org/10.3382/ps.2012-02596
https://doi.org/10.1071/an1216
https://doi.org/10.3382/ps.2013-03812
https://doi.org/10.3382/ps/pew205
https://doi.org/10.3382/ps/pew205
https://doi.org/10.1016/j.livsci.2018.01.001
https://doi.org/10.1016/j.livsci.2018.01.001
https://doi.org/10.1590/1516-635x1801181-186
https://doi.org/10.3382/japr/pfv049


A.2. Pigs

Anderson LC, Lewis AJ, Peo ER and Crenshaw JD, 1984a. Effect of various dietary arginine: Lysine
ratios on performance, carcass composition and plasma amino acid concentrations of growing-
finishing swine. Journal of Animal Science, 58, 362–368.

Anderson LC, Lewis AJ, Peo ER and Crenshaw JD and Butler W, 1984b. Effects of excess arginine with
and without supplemental lysine on performance, plasma amino acid concentrations and nitrogen
balance of young swine. Journal of Animal Science, 58, 369–377.

Ball RO, Urschel KL and Pencharz PB, 2007. Nutritional consequences of interspecies differences in
arginine and lysine metabolism. The Journal of Nutrition, 6th amino acid assessment workshop.

Bass B, Bradley C, Johnson Z, Zier-Rush C, Boyd RD, Usry J, Maxwell Ch and Frank J, 2017. Influence
of dietary L-arginine supplementation of sows during late pregnancy on piglet birth weight and sow
and litter performance during lactation. Journal of Animal Science, 95, 248–256. https://doi.org/10.
2527/jas.2016.0986.

Berart J and Bee G, 2010. Effects of dietary L-arginine supplementation to gilts during early gestation
on foetal survival, growth and myofiber formation. Animal, 4, 1680–1687.

Bergeron N, Robert C and Guay F, 2013. Antioxidant status and inflammatory response in weanling
piglets fed diets supplemented with arginine and zinc. Canadian Journal of Animal Science, 94, 87–
97.

Che L, Yang P, Fang z, Lin Y and Wu D, 2013. Effects of dietary arginine supplementation on
reproductive performance and immunity of sows. Czech Journal of Animal Science, 4, 167–175.

De Konig DB, Laurenssen BFA, Koopmanschap RE, van Grevenhof EM, van Weeren PR, Hazeleger W
and Kemp B, 2016. Effects of a high carbohydrate diet and arginine supplementation during the
rearing period of gilts on osteochondrosis prevalence at slaughter. Livestoc Science, 188, 91–102.

Gao K, Jiang Z, Lin Y, Zheng Ch, Zhou G, Chen F, Yang L and Wu G, 2011. Dietary L-arginine
supplementation enhances placental growth and reproductive performance in sows. Amino Acids,
42, 2207–2214.

Getty CM, Almeida FN, Baratta AA and Dilger RN, 2015. Plasma metabolomics indicates metabolic
perturbations in low birth weight piglets supplemented with arginine. Journal of Animal Science, 93,
5754–5763.

Guo P, Jiang ZY, gao KG, Wang L, Yang XF, Hu YJ, Zhang J and Ma XY, 2017. Low-level arginine
supplementation (0.1%) of wheat-based diets in pregnancy increases the total and live-born litter
sizes in gilts. Animal Production Science, 57, 1091–1996. https://doi.org/10.1071/an15156

Hagemeier DL, Libal GW and Wahlstrom RC, 1983. Effects of excess arginine on swine growth and
plasma amino acid levels. Journal of Animal Science, 57, 99–105.

Hernandez A, Hansen CF, Mullan BP and Pluske JR, 2009. L-arginine supplementation of milk liquid or
dry diets fed to pigs after weaning has a positive effect on production in the first three weeks after
weaning at 21 days of age. Animal Feed Science and Technology, 154, 102–111.

Herring CM, 2017. 074 Dietary supplementation with arginine between days 14 and 30 of gestation
enhances survival and development of conceptuses in gilts. Journal of animal science, 95, 37 pp.
https://doi.org/10.2527/asasann.2017.074

Hu S, Li X, Rezaei R, Meininger CJ, McNeal CJ and Wu G, 2015. Safety of long-term dietary
supplementation with L-arginine in pigs. Amino Acids, 47, 925–936.

Hu CJ, Jiang QY, Zhang T, Yin YL, Li, FN, Deng JP, Wu GY and Kong F, 2017. Dietary supplementation
with arginine and glutamic acid modifies growth performance, carcass traits, and meat quality in
growing-finishing pigs. Journal of Animal Science, 95, 2680–2689.

Kalbe C, Berard J, Porm M, Rehfeld Ch and Bee G, 2013. Maternal L-arginine supplementation during
early gestation affects foetal skeletal myogenesis in pigs. Livestock Science, 157, 322–329.

Kim, SW, McPherson RL and Wu G, 2004. Dietary arginine supplementation enhances the growth of
milk-fed young pigs. Nutrient Requirements, 134, 625–630.

Kim SW, Mateo RD, Wu G, Carroll JA and Shinzato I, 2006. Dietary L-arginine supplementation affects
immune status of pregnant gilts. The FASEB Journal, 20, A424–A424.

Krogh U, Oksbjerg N, Ramaekers P and Theil PK, 2016. Long-term effects of maternal arginine
supplementation and colostrum intake on pre- and postweaning growth in pigs. Journal of Animal
Science, 94, 117–120.

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 14 EFSA Journal 2019;17(6):5720

https://doi.org/10.2527/jas.2016.0986
https://doi.org/10.2527/jas.2016.0986
https://doi.org/10.1071/an15156
https://doi.org/10.2527/asasann.2017.074


Li X, Bazer FW, Johnson GA, Burghardt RC, Erikson DW, Frank JW, Spencer TE, Shinzato I and Wu G,
2010. Dietary supplementation with 0.8% L-arginine between days 0 and 25 of gestation reduces
litter size in gilts. The Journal of Nutrition, 140, 1111–1116.

Li X, Bazer FW, Johnson GA, Burghardt RC, Erikson DW, Frank JW, Wang J and Wu G, 2011. Impacts
of dietary supplementation with L-arginine between days 14 and 25 of gestation on the
reproductive performance of gilts. Biology of Reproduction, 85.

Li X, Bazer F, Johnson G, Burghardt R, Frank J, Dai Z, Wang J, Xhinzato I and Wu G, 2013. Dietary
supplementation with L-arginine between days 14 and 25 of gestation enhances litter size in gilts.
The FASEB Journal, 27.

Li X, Bazer FW, Johnson GA, Burghardt RC, Frank JW, dai Z, Wang J, Wu Z, Shinzato I and Wu G,
2014. Dietary supplementation with L-arginine between days 14 and 25 of gestation enhances
embryonic development and survival in gilts. Amino Acids, 46, 375–384.

Li X, Xia H, Yao W, Wang T, Li J, Piao X, Thacker P, Wu G and Wang F, 2015. Effects of arginine
supplementation during early gestation (day 1 to 30) on litter size and plasma metabolites in gilts
and sows. Journal of Animal Science, 93, 5291–5303. https://doi.org/10.2527/jas2014-8657

Long DW, Wu N, He W, Nawaratna G, Long BD, Bin W, Hu S and Wu G, 2017. Oral administration of L-
arginine hydrochloride to low-birth-weight piglets improves their growth and survival. Journal of
Animal Science, 95, 57. https://doi.org/10.2527/asasann.2017.115

Madeira MS, Rolo EA, Lopes PA, Ramos DA, Alfaia CM, Pires VMR, Martins SV, Pinto RMA and Prates
JAM, 2017. Betaine and arginine supplementation of low protein diets improves plasma lipids but
does not affect hepatic fatty acid composition and related gene expression profiling in pigs. Journal
of the Science of Food and Agriculture, 98, 598–608.

Madsen JG, Seoni E, Kreuzer M, Silacci P and Bee G, 2018a. Influence of L-carnitine and L-arginine on
protein synthesis and maturation of the semitendinosus muscle of lightweight piglets. Journal of
Animal Physiology and Animal Nutrition, 102, 440–451.

Madsen JG, Mueller S, Kreuzer M, Bigler MB, Silacci P and Bee G, 2018b. Milk replacers supplemented
with either L-arginine or L-carnitine potentially improve muscle maturation of early reared low birth
weight piglets from hyperprolific sows. Animal, 1–11. https://doi.org/10.1017/s175173111700132x

Ma X, Lin Y, Jiang Z, Zheng C, Zhou G, You D, Cao T, Wang J and Chen F, 2010. Dietary arginine
supplemenation enhances antioxidative capacity and improves meat quality of finishing pigs. Amino
Acids, 38, 95–102. https://doi.org/10.1007/s00726-008-0213-8

Mateo RD, Wu G, Bazer FW, Park JC, Shinzato I and Kim SW, 2007. Dietary L-arginine supplementation
enhances the reproductive performance of gilts. The Journal of Nutrition, 137, 652–656.

Mateo RD, Wu G, Moon HK, Carrol JA and Kim SW, 2008. Effects of dietary arginine supplementation
during gestation and lactation on the performance of lactating primiparous sows and nursing
piglets. Journal of Animal Science, 86, 827–835. https://doi.org/10.2527/jas.2007-0371

Palencia JYP, Lemes MAG, Garbossa CAP, Abreu MLT, Pereira LJ and Zangeronimo MG, 2016. Arginine
for gestating shows and foetal development: A systematic review. Journal of Animal Physiology and
Animal Nutrition, 102, 204–213. https://doi.org/10.1111/jpn.12679

Shan Y, Shan A, Jianping L and Zhou C, 2012. Dietary supplementation of arginine and glutamine
enhances the growth and intestinal mucosa development of weaned piglets. Livestock Science, 150,
369 – 373. https://doi.org/10.1016/j.livsci.2012.10.006

Shi Z, Song W, Sun Y, Wang L, Shi B, Shan A and Bi Z, 2018. Dietary supplementation of L-arginine
and chromium picolinate in sows during gestation affects the muscle fibre characteristics but not
the performance of their progeny. Journal of the Science of Food and Agriculture, 98, 74–79.
https://doi.org/10.1002/jsfa.8439

Tan B, Yin Y, Liu Z, Li X, Xu H, Kong X, Huang R, Tang W, Shinzato I, Smith SB and Wu G, 2009a.
Dieatary L-arginine supplementation increases muscle gain and reduces body fat mass in growing -
finishing pigs. Amino Acids, 37, 169–175. https://doi.org/10.1007/s00726-008-0148-0

Tan B, Li X, Kong X, Huang R, Ruan Z, Yao K, Deng Z, Xie M, Shinzato I, Ying Y and Wu G, 2009b.
Dietary L-arginine supplementation enhances the immune status in early-weaned piglets. Amino
acids, 37, 323–331. https://doi.org/10.1007/s00726-008-0155-1

Tan B, Yin Y, Liu Z, Tang W, Xu H, Kong X, Li X, Yao K, Gu W, Smith SB and Wu G, 2011. Dietary L-
arginine supplementation differentially regulates expression of lipid-metabolic genes in porcine
adipose tissue and skeletal muscle. Journal of Nutritional Biochemistry 22, 441–445. https://doi.org/
10.1016/j.jnutbio.2010.03.012

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 15 EFSA Journal 2019;17(6):5720

https://doi.org/10.2527/jas2014-8657
https://doi.org/10.2527/asasann.2017.115
https://doi.org/10.1017/s175173111700132x
https://doi.org/10.1007/s00726-008-0213-8
https://doi.org/10.2527/jas.2007-0371
https://doi.org/10.1111/jpn.12679
https://doi.org/10.1016/j.livsci.2012.10.006
https://doi.org/10.1002/jsfa.8439
https://doi.org/10.1007/s00726-008-0148-0
https://doi.org/10.1007/s00726-008-0155-1
https://doi.org/10.1016/j.jnutbio.2010.03.012
https://doi.org/10.1016/j.jnutbio.2010.03.012


Tous N, Lizardi R, Vila B, Gispert M, Font-i-Furnols M and Esteve-Garcia E, 2016. Addition of arginine
and leucine to low or normal protein diets: performance, carcass characteristics and intramuscular
fat of finishing pigs. Spanish Journal of Agricultural Research, 14, 11 pp. https://doi.org/10.5424/sja
r/2016144-9351

Zhu C, Guo Ch, Gao K, Wang L, Chen Z, Ma X and Jiang Z, 2016. Dietary arginine supplementation in
multiparous shows during lactation improves the weight gain of suckling piglets. Journal of
Integrative Agriculture, 15, 60345–7.

A.3. Ruminants

Al-Rubeii AMS, Al-Badri AAHD and Taha SA, 2015. Effect of protected arginine supplementation to
ration of Awassi lamb on the chemical and physical analysis of carcasses meat. Animal Science, 58,
86–93.

Ball RO, Urschel KL and Pencharz PB, 2007. Nutritional consequences of interspecies differences in
arginine and lysine metabolism. The Journal of Nutrition, 6th amino acid assessment workshop.

Crane AR, Redden RR, Van Emon ML, Neville TL, Reynolds LP, Caton JS and Schauer CS, 2016.
Impacts of supplemental arginine on the reproductive performance of fall lambing ewes. Journal of
Animal Science, 94, 1–10.

Zhang H, Zhao F, Peng A, Dong L, Wang M, Yu, L, Loor JJ and Wang H, 2018. Effects of dietary L-
arginine and N-carbamylglutamate supplementation on intestinal integrity, immune function and
oxidative status in intrauterine-growth-retarded suckling lambs. Journal of agricultural and food
chemistry. https://doi.org/10.1021/acs.jafc.8b00726

A.4. Fish

Azeredo R, Perez-Sanchez J, Sitja-Bobadilla A, Fouz B, Tort Ll, Aragao C, Oliva-Teles A and Costas B.
2015, European Sea Bass (Dicentrarchus labrax) immune status and disease resistance are impaired
by arginine dietary supplementation. PLoS ONE, 10, e0139967. https://doi.org/10.1371/journal.
pone.0139967

Ball RO, Urschel KL and Pencharz PB, 2007. Nutritional consequences of interspecies differences in
arginine and lysine metabolism. The Journal of Nutrition, 6th amino acid assessment workshop.

Cheng A, Gatlin DM and Buentello A, 2012. Dietary supplementation of arginine and/or glutamine
influences growth performance, immune responses and intestinal morphology of hybrid striped bass
(Morone chrysops x Morone saxatilis). Aquaculture, 362–363, 39–43.

Coutinho F, Castro C, Rufino-Palomares E, Ordonez-grande B, Gallardo MA, Kaushik S, Oliva-Teles a
and Peres H, 2016. Dietary arginine surplus does not improve intestinal nutrient absorption
capacity, amino acid metabolism and oxidative status of gilthead sea bream (Sparus aurata)
juveniles. Aquaculture 464, 480–488.

Oliva-Telles A, Peres H and Kaushik S, 2017. Dietary arginine supplementation does not improve
nutrient utilisation in gilthead seabream. Aquaculture, 479, 690–695. https://doi.org/10.1016/j.a
quaculture.2017.07.016

Palma J, Andrade JP, Lemme A and Bureau DP, 2013. Quantitative dietary requirement of juvenile
Atlantic shrimp Paleamonetes varians for lysine, methionine and arginine. Aquaculture Research,
2913, 1–9. https://doi.org/10.1111/are.12335

Pourkhazaei F, Ebrahimi E and Ghaedi A, 2016. Arginine effects on biochemical composition of sperm
in rainbow trout, Oncorhyncus mykiss. Aquaculture Research, 2016, 1–8. https://doi.org/10.1111/
are.13172

Zhou Q, Zeng W, Wang H, Wang T, Wang Y and Xie F, 2012a. Dietary arginine requirement of juvenile
Pacific white shrimp, Litopenaeus vannamei. Aquaculture, 364–365, 252–258. https://doi.org/10.
1016/j.aquaculture.2012.08.020

Zhou H, Chen N, Qiu X, Zhao M and Jin L, 2012b. Arginine requirement and effect of arginine intake
on immunity in largemouth bass, Micropterus salmoides. Aquaculture Nutrition, 18, 107–116.
https://doi.org/10.1111/j.1365-2095.2011.00886.x

A.5. Pet animals

Ball RO, Urschel KL and Pencharz PB, 2007. Nutritional consequences of interspecies differences in
arginine and lysine metabolism. The Journal of Nutrition, 6th amino acid assessment workshop.

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 16 EFSA Journal 2019;17(6):5720

https://doi.org/10.5424/sjar/2016144-9351
https://doi.org/10.5424/sjar/2016144-9351
https://doi.org/10.1021/acs.jafc.8b00726
https://doi.org/10.1371/journal.pone.0139967
https://doi.org/10.1371/journal.pone.0139967
https://doi.org/10.1016/j.aquaculture.2017.07.016
https://doi.org/10.1016/j.aquaculture.2017.07.016
https://doi.org/10.1111/are.12335
https://doi.org/10.1111/are.13172
https://doi.org/10.1111/are.13172
https://doi.org/10.1016/j.aquaculture.2012.08.020
https://doi.org/10.1016/j.aquaculture.2012.08.020
https://doi.org/10.1111/j.1365-2095.2011.00886.x


Conway Ch, McLeod K, Harmon DL and Regina de Godoy M, 2013. The effects of graded arginine
levels on nitrogen metabolism in the lean adult dog. Journal of Animal Science Advances, 3, 1–12.

Flynn KM, Kwellihan HB and Trepanier LA, 2017. Plasma L-citrulline concentrations in L-arginine-
supplemented healthy dogs. Journal of Veterinary Cardiology, 19, 376–383.

A.6. Rat

Ball RO, Urschel KL and Pencharz PB, 2007. Nutritional consequences of interspecies differences in
arginine and lysine metabolism. The Journal of Nutrition, 6th amino acid assessment workshop.

Holecek M and Sispera L, 2016. Effects of arginine supplementation on amino acid profiles in blood
and tissues in feed and overnight fasted rats. Nutrients, 8, 206, 11 pp. https://doi.org/10.3390/
nu8040206

Yang Y, Wu Z, Jia S, Dahanayaka S, Feng S, Meininger CJ, McNeal CJ and Wu G, 2015. Safety of long-
term dietary supplementation with L-arginine in rats. Amino Acids, 47, 1909–1920. https://doi.org/
10.1007/s00726-015-1992-3

A.7. Safety for the consumers

McNeal CJ, Meininger CJ, Wilborn CD, Tekwe CD and Wu G, 2018. Safety of dietary supplementation
with arginine in adult humans. Amino Acids. https://doi.org/10.1007/s00726-018-2594-7

A.8. Safety for the user

Cosmetic Ingredient Review (CIR), 2012. Safety assessment of alpha-amino acids used in cosmetics.
Available online: https://www.cir-safety.org/supplementaldoc/safety-assessment-%CE%B1-amino-
acids-used-cosmetics

L-Arginine produced by Corynebacterium glutamicum for all animal species

www.efsa.europa.eu/efsajournal 17 EFSA Journal 2019;17(6):5720

https://doi.org/10.3390/nu8040206
https://doi.org/10.3390/nu8040206
https://doi.org/10.1007/s00726-015-1992-3
https://doi.org/10.1007/s00726-015-1992-3
https://doi.org/10.1007/s00726-018-2594-7
https://www.cir-safety.org/supplementaldoc/safety-assessment-%CE%B1-amino-acids-used-cosmetics
https://www.cir-safety.org/supplementaldoc/safety-assessment-%CE%B1-amino-acids-used-cosmetics

	 Abstract
	 Table of con�tents
	1. Intro�duc�tion
	1.1. Back�ground and Terms of Ref�er�ence
	1.2. Addi�tional infor�ma�tion

	2. Data and method�olo�gies
	2.1. Data
	2.2. Method�olo�gies

	3. Assess�ment
	3.1. Char�ac�ter�i�sa�tion
	3.1.1. Char�ac�ter�i�sa�tion of the active sub�stance/ad�di�tive
	3.1.2. Sta�bil�ity and homo�gene�ity
	3.1.3. Con�di�tions of use

	3.2. Safety
	3.3. Effi�cacy
	3.4. Post-market monitoring

	4. Con�clu�sions
	5. Rec�om�men�da�tions
	 Chronol�ogy
	 Ref�er�ences
	 Abbre�vi�a�tions
	 Appendix A

