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PART 1. GRAS Notice
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CJ CheilJedang Corporation (hereinafter referred to as “CJ”) is submitting a GRAS notice for the 
substance Dried L-Threonine Fermentation Product as a source of threonine in Livestock and 
poultry diets.

1.1. Name and Address of Organization

CJ CheilJedang Corporation
Mr. Harry Jang 
330, Dongho-Ro,
Jung-Gu, SEOUL, 04560, KOREA 
Tel; +82-2-6740-3940 
E-mail: harry.iang(5)cj.net

CJ BIO America, Inc.
Keith Haydon, PhD 
CJ BIO America, Inc.
2001 Butterfield Road, Suite 720 
Downers Grove, IL 60515 
Tel: (630) 241-0112 
E-mail: keith.havdon(5)ci.net

1.2. Name of the Notified Substance

The common or usual name of the subject substance of this notification is “Dried L-Threonine 
Fermentation Product”. It is a source of the essential nutrient L-threonine. The level of threonine 
in the product is a minimum of 75 %. Dried L-Threonine Fermentation Product also containing 
approximately 5 - 7 % amino acid from biomass (dried Corynebacterium glutamicum cell). The 
trade name of the product is “THR Pro”.

1.3. Intended Conditions of Use

Dried L-Threonine Fermentation Product is to be used as an ingredient in animal feed according to 
current good manufacturing and feeding practice as defined in 2iCFR§582.i(b) (“Substances that 
are generally recognized as safe”). Threonine is an essential amino acid that is considered to be the 
second limiting amino acid in pig feed and probably as the third limiting amino acid in poultry 
feed. Threonine will be incorporated into the diet at levels commensurate with the nutritional
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requirement. Therefore, the required level will be decided on a case-by-case basis by animal 
nutritionists, based on good feeding practice for the target species.

1.4. Statutory Basis for GRAS Determination

This GRAS conclusion is based on the scientific procedures as provided in 2iCFR§570.30(a) and 
(b).

1.5. Federal Food, Drug, and Cosmetic Act Premarket Approval Exemption

The submitter has determined that the use of Dried L-Threonine Fermentation Product as 
produced by fermentation with Corynebacterium glutamicum, for use a nutrient (threonine) in 
livestock and poultry feed is Generally Recognized as Safe based on scientific procedure and is thus 
exempt from the premarket approval requirement of the Federal Food, Drug and Cosmetic Act (21 
U.S.C § 301 et.seq.).

1.6. Availability of Information for FDA Review

CJ agrees to make the data and information pertaining to this submission available to FDA.

CJ agrees to both of the following procedures for making the data and information available to
FDA:

(A) Upon FDA’s request, CJ will allow FDA to review and copy the data and information during 
customary business hours at the address specified for where these data and information will be 
available to FDA; and

(B) Upon FDA’s request, CJ will provide FDA with a complete copy of the data and information 
either in an electronic format that is accessible for FDA evaluation or on paper.

1.7. Freedom of Information Act 5 U.S.C 552 Disclosure Exemption

CJ has placed proprietary and confidential information in three appendices: Appendix 1,
“Composition and Impurity Reports (CONFIDENTIAL)”; Appendix 3, “Pre-Fermentation
Information (CONFIDENTIAL)”; and Appendix 4, “Dried L-Threonine Fermentation Product
Manufacturing Process (CONFIDENTIAL)”.
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1.8. Certification of Complete, Representative Submission

Page 8

To the best of our knowledge and belief, this GRAS notice is a complete, representative and 
balanced submission that includes unfavorable information, as well as favorable information, 
known to CJ and pertinent to the evaluation of the safety and GRAS status of the use of Dried L- 
Threonine Fermentation Product produced by fermentation with genetically engineered 
Corynebacterium glutamicum as a source of threonine for livestock and poultry feed.

1

Keith D. Haydon, Ph. D.
CJ America - Bio
Director of Technical Services and Marketing
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PART 2. GRAS Notice: Identity, Method of Manufacture, Specifications, 

and Physical or Technical Effect

2.1. Scientific Data and Information that Identifies the Notified Substance

2.1.1. Name and Other Identities
Chemical name according 
to I UP AC nomenclature L-2-Amino-3-hydroxybutanoic acid

Synonyms (2S,3R)-2-Amino-3-hydroxybutyricacid

CAS No. 72-19-5

EC-No. 200-774-1

Appearance Pale or dark brown powder

Molecular mass 119.12 g/mol

Molecular formula C4H9NO3

Structural formula

OH O

This GRAS notice covers Dried L-Threonine Fermentation Product produced by fermentation with 
Corynebacterium glutamicum, with a minimum purity of 75 % of L-Threonine. L-Threonine is the 
active substance in the Dried L-Threonine Fermentation Product. L-Threonine belongs to the 
aspartate amino acid family. Due to its dedicated chemical properties, L-Threonine can only be 
found as free amino acid, which must not be transformed into a salt to be stable during production, 
storage and application.

2.1.2. Composition
The majority of the amino acid product is L-Threonine (> 75 %). The product also contains other 
free amino acids (< 2.0 %), amino acid from biomass (< 7 %), sugar (< 0.4 %), organic acid (< 
0.2 %), mineral (< 5 %) and moisture (< 1 %), and carrier (< 7 %). As shown in Table 2-1, the 
analysis of the five batches of Dried L-Threonine Fermentation Product demonstrates that the 
finished product is reproducibly manufactured. Refer to Appendix 1, Composition and Impurity
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Reports (Confidential) for additional information regarding the analytical assessment of the 
product composition. The carrier is used to assure a consistent threonine level in the final product 
from batch to batch.

Table 2-1. Chemical Composition Including Impurities
Test Units Method Batch 01 Batch 02 Batch 03 Batch 04 Batch 05 Average

L-Threonine % AOAC 999.13 77.94
Hydrolyzed 

amino acids (in 
insoluble 

Biomass part) 
(Total)

Aspartic acid
Lysine
Serine

Glutamic acid
Glutamine

Glycine
Alanine

Valine
Cystine

Isoleucine
Leucine

Tyrosine
Phenylalanine

b-Alanine
Tryptophan
Methionine

Homoserine
Threonine

Arginine
Proline

%

6.62

ISO 13903:2005 0.62

0.41

0.03

0.74

0.34

0.37

0.57

0.40

AOAC 985.28 0.06

ISO 13903:2005 0.31

0.51

0.12

0.32

0.02

AOAC 988.15 0.06

AOAC 985.28 0.25

ISO 13903:2005 0.18

0.56

0.42

0.33

Free amino 
acids (Total, 
other than 
Threonine)

Lysine

%
AOAC 999.13 1.99

1.07

(b) (4)



GRAS Notice Dried L-Threonine Fermentation Product

Glutamic acid

Glycine
Alanine

Valine
Isoleucine

Leucine
Tyrosine

Phenylalanine
Homoserine
Moisture % AOAC 934.01

Ammonium ASTM D4327-03

Sugars (Total)
Glucose

Trehalose
%

AOAC 995-13

Page 11

Organic acids 
(Total)

Malic Acid
Succinic Acid

Lactic Acid

%

Korean Feed
Standards Codex, 

1 of chapter 14

Inorganic
anions/cations

Sodium

Potassium
Magnesium

Calcium
Chloride

Phosphate
Sulfate

%

ASTM D4327-03
ASTM D 6919-03

Ashi % AOAC 942.05

Carrier^ %

Total of
quantified

componentss
%

 (b) (4)

(b) (4)

(b) (4)
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2.1.3. Fermentation Organism
 
 
 

2.2. Manufacturing Process

Dried L-Threonine Fermentation Product is produced by fermentation with Corynebacterium 
glutamicum as a production strain. After fermentation, the pH is lowered by adding H2SO4 and the 
temperature is increased for sterilization. The fermentation liquid is then concentrated and the 
concentrated liquid is transferred into the mixer granulator. After granulation, the wet granule is 
dried and separated by a mesh separator. The separated particle is packaged with the minimum 75 % 
content of L-Threonine.

CJ purchases raw materials based on feed grade specifications which are suitable for use in the 
manufacture of feed. Dried L-Threonine Fermentation Product is manufactured in accordance to 
good manufacturing practices as set forth in 2iCFR§507 and meets the requirements of the US 
Food Safety Modernization Act (FSMA). As part of the facility’s FSMA compliance, a Hazard 
Analysis Risk-Based Preventive Control plan has been implemented and conducted to evaluate the 
facility, raw materials, processes and product for potential physical, chemical and biological 
hazards. In order to mitigate potential risks, a hazard analysis was conducted that includes a risk 
assessment of the raw materials and processing steps with the implementation of appropriate 
preventive controls to ensure the safety of the product. These control measures are in place to 
effectively eliminate or reduce hazards to acceptable levels. The facility also uses prerequisite 
programs such as an approved supplier program to ensure the safety of the raw materials and that 
the raw materials are appropriate for their intended use and for the manufacture of a feed 
ingredient. Material suppliers are initially and periodically qualified and verification activities are 
performed commensurate to the risk of the material. The applicant also declares that no 
antimicrobial compounds (including antibiotics) were used in the production process.

The pre-fermentation process is provided in Appendix 3, “Pre-Fermentation Information 
(CONFIDENTIAL),” which includes the genetic engineering process, characterization and 
assessment of the production microorganism.

The full fermentation process and downstream manufacturing processes are provided in Appendix 
4, “Manufacturing Process (CONFIDENTIAL)”.

(b) (6)
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2.2.1. Ingredient Stability (Shelf Life)
Stability testing for Dried L-Threonine Fermentation Product was performed using three typical 
batches. Stability results for zero-time to twenty-four months are presented in Table 2-2 (25 °C, 
60 %RH) and Table 2-3 (40 °C, 75 % RH).

None of the tested samples showed a significant decrease in the level of the active substance L- 
threonine at the tested time points. The specified minimum 75 % L-threonine content was 
maintained in all samples over the tested periods. The full report on product stability can be found 
in Appendix 5, “Dried L-Threonine Fermentation Product Stability Study”. The data supports 
product stability of at least 24 months.

Table 2-2. Shelf life of Dried L-Threonine Fermentation Product in % (Target Value is a Minimum 
75 % L-Threonine) at 25 °C, 60 % RH during Storage of 24 Months 
n.t.: Not tested.

Batch

Lot
Measure

ment

Zero-time Time in months

start
value

unit 1 2 3 4 6 12 18 24

Gran.Threo 
nine Lot 
T75-16- 
11A5-29

Threonine
content 77-4 %

moisture 1.30 %

Gran.Threo 
nine Lot
T75-16-
12A3-02

Threonine
content 78.2 %

moisture 1.40 %

Gran.Threo 
nine Lot 
T75-16- 
11B2-30

Threonine
content 77-7 %

moisture 1.20 %

Table 2-3. Shelf life of Dried L-Threonine Fermentation Product in % (Target Value is a Minimum 
75 % L-Threonine) at 40 °C, 75 % RH During Storage of 6 Months

Batch

Lot
Measurement

Zero-time Time in months

start
value

unit 1 2 3 4 6

Gran.Threonine 
Lot T75-16- 

11A5-29

Threonine
content 77-4 %

moisture 1.30 %

Gran.Threonine
Threonine

content 78.0 %

(b) (4)

(b) (4)



GRAS Notice Dried L-Threonine Fermentation Product Page 14

LotT75-i6-
12A3-02 moisture 1.40 %

Gran.Threonine
LotT75-i6-

11B2-30

Threonine
content 77-7 %

moisture 1.20 %

The threonine levels were stable over the six months of testing, demonstrating product stability 
throughout the testing period at ambient temperatures or in accelerated conditions. This data 
supports product stability of at least one year.

2.2.2. Stability upon Addition to Animal Feed
A 12-week study in broiler mash feed (three batches) was conducted to demonstrate the stability of 
the product when mixed in a complete feed. The animal feed was assessed every four weeks. The 
full report can be found in Appendix 6, “Test Report No. 3.243-7 Granule Threonine -IFF Trial V- 
931-7 Stability Mash Feed”.

Table 2-4. Stability of Dried L-Threonine Fermentation Product in Mash Feed for Broilers
Added value 0.40 % Time in months

Nominal value 1.011 % Blank Zero 1 2

Sample number Unit S-o S-i S-2
3

S-3
Analysis method DJoo5‘ DJoo5‘ DJ005 DJ005 DJ005

V-931-F-498 % 0.611 1.19

V-931-F-499 % 0.611 1.05

V-931-F-500 % 0.611 1.24
1 Threonine (acid/oxidative hydrolysis); Method: EU 152/2009 (F), ISO 13093:2005 (IC-UV

This study demonstrated that the Dried L-Threonine Fermentation Product was a stable source of 
L-threonine when added to complete mixed feed over a three-month period, demonstrating by less 
than 10 % variability over the time period.

2.3. Specifications

Dried L-Threonine Fermentation Product specifications are based on the assay of five batches. The 
analytical data supporting the specifications is in reported Table 2-1 above and further discussed in 
Appendix 1, “Analytical Reports: Qualitative and Quantitative Composition of Dried L-Threonine 
Fermentation Product (CONFIDENTIAL)”. The product specifications are provided in Table 2-5 
below.

(b) (4)

(b) (4)
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Table 2-5. Dried L-Threonine Fermentation Product Specifications
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Component Amount Method
Threonine, minimum 75% HPLC, AOAC 999.13

Moisture, maximum 5% At 105°C for 3hr, AOAC 934.01

Ash, maximum 5% AOAC 942.05

The final product was tested for hazardous substances through appropriate tests such as heavy 
metals. The heavy metal analysis was carried out with samples of three batches. The following 
Table 2-6 shows the results and the COA with raw data is provided in Appendix 2, “COA of Heavy 
metals with Raw data”. The analysis was performed using ICP/MS, specifically the AOAC Method 
2015.01 (AOAC Official Method 2015.01. Heavy metals in food).

Table 2-6. Analysis result of Heavy metals in final product

Batch No. Test items Test result Test method

190530

Lead(Pb) 0.003 mg/kg
Arsenic(As) 0.004 mg/kg
Mercury(Hg) <0.000 mg/kg
Cadmium(Cd) <0.005 mg/kg

190531

Lead(Pb) 0.003 mg/kg
Arsenic(As) 0.003 mg/kg
Mercury(Hg) <0.000 mg/kg
Cadmium(Cd) <0.005 mg/kg

190601

Lead(Pb) 0.001 mg/kg
Arsenic(As) 0.001 mg/kg
Mercury(Hg) <0.000 mg/kg
Cadmium(Cd) <0.005 mg/kg

ICP/MS
(AOAC Official Method 2015.01)

As a result, the analysis of heavy metals in the final product is below the detection limit and there is 
no concern about safety due to heavy metals in the animal and human.

2.4. Intended Use (Utility) of Dried L-Threonine Fermentation Produet

The Dried L-Threonine Fermentation Product is to be used as a L-Threonine supplemental nutrient 
in animal feeds in accordance with good manufacturing or feeding practice as defined in 2iCFR§ 
582.1(b) Substances that are generally recognized as safe. Threonine exists as a stereoisomer, either 
as D-threonine or L-threonine. L-threonine is the physiologically relevant stereoisomer. L- 
threonine is an essential amino acid in all animal species (EFSA Journal 20i5;i3(9):4236). The 
level of supplementation varies between species and is dependent on the nutritional content of the 
diet (specifically the amino acids content). Therefore, the use of supplementation will be 
determined on a case-by-case basis by animal nutritionists, based on good feeding practice.
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Fig. 2-1. Schematic Representation of L-threonine Catabolism (Kidd et al. 1996, J. Appl. Poult.
Res.5(4): 358-367)

Under normal USA feeding conditions, L-threonine is usually the second limiting amino acid, after 
L-lysine, in the diet of pigs and the third, after Sulphur amino acids and L-lysine, for poultry. L- 
threonine is proposed to be used in feeds in order to achieve the adequate amino acid profile and 
meet the requirements on L-threonine for livestock and poultry species.

It can be added directly to the feeding stuffs/complementary feeding stuffs or via premixture. 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 non-supplemented diet. The formulator of the feed will 
determine the required level of amino acid supplementation.

The Dried L-Threonine Fermentation Product is the subject of this GRAS notice application. The 
active substance is L-threonine. Any component of Dried L-Threonine Fermentation Product 
doesn’t differ significantly from the constituents of the ordinary diet of the target animal.

The biomass portion of the Dried L-Threonine Fermentation Product is dried, inactivated 
Corynehacterium glutamicum, which is the same biomass used in the Dried L-Lysine 
Fermentation product (AAFCO, 2018, AAFCO 2018 Official Publication CHAPTER SIX, 36.16, 387-
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388). According to the AAFCO Official Publication (AAFCO, 2018, AAFCO 2018 Official 
Publication CHAPTER SIX, 36.16, 387-388), Dried L-Lysine Fermentation product (AAFCO 36.16) 
may be effectively used as an alternative to L-lysine monohydrochloride (L-lysine without biomass 
product) as a supplemental lysine source in swine diets. The biomass has been demonstrated to not 
interfere with the lysine availability. This has been confirmed in a publication comparing the 
bioavailability of L-lysine and Lysine Sulphate (Lysine Fermentation Product) in young swine 
(Htoo et al, 2016, J. Anim. Sci. 2016.94253-256).

Recently, the bioavailability of other free amino acid (L-Valine, L-Threonine and L-Tryptophan) fed 
with their accompanying Corynebacterium glutamicum biomass in food animals have been 
confirmed by others (Oliveria et. al. 2019 and Wensley et. al. 2019).

Oliveria et. al. (2019) conducted a series of experiments with a spray-dried L-Valine fermentation 
product with its Corynebacterium glutamicum biomass. This experimental valine supplement 
contained 64.4 % L-Valine. The authors reported that the relative bioavailability by growth assay 
(ADG, ADFI and FCR) and blood urea nitrogen of the L-Valine fermentation product with biomass 
from Corynebacterium glutamicum was 100 % as compared to commercial L-Valine (98 %) in 
weanling pigs.

Additionally, Wensley et. al. (2019) published a series of studies demonstrating the bioavailability 
of three amino acids: Threonine (> 75 %), Valine (> 70 %) and Tryptophan (> 60 %) fed to either 
broiler chicks or weanling pigs with their respective Corynebacterium glutamicum dried 
fermentative biomass produced by CJ. Using growth parameters (ADG and FCR), similar to 
approach employed by Olivera et. al. (2019), it was concluded that the respective amino acids (L- 
Threonine, L-Valine or L-Tryptophan) when formulated on an equal digestible amino acid basis 
were bioequivalent to commercially available forms of L-Threonine, L-Valine and L-Tryptophan.

The published literature (Htoo, et. al., 2016; Oliveria et. al., 2019 and Wensley, et. al., 2019) all 
confirm that the presence of Corynebacterium glutamicum fermented biomass does not negatively 
impact the bioavailability of the free amino acid (L-Lysine, L-Valine, L-Threonine or L- Tryptophan) 
in swine or poultry when compared to commercially available counterparts.

Dried L-Threonine Fermentation Product, the subject of this dossier, was the one of the amino 
acids reported in the Wensley et. al. (2019) paper. The lack of effect of the Corynebacterium 
glutamicum biomass inclusion on the bioavailability of the amino acids was corroborated by a 28- 
day chick utility trial using the Dried L-Threonine Fermentation Product as summarized below in 
Section 2.5. “ ”. The full report and supporting data is provided in Appendix 
7, “Utility Trial Report.”

(b) (4)
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2.5.  Utility Trial
A 28-day utility trial was conducted by  to compare Dried L-Threonine 
Fermentation Product to current commercially available L-Threonine (98 %) (Appendix 7). The 
trial utilized 1320-day old Cobb 500 male chicks averaging 45.2 grams. Chicks were blocked on 
weight and assigned to one of 40 pens (33 chick/pen). Pens were randomly assigned to one of four 
dietary treatments. Dietary treatments were a: Positive Control (L-Threonine 98 %); a Negative 
Control (same as Positive Control without L-Threonine 98 % supplementation); Negative Control 
with Dried L-Threonine Fermentation Product added at 100 % of Positive Control threonine level; 
and Negative Control with Dried L-Threonine Fermentation Product added at 150 % of Positive 
Control threonine level. Pen weights and feed disappearance were recorded at day 14 (Starter 
Phase) and day 28 (Grower Phase). All feed was removed at day 14 and replaced with Grower 
Phase diets. Growth and efficiency of feed utilization are suitable measurement when determining 
the bioavailability of an essential amino acid, when comparing to a negative control feed.

Table 2-7. Bioavailability Results of Dried L-Threonine Fermentation Product Compared to Positive 
and Negative Control diets as Demonstrated by Growthi,2

Criteria
Positive
Control

(PC)

Negative
Control

(NO

NC with Dried L- 
Threonine 

Fermentation 
Product 100%

NC with Dried L- 
Threonine 

Fermentation 
Product 150%

SEM

Body Weights, grams

P-Value

Day o 45-1 45-2 45-2 45-2 0.0 .683
Day 14 458.6,a 447-5^ 4637" 460.3a 2.1 .003
Day 28 1562 a 1524'’ 1563a 15463b 6.0 .038

Feed Intake, grams/day
Day 0-14 36.6b 36.1'’ 37-3" 37-0" 0.2 .014
Day 15 - 28 130.3 129.8 129.8 130.7 0.5 .894
Day 0-28 81.3 80.9 81.6 82.0 0.3 •483

Least square means
2; Means with differing superscript differ by listed p-value

The addition of L-Threonine regardless of source or level improved day 14 bird weight (P=.003). 
Birds fed 100 % of the required threonine level (regardless of source) had increased (P=.038) on 
day 28 when compared to the negative control. Feed intake was not negatively impacted by the 
inclusion of biomass from day o to 14-day. Feed intake was actually significantly increased by L- 
Threonine Fermentation supplementation, regardless of level (P=.0i4). Threonine 
supplementation at 100 % from either commercial 98 % or Dried L-Threonine Fermentation 
Product at 100% replacement rate increased (P=.038) day 28 bird weight as compared to the 
Negative Control. Birds fed threonine replacement rate to 150 % of Positive Control result in 
statistically intermediate (P<.05) day 28 bird weight. Day 15 to 28-day feed intake was unaffected

(b) (4)

(b) (4)
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(P=.894) by threonine source or level. The data indicates that the Dried L-Threonine Fermentation 
Product is a bioavailable source of the essential amino acid L-threonine in broiler chicks.

This study can be used as a corroborative sentinel study to demonstrate the L-threonine availability 
from Dried Threonine Fermentation Product in animal feed. It also confirms, as previously 
demonstrated with the Dried Lysine Fermentation product and L-Valine Fermentation Product, 
that the Corynebacterium glutamicum biomass does not impact bioavailability of the amino acid.

I

'1

.1
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Part 3. GRAS Notice: Target Autiimal and Human Exposures 

3.1. Target Animal Exposure

L-Threonine is an essential amino acid in all animal species (EFSA. 2015. EFSA Journal 
2015;13(9):4236), including livestock and poultry (NRC, 1994. National Research Council. 1994. 
Nutrient Requirements of Poultry: Ninth Revised Edition and NRC, 2012. National Research 
Council. 2012. Nutrient Requirements of Swine). The level of supplementation varies between 
species and is dependent on the nutritional content of the diet (specifically the amino acids 
content). Therefore, the use of supplementation will be determined on a case-by-case basis by 
animal nutritionists, based on good feeding practice.

Based on the overall level of supplementation in the most fortified diets, (for example broilers, egg 
layers and swine), the maximum level of use threonine would in normal feeding practices be 
approximately from 0.05 % to O.iO % of the layers feed and approximately 0.075 - 0.14 % of the 
broilers feed (NRC, 1994. National Research Council. 1994. Nutrient Requirements of Poultry: 
Ninth Revised Edition). In swine feeds L-Threonine supplementation levels range from 0.075 % to 
0.20 % depending on production phase and feed ingredients used in the diet. Other species would 
be similar.

Therefore, although the level of use of Dried L-Threonine Fermentation Product in the formulated 
feed will be based on the threonine content naturally occurring in the feed, a maximum would be 
considered 0.5 % of the feed.

The impurities of Dried L-Threonine Fermentation Product are all either essential nutrients or 
typical components of feed (amino acids, minerals and organic acids) and are consistent with 
normal components of feed, as such would not be a source of residues beyond that found in animal 
food products from traditionally fed animals.

3.2. Human Food Exposure

The threonine requirement is particularly nutritionally important in the human, since it has been 
suggested that, after the sulphur amino acids, it is the second rate-limiting amino acid in the 
maintenance requirement. (WHO. 2011. WHO Technical Report Series 935, Geneva Switzerland)

Dried L-Threonine Fermentation Product is intended for use in animal feed only as a nutritional 
source of the essential amino acid, threonine. The other components of the ingredient are 
nutritional and available for uptake, metabolism and growth. Therefore, the milk, meat, and eggs 
from animals fed Dried L-Threonine Fermentation Product, should be no different than from
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animals fed a nutritionally complete diet. There is no expectation of a residue from the feeding of 
Dried L-Threonine Fermentation Product.

Table 3-1 below demonstrates that availability of threonine in natural sources is quite limited, 
hence external supply is required to meet the optimal daily demand. Nutrition that comes from 
animal proteins can provide a more balanced amino acid profile, however, modern animal nutrition 
is more depended on vegetable protein. Hence the addition of supplemental Threonine is extremely 
important.

Table 3-1. Limiting Amino Acids in Foodstuffs (Kleemann et al. 1985. Amino acids. V0I.A2, pp. 57- 
97. Weinheim, Gemany: VCH Publishers)

Proteins First limiting amino acid Second limiting amino 
acid(s)

Peanut Threonine Lysine and Methionine
Fish Methionine

Casein Methionine
Lysine

Tryptophan
Torula yeast Methionine

Sesame Lysine
Skim milk Methionine

Beans Methionine
Sunflower seed Lysine Threonine

Soy protein Methionine Lysine
Wheat Lysine Threonine

Rice Lysine
Rye Lysine

Threonine and Tryptophan

Gelatine Tryptophan
Threonine and Tryptophan

Maize Lysine Tryptophan and Threonine

The free amino acids produced by the degradation of proteins are absorbed by active transport 
through the small intestine mucosa and sodium. Absorbed free amino acids are used for continuous 
metabolism of intracellular proteins. Approximately 75 % of the liberated amino acids are recycled 
by the animals.
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Part 4. GRAS Notice: Self-Limiting Levels of Use

There is no self-limiting use information specific to this substance.
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Part 5. GRAS Notice: Experience Based on Common Use in Food Before 

1958

The GRAS determination is not based on common use in animal feed prior to 1958.
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6.1. Safety ofCorynebacterium glutamicum - Production Organism

Corynebacterium glutamicum is a gram positive bacteria belonging to the family of 
Corynebacteriaceae. These bacterial strains are scientifically recognized as safe and provide no 
negative impact to on human and the environment. Additionally, they have a long history of safe 
use in industrial production (Eggeling and Bott, 2005. Handbook of Corynebacterium glutamicum. 
CRC Press). Also, Corynebacterium glutamicum is a GRAS microorganism and has a “Qualified 
Presumption as Safe” (QPS) status (EFSA, 2011. EFSA Journal 20ii;9(i2):2497). A description and 
summary of the QSP review of Corynebacterium glutamicum is provided in Appendix 10, 
Literature Review Corynebacterium glutamicum,” Section 2.

Corynebacterium glutamicum is an authorized source for a number of feed ingredients. It is listed 
in the AAFCO OP (2018). It is the source organism for Condensed Extracted Glutamic Acid 
Fermentation Product (AAFCO, 2018, AAFCO 2018 Official Publication CHAPTER SIX, 36.1, 384- 
385). It is also the source organism for Dried L-lysine Fermentation Product (AAFCO, 2018, 
AAFCO 2018 Official Publication CHAPTER SIX, 36.16, 387-388) as well as Liquid L-lysine 
Fermentation Product (AAFCO, 2018, AAFCO 2018 Official Publication CHAPTER SIX, 36.17, 388). 
As recent as 2014, the US Food and Drug Administration, Division of Animal Feeds (OS&C/FDA) 
had reviewed the safety assessment of this source organism for the use in animal feed. Based on 
that recent review, CJ was recommended to review the recent literature after 2003 to assure the 
assessment was complete. Appendix 10, Section 3 of this GRAS notice provides results of this 
extensive literature review. Overall, no studies were retrieved either in the electronic literature 
search (ELS) or follow-up selective searches that contained information indicating potential safety 
issues or hazards associated with Corynebacterium glutamicum. This is consistent with the 
previous safety assessment completed by the US FDA, Division of Animal Feeds.

6.2. Safety Considerations due to the Nature of Modification to Corynebacterium 
glutamicum

The production microorganism used to produce Dried L-Threonine Fermentation Product is a 
genetically modified strain of Corynebacterium glutamicum. The full genetic modification process, 
safety assessment, and stability assessment are provided in Appendix 3, “Pre-Fermentation 
Information (CONFIDENTIAL).” The production strain was deposited in the Korean Centre of 
Microorganisms (KCCM). As shown in Appendix 3 of this notice, the assessment of the genetic 
engineering process demonstrates that there is no hazard imparted due to the engineering process. 
This data is summarized in the sections below.
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6.2.1. Safety for humans and animals
The Dried L-Threonine Fermentation Product is intended for use as a nutrient for animal 
consumption. Ordinarily, a GRAS notice will address the potential human dietary consumption of a 
component of animal feed due to consumption of animal products and tissues in which the 
component may be present. In this case, however, there is no need to determine the estimated daily 
intake (EDI) of the Dried L-Threonine Fermentation Product for human consumption. The Dried 
L-Threonine Fermentation Product and any of the described impurities (see above) will be 
metabolized when the animal consumes and digests its food (like all feed). The Dried L-Threonine 
Fermentation Product derived from the genetically modified Corynebacterium glutamicum will be 
indistinguishable from other sources, as will be the potential impurities, which are all normal 
components of animal feed.

1) Information on any toxic, allergenic or other harmful effects on human or animal 
health

 
 
 
 
 
 

 (Appendix 3).

 
 
 
 
 
 
 
 

 (Appendix 3. Pre-Fermentation Information (CONFIDENTIAL)).

2) Potential for DNA transfer or any capacity for enhanced gene transfer
To limit any potential transfer of genetic material to other organisms, the strategy of construction 
for Corynebacterium glutamicum KCCM80178 strain was based on procedures described below. 

2-1) Any genetic materials including plasmid to be autonomously replicable were not used.
2-2) All the genetic modifications were done on chromosome.

3) The resistance of antibiotics of Production strain

(b) (4)

(b) (4)
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 The full test report is 
included in Appendix 3, Attachment 4.

4) The absence of viable cell in final product
(b) (4)

(b) (4)

(b) (4)
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6.3. Safety Considerations for L-Threonine

Dried L-Threonine Fermentation Product is a source of nutritional threonine that can be safely 
used in the production of proteins like all other sources of threonine.

Threonine is codified as a Generally Recognized as Safe amino acid for the use in animal feed (21 
CFR§582.588i). In addition, it is an authorized feed ingredient as found in AAFCO OP (L- 
threonine definition 6.5). Threonine is an essential amino acid, as discussed in Part 2 of this notice 
and is formulated in diets that are deficient in naturally occurring threonine.

The European Food Safety Authority's (EFSA) Panel on Additives and Products or Substances used 
in Animal Feed (FEEDAP) has recently reviewed the safety and efficacy of various threonine 
compounds when used in animal diets (EFSA, 2015. EFSA Journal 20i5;i3(9):4236). The EFSA 
Panel noted that threonine additives in the feed of animals resulted in the incorporation of all 
absorbed threonine in tissue protein, and threonine that exceeds the threonine requirement of the 
animal is excreted. Consequently, no free threonine occurs or accumulates in target animal tissues. 
Only the L-stereoisomer form of threonine is used in animal feed and is digested, absorbed, and 
metabolized by the animal. This stereoisomer form of the amino acid is consistent with human 
nutrient needs. L-Threonine is an essential amino for humans. Free threonine is not a residue 
issue. Therefore, Dried L-Threonine Fermentation Product presents no exposure risk to humans 
consuming tissues or products from the target animal.

(b) (4)

(b) (4)

(b) (4)
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6.4. Safely Considerations of Dried L-Threonine Fermentation Produet

As seen in Table 2-1 in this dossier and in Appendix 1, “Analytical Reports: Qualitative and 
Quantitative Composition of Dried L-Threonine Fermentation Product (CONFIDENTIAL),” there 
are no substances in the product that are not typical components of animal feed. In addition, as 
seen in Table 2-6 in this dossier and in Appendix 2, “COA of Heavy metals with Raw data”, there is 
no concern about animal or human safety due to heavy metals.

To corroborate the safety assessment, CJ conducted an acute toxicity study in rats as seen in 
Appendix 8, “Acute Oral Toxicity”. In this acute toxicity study, following a sighting test at a dose 
level of 300 mg/kg and 2000 mg/kg, a further group of four fasted females were given a single oral 
dose of Dried L-Threonine Fermentation Product as a solution in distilled water at a dose level of 
2000 mg/kg body weight.

Clinical signs and body weight development were monitored during the study. The results were 
summarized as follows:

Mortality: No deaths were observed.
Clinical Observations: No signs of systemic toxicity.
Body Weight: All animals demonstrated expected gains in body weight.
Neeropsy: No tissue abnormalities were noted at necropsy.

The acute oral median lethal dose (LD50) of Dried L-Threonine Fermentation Product in the 
female Wistar strain rat was estimated to be greater than 2000 mg/kg body weight (Globally 
Harmonized Classification System Unclassified).

In the Bacterial Reverse Mutation Assay (OECD 471) that was performed on Dried L-Threonine 
Fermentation Product, Dried L-Threonine Fermentation Product was found to be non-mutagenic. 
The assay results can be found in Appendix 9, “Bacterial Reverse Mutation.” These studies 
corroborate the safety assessment.

In addition, the Dried L-Threonine Fermentation Product was analyzed for the presence of biogenic 
amines. A biogenic amine is a biogenic substance with one or more amine groups. These are basic 
nitrogenous compounds formed mainly by decarboxylation of amino acids or by amination and 
transamination of aldehydes and ketones. CJ analyzed six typical biogenic amines which are 
Tyramine, Phenethylamine, Putrescine, Cadaverine, Histamine and Tryptamine in three batches. 
CJ did not find any peak in the position of each retention time of six biogenic amines in HPLC 
chromatogram. If the biogenic amines were present, they would be below the method detection
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limit (0.022 mg/L for Tyramine, 0.019 mg/L for Phenylethylamine, 0.021 mg/L for Putrescine, 
0.020 mg/L for Cadaverine, 0.022 mg/L for Histamine and 0.021 mg/L for Tryptamine, 
respectively). The full report for the biogenic amine analysis including raw data is attached in 
Appendix 3, Attachment 6.

6.5. Safely Assessment of Known Impurities and/or Potential Contaminants

Based on the known composition of the product, there are no known impurities or contaminants 
introduced in the manufacture of the product that could raise safety concerns. The product is 75 % 
L-Threonine and the specifications permit for 5 % water and 5 % inorganic compounds (generally 
sodium, sulphur and potassium). The use levels of threonine in the diet are small enough that these 
impurities cannot be considered nutritional source of minerals or free amino acids as there are 
found at ppm levels (Table 6-1). Section 3 of this notice suggests the maximum level of use in the 
diet as 0.5 % of feed.

Table 6-1: Feed Levels of L-threonine -Impurities

Substance

Ammonium

Average level in Dried L- 
Threonine Fermentation 

Product, %
Feed Level when L-Threonine incorporated 

at 0.5%, expressed in ppm in the diet

Sodium
0.59

Potassium
0.01

29-7

Magnesium
0.48

0.5
24.2

Calcium
0.04 1.8
0.01 0.5

Chloride 0.01 0.5

Phosphate 0.88 44-1
Sulfate
Malic Acid

2.54 127.2

0.01 0.5
Succinic Acid
Lactic Acid

0.04 1.8

Glucose
0.07 3-6

Trehalose
0.07

0.28
3-7
13.8

Lysine
Glutamic acid

1.07 53-7
0.20 10

Glycine
Alanine

0.13 6.3

Valine
0.03 1-3

Isoleucine
0.05 2.4

Leucine
0.40
0.01

19.9
0.5

Tyrosine 0.04

Phenylalanine 0.05
1-9
2.4
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Homoserine 0.02 1

The levels of impurities are consistent with conventional feedstuffs, and none of the levels in the 
complete feed would be a concern.

6.6. Safety Assessment for Human Consumption

The Dried L-Threonine Fermentation Product is intended for use as a nutrient for animal 
consumption. Ordinarily, a GRAS notice will address the potential human dietary consumption of a 
component of animal feed due to consumption of animal products and tissues in which the 
component may be present. In this case, however, there is no need to determine the estimated daily 
intake (EDI) of the Dried L-Threonine Fermentation Product for human consumption. The Dried 
L-Threonine Fermentation Product and any of the described impurities shown in Table 6-1 above 
will be metabolized when the animal consumes and digests animal feed containing the Dried L- 
Threonine Fermentation Product. The Dried L-Threonine Fermentation Product derived from the 
genetically modified Corynebacterium glutamicum will be indistinguishable from other threonine 
sources, as will be the potential impurities, which are all normal components of animal feed. Non­
threonine components of Dried L-Threonine Fermentation Product are all typical feed components, 
mostly nutrients and will not be a concern for residues.

This same determination was made by the FDA in their support of the AAFCO definition 36.16 
Dried L-Lysine Fermentation Product (AAFCO, 2018, AAFCO 2018 Official Publication CHAPTER 
SIX, 36.16, 387-388), 36.17 Liquid L-Lysine Fermentation product (AAFCO, 2018, AAFCO 2018 
Official Publication CHAPTER SIX, 36.17, 388) and 36.1 Condensed Extracted Glutamic Acid 
Fermentation Product (AAFCO, 2018, AAFCO 2018 Official Publication CHAPTER SIX, 36.1, 384-
385).

In this regard, the European Food Safety Authority's (EFSA) Panel on Additives and Products or 
Substances used in Animal Feed (FEEDAP) has recently reviewed (EFSA, 2015. EFSA Journal 2015; 
13(9)^4236) the safety and efficacy of threonine produced by E.coli K12 for use in the diets of all 
animal species. In the report, the EFSA Panel noted that threonine additives in animal feed results 
in the incorporation of all absorbed threonine in tissue protein. Doses exceeding the threonine 
requirement of the animal will be excreted. Consequently, no free threonine occurs or accumulates 
in target animal tissues and the only form of threonine that humans will be exposed to from its use 
in animal feed is in the form of protein that will be digested, absorbed, and metabolized consistent 
with human nutrient needs. The absence of residual threonine in the tissues of animals consuming 
any form of threonine in its diet will, therefore, not result in a subsequent human exposure or 
safety issue. As indicated by the analytical values displayed in Table 2-1, Appendix 1, and Table 3-1, 
residual components of Dried L-Threonine Fermentation Product are at levels too low to present 
any risk of humans consuming the tissues of food animals fed the nutrient. All residual constituents
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are common metabolites or minerals and will be either excreted or metabolized. Therefore, they 
present no exposure risk to humans consuming tissues or products from the target animal. A 
review of the publicly available literature does not reveal information demonstrating that any of 
these residual constituents appears to present a risk of accumulation or harm to humans at the 
levels that would be consumed from animal tissue (lOM. 2006. Dietary Reference Intake, 
NAS/NAP). It should also be noted that L-threonine is an essential amino acid for human nutrition 
is approved for direct addition to human food (2iCFR§582.iG3)).

In the Bacterial Reverse Mutation Assay (OECD 471), Dried L-Threonine Fermentation Product 
was not mutagenic in this bacterial assay system (Appendix 9). The results indicate that the test 
article. Dried L-Threonine Fermentation Product, was not mutagenic in this bacterial assay system.

6.7. Safety Conclusion

Based on the documentation provided in this GRAS Notification and as discussed above, CJ has 
concluded that Dried L-Threonine Fermentation Product produced by fermentation with 
Corynebacterium glutamicum is generally recognized as safe via scientific procedures as a nutrient 
for animal consumption. The notifier has reviewed the available data and information and is not 
aware of any data and information that is, or may appear to be, inconsistent with your conclusion 
of GRAS status.
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7. Part 7 GRAS Notice: List of Supporting Data and Information 

7.1. Confidential Information

The only information that is considered confidential in this GRAS Notice is the information specific 
to the production of the genetically modified organism, the manufacturing process, and the 
documentation of the assays specific for the composition of the marketed product. None of the 
information to support the safety narrative. Section 6 of this notice, is considered to be confidential. 
All this information is provided in a summary basis in the body of the submission, as required by 21 
CFR 570 Subpart E. Therefore, the summary of the manufacturing process, with the full disclosure 
of the safety assessment, are consistent with the general recognition standards.

7.2. Supporting data information

All submitted data and reports were tested with samples produced on a pilot scale in CJ R&D 
center. The production process is the same for both the pilot scale and the commercial scale, 
ensuring that the identity of the final product is the same regardless of the scale.
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Corynebaeterium glutamicum Literature Review References.
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Center for Regulatory Services, Inc.

Since 1973

consuhnitLi to the rcgulaterl industry

Dr. David Edwards 
Director
Division of Animal Feeds (HFV- 220) 
Centerfor Veterinary Medicine 
Food and Drug Administration 
7519 Standish PI.
Rockville, MD 20855

5200 Wolf Run Shoals Road 
Woodbridge, VA 22192-575.5 

703 590 7337 (Fax 703 580 8637) 
Smedlev@cfr-scrviccs.coni

November 19, 2019

Subject: Animal GRAS Notificatbn
Dried L-Threonine Fermentation Product
APPENDIX 1 Reference
Appendix 3 Reference-Camancho et al., 2009

Notifier: CJ CheilJedang Corporation (CJ)
330, Dongho-Ro, Jung-Gu,
SEOUL,04560, KOREA

Dear Dr. Edwards:

On behalf of CJ CheilJedang Corporation (CJ), I am providing the reference material in support of 
Appendix 1 of the animal Generally Recognized as Safe Notice for the use of Dried L-Threonine 
Fermentation Product. In addition we noted that reference for Appendix 3: Camancho et al., 2009 was 
not provided, and a copy is attached.

This file folder and file were inadvertently not copied to the CD that was provided for filing. We are 
requesting the file to support AGRN for Dried L-Threonine Fermentation Product amended to include this 
information.

Should you have any questions on this request, please contact me direct^.

Sincerely,

/

Kristi O.Smedley 
Consultant to CJ CheilJedang Corporation

Cc: Keith Haydon, CJ

ATTACHMENT:
GRAS Notice L-Threonine Fermentation Product -Appendix 1 Reference material—CD
GRAS Notice L-Threonine Fermentation Product -Appendix 3 Reference Camancho et al., 2009 —CD
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Cerrito, Chelsea

From: Kristi Smedley <smedley@cfr-services.com>
Sent: Monday, July 13, 2020 3:30 PM
To: Animalfood-premarket; Wong, Geoffrey K; Carlacci, Louis
Cc: Keith D. Haydon; '강민경님 [Min Kang]'; thomas.biesiada@cj.net
Subject: Amendment to AGRN 34--
Attachments: CJ-FDA AMENDMENT GRN 34 THREONINE - July 13 Final.pdf; [Attachment_4]VDLUFA 3.1_Translated 

with Notarization.pdf; [Attachment_4]VDLUFA 4.11.6_Translated with Notarization.pdf; [Referecne]
AN18076 Feddern et. al Ani Prod Sci 2019.pdf; [Referecne]Biogenic Amine in 
Broilsers_bermudez1998.pdf; [Attachment_3]Biogenic amine LCMSMS Qtrap_Final_MK_YHKIM2
_clean_FN_07102020.docx

All: 

Based on our conversation on June 24, 2020, we have provided an amendment to AGRN 34, that addresses all the issues 
raised in  the email and notes of conversation as sent to CJ on June 30, 2020.  You had requested that these issues be 
resolved in 14 days post receipt of the notes of meeting.   We have met that deadline. 

Should you have any questions on the attached information, or have any problems receiving the attachments, please let 
us know.    

Kristi O. Smedley, Ph.D. 

Center for Regulatory Services, Inc. 
5200 Wolf Run Shoals Rd. 
Woodbridge, VA 22192 

Ph. 703‐590‐7337 
Cell   
Fax 703‐580‐8637 

T-0004

RECEIVED DATE
JUL 14, 2020
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 Center for Regulatory Services, Inc. 

5200 Wolf Run Shoals Road 
Woodbridge, VA 22192-575.5 

703 590 7337 (Fax 703 580 8637) 
Smedley@cfr-services.com 

 July 13, 2020     
 

 
 

Dr. David Edwards 
Director 
Division of Animal Feeds (HFV- 
230), Center for Veterinary 
Medicine, Food and Drug 
Administration, 
7519 Standish Pl., 
Rockville, MD 20855  

 
 

Subject: Amendment AGRN 34 

 L-Threonine Fermentation Product  
 

Notifier:  CheilJedang Corporation 
(CJ)  330, Dongho-Ro, 
Jung-Gu, SEOUL,04560, KOREA 

Dear Dr. Edwards: 
 

On behalf of CheilJedang Corporation, I am providing an amendment to the AGRN 34, as discussed 
in our teleconference on June 24, 2020.  In that teleconference, (which was summarized in a memo 
dated June 29, 2020 and received by email on June 30, 2020) we discussed 7 items.  We were 
requested to respond in a two-week period after receiving the notes of meeting. 
 
[Manufacturing Chemistry]  
1. Composition of the GRAS substance 

We apologize for the fact that the Table 2.1 Chemical Composition was not clear. The data 
found in this table was a summary of data provided in Appendix 1 of the notice.   The analysis 
of the L-Threonine Fermentation Product (L-TFP) (appendix 1) included  

included in the chemical composition Table 2.1.  We have revised Table 2.1  
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         [Amended Table 2-1. Chemical Composition of L-Threonine Fermentation Product formulated with a Carrier (Corn     
          Starch)+ ] 
 

Test Units Method Batch01 Batch02 Batch03 Batch04 Batch05 Average 
L-Threonine % AOAC 999.13 77.94 
Hydrolyzed 
amino acids  
(in insoluble 

Biomass part) 
(Total) 

% 

 

6.62 

Aspartic acid ISO 13903:2005 0.62 
Lysine 0.41 
Serine 0.03 

Glutamic acid 0.74 
Glutamine 0.34 

Glycine 0.37 
Alanine 0.57 
Valine 0.40 

Cystine AOAC 985.28 0.06 
Isoleucine ISO 13903:2005 0.31 

Leucine 0.51 

Tyrosine 0.12 
Phenylalanine 0.32 

b-Alanine 0.02 
Tryptophan AOAC 988.15 0.06 
Methionine AOAC 985.28 0.25 

Homoserine ISO 13903:2005 0.18 
Threonine 0.56 

Arginine 0.42 
Proline 0.33 

Free amino acids 
(Soluble biomass 
part, other than 

Threonine) 

% 

AOAC 999.13 1.99 

Lysine  1.07 
Glutamic acid 0.20 

Glycine 0.13 
Alanine 0.03 
Valine 0.05 

Isoleucine 0.40 
Leucine 0.01 

Tyrosine 0.04 
Phenylalanine 0.05 

Homoserine 0.02  COPY

(b) (4)



Moisture % AOAC 934.01 0.83 
Ammonium  ASTM D4327-03 0.59 

Sugars (Total)  
% 

AOAC 995.13 0.35 
Glucose  0.07 

Trehalose 0.28 

Organic acids 
(Total)  

% 

Korean Feed 
Standards Codex, 

1 of chapter 14 
0.12 

Malic Acid  0.01 
Succinic Acid 0.04 

Lactic Acid 0.07 
Inorganic 

anions/cations 

% 

ASTM D4327-03 
ASTM D 6919–03 3.93 

Sodium  0.01 
Potassium 0.48 

Magnesium 0.04 
Calcium 0.01 

Chloride 0.01 
Phosphate 0.88 

Sulfate 2.54 

Ash1 % AOAC 942.05 1.51 
               +Note that this table does not include complex carb

 
 

2. List of the starting materials 
 

FDA asked for the listing of the starting materials for the fermentation, as well as the regulatory 
status and the feed specifications of these materials (including the emulsifier).  Attachment 2 of 
AGRN 34 amendment provides the list of the starting materials, their regulatory status and 
purchasing specifications of the raw materials.  All starting materials have been determined to 
be suitable for animal feed.   
 

3. Product specification  
 

We have modified table 2-5 3 ash specification to 3%. 
 

[Amended Table 2-5. Dried L-Threonine Fermentation Product Specifications] 
Component Amount Method 

Threonine,  minimum 75 % HPLC, AOAC 999.13 
Moisture, maximum 5 % At 105℃ for 3hr, AOAC 934.01 

Ash, maximum 3% AOAC 942.05 
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4. Biogenic amine analysis 
 

FDA questioned the evaluation of the biogenic amine analysis (HPLC) of the L-Threonine 
Fermentation Product if the notifier took into consideration the matrix effects/interference. 
Specifically, if the matrix would shift the retention times of the biogenic amines. It was also 
questioned, whether the peak intensities of free amino acids interfere with the peak intensities of 
the biogenic amines.  In addition, the analysis of HPLC chromatograms did not agree with the 
tabular information. Therefore, the CVM asked the notifier to re-determine the minimum 
detection limit of the biogenic amines in the notified substance, by spiking the notified 
substance in the biogenic amine reference standards. 
 

 
As requested by CVM, a spiking test was performed to test for matrix effect between the 
biogenic amine and the biomass in L-Threonine Fermentation Product.  

SAFETY ASSESSMENT—Specific to BIOGENIC AMINES   
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 Product to poultry and livestock diets is numerically and biologically insignificant and would not cause 
 a safety concern. 

 The exposure of livestock and poultry to these insignificant levels of biogenic amines (especially in 
 comparison to the typical dietary ingredients) will not impact target animal safety or human food safety. 

5. Stability Test Method
FDA noted that we did not provide a citation to the compendial methods to support the stability
information. The method used for L-Threonine was VDLUFA 4.11.6. (The English translated
method is provided in attachment 4 of AGRN 34 amendment).

[Utility] 
1. The CVM reviewers suggested there was confusion between the published report of Wensley, et. al.

(2019) and the reference to the  utility trial. Appendix 7 was the full study report using
L-Threonine Fermentation Product, which was one of the three trials in the published article
referenced as Wensley et. al. (2019).  We apologize for any confusion suggesting it was a second
report, that was not our intent.

2. The Center suggested there was confusion on the intended use of the substance as it was referred to
as “livestock and poultry” and “animal”.  As stated in the signed certification (section 1.8) and the
header for section 1 of the GRAS notice, “CJ CheilJedang Corporation (hereinafter referred to as
“CJ”) is submitting a GRAS notice for the substance Dried L-Threonine Fermentation Product as a
source of threonine in livestock and poultry diets”. We apologize for occasionally using the common
term “animal” to describe the intended use.

Should you have any questions on this amendment, please contact me directly.

Sincerely, 

Kristi O. Smedley  
Consultant to CheilJedang Corporation 

Cc: Keith Hayden, CJ
Min Kang, CJ 
Thomas Biesiada, CJ 

Attachment: 
1. Certificate analysis of Corn Starch-carrier
2. List of Starting Materials
3. Impact of Matrix on Biogenic Amine Analysis
4. Stability Method (Eng translated)

References: 
Bermudez, A.J. and J.D. Firman. 1998. Effects of Biogenic Amines in Broiler Chickens.  Avian
Diseases 42:199-203.
Feddern, V. et al. 2019. A review of biogenic amines in food and feed: Toxicological aspects,
impact on health and control measures.   Animal Production Science. January 2019

Kristi 
Smedley

Digitally signed by Kristi Smedley 
DN: cn=Kristi Smedley, o=Center 
for Regulatory Services, Inc., ou, 
email=smedley@cfr-services.com, 
c=US 
Date: 2020.07.13 15:10:32 -04'00'
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[Attachment 1. Corn Starch Certificate of Analysis] 
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[Attachment 2. Starting Materials for the L-Threonine Fermentation Product] 
 
The table provides the listing of each of the starting ingredients in the L-Threonine Fermentation Product 
matrix. CJ has purchasing specifications in place that assures that the final product is a safe product that 
consistently meets the specifications.  In all cases the starting materials suitable for use in animal feed 
and in cases that have existing specifications, the selected products surpass those requirements.  The 
second table provides a summary of the purchasing specifications. 

 
[Attachment 2-Table 1. Starting Materials for the L-Threonine Fermentation with the regulatory status] 

Item Regulatory Citation 

 
 
 BEST AVAILABLE COPY

(b) (4) (b) (4)



[Attachment 2- Table 2. Purchasing Specifications for starting materials] 
 

Item Purchasing Specifications 
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AVIAN DISEASES 42:199-203, 1998 

Research Note- 

Effects of Biogenic Amines in Broiler Chickens 

Alex J. BermudezA and Jeffry D. FirmanBC 

AVeterinary Medical Diagnostic Laboratory, College of Veterinary Medicine, P.O. Box 6023 
BDepartment of Animal Sciences, College of Agriculture, 116 Animal Science Research Center 

University of Missouri, Columbia, MO 65211 

Received 13 June 1997 

SUMMARY. Biogenic amines in spoiled animal by-product feeds have been implicated 
in causing poor performance and intestinal lesions in broilers. This study was designed to 
determine if biogenic amines, at the concentrations found in animal by-product meals, would 
reduce performance in broilers or cause lesions. Twelve treatments were used in a 2 x 6 
factorial arrangement with the main effects being either a corn-soybean meal diet or a corn- 
soybean meal diet with 10% animal by-products added and either no amines added or added 
levels of phenylethylamine (4.8 mg/kg), putrescine (49 mg/kg), cadaverine (107 mg/kg), 
histamine (131 mg/kg), or a combination of all these amines. Levels of biogenic amines used 
in this study simulated those found in areas with reported problems attributed to biogenic 
amines. Broilers were monitored for performance, gross lesions, and histologic evidence of 
lesions at 2, 4, and 6 wk. No consistent effects were observed on performance, and by the 
conclusion of the trial, no statistical differences were noted in the performance of any of the 
treatments. No gross lesions were observed on a consistent basis in any of the treatments. 
Histopathology was likewise unremarkable. On the basis of this study, it would appear that 
these four biogenic amines, at levels detected in the United States, do not pose a serious 
health concern for the broiler industry. 

RESUMEN. Nota de Investigacion-Efecto de las aminas biogenicas en pollos de engorde. 
Las aminas biogenicas en subroductos alimenticios dafiados de origen animal han sido 

implicadas como causa de bajo rendimiento y causa de lesiones intestinales en pollos de 
engorde. Se disefi6 este estudio para determinar si las aminas biogenicas, usadas a las con- 
centraciones encontradas en subproductos alimenticios de origen animal, pueden reducir el 
rendimiento en pollos de engorde o causar lesiones. Se utilizaron doce tratamientos en un 
arreglo factorial de 2 x 6 con los principales efectos que incluyeron: dieta a base de torta 
de maiz y soya, torta de maiz y soya con 10% de subproductos animales, sin adici6n de 
amino acidos o con la adicion de niveles de feniletilamina (4.6 mg/kg), putrecina (49 mg/kg), 
cadaverina (107 mg/kg), histamina (131 mg/kg) o una combinacion de todas estas aminas. 
Los niveles de aminas biogenicas usadas en estos estudios fueron similares a los encontrados 
en areas donde se han reportado problemas atribuidos a las aminas biogenicas. Los pollos de 
engorde fueron evaluados por su rendimiento, lesiones a la necropsia y por evidencia histo- 
logica de lesiones a las 2, 4 y 6 semanas de edad. No se observaron efectos constantes sobre 
el rendimiento y hacia el final del experimento no se encontraron diferencias estadisticamente 
significantes en el rendimiento de ninguno de los tratamientos. No se observaron lesiones 
consistentes a la necropsia en ninguno de los tratamientos. Los hallazgos histopatologicos no 
revelaron diferencias significantes. 

Key words: biogenic amine, chicken, phenylethylamine, putrescine, cadaverine, histamine 
Abbreviations: CAD = cadaverine; COMB = combination of all four amines; HIS = 

histamine; PHE = phenylethylamine; PUT = putrescine 

CCorresponding author. 
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A review on biogenic amines in food and feed: toxicological
aspects, impact on health and control measures
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Abstract. Biogenic amines (BAs) represent a considerable toxicological risk in some food and feed products. They
are formed under unhygienic conditions during storage and processing; therefore, an increase in the concentrations
of those metabolites is related to putrefaction. Because BAs are thermostable, they remain in food and feed that
have undergone heat treatment. There are several toxicological effects, especially caused by histamine, when high
concentrations of BAs are ingested by humans, depending on the food itself and also on individual susceptibility
and individual health status. The present paper reviews the main BAs in meat products, their use as spoilage
indicators, the risk on human health and also the contamination of by-product meals. Furthermore, we highlight the
state of art regarding impact of BAs on poultry, meat and eggs.
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1. Biogenic amines 

A biogenic amine is a biogenic substance with one or more amine groups. They are 
basic nitrogenous compounds formed mainly by decarboxylation of amino acids or 
by amination and transamination of aldehydes and ketones. In this reports, we 
analyzed six biogenic amines. They include: 

① Tyramine, 

 

② Phenethylamine, 

 

③ Putrescine, 

 

④ Cadaverine, 

 

⑤ Histamine, 

 

⑥ Tryptamine.  
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 File name in raw data 
injection 01 GLN_190722_ME_CSJ3 
injection 02 GLN_190722_ME_CSJ4 
injection 03 GLN_190722_ME_CSJ5 
injection 04 GLN_190722_ME_CSJ6 
injection 05 GLN_190722_ME_CSJ7 
injection 06 GLN_190722_ME_CSJ8 
injection 07 GLN_190722_ME_CSJ9 

compound Tyramine Phenylethylamine Putrescine Cadaverine Histamine Tryptamine 
concentration 0.1021 mg/L 0.1045 mg/L 0.1059 mg/L 0.1032 mg/L 0.1035 mg/L 0.1042 mg/L 

Replicate 
(peak area) 

1 
2 
3 
4 
5 
6 
7 

average 69892 80761 65162 65718 67367 82858 
standard deviation 

S/N ratio 14.30 16.95 15.63 16.11 14.61 15.86 
MDL peak area 

method detection limit 
RSD(%) 
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lot No. Data file name 

GLN_190722_ME_CSJ10 

GLN_190722_ME_CSJ11 

GLN_190722_ME_CSJ12 
 

2.1.3 Method detection limit (MDL) 

The method detection limit (MDL) is defined as the minimum concentration of a 
substance that can be measured and reported with 99 % confidence that the analyte 
concentration is greater than zero and is determined from analysis of a sample in a 
given matrix containing the analyte. 

First, choose the proper spike level. Prepare standard 2.5 to 5 times the estimated 
detection limit. Analyze at least seven (7) samples at the spike level, calculate the 
MDL and accept the MDL if the calculated value is less than the spiked value. 
Calculate the variance (S2) and standard deviation (S) of the replicate measurements, 
as follows: 

 

Where: Xi; I=1 to n, are the analytical results in the final method reporting units 
obtained from the n sample aliquots and S refers to the sum of the X values from I=l 
to n. 

 

Compute the MDL as follows: 

where: 

MDL = the method detection limit 

t(n-1,1-a = .99) = the students t value appropriate for a 99 % confidence level and a 
standard deviation estimate with n-1 degrees of freedom. See Table. 

S = standard deviation of the replicate analyses. 
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APPENDIX 6. Stability of Dried L-Threonine Fermentation 
Product in Mash Feed 
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Appendix 10. Literature Review Corynebacterium glutamicum – with 
references 

Review of the safety of Corynebacterium glutamicum 

TABLE OF CONTENTS 
1. Introduction ...................................................................................................................... 239
2. Evaluation by EFSA .......................................................................................................... 239 

2.1 Qualified presumption of safety (QPS) .................................................................... 239 
2.2 Re-evaluation using literature review ...................................................................... 239 
2.3 QPS Classification of Corynebacterium glutamicum ............................................... 240 

3. Literature Search (2003-2018) ........................................................................................ 240 
3.1 Method Used ............................................................................................................. 240 
3.2 Relevant Records Retrieved ....................................................................................... 241 

4. Narrative - Corynebacterium glutamicum ........................................................................ 241 
4.1 Taxonomy and Characteristics .................................................................................. 241 
4.2 Amino Acid Production ............................................................................................. 242 

4.2.1 Production methods .......................................................................................... 243 
4.3 Other Uses ................................................................................................................. 243 
4.4 Genetic engineering .................................................................................................. 243 
4.5 Safety Concerns ......................................................................................................... 243 

4.5.1 Nonpathogenicity .............................................................................................. 244 
5. Summary and Conclusions ............................................................................................... 244 
6. References ..........................................................................................................................245 
7. Appendix 1 ......................................................................................................................... 251 
8. Appendix 2 .........................................................................................................................254 



GRAS Notice Dried L-Threonine Fermentation Product      Page 239 
Appendix 10 

1. INTRODUCTION
This document addresses the safety of the microorganism Corynebacterium glutamicum. It 
presents scientific data and information gathered from in-depth literature reviews which 
demonstrate that C. glutamicum can be used as a microorganism for the industrial 
production of amino acids and other substances which in turn can be safely added to feed for 
food-producing animals and poses no risk or health hazards to humans consuming products 
from food-producing animals consuming the substance.  This review, as prescribed by the 
Division of Animal Feed staff, is intended to refresh the detailed safety review assessment 
completed in 2003 by the Division with the addition of Corynebacterium glutamicum and 
Corynebacterium glutamicum derived ingredients as an authorized feed ingredient.    

2. EVALUATION BY EFSA

2.1 Qualified presumption of safety (QPS) 
A wide variety of microorganisms are intentionally added at different stages into the food 
chain, either directly or as a source of food and feed additives, enzymes or plant protection 
products. The qualified presumption of safety (QPS) approach was developed by the EFSA 
Scientific Committee to provide a generic concept to prioritize and to harmonize risk 
assessment within EFSA of microorganisms intentionally introduced into the food chain 
(EFSA, 2005, 2007). 

The list of QPS microorganisms has been continuously revised and updated since it was 
established in 2007. The publication of the overall assessment of the taxonomic units (TU) 
previously recommended for the QPS list is carried out every three years (EFSA, 2007, 2012). 
The recommendations provided concerning that list of microorganisms are maintained and 
re-evaluated based on extensive literature reviews and expert knowledge. (EFSA, 2007, 
2018). 

2.2 Re-evaluation using literature review 
The bi-annual re-evaluation of microorganisms begins with a literature review for each TU 
that is notified to EFSA. QPS recommended TU and those which represent new TU 
notifications are annually reviewed (EFSA, 2007). The literature review for a new TU is 
broader to cover the history of use, the potential safety concerns and the ecology. Relevant 
databases such as Web of Science Core Collection, CAB Abstracts, BIOSIS Citation Index, 
MEDLINE and Food Science Technology Abstracts are searched using the TU in combination 
with common keywords (e.g. toxin, disease, antibiotic/antimycotic resistance, safety, 
syndrome) and respective animal categories. The search terms are broad and cover synonyms 
or former names of taxonomic units (EFSA, 2012, 2013, 2017). Findings from the literature 
review are then evaluated, taking into consideration recommendations given in the previous 
QPS Opinion. A detailed description of the methodology used in carrying out the literature 
review can be found in EFSA (2013, 2017). A summary of the literature search strategy for the 
most recent QPS update for C. glutamicum is given in Table 1. 

Table 1. Corynebacterium glutamicum 

String for species 
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“Corynebacterium glutamicum” OR “C 
glutamicum” OR “Brevibacterium 
lactofermentum” OR “B 
lactofermentum” 

 

Outcome String 

1) Antimicrobial/Antibiotic/Antimycotic “antimicrobial resistan*” OR “antibiotic resistan*” OR 
“antimicrobial susceptibil*” 

2) 
Infection/Bacteremia/Fungemia/Sepsis 

infection* OR abscess* OR sepsis* or septic* OR 

bacteremia OR bacteraemia OR toxin* OR “pathogen*” 

3) Type of disease Not applied 

4) Mortality/Morbidity clinical* OR death* OR morbidit* OR mortalit* OR 
disease* OR illness* 

5) Disease Risk opportunistic OR virulen* 

Flow records by search strategy resulted in 78 papers being identified using title screening, of which 8 
papers were identified using title/abstract screening, of which 1 was identified using article appraisal 
and was considered relevant for QPS. Following the review of that paper (Yang and Yang, 2017), it 
was concluded that there were no safety concerns identified in the only article considered relevant for 
QPS exercise (EFSA, 2019). 

A literature review did not reveal new information about adverse health effects or on safety concerns 
since the last update (EFSA, 2013). The QPS recommendation has been confirmed. 

Source: EFSA (2018). 

 

2.3 QPS Classification of Corynebacterium glutamicum 
The QPS approach is currently used for microorganisms in the three broad categories within 
which most of the species notified to EFSA fall: bacteria, yeasts and viruses (EFSA, 2005, 
2007). Here only information as it relates to the QPS assessment of the bacterium C. 
glutamicum is presented. 

As noted, each updated QPS Opinion is based on a review of newly available scientific 
literature and recommendations given in the previous years’ opinions. Scientific opinions on 
the update of the list of QPS-recommended biological agents intentionally added to food or 
feed that include C. glutamicum are reported for the years 2007, 2008, 2010, 2011, 2012, 
2013, 2016, 2017 and 2019. The recommendations given in each QPS Opinion for these 
respective years are summarized in Appendix 1. The recommendations unanimously confirm 
that C. glutamicum meets the QPS criteria for humans and animals and there are no adverse 
health effects or on safety concerns. 

 

 

3. LITERATURE SEARCH (2003-2019) 
 

3.1 Method Used 
An electronic literature search (ELS) was conducted by saqual GmbH to collect scientific 
studies, articles, reports and other documents deemed to be relevant for a review of the 
safety/risk assessment of C. glutamicum. The ELS was carried out in October 30th, 2019 
using the Google Scholar database and included information published from 2003 onwards. 
A detailed description of the ELS strategy employed and a listing of the search “strings” used 
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and “hits” obtained is detailed in Appendix 2. The ELS was based on the search terms or 
“strings” used by EFSA in the 2017 QPS re-evaluations for C. glutamicum (Section 2.2, Table 
1), but adapted to the Google Scholar and its specific structure. The information collected 
from the ELS was reviewed and follow-up selective searches were made using the Web of 
Science Core Collection, CAB Abstracts and Global Health, BIOSIS Citation Index and 
Current Contents. 

 

3.2 Relevant Records Retrieved 
The “hits” or records retrieved in the ELS search were compiled and each publication was 
reviewed and judged whether it contained information relevant to the safety of C. 
glutamicum (Appendix 2, Table 2). Some examples of the topics addressing C. glutamicum in 
the records retrieved include the role of pathogenic and non-pathogenic Corynebacterium 
spp., particularly in human clinical trials (Camello et al., 2003; Roux et al., 2004; Bernard, 
2005; Eguchi et al., 2008; Olender, 2012; Oliveira et al., 2017), genetic and biochemical 
characterization of C. glutamicum and site directed mutagenesis (Zhang et al., 2012), gene 
identification and sequencing (Ikeda and Nagakawa, 2003; Khamis et al., 2004; Ordonez et 
al., 2005; Yukawa et al., 2007), gene deletion and the effect on cell morphology and antibiotic 
resistance (Möker et al., 2004; Oritz-Pérez et al., 2010; Bernard, 2012) and carcass 
degradation (Kim et al., 2017). 

Overall, no studies were retrieved either in the ELS or follow-up selective searches that 
contained information indicating potential safety issues or hazards associated with C. 
glutamicum. Those records retrieved from the searches that support the accepted safe use of 
different strains of C. glutamicum for amino acid production are reviewed in the following 
narrative. 

 

 

4. NARRATIVE - CORYNEBACTERIUM GLUTAMICUM 
The scientific data and information presented in the following sections demonstrate that C. 
glutamicum can be safely used as a microorganism for the industrial production of amino 
acids under the conditions of intended use for the target animals and humans consuming 
food derived from food-producing animals consuming the substance. 

 

4.1 Taxonomy and Characteristics 
The genus Corynebacterium belongs to the taxonomic class Actinobacteria that represents 
gram-positive bacteria with a high guanine and cytosine content in their DNA (Stackebrandt 
et al., 1997; Ventura et al., 2007). The genus Corynebacterium which currently has 110 
validated species, is highly diversified and includes species that are of medical, veterinary, or 
biotechnological relevance (Pascual et al., 1995; Khamis et al., 2004; Bernard, 2012; Soares et 
al., 2013; Oliveira et al., 2017; Dalen et al., 2018). 

One of the most prominent members among the genus Corynebacterium is C. glutamicum, a 
bacterium isolated in 1956 from an avian-feces-contaminated soil sample collected from 
Ueno Zoo in Tokyo (Japan) with a natural capacity to accumulate L-glutamate extracellularly 
in a biotin-limited medium (Kinoshita et al., 1957; Udaka, 1960; Shiio et al., 1962). C. 
glutamicum belongs to a broad, diverse group of mycolic acid-containing bacteria that share 
the property of having an unusual cell envelope composition and architecture, differing from 
those of other gram-positive bacteria (Peuch et al., 2001). 
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C. glutamicum is a nonmotile, facultative anaerobic, Gram-positive biotin-auxotrophic soil 
bacterium, which forms rod-shaped, straight, or slightly curved cells (Becker and Whittman, 
2017). The chromosome of the wild-type strain C. glutamicum ATCC 14067 is 3,273,044 bp 
in length, with an average GC content of 54.13% (Yangyong Lv et al., 2012). C. glutamicum 
can use a variety of carbon sources as growth and energy substrates, including sugars, sugar 
alcohols, organic acids and aromatic compounds (Becker et al., 2016). For information on 
taxonomical studies see Abe et al (1967) and Liebl (2005). 

Although some Corynebacterium spp. have been detected as components of the bacterial 
community of cheese surface (Monnet et al., 2006), only C. glutamicum is considered of 
relevance for industry feed and food production sectors. 

 

4.2 Amino Acid Production 
The global amino acid market is more than $US 7 billion and is forecast to reach $US 11.6 
billion by the year 2015 and $US 35 billion by 2022 (Radiant Insights, Inc., 2015). Global 
volume consumption of feed grade amino acids, estimated at 4.5 million metric tons in 2017, 
is projected to reach 6.2 million metric tons by 2022. Poultry feed constitutes the largest 
consumer of feed amino acids globally with 2017 market share of 43.4% (Business Wire, 
2017). 

C. glutamicum has many fundamental physiological properties that make it an important 
industrial workhorse. These properties are listed by Lee et al (2016) as follows: (i) not 
pathogenic and generally recognized as a safe strain (GRAS); (ii) fast growth to high cell 
densities; (iii) genetically stable owing to the lack of a recombination repair system; (iv) 
limited restriction-modification system; (v) no autolysis and maintenance of metabolic 
activity under growth arrested conditions; (vi) low protease activity favoring recombinant 
protein production; (vii) plasticity of metabolism and strong secondary metabolism 
properties; and (viii) broad spectrum of carbon utilization (pentoses, hexoses, and alternative 
carbon sources); stress tolerance to carbon sources. 

C. glutamicum’s inability to form spores, relatively few growth requirements and natural 
capability to produce and secrete glutamate in high amounts makes it one of the most 
important platform microorganisms used for industrial production of amino acids. The 
practice of developing amino acid overproducing strains by mutagenesis and selection is a 
very well-established technique (Rowlands, 1984). Different strains have been utilized for 
decades by the industry to produce glutamate, lysine, tryptophan, threonine, isoleucine, 
valine and leucine as described in the “Handbook of Corynebacterium glutamicum” 
(Eggeling and Bott, 2005). 

Amino acids have a wide variety of characteristics in terms of nutritional value, taste, 
medicinal action, and chemical properties, and thus have many potential uses, e.g., in food 
additives, feed supplements, pharmaceuticals, cosmetics, polymer materials, and agricultural 
chemicals (Ikeda and Takeno, 2013). Industrial amino acids produced by microorganisms are 
identical to those naturally found in vegetables and animals (Bercovici and Fuller, 1995). 

Over the past decades, global competition among leading companies in the field steadily 
demanded innovation to improve key performance indicators: yield, titer, and productivity 
(Becker et al., 2016). For this reason, C. glutamicum has become one of the best 
characterized microorganisms worldwide with regard to substrate spectrum and nutrient 
requirement (Buschke et al., 2013), catabolic and anabolic pathways and their regulation 
(Kalinowski et al., 2003; Schroder and Tauch, 2010) underlying biochemistry (Blombach and 
Seibold, 2010) and response to environmental conditions (Ehira et al., 2009). 
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4.2.1 Production methods 
The two microbiological (biotechnology) methods for the industrial production of amino 
acids are the use of microbial enzymes or immobilized cells (enzymatic method) and 
fermentation (semi or direct) (Ivanov et al., 2013). The fermentation process is briefly 
addressed here to illustrate that the purification step within the fermentation process ensures 
a safe product. 

Fermentation processes typically comprise three steps: fermentation, crude isolation and 
purification (Kusumoto, 2011; Ikeda and Takeno, 2013; Ivanov et al., 2013). In the 
fermentation process, the desired amino acid is specifically produced by the fermentation 
microorganism (e.g. C. glutamicum in the production of L-glutamine, L-lysine, L-valine). 
During the crude isolation process, most impurities contained in the fermentation broth are 
removed by combining various technologies. Final purification is performed to ensure the 
required quality for the intended use. The final product is obtained as a crystalline powder. 
The product is released only after quality tests have verified that the product meets specific 
requirements, and the normal functioning of each process step has been verified. All 
manufacturing processes to produce amino acids must comply with current good 
manufacturing practice requirements. 

 

4.3 Other Uses 
C. glutamicum is also employed in the production of L-phenylalanine (Shu and Liao, 2002), 
L-serine (Stolz et al. 2007) and for secreted protein production (Kikuchi et al., 2003; 
Umakoshi et al., 2011). The bacterium can be engineered for production of isobutanol 
(Blombach et al., 2011) and succinate (Litsanov et al., 2013). 

Products for health and nutrition have the longest history in industrial biotechnology, with C. 
glutamicum being one of the major producers Meanwhile, processes for other products 
including non-proteinogenic amino acids, vitamins, flavors and fragrances and other 
nutrients and health care products are also on the rise (Burnett et al., 2013; Becker et al., 
2016). 

 

4.4 Genetic engineering 
The past quarter century has seen rapid developments in strain development technology. 
Metabolic engineering has repeatedly led to successful yield improvements, especially in the 
field of amino acid production by C. glutamicum (Kirchner and Tauch, 2003; Eggeling and 
Bott, 2005; Wendisch, 2006; Becker and Whittmann, 2012; Zahoor et al., 2012; Burkovski, 
2013; Buschke et al, 2013; Heider and Wendisch, 2015). 

 

4.5 Safety Concerns 
The species, C. glutamicum, which serves as recipient and donor strain is generally 
considered to be non-pathogenic and no safety concerns are reported for this bacterial 
species for humans and animals. It is not known to produce toxins or present any other 
hazards (Nelson et al., 2000; Kalinowski et al., 2003; Bernard, 2005; Olender, 2012; Oliviera 
et al., 2017). 

As discussed in Section 2, C. glutamicum meets the EFSA premarket qualified presumption 
of safety (QPS) assessment criteria when used for fermentation of amino acids. 
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C. glutamicum is listed as a fermentation organism in several AAFCO feed ingredient 
definitions (e.g. 36.1, 36.16 and 36.17 (AAFCO 2016). Moreover, amino acids produced by an 
aerobic fermentation process using C. glutamicum are generally recognized as a safe (GRAS) 
for humans and food producing animals. 

Due to its importance as an amino acid producer, C. glutamicum is one of the most-
investigated and documented microorganisms (Jetten and Sinskey, 1995; Sahm et al., 1995, 
2000; Krömer et al., 2004; Leuchtenberger et al. 2005; Dong et al., 2011; Schneider et al., 
2011; Ikeda and Takeno, 2013; Lv et al., 2015; Hirasawa and Shimizu, 2016; Wendisch et al., 
2016). Lee et al (2016) reviewed the literature and found that as of 2015 over 2,700 papers 
and 1,700 patents have been reported relating to C. glutamicum. The breadth and depth of 
research carried out on C. glutamicum substantiates the accepted safety of using this 
bacterium by the industry. 

In addition to being used for the industrial production of amino acids, Corynebacterium spp. 
have a long history of safe use in food production, including preparation of fermented maize, 
sorghum, millet, African oil bean seed, rice, soybean and cassava (Caplice and Fitzgerald, 
1999; Tateno et al., 2007; Osungbaro, 2009). 

 

4.5.1 Nonpathogenicity 
Many of the genes present in the completely sequenced genome of C. glutamicum are highly 
conserved in sequence and gene order within the other members of the genus 
Corynebacterium (Ikeda and Nakagawa, 2003; Kalinowski et al 2003). As a non-pathogenic 
member of the genus, C. glutamicum is of increasing interest as a model organism for other 
members of the suborder including important pathogens such as C. diphtheriae, 
Mycobacterium tuberculosis and M. leprae (Camello et al., 2003; Gibson et al., 2003; 
Moeker et al., 2004; Olender et al., 2012; Tauch and Burkovski, 2015; Cashmore et al., 2017). 

 

 

5. SUMMARY AND CONCLUSIONS 
The data and scientific information presented in this document demonstrate that there are 
no known safety issues regarding the use of C. glutamicum in the production of compounds 
for use in food for humans and for food-producing animals. C. glutamicum is generally 
considered to be non-pathogenic and no safety concerns are envisaged. The ELS and follow-
up selected literature reviews carried out did not reveal any hazards associated with C. 
glutamicum when added to food or feed. These findings agree with the EFSA QPS Opinions 
issued from 2005 onwards. 
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7. APPENDIX 1 
Scientific Opinion on the update of the list of QPS-recommended biological 
agents intentionally added to food or feed as notified to EFSA 
Scientific opinions for C. glutamicum for each year are extracted from the respective 
reference cited. 

Year 2007 
EFSA. 2007. Opinion of the Scientific Committee on a request from EFSA on the introduction 
of a Qualified Presumption of Safety (QPS) approach for assessment of selected 
microorganisms referred to EFSA. EFSA Journal 2007, 587:1-16. 

Corynebacterium glutamicum 
C. glutamicum is a soil bacterium widely used for the biotechnological production of amino 
acids. Amino acid producing strains have been selected and improved by mutagenesis as well 
as by using recombinant DNA technology. C. glutamicum belongs to a genus which also 
includes significant human pathogenic bacteria. Although some Corynebacterium species 
have been detected as components of the bacterial community of cheese surface, only C. 
glutamicum is considered of relevance for feed and food sectors. Only this species has been 
considered for the QPS assessment because of its significant role in the industrial production 
of amino acids. 

Taxonomic unit defined 

The genus Corynebacterium belongs to a branch of the Actinomycetales that also includes 
the genera Mycobacterium, Nocardia and Rhodococcus. Bacterial species belonging to this 
branch of the Gram-positive bacteria share particular characteristics, such as high G+C 
content (47– 74%) and a specific cell envelope organization, mainly characterized by the 
presence of peptidoglycan, arabinogalactan and mycolic acids. The genus currently contains 
63 species, which colonize different environments. 

Is the body of knowledge sufficient? 
The characteristics, the physiology and the genetics of C. glutamicum are well known. The 
genome sequence of this industrial bacterium has been determined (Kalinowski et al., 2003), 
reflecting the considerable biotechnological importance of these organisms. 

Are there safety concerns? 

C. glutamicum plays an important role in the amino acid fermentation industry. No safety 
concerns are reported for this bacterial species for humans and animals, and no information 
on the presence of acquired antibiotic resistances in this bacterial species is available. 
However, it should be kept in mind that the direct exposure of consumers to this bacterial 
species is expected to be very low. 

Can the safety concerns be excluded? 

C. glutamicum has generally been considered to be non-pathogenic and no safety concerns 
are envisaged. However, its history of use is as a source of amino acids and has not, to date, 
involved the direct and deliberate exposure of humans or livestock. 

Units proposed for QPS status 
There is a long history of safe use of C. glutamicum as an amino acid producer; consequently, 
C. glutamicum is proposed for QPS status with the qualification that this status applies only 
when the species is used for production purposes only. 

Year 2008 
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EFSA. 2008. Scientific Opinion of the Panel on Biological Hazards on a request from EFSA 
on the maintenance of the QPS list of microorganisms intentionally added to food or feed. 
EFSA Journal 2008, 923, 1-48. 

Corynebacterium glutamicum 
QPS status applies only when the species is used for production purposes.Year 2010 
EFSA. 2010. EFSA Panel on Biological Hazards (BIOHAZ); Scientific Opinion on the 
maintenance of the list of QPS biological agents intentionally added to food and feed (2010 
update). EFSA Journal 2010;8(12):1944. 56 pp. 

Corynebacterium glutamicum 
QPS recommendation only when the species is used for amino acid production. 

Year 2011 
EFSA. 2011. EFSA Panel on Biological Hazards (BIOHAZ); Scientific Opinion on the 
maintenance of the list of QPS biological agents intentionally added to food and feed (2011 
update). EFSA Journal 2011;9(12):2497. 82 pp. 

Corynebacteria 

A literature review did not reveal new information about adverse health effects or on safety 
concerns since the last update (EFSA, 2010). The QPS recommendation has been confirmed. 

Antimicrobial resistance aspects regarding the qualification 
While no actual antibiotic MIC determinations for C. glutamicum appear to have been done, 
the antibiotic sensitivity of a strain used for amino acid production, has been tested using a 
disc method (Costa-Riu et al., 2003). The strain was sensitive to ampicillin, kanamycin, 
streptomycin, tetracycline, susceptible to gentamicin and resistant to norfloxacin, and 
chloramphenicol. However, the susceptibility test was not performed according to the 
methodology recommended by the CLSI guideline (Anonymous, 2007). There is no new 
information that would require a modification in the qualification of the antimicrobial 
resistance. 

Year 2012 
EFSA. 2012. Scientific Opinion on the maintenance of the list of QPS biological agents 
intentionally added to food and feed (2012 update). EFSA Panel on Biological Hazards. EFSA 
Journal 2012, 10(12):3020. 84 pp. 

Corynebacteria 
A literature review did not reveal new information about adverse health effects or safety 
concerns with regards to the last update (EFSA, 2011). The QPS recommendation has been 
confirmed. 

Antimicrobial resistance aspects regarding the qualification 
While no actual antibiotic MIC determinations for C. glutamicum appear to have been done, 
the antibiotic sensitivity of a strain used for amino acid production, has been tested using a 
disc method (Costa-Riu et al., 2003). The strain was sensitive to ampicillin, kanamycin, 
streptomycin, tetracycline, gentamicin and resistant to norfloxacin, and chloramphenicol. 
The susceptibility test was not performed according to the methodology recommended by the 
CLSI guideline (CLSI, 2007). There is no new information that would require a modification 
in the qualification of the antimicrobial resistance. 

Year 2013 
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EFSA. 2013. Scientific Opinion on the maintenance of the list of QPS biological agents 
intentionally added to food and feed (2013 update). EFSA Panel on Biological Hazards. EFSA 
Journal 2013;11(11):3449, 107 pp. 

Corynebacterium glutamicum 
A literature review did not reveal new information about adverse health effects or safety 
concerns with regards to the last update (EFSA, 2012). The QPS recommendation has been 
confirmed. 

Antimicrobial resistance aspects regarding the qualification 
No new relevant information in the last year was published on the antimicrobial 
susceptibility or resistance of C. glutamicum, therefore no modifications in the qualification 
of the antimicrobial resistance are proposed. 

Year 2017 
EFSA. 2017. Scientific Opinion on the update of the list of QPS-recommended biological 
agents intentionally added to food or feed as notified to EFSA. EFSA Journal 2017, 
15(3):4664, 178 pp. 

Corynebacterium glutamicum 
Taxonomy 
Since the last update on the QPS status (EFSA, 2013), no new information on the taxonomy 
of the C. glutamicum has been published. 

Update of the body of knowledge on safety concerns 
The total number of references found through the ELS was 188; after screening at 
title/abstract level, 33 passed to the full text phase; of those, two were considered relevant for 
the QPS assessment. A literature review did not reveal any new information about adverse 
health effects or safety concerns since the last update (EFSA, 2013). 

Revision of antimicrobial resistance aspects 
The involvement of class 1 integrons in the AMR towards streptomycin/spectinomycin and 
tetracycline in C. glutamicum isolates has been confirmed and reviewed by Deng et al. 
(2015). No additional relevant information was published in the last year on the 
antimicrobial susceptibility or resistance of C. glutamicum. 

Update on other qualifications 
This TU has the following qualification ‘QPS only applies when the species is used for amino 
acid production’. Due to a lack of knowledge in relation to history of use of the viable 
organisms and because other members of the same genus are pathogenic, the qualification is 
confirmed. 

Other relevant information 
No new relevant information was identified. 

Conclusion regarding a QPS recommendation 
The QPS recommendation is confirmed for C. glutamicum as well as the qualification. 

Year 2018 
EFSA. 2018. Update of the list of QPS-recommended biological agents intentionally added to 
food or feed as notified to EFSA 7: suitability of taxonomic units notified to EFSA until 
September 2017. EFSA Journal 2018, 16(1):5131, 43 pp. 

Corynebacterium glutamicum 
No safety concerns identified in the only article considered relevant for QPS exercise. 
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Year 2019 
EFSA. 2019. Update of the list of QPS-recommended biological agents intentionally added to 
food or feed as notified to EFSA 10: suitability of taxonomic units notified to EFSA until 
March 2019. EFSA Journal 2019, 17(7):5753, 79 pp. 

Corynebacterium glutamicum 
A search for papers potentially relevant for the QPS consideration of Corynebacterium 
glutamicum provided 45 references. No paper reached the final selection phase, therefore no 
new safety concerns were identified.  

 

8. APPENDIX 2 
Electronic Literature Search for safety / risk assessment of Corynebacterium 
glutamicum 
 
Project: Electronic Literature Search for safety / risk assessment of Corynebacterium 
glutamicum 

An electronic literature search (ELS) on Corynebacterium glutamicum was conducted to 
collect studies, articles, reports and reviews that are deemed likely to be relevant for further 
safety / risk assessment of Corynebacterium glutamicum. 

The search was conducted with the following information: 

1. Name of the database searched: Google Scholar (https://scholar.google.co.in). 
2. Dates on which the database searched: October 30-31, 2019. 
3. Time period between which the database searched: Publications between 2003 and 

till date. 
4. Other restrictions applied: Search terms present in ‘allintitle’ and ‘anywhere’ 

excluding patents and citations. 
5. Languages searched: For pages written in any language. 
6. Publications searched: Articles published in any peer reviewed journal; book or book 

chapters; theses; published reviews; etc. 
7. Search strategy applied, and records retrieved: Recorded in Table 1. 

Selection of articles: A stepwise exercise was performed to select articles that are deemed 
likely to be relevant for further safety / risk assessment of Corynebacterium glutamicum and 
the shortlisted articles were made available for the ‘full review’ at the end of ELS. 

1. Step 1: Check if the word "Corynebacterium" is mentioned in title, keywords and/or 
abstract 

2. Step 2: Check if the term "Corynebacterium glutamicum" is described in abstract 
3. Step 3: Read the abstract 
4. Step 4: Select articles for the ‘full review’ if abstract describes "Corynebacterium 

glutamicum" or "Corynebacterium spp" and at least some indicative information that 
the article covers either safety aspects; hazards / disease events in plant, animals and 
humans; toxin production; or carry genes for antimicrobial resistance. Further 
detailed evaluation on deemed likely to be included or excluded for the ‘full review’ 
was recorded in Table 2. 
 

Table 1: Electronic Literature Search (ELS) Strategy and Retrieved Hits: 

https://scholar.google.co.in)/
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Strategy 
number 

Terms Hits Notes 

#1 allintitle: "Corynebacterium 
glutamicum" 

2780 First 50 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#2 allintitle: 
"Corynebacterium" 

4550 First 50 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#3 #2 resistance 53 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#4 #2 resistant 52 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#5 #2 antibiotic resistance 4 Both hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#6 #2 antibiotic resistant 4 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#7 #2 antimicrobial 
susceptibility OR 
susceptibilities 

10 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#8 #2 infection OR infections 252 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#9 #2 abscess OR abscesses 36 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#10 #2 sepsis OR septic 22 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#11 #2 bacteremia OR 
bacteraemia 

27 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#12 #2 toxic OR toxin OR toxins 42 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 
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Strategy 
number 

Terms Hits Notes 

#13 #2 pathogen OR pathogenic 
OR pathogenicity 

91 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#14 #2 opportunistic OR 
virulence OR virulent 

50 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#15 #2 safety OR risk 28 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#16 #2 mutagenic OR 
mutagenicity 

00 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#17 #2 toxicity OR toxicology 5 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#18 #2 clinical OR clinically 96 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#19 #2 death OR deaths 2 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#20 #2 morbidity OR 
morbidities 

00  

#21 #2 mortality OR mortalities 2 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#22 #2 disease OR diseases 24 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#23 #2 illness OR illnesses 5 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#24 anywhere: 
"Corynebacterium 
glutamicum" 

611 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 
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Strategy 
number 

Terms Hits Notes 

#25 #24 resistance 453 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#26 #24 resistant 494 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#27 #24 antibiotic resistance 436 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#28 #24 antibiotic resistant 353 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#29 #24 antimicrobial 
susceptibility OR 
susceptibilities 

269 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#30 #24 infection OR infections 271 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#31 #24 abscess OR abscesses 15 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#32 #24 sepsis OR septic 32 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#33 #24 bacteremia OR 
bacteraemia 

18 All hits were checked following ‘selection of 
articles’ as mentioned above and recorded in 
table 2. 

#34 #24 toxic OR toxin OR 
toxins 

300 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#35 #24 pathogen OR 
pathogenic OR 
pathogenicity 

296 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#36 #24 opportunistic OR 
virulence OR virulent 

217 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 
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Strategy 
number 

Terms Hits Notes 

#37 #24 safety OR risk 223 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#38 #24 mutagenic OR 
mutagenicity 

39 First 10 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#39 #24 toxicity OR toxicology 205 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#40 #24 clinical OR clinically 252 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#41 #24 death OR deaths 219 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#42 #24 morbidity OR 
morbidities 

28 First 10 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#43 #24 mortality OR 
mortalities 

235 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#44 #24 disease OR diseases 355 First 20 hits were checked following ‘selection 
of articles’ as mentioned above and recorded 
in table 2. 

#45 #24 illness OR illnesses 43 First 10  hits were checked following 
‘selection of articles’ as mentioned above and 
recorded in table 2. 
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Table 2: Relevant References / Articles: 

Search 
Strate
gy No. 
/ hits 

Search 
Strategy 

Selected Publications Include / Exclude 
 
Justification 

#1 / 
2780 

allintitle: 
"Corynebacteriu
m glutamicum" 

Handbook of 
Corynebacterium glutamicum 
Eggeling L, Bott M. CRC Press, 
2005. ISBN: 9781420039696 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

The Corynebacterium 
glutamicum genome: features 
and impacts on 
biotechnological processes 
agawa S. Applied Microbiology and 
Biotechnology, 2003. Vol. 62(2 – 
3), pp 99 – 109.  

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Comparative analysis of the 
Corynebacterium glutamicum 
group and complete genome 
sequence of strain R 
Yukawa H, et al. Microbiology, 
2007. Vol. 153, pp. 1042 – 1058. 
doi: 10.1099/mic.0.2006/003657-
0 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Deletion of the genes encoding 
the MtrA–MtrB two-
component system of 
Corynebacterium glutamicum 
has a strong influence on cell 
morphology, antibiotics 
susceptibility and expression 
of genes involved in 
osmoprotection 
Möker N, et al. Molecular 
Microbiology, 2004. Vol. 54 (2), 
pp.  
420 – 438. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

#2 / 
4550 

allintitle: 
"Corynebacteriu
m" 

The Corynebacterium 
glutamicum genome: features 
and impacts on 
biotechnological processes 
M.Ikeda et al. Applied 
Microbiology and Biotechnology., 
2003. Vol.62 (2-3), pp. 99 – 109. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Several results repeated  
#3 / 53 allintitle: 

Corynebacterium 
resistance 

Analysis of Genes Involved in 
Arsenic Resistance in 
Corynebacterium glutamicum 

Review / Exclude 
 
Not relevant to safety 
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Search 
Strate
gy No. 
/ hits 

Search 
Strategy 

Selected Publications Include / Exclude 
 
Justification 

ATCC 13032Efrén Ordóñez et al. 
Applied of Genes Involved in 
Arsenic Resistance in 
Corynebacterium glutamicum 
ATCC13032, 2005. Vol. 71(10), pp. 
6206 – 6215. 

of C. glutamicum 

A Corynebacterium 
glutamicum gene conferring 
multidrug resistance in the 
heterologous host Escherichia 
coli.W Jäger, et al. Journal of 
Biotechnology 1997. Vol. 179(7), 
pp. 2449 – 2451. 

Review / Exclude 
 
Not relevant to C. 
glutamicum 

The alanine racemase gene alr 
is an alternative to antibiotic 
resistance genes in cloning 
systems for industrial 
Corynebacterium glutamicum 
strainsAndreas Tauch, et al 
Journal of Biotechnology, 2002. 
Vol. 99(1), pp. 79 – 91.  

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Mechanisms of Antibiotic 
Resistance in 
Corynebacterium spp. 
Causing Infections in People 
Olender A. 2012 
https://www.intechopen.com/ 
https://cdn.intechopen.com/pdfs-
wm/34699.pdf 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

The identification and 
resistance analysis to 66 
strains of corynebacterium 
clinical isolates 
Zhang LWZ. Chinese Journal of 
Laboratory Diagnosis, 2007. Vol. 7. 
http://en.cnki.com.cn/Article_en/
CJFDTOTAL-
ZSZD200707029.htm 

Exclude (based on 
abstract; no 
translation of full 
paper)) 
 
Not relevant to safety 
of C. glutamicum 

Antimicrobial Resistance in 
Corynebacterium spp., 
Arcanobacterium spp., and 
Trueperella pyogenes. 
Feßler AT, Schwarz S. Microbiology 
Spectrum, 2017. Vol. 5(6). DOI: 
10.1128/microbiolspec.ARBA-

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

https://www.intechopen.com/
https://cdn.intechopen.com/pdfs-wm/34699.pdf
https://cdn.intechopen.com/pdfs-wm/34699.pdf
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZSZD200707029.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZSZD200707029.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZSZD200707029.htm
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Search 
Strate
gy No. 
/ hits 

Search 
Strategy 

Selected Publications Include / Exclude 
 
Justification 

0021-2017 
Extracytoplasmic function 
sigma factor σD confers 
resistance to environmental 
stress by enhancing mycolate 
synthesis and modifying 
peptidoglycan structures in 
Corynebacterium glutamicum 
Koichi Toyoda, 
Toyoda K, Masayuki I. Molecular 
Microbiology, 2018. Vol. 107 (3), 
pp. 312 – 329. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Phenotypic and genotypic 
characterization of high-level 
macrolide and lincosamide 
resistance in 
Corynebacterium species in 
Canada and the distribution of 
the ermX resistance 
determinant among 
Corynebacterium species 
Singh, Cathleen. Theses, 2010. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

A National Survey of Multi-
Drug Resistance in 
Ophthalmic Clinical Isolates 
of Corynebacterium in Japan 
Eguchi H, et al., Investigative 
Ophthalmology and Visual Science, 
2008. Vol.49, pp. 5530 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Several results repeated  
#4 / 52 allintitle: 

Corynebacterium 
resistant 

Feedback-resistant 
acetohydroxy acid synthase 
increases valine production in 
Corynebacterium 
glutamicumVeronika Elišáková, 
et al. Genetics and Molecular 
Biology, 2005.,pp 207 – 213. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Co-expression of feedback-
resistant threonine 
dehydratase and acetohydroxy 
acid synthase increase l-
isoleucine production in 
Corynebacterium 
glutamicumAuthor links open 
overlay panelLianghongYin. et al. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 
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Strate
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/ hits 

Search 
Strategy 

Selected Publications Include / Exclude 
 
Justification 

Metabolic Engineering, 2012. Vol. 
14 (5), pp.542 – 550. 
Corynebacterium resistens sp. 
nov., a New Multidrug-
Resistant Coryneform 
Bacterium Isolated from 
Human InfectionsYoshihito 
Otsuka, et al. Journal of Clinical 
Microbiology, 2005. Vol. 43 (8), pp 
3713 – 3717. 

Review / Exclude 
 
Not relevant to C. 
glutamicum 

Adaptive evolution of 
Corynebacterium glutamicum 
resistant to oxidative stress 
and its global gene expression 
profilingJY Lee, et al. 
Biotechnology Letters, 2013. Vol. 
35 (5), pp 709 – 717. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Genetic and biochemical 
characterization of 
Corynebacterium glutamicum 
ATP 
phosphoribosyltransferase 
and its three mutants 
resistant to feedback 
inhibition by histidineYun 
Zhang, et al. Japanese Journal of 
Infectious, 2012. Vol. 94(3). Pp 
829-838 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Characteristics of Multidrug-
resistant Corynebacterium 
spp. Isolated from Blood 
Cultures from Hospitalized 
Patients in JapanLiang Qin, et 
al. Japanese Journal of Infectious 
Diseases, 2017. Vol.70(2), pp.152-
157 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Generation of branched-chain 
amino acids resistant 
Corynebacterium glutamicum 
acetohydroxy acid synthase by 
site-directed mutagenesisGuo 
Y, et al. Biotechnology and 
Bioprocess Engineering, 2014. Vol. 
19(3), pp. 456 – 467. 

Review / Include 
 
Article discusses 
antibiotic resistance. 

Few results repeated  
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#5 / 4 allintitle: 
Corynebacterium 
antibiotic 
resistance 

Results repeated  

#6 / 4 allintitle: 
Corynebacterium 
antibiotic 
resistant 

none  

#7 / 10 allintitle: 
Corynebacterium 
antimicrobial 
susceptibility OR 
susceptibilities 

Antimicrobial Susceptibility 
and Species Identification of 
Corynebacterium spp. Strains 
Collected in Europe and USA 
Medical Centers (2006-2010) 
Sader HS, et al. Sentry 
Antimicrobial Surveillance, 2012. 
P1092 ECCMID 2012 JMI 
Laboratories North Liberty, IA, 
USA 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Few results repeated  
#8 / 
252 

allintitle: 
Corynebacterium 
infection OR 
infections 

Idiopathic Granulomatous 
Mastitis Associated with 
Corynebacterium Sp. 
Infection Creed Michael Stary, et 
al. Hawai’I Medical Journal, 2011. 
Vol.70 (5), pp. 99 –101. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Corynebacterium-associated 
skin infections 
Blaise G, et al. International 
Journal of Dermatology, 2008. Vol. 
47 (9), pp. 884 – 890. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Corynebacterium Species 
Isolated from Bone and Joint 
Infections Identified by 16S 
rRNA Gene Sequence Analysis 
Raoult D, et al. J. Clin. Microbiol., 
2004. Vol. 42 (5), pp. 2231 – 2233. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Case of erythema nodosum 
associated with 
granulomatous mastitis 
probably due to 
Corynebacterium infection 
Kubo Y, et al. The Journal of 
Dermatology, 2014. Vol. 41(9), pp.  
821 – 823. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

[Wound infections due to Review / Exclude 
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gy No. 
/ hits 

Search 
Strategy 

Selected Publications Include / Exclude 
 
Justification 

opportunistic 
corynebacterium species] 
Olender A, Łetowska I. Medycyna 
Doswiadczalna i Mikrobiologia, 
2010. Vol. 62 (2), pp. 135 – 140. 

(based on abstract; 
no translation of full 
paper)) 
 
Not relevant to safety 
of C. glutamicum 

Identification of 
Corynebacterium spp. isolated 
from bovine intramammary 
infections by matrix-assisted 
laser desorption ionization-
time of flight mass 
spectrometry 
dos Santos MV, et al. Veterinary 
Microbiology, 2014. Vol. 173 (1 – 
2), pp. 147 – 151. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Ocular Infections Caused by 
Corynebacterium Species 
Eguchi H. Infection Control, 2013. 
Dr. Silpi Basak (Ed.), In Tech, DOI: 
10.5772/56214. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Hardware Infection with 
Corynebacterium spp.: a Case 
Report and Review of the 
Literature 
Clarridge III JE, et al. Clinical 
Microbiology Newsletter, 2014. 
Vol. 36(2), pp. 9 – 13. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Cerebrospinal fluid shunt 
infection caused by 
Corynebacterium sp: Case 
report and review 
Randi BA, et al. Brain Injury, 2014. 
Vol. 28(9), pp. 1223 – 1225. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Transmission dynamics of 
intramammary infections 
caused by Corynebacterium 
species 
Delen G, et al. Journal of Dairy 
Science, 2018. Vol. 101 (1), pp. 472 
– 479. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Modelling and dynamics of 
intramammary infections 
caused by Corynebacterium 
species 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 
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Rachah A, et al. 7th International 
Conference on Modeling, 
Simulation, and Applied 
Optimization (ICMSAO), 2017. 
Conference proceedings. 
Few results repeated  

#9 / 36 allintitle: 
Corynebacterium 
abscess OR 
abscesses 

none  

#10 / 
22 

allintitle: 
Corynebacterium 
sepsis OR septic 

none  

#11 / 27 allintitle: 
Corynebacterium 
bacteremia OR 
bacteraemia 

none  

#12 / 
42 

allintitle: 
Corynebacterium 
toxic OR toxin 
OR toxins 

none  

#13 / 91 allintitle: 
Corynebacterium 
pathogen OR 
pathogenic OR 
pathogenicity 

Corynebacterium occurance 
and pathogenicity for humans 
and animals Banaszkiewicz T, 
Krukowski H. Medycyna 
Weterynaryjna, 2011. Vol.67 No.4 
pp.229-232 

Exclude (based on 
abstract; no 
translation of full 
paper)) 
 
Not relevant to safety 
of C. glutamicum 

Insight of Genus 
Corynebacterium: 
Ascertaining the Role of 
Pathogenic and Non-
pathogenic Species 
Oliveira A, et al. Front. Microbiol., 
2017. 
https://doi.org/10.3389/fmicb.201
7.01937 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Few results repeated  
#14 / 
50 

allintitle: 
Corynebacterium 
opportunistic OR 
virulence OR 
virulent 

Molecular armory or niche 
factors: virulence 
determinants of 
Corynebacterium species 
Olender A, Łetowska I 
Microbiology Letters, 2010. Vol. 
62(2), pp.135-140 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 
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Few results repeated  
#15 / 
28 
 

allintitle: 
Corynebacterium 
safety OR risk 
 

Safety and efficacy of L 
arginine produced by 
Corynebacterium glutamicum 
KCTC 10423BP for all animal 
species 
EFSA. EFSA Journal, 2016. DOI: 
10.2903/j.efsa.2016.4345 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Scientific Opinion on the 
safety and efficacy of L‐valine 
produced by Corynebacterium 
glutamicum (KCCM 80058) 
for all animal species, based 
on a dossier submitted by CJ 
Europe GmbH 
EFSA. EFSA Journal, 2013. DOI: 
10.2903/j.efsa.2013.3429 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Safety and efficacy of l-
arginine produced by 
Corynebacterium glutamicum 
KCCM 80099 for all animal 
species 
EFSA. EFSA Journal, 2017. DOI: 
10.2903/j.efsa.2017.4858 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Opinion of the Panel on 
additives and products or 
substances used in animal 
feed (FEEDAP) on the safety 
and efficacy of the product 
containing L‐arginine 
produced by fermentation 
from Corynebacterium 
glutamicum (ATCC‐13870) for 
all animal species 
EFSA. EFSA Journal, 2007. DOI: 
10.2903/j.efsa.2007.473 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Scientific Opinion on the 
safety and efficacy of L‐valine 
(ValAMINO®) produced by 
Corynebacterium glutamicum 
(DSM 25202) for all animal 
species, based on a dossier 
submitted by Evonik 
Industries AG 
EFSA. EFSA Journal, 2014. DOI: 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 
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10.2903/j.efsa.2014.3795 
Scientific Opinion on the 
safety and efficacy of L‐lysine 
monohydrochloride, 
technically pure, produced 
with Escherichia coli CGMCC 
3705 and L‐lysine sulphate 
produced with 
Corynebacterium glutamicum 
CGMCC 3704 for all animal 
species, based on a dossier 
submitted by HELM AG 
EFSA. EFSA Journal, 2015. DOI: 
10.2903/j.efsa.2015.4156 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Safety of concentrated l‐lysine 
(base), l‐lysine 
monohydrochloride and 
l‐lysine sulfate produced using 
different strains of 
Corynebacterium glutamicum 
for all animal species based on 
a dossier submitted by 
FEFANA asbl 
EFSA. EFSA Journal, 2019. DOI: 
10.2903/j.efsa.2019.5532 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Safety and efficacy of l‐lysine 
monohydrochloride and 
concentrated liquid l‐lysine 
(base) produced by 
fermentation using 
Corynebacterium glutamicum 
strain NRRL B‐50775 for all 
animal species based on a 
dossier submitted by ADM 
EFSA. EFSA Journal, 2019. DOI: 
10.2903/j.efsa.2019.5537 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Safety and efficacy of 
l‐arginine produced by 
fermentation using 
Corynebacterium glutamicum 
KCCM 10741P for all animal 
species 
EFSA. EFSA Journal, 2018. DOI: 
10.2903/j.efsa.2018.5277 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 
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Safety and efficacy of 
l‐arginine produced by 
fermentation with 
Corynebacterium glutamicum 
KCCM 80182 for all animal 
species 
EFSA. EFSA Journal, 2019. DOI: 
10.2903/j.efsa.2019.5696 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Safety and efficacy of 
l‐histidine 
monohydrochloride 
monohydrate produced using 
Corynebacterium glutamicum 
KCCM 80172 for all animal 
species 
EFSA. EFSA Journal, 2019. DOI: 
10.2903/j.efsa.2019.5783 

Review / Include 
 
Assessment reviews 
safety, efficacy and 
toxicity 

Few results repeated  
#16/ 
0 

allintitle: 
Corynebacterium 
mutagenic OR 
mutagenicity 

  

#17 / 5 allintitle: 
Corynebacterium 
toxicity OR 
toxicology 

Transcriptomic analysis of 
Corynebacterium glutamicum 
in the response to the toxicity 
of furfural present in 
lignocellulosic hydrolysates 
Park HS, et al. Process 
Biochemistry, 2015. Vol. 50(3), pp. 
347 – 356. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

#18 / 
96 

allintitle: 
Corynebacterium 
clinical OR 
clinically 

The clinical course of 
peritoneal dialysis-related 
peritonitis caused by 
Corynebacterium species 
Szeto CC, et al. Nephrology Dialysis 
Transplantation, 2005. Vol. 20 
(12), pp. 2793 – 2796. 
https://doi.org/10.1093/ndt/gfi123 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Nondiphtherial 
Corynebacterium species 
isolated from clinical 
specimens of patients in a 
university hospital, Rio de 
Janeiro, Brazil 
Camello TCF, et al. Braz. J. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 
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Search 
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Microbiol., 2003. Vol. 34 (1). 
Antibiotic susceptibility of 
Corynebacterium isolated 
from clinical specimens 
Chen D, et al. Chinese Journal of 
Clinical Laboratory Science, 2011. 
Vol. 3 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Relationship Between 
Susceptibility to Quinolones 
in Corynebacterium 
Ophthalmic Clinical Isolates 
and the GyrA Gene Mutations 
Katome T, et al. Investigative 
Ophthalmology & Visual Science, 
2008. Vol. 49 (13). 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Relationship Between 
Mutations in the gyrA Gene 
and Quinolone Resistance in 
Ophthalmic Clinical Isolates 
of Corynebacterium Species 
Eguchi H, et al., Investigative 
Ophthalmology & Visual Science, 
2006. Vol. 47 (13), pp. 3566. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

Endophthalmitis Caused by 
Corynebacterium Species: 
Clinical Features, Antibiotic 
Susceptibility, and Treatment 
Outcomes 
Kuriyan AE, et al. Ophthalmology 
retina, 2017. Vol. 1 (3), pp. 200 – 
205. 

Review / Exclude 
 
Not relevant to safety 
of C. glutamicum 

#19 /2 allintitle: 
Corynebacterium 
death OR deaths 

none  

#20/ 0 allintitle: 
Corynebacterium 
morbidity OR 
morbidities 

none  

#21 / 2 allintitle: 
Corynebacterium 
mortality OR 
mortalities 

Biodegradation of 
Contaminated Environments 
Using Corynebacterium 
glutamicum and Its 
Application to Livestock 
Mortalities Burials 
[rest of the details are in Chinese] 

Exclude (based on 
abstract; no 
translation of full 
paper)) 
 
Not relevant to safety 
of C. glutamicum 
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#22 / 
24 

allintitle: 
Corynebacterium 
disease OR 
diseases 

Corynebacterium species and 
coryneforms: An update on 
taxonomy and diseases 
attributed to these taxa 
Bernard K. Clinical Microbiology 
Newsletter, 2005. Vol. 27(2), pp 9 
– 18. DOI: 
https://doi.org/10.1016/j.clinmicn
ews.2005.01.002. 

Exclude 
 
Not relevant to safety 
of C. glutamicum 

#23 / 5 allintitle: 
Corynebacterium 
illness OR 
illnesses 

none  

#24 / 
611 

anywhere: 
"Corynebacteriu
m glutamicum" 

Few results repeated  

#25 / 
453 

anywhere: 
"Corynebacteriu
m glutamicum" 
resistance 

none  

#26 / 
494 

anywhere: 
"Corynebacteriu
m glutamicum" 
resistant 

none  

#27 / 
436 

anywhere: 
"Corynebacteriu
m glutamicum" 
antibiotic 
resistance 

none  

#28 / 
353 

anywhere: 
"Corynebacteriu
m glutamicum" 
antibiotic 
resistant 

Drivers of bacterial genomes 
plasticity and roles they play 
in pathogen virulence, 
persistence and drug 
resistance 
Patel S. Infection, Genetics and 
Evolution, 2016. Vol. 45, pp. 151 – 
164. 

Exclude 
 
Not relevant to safety 
of C. glutamicum 

#29 / 
269 

anywhere: 
"Corynebacteriu
m glutamicum" 
antimicrobial 
susceptibility OR 
susceptibilities 

none  

#30 / 
271 

anywhere: 
"Corynebacteriu

none  

https://doi.org/10.1016/j.clinmicnews.2005.01.002
https://doi.org/10.1016/j.clinmicnews.2005.01.002
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m glutamicum" 
infection OR 
infections 

#31 / 15 anywhere: 
"Corynebacteriu
m glutamicum" 
abscess OR 
abscesses 

Corynebacterium ulcerans, an 
emerging human pathogen 
Hacker E, et al. Future 
Microbiology, 2016. Vol. 11 (9). 
https://doi.org/10.2217/fmb-2016-
0085 

Exclude 
 
Not relevant to C. 
glutamicum 

#32 / 
32 

anywhere: 
"Corynebacteriu
m glutamicum" 
sepsis OR septic 

none  

#33 / 
18 

anywhere: 
"Corynebacteriu
m glutamicum" 
bacteremia OR 
bacteraemia 

none  

#34 / 
300 

anywhere: 
"Corynebacteriu
m glutamicum" 
toxic OR toxin 
OR toxins 

none  

#35 / 
296 

anywhere: 
"Corynebacteriu
m glutamicum" 
pathogen OR 
pathogenic OR 
pathogenicity 

none  

#36 / 
217 

anywhere: 
"Corynebacteriu
m glutamicum" 
opportunistic OR 
virulence OR 
virulent 

none  

#37 / 
223 

anywhere: 
"Corynebacteriu
m glutamicum" 
safety OR risk 

none  

#38 / 
39 

anywhere: 
"Corynebacteriu
m glutamicum" 
mutagenic OR 
mutagenicity 

none  

#39 / anywhere: none  

https://doi.org/10.2217/fmb-2016-0085
https://doi.org/10.2217/fmb-2016-0085
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205 "Corynebacteriu
m glutamicum" 
toxicity OR 
toxicology 

#40 / 
252 

anywhere: 
"Corynebacteriu
m glutamicum" 
clinical OR 
clinically 

none  

#41 / 
219 

anywhere: 
"Corynebacteriu
m glutamicum" 
death OR deaths 

none  

#42 / 
28 

anywhere: 
"Corynebacteriu
m glutamicum" 
morbidity OR 
morbidities 

none  

#43 / 
235 

anywhere: 
"Corynebacteriu
m glutamicum" 
mortality OR 
mortalities 

none  

#44 
/355 

anywhere: 
"Corynebacteriu
m glutamicum" 
disease OR 
diseases 

none  

#45 / 
43 

anywhere: 
"Corynebacteriu
m glutamicum" 

none  
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