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On behalf of CJ CheilJedang Corporation (CJ), | am filing an animal GRAS notice specific to Dried
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PART 1. 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.

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.jang@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.haydon@cj.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 21CFR§582.1(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
fecd. 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 21CFR§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

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.

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 IUPAC nomenclature

L-2-Amino-3-hydroxybutanoic acid

Synonyms (2S,3R)-2-Amino-3-hydroxybutyric acid
CAS No. 72-19-5

EC-No. 200-774-1

Appearance Pale or dark brown powder

Molecular mass 119.12 g/mol

Molecular formula C4HgNO;

OH O

Structural formula H 3C OH

NH,

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.

~ 1 ~. 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 l Units Method Batch 01 | Batch 02 | Batch 03 | Batch o4 | Batch 05 | Average
% AOAC 999.13 (b) (4)
|
| 6.62
Aspartic acid 1SO 13903:2005 062 |
Lysine T
Serine _—c—)?
Glutamic acid T
Glutamine 0.34
Glycine _(73—7—_
Alanine 0.57
Valine o T
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
% AOAC 999.13 1.99
Lysine 1.07
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Glycine
Alanine
Valine

Leucine
Tyrosine
Phenylalanine

Homoserine

nh‘w

Potassium
Magnesium | o
Calcium
Chloride
Phosphate
Sulfate

Ak | % |
-:u-mt -
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2.1.3. Fermentation Organism
() (6)

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 H.SO, 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 21CFR§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)”.




GRAS Notice Dried L-Threonine Fermentation Product

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).

Page 13

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 Measure Zero-time Time in months
eas
Lot ment S:ﬂunit1‘2‘3l4‘6 12‘18(24
value

Gran.Threo |Threonine 4 | % ®
nine Lot content )

;171A55-_126; moisture 1.30 %
Gran.Threo [Threonine 82| %

nine Lot content 76 ?

;IZAS;S; moisture 1.40 %
Gran.Threo |Threonine 7.7 %

nine Lot | content '

;1:7B52-—1§(-) 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 Zero-time Time in months
Measurement
Lot start unit 2 3 4 6
value
Gran.Threonine Threonine 7.4 % (b) (4)
Lot T75-16- content ’
11A5-29 moisture 1.30 %
Threonine
i 8.0 %
Gran.Threonine content 7 % -
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Lot T75-16- st o - (@
19A3-02 moisture 1.40 6
i Th i
Gran.Threonine reonine 77,7 9%
Lot T75-16- content
11B2-30 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.

2,22, 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 3
Sample number Unit S-o S-1 S-2 S-3
Analysis method DJoos! DJooj5! DJoos DJoos DJoos
V-931-F-498 % 0.611 1.19 (®)(4)
V-931-F-499 % 0.611 1.05
V-931-F-500 % 0.611 1.24

1Threonine (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.
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Table 2-5. Dried L-Threonine Fermentation Product Specifications

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

Lead(Pb) 0.003 mg/kg
Arsenic(As) 0.004 mg/kg

190530 Mercury(Hg) <0.000 mg/kg
Cadmium(Cd) <0.005 mg/kg
Lead(Pb) 0.003 mg/kg

100531 Arsenic(As) 0.003 mg/kg ICP/MS
Mercury(Hg) <0.000 mg/kg (AOAC Official Method 2015.01)
Cadmium(Cd) <0.005 mg/kg
Lead(Pb) 0.001 mg/kg
Arsenic(As) 0.001 mg/kg

190601 Mercury(Hg) <0.000 mg/kg
Cadmium(Cd) <0.005 mg/kg

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 Product

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 21CFR§
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 2015;13(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
Corynebacterium 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.”
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2.5. ®@ Utlity 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 Growth; .

g . NC with Dried L- NC with Dried L-
Positive Negative Threonine Threonine
Criteria Control Control . . SEM | P-Value
(PC) (NC) Fermentation Fermentation
Product 100% Product 150%
Body Weights, grams
Day o 45.1 45.2 45.2 45.2 0.0 .683
Day 14 458.62 447.5P 463.72 460.32 2.1 .003
Day 28 15622 1524 15632 154620 6.0 .038
Feed Intake, grams/day

Day o -14 36.6b 36.1P 37.32 37.08 0.2 .014
Day 15 - 28 130.3 129.8 129.8 130.7 0.5 .894
Day o — 28 81.3 80.9 81.6 82.0 0.3 483

1: 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=.014). 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




GRAS Notice Dried L-Threonine Fermentation Product Page 19

(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.
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Part 3. GRAS Notice: Target Animal 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 0.10 % 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. Vol.A2, pp. 57-
97. Weinheim, Gemany: VCH Publishers)

Proteins First limiting amino acid Second lm.utmg amino
acid(s)
Peanut Threonine Lysine and Methionine
Fish Methionine Lysine
Casein Methionine Tryptophan
Torula yeast Methionine -
Sesame Lysine -
Skim milk Methionine -
Beans Methionine -
Sunflower seed Lysine Threonine
Soy protein Methionine Lysine
Wheat Lysine Threonine
Rice Lysine Threonine and Tryptophan
Rye Lysine Threonine and Tryptophan
Gelatine 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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Part 6. GRAS Notice: Narrative

6.1. Safety of Corynebacterium 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 2011;9(12):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
(b) (4)

(Appendix 3).

(b) (4)

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

4) The absence of viable cell in final product
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®) @),

1

(b) (@)

- —_— - ~o

(b) (4)

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§582.5881). 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 2015;13(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.
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6.4. Safety Considerations of Dried L-Threonine Fermentation Product

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.
Necropsy: 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. Safety 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 | Threonine Fermentation | Feed Level when L-Threonine incorporated
Product, % at 0.5%, expressed in ppm in the diet
Ammonium 0.59 29.7
Sodium 0.01 0.5
Potassium 0.48 24.2
Magnesium 0.04 1.8
Calcium 0.01 0.5
Chloride 0.01 0.5
Phosphate 0.88 44.1
Sulfate 2.54 127.2
Malic Acid 0.01 0.5
Succinic Acid 0.04 1.8
Lactic Acid 0.07 3.6
Glucose 0.07 3.7
Trehalose 0.28 13.8
Lysine 1.07 53.7
Glutamic acid 0.20 10
Glycine 0.13 6.3
Alanine 0.03 1.3
Valine 0.05 2.4
Isoleucine 0.40 19.9
Leucine 0.01 0.5
Tyrosine 0.04 1.9
Phenylalanine 0.05 2.4
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| Homoserine | 0.02 l 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 (IOM. 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 (21CFR§582.1(b)).

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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See Appendix 10, “Literature Review Corynebacterium glutamicum” for
Corynebacterium glutamicum Literature Review References.




Center for Regulatory Services, Inc.

5200 Wolf Run Shoals Road

Woodbridge, VA 22192-575.5

703 590 7337 (Fax 703 580 8637)

1973 Smedley@cfr-scrvices.com

o mdustry November 19, 2019

Dr. David Edwards

Director

Division of Animal Feeds (HFV- 220)
Center for Veterinary Medicine
Food and Drug Administration

7519 Standish PI.

Rockville, MD 20855

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

Notifier. CJ CheildJedang Corporation (CJ)
330, Dongho-Ro, Jung-Gu,
SEOUL,04560, KOREA
Dear Dr. Edwards:

On behalf of CJ CheilJedang Corporation (CJ), | 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 directly.

Ki

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 ai., 2009 —CD



T-0004
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; 'Z 214 2 [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.
gggge\;\/fol; I;eguslitorly i(;rvices, Inc. RECEIVED DATE

olf Run Shoals Rd.

JUL 14, 2020

Woodbridge, VA 22192
Ph. 703-590-7337

Cell (b) (6)
Fax 703-580-8637

COPY



Center for Regulatory Services, Inc.

5200 Wolf Run Shoals Road

Woodbridge, VA 22192-575.5

703 5907337 (Fax 703 580 8637)

<1973 Smedley@cfr-services.com

consultanes o the regulated industrr July 13. 2020
b

Dr. David Edwards

Director

Division of Animal Feeds (HFV-
230), Center for Veterinary
Medicine, Food and Drug
Administration,

7519 Standish P1.,

Rockville, MD 20855

Subject: Amendment AGRN 34

L-Threonine Fermentation Product

Notifier: CheillJedang Corporation
(C1J) 330, Dongho-Ro,
Jung-Gu,SEOUL,04560,KOREA
Dear Dr. Edwards:

On behalf of CheilJedang Corporation, [ 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) (a i

included in the chemical composition Table 2.1. We have revised Table 2.1

COPY



[Amended Table 2-1. Chemical Composition of L-Threonine Fermentation Product formulated with a Carrier (Corn
Starch)" ]

Test Units Method BatchO1 | Batch02 | BatchO3 | Batch04 | Batch05
 L-Threonine %
T

amino ac
(in inso ' ! "ﬂ'
Biomass part) -
 (Total i
Aspartic acid ISO 13903:2005

Lysine

Serine

Glutamic acid

Glutamine

Glycine

Alanine

Valine
Cystine | % AOAC 985.28

Isoleucine ISO 13903:2005

Leucine

Tyrosine

Phenylalanine

b-Alanine
Tryptophan AOAC 988.15

Methionine AOAC 985.28
Homoserine ISO 13903:2005

Threonine

Arginine

Proline

ree amino ?ds
b ) b
oluble biomass : AOAC 999.13
art, other g _ ! e

Lysine

Glutamic acid

Glycine

Alanine %

Valine

Isoleucine

Leucine

Tyrosine

Phenylalanine

Homoserine




- Moisture % AOAC 934.01
J Ammonium ASTM D4327-03
_E,Sugars (Total) - AOAC995.13
Glucose | %
Trehalose
& Org(e'l'[l‘l(i)(t:a?)dds tﬁlﬁ; lgz)ec;lex,
1 of chapter 14
Malic Acid | %
Succinic Acid
Lactic Acid
- Inorganic 'ASTM D4327-03 |
~anions/cations ASTM D 6919-03
Sodium
Potassium
Magnesium %
Calcium
Chloride
Phosphate
Sulfate
! Ash'| % AOAC 942.05

"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°C for 3hr, AOAC 934.01
Ash, maximum 3% AOAC 942.05

COPY



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
iogenic amine and the biomass in L-Threonine Fermentation Product.

SAFETY ASSESSMENT—Specific to BIOGENIC AMINES




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 ®)@ ytility 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 Cheilledang 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,

K H H Digitally signed by Kristi Smedley
rlS | DN: c=Kristi Smedley, o=Center
for Regulatory Services, Inc, ou,
email=smedleyacfr-services.com,

c=Us
l I Ie ey Date: 2020.07.13 15:10:32 -04'00"

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:

e Bermudez, A.J. and J.D. Firman. 1998. Effects of Biogenic Amines in Broiler Chickens. Avian
Diseases 42:199-203.

e 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
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[Attachment 1. Corn Starch Certificate of Analysis]

- . [
C]J ‘ .
CJ CHEILJEDANG CORPORATION
CERTIFICATE OF ANALYSIS

Product Name CORN STARCH (NGAIO)

Mamfachured Diare 2018.02.10 Diglivery Diate
Crianmity 1ikz
Analymic Dats
Mo ITEM SPECTFICATION RESULT BEMARE
. _ ) (b) (4)
1 Appearance Wit powder -
(b) (4)

2 Moi=mre (%) Max 14.0 EFDA METHOD
3 rH 40-7.0 Smrch Waer=1 2 (wiw?a)
4 C e proen [P o) Max 040 N 25

3 Ash () Max 0.15 FFoA METHOD
& Whntensss(%a) Win. 230 Eer-c-1

il S0 (ppm) Wlax 300 Cuanritatve analysis
B Acidinyiml) Max 3.0 EFDA METHOD
o Starch Valwe (%3) Min B30 Di5%

10 Forerzn material Faze -

We hare cernfy thar shove Sgures are e and comect.

Anslyzed - Jihye [es

Q.C Manazer : Jasvoun Im

AND - 141 Yoozdam-ro, Szognok-zu
Ansan-si Gyeonsgi-do. Eomes

TEL. (031) 400-—3009

FAS ([D31) 4338-1603
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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]
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[Attachment 2- Table 2. Purchasing Specifications for starting materials]|

dem Purchasing Specifications

BEST AVAILABLE COPY



REPORT

Biogenic amines 1n
Dried L-Threonine Fermentation Product

July 10, 2020

CJ Research Institute of Biotechnology
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TITLE

Biogenic amines in Dried L-Threonine Fermentation Product

OBJECTIVE OF THE STUDY
This study was carried out to determine the six biogenic amines in Dried L-Threonine

Fermentation Product.

SCHEDULE OF THE STUDY
Initiation of experiment: June 29, 2020
Termination of experiment: July 7, 2020

Submission of final report: July 10, 2020

TESTING FACILITY
CJ Research Institute of Biotechnology
55, Gwanggyo-ro 42beon-gil, Yeongtong-gu, Suwon-si, Gyeonggi-do 16495, Korea

RESPONSIBLE STAFFS

Analyst and Author Dami Jeong 2—(; C ’_ P '

Report approved by Seok-Hun Yun %
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FEED TESTS Amino acids (commercial producis) 4.11.6

DETERMINATION OF LYSINE, METHIONINE AND THREONINE
IN COMMERCIAL AMINO ACID PRODUCTS AND PREMIXES

VDLUFA Association Method

1 urpose and scope

3.1
32
33
34
3.5
3.6
3.7
3.8

METHODS BOOK I 5. ERG. 2004 © Copyright by  JLUFA-Verlag. Darmstadt 1
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4.11.6 Amino acids (commercial products) FEED TESTS
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FEED TESTS Amino acids (commercial products) 4.11.6
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4.11.6 Amino acids (commercial products) FEED TESTS
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FUTTERMITTELUNTERSUCHUNG  Aminosduren (Handelsprodukte) 4.11.6

BESTIMMUNG VON LYSIN, METHIONIN UND THREONIN
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Verbandsmethode
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AVIAN DISEASES 42:199-203, 1998

Research Note—

Effects of Biogenic Amines in Broiler Chickens

Alex ]. Bermudez* and Jeffry D. Firman®©

“Veterinary Medical Diagnostic Laboratory, College of Veterinary Medicine, PO. Box 6023
8Department 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 Investigacién—Efecto de las aminas biogénicas en pollos de engorde.

Las aminas biogénicas en subroductos alimenticios dafiados de origen animal han sido
implicadas come causa de bajo rendimiento y causa de lesiones intestinales en pollos de
engorde. Se disefié este estudio para determinar si las aminas biogénicas, 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 adicién de
amino 4cidos o con la adicién de niveles de feniletilamina (4.6 mg/kg), putrecina (49 mg/kg),
cadaverina (107 mg/kg), histamina (131 mg/kg) o una combinacién de todas estas aminas.
Los niveles de aminas biogénicas usadas en estos estudios fueron similares a los encontrados
en 4reas donde se han reportado problemas atribuidos a las aminas biogénicas. Los pollos de
engorde fueron evaluados por su rendimiento, lesiones a la necropsia y por evidencia histo-
légica 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 histopatolégicos 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
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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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Regulatory Services, Inc. 5200 Wolf Run Shoals Road, Woodbridge, VA 22192
(Telephone 703 590 7337), to represent CheilJedang Corporation with respect to the

Animal GRAS notice for L-Threonine Fermentation Product.

Should you have any questions on this matter, please contact the undersigned.

Sincerely,

N Vg
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TITLE: Confirmation of Dried L-Threonine Fermentation Product using
HPLC

1. OBJECTIVE OF THE STUDY

The Chiral purity test of ‘Dried L-Threonine Fermentation Product’ using HPLC, was

carried out to evaluate that Dried L-Threonine Fermentation Product has only the L-

form of threonine.
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* The results shown in this test report refer only to the sample tested unless otherwise stated.

The Test Report cannot be reproduced, except in full.

Tested by Taek Hee Nam/lAM

Approved by Technical Manager Seok Hun Yun %

CJ Research Institute of Biotechnology

July, 24, 2019

CJ BIO-AD form 100-01 REV.01
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CJ Research Institute of Biotechnology

55, Gwanggyo—ro 42beon—gil, Yeongtong—gu, Suwon-si, | CHEIL]EDAl\Blg
Gyeonggi—do, 16495, Korea, CJ BLOSSOM PARK
WWW.Cj.CO.Kr
TEL : 031) 8099—-2450 FAX : 031) 8099—-2918

Certificate of analysis

Certificate No. 2019—-PR—-133 Receipt No. 2019—-AN—-088
(CJ19.103_3)
Client Date of Receipt 2019-07-02
Client Name Date of Test 2019-07-08
Client Tel Use of Report Reference test
Client Address
Test Sample L—Threonine Fermentation Product
Manuf. Date 2019.06.01
Expiry Date 2021.05.31
Lot. No 190601
Quantity (kg) 0.100
Test Item(s) Test Result Test method used
Lead (Pb) LiEs
Arsenic(As)
Mercury(Hg) ICP/MS
Cadmium(Cd)

* |[nformation

* Temperature : (22~28) C, Relative Humidity : (30~50) %
* N.D : not detected (not quantifiable)
* The results shown in this test report refer only to the sample tested unless otherwise stated.

The Test Report cannot be reproduced, except in full.

Tested by Taek Hee NamW

Approved by Technical Manager Seok Hun Yun %

CJ Research Institute of Biotechnology

July, 24, 2019

CJ BIO-AD form 100-01 REV.01
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Figure A-1-1. Deposit Certification of the production strain
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The open reading frame analysis
for the modified site on the Corynebacterium
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Open Reading Frame analysis
for the Full Genome Sequence on the
Corynebacterium glutamicum
KCCM80178
(CONFIDENTIAL)
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TITLE: The analysis of open reading frames (ORFs) for full genome sequence on the

Corynebacterium glutamicum KCCM80178
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TITLE: Determination of antibiotic minimal inhibitory concentration (MIC) of

production strain, Corynebacterium glutamicum KCCM80178
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CJ Research Institute of Biotechnology~

32, Gwangayo=ro. Yeonglono—guy, Suwon—gi ., : it
Gyeonggi=fo. Korsa CJ ‘ ./ CHEILJEDANG

LI 0 Y

[

TEL : D31) 6099—2450 FAX @ 031 B09%—251

Besult of analysis-

Certificate MNo-, , Receint No. -
Client. - Date of Recsiot - 2018—04-02,
Client Names Date of Test, 2ple—-04—-05.
Use of Repaorts

Reference test,

Client Tal,
Test Bamole L=Threoning,
Manut. Date. 2016—-03—-22,
Expiny Dafe 2020-03-21 4
Lot. Mo, THR180322,

Cluantity Tkl .

Test ltemis) - Test Resulls
(b) (4)

Content,

Loss on dryinga
Fesidus on lgnition.

= |nfarmation..

= Temperatyre & (22~28) G, Relative Humidity - (30~500 %
= M.0 : not detected (not guantifiable)
= The results shown in this test report refer only to the sample tested uhlsss otherwise stated

The Test Report cannot be reproduced, excent in full

Tested by  Task Hes Mam fﬂﬁi“f/{ >
Approved oy Technical Manager Seok Huh Yen
Aar 15, 2B

CJ Research Institute of Biotechnology, BIO)Analysis Team«

CIBIC-AD form 100-01 EEV.OL.
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CJ Research Institute of Biotechnology-

42, Gwanoovo-ro, Yeonofong—gy. Suwon—gl. =
yeenogi=de.Kares C].“‘ CHEILJEDANG

Kr

£

WS S

TEL 7 031) £099—2450 FaX © 031) BOGO—2013.,

Hesult of analysis-

Cerfificate Mo . Receint Mo.-

Clignt. . Date of Receint 2018—04—02
Clignt Mame. ' Date of Test 2016—-04—-05-
Clignt Tal. . Use of Reporias Feference fasi

Test Samplz. L—Thregning.

Manuf. Date. 2016-03—-23

Expiry Date 2020—03—22.

Lot Mo THR150323.

g5t Item{s) - Test Resulis
Caontent . (b) (4)

Loss an drying.s

iesidug on Ighition.

= |nformationa

= Tempergtyre T (22~28) T, Relative Humidity @ (30~50) %

= N.D 2 not detected (not guantifiable) .

L

The results shown in this test regort refer only to the samaole fested unless Dtherwise stated
The Test Reoort cannof oe reprodeced, exceot ih full .

Tested by Tgek Hee Mam

Approved by Technical Manager Sgok Hun Yun ﬁ
4{’: Apr 15,200

CJ Research Institute of Biotechnology, BIO)Analysis Team:-

(]
L]
(=]

CIBIC-AD form 10001 EEWOL.
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CJ Ressarch Institute of Biotechnology~

42. Gwanggyo-ro. Yeonalona—au- Suwon—gi,-

Ryennogi=zdo Karea

0 0 L

TEL : 031) BOGO—2450 FAX : 031) B099—2913.

c]."'- ) CHEILJEDANG

Result of analysis~

Certiticate No Recsipt No-..
Clignt.. Date of Receint - 201§-04-0z-
Cligni Nams- Date of Tests 2018—-D4-05.
Clignt Tal Use of Reporta Refersnce test.

L—Thregning.,

24

2018-D3—24.

2020- 0322

Expiry Date.-

Lot THR1505824.

Mg

Quantity tkgl

Residue on lgnition.

= |nformation.

= Temperatyre © (22~28) C. Relative Humidity © (230~50) ..
= M_O 7 hot detecied (not quantifiabls)

% Mg rEs

L= o

Tast Report cannot be reoroduced. excent in full.,
SE0K HLn Yun /;1’)

CJ Ressarch Institute of Biotechnology,

ssted Dy Task Hes Mam

s

Aporoved by Technical Managsr

ults shown in this test report refer only to the sample tested unless otherwise stated

Apr 15, 2016

BIO)Analysis Team+

CIBIC-AD form 10001 EEV.0L.
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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:

@ Tyramine,

HO

@ Phenethylamine,

@/\/NHE

@ Putrescine,

‘\\//\

@ Cadaverine,

N

(® Histamine,
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compound Tyramine Phenylethylamine Putrescine Cadaverine Histamine Tryptamine
concentration 0.1021 mg/L 0.1045 mg/L 0.1059 mg/L | 0.1032 mg/L | 0.1035mg/L | 0.1042 mg/L
1 (b) (4
2
3
Replicate 2
(peak area) c
6
7
average 69892 | 80761 | es162 | 65718 | 67367 | 82858
standard deviation B |
S/N ratio 1430 | 16.95 | 163 | 1611 | 161 | 1586
MDL peak area ®) )
method detection limit
RSD (%)
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
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lot No. Data file name

() @) GLN_190722_ ME_CSJI10
GLN_190722_ME_CSJil
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:

n (E xl)z

E xlz _ i=1 S= (SZ)IQ
n -1 |igs n

§% =

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=I
ton.

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 4. Dried L-Threonine Fermentation Product Manufacturing
Process (CONFIDENTIAL)

CONFIDENTIAL BUSINESS INFORMATION



GRAS Notice Dried L-Threonine Fermentation Product Page 132
Appendix 4




GRAS Notice Dried L-Threonine Fermentation Product Page 133
Appendix 4




GRAS Notice Dried L-Threonine Fermentation Product Page 134
Appendix 4




GRAS Notice Dried L-Threonine Fermentation Product Page 135
Appendix 4




GRAS Notice Dried L-Threonine Fermentation Product Page 136
Appendix 5

APPENDIX 5 : Dried L-Threonine Fermentation Product
Stability (24 months)
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Report

laboratary:

customer: Cd Chelljedang Corporation
330, Dongho-RQ;
Jung-gu, Seoul, 04560
South Korea

Mail: gemma.choi@cj.net

Registration: A05 1194flt

date of delivery: 02.05.2017

sampling: which client admits

time of processing: 02.05.2017 — 14.05.2018

method: 16.05.2019

The results of analysie exclusively refer to the sample specified above.
Duplicatlon of the test report is permitted only with previous agreement of the _in part.

results
ni. = not tesled
Granule Tima Zero
Threcning 10.05.2017 Samples tested at time { ths)
Storage start
Lot _ Conditions value | unil
Gran.Threoni
ne Lot T75- | A 175194 gg;‘g%'g? awy |content | 778
16-11A5-28 "
maisiure 130 %
Gran.Threoni
nelotT75. = 170511198 g;{‘gfﬁ’(‘]’%nm content | 78.2| %
16-12A3-02
maoisiure 140 %
Gran.Threoni
nelotT75 | A 170511196 f'z‘gfgf‘gg%m_” content | 727 %
16-1182-30 )
maisiurg 120 %
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Report

Registration: A0S 1194flt
Granule Time Zero
¥ i 10.05.2017 Samples tested at time (manths)
Stgrage start
Lot _ Conditions value unit
Gran.Threonine
Accelerates
légt T75-16-11A5- | A 17/05/1194 {407/ T5%RH) contgnl 774 %
moisture 1,30 S
Gran.Threonine
Accelerdled
Iagt T75-16-12A3- | A 17051185 (40°CI7R%RH) contenl 78,0 £
maoisturg 1,40 )
Gran.Threoning
Accelerated
;gl T75-16-1182- | A 17/05/1196 (40°CITSH%AH) conkenl 77T %
meisture 12D %
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APPENDIX 6. Stability of Dried L-Threonine Fermentation
Product in Mash Feed

Test Report No, 3.242-7 pranuic Threonine (Origisall
PO @ rint vou21-7 Stahility mash feed

Clisne: CJ Eurape ConbH
Ober der Rocih 4
55824 Schwalbach am Tawnuas

Cermaoiny

Subjcel inaner. Tests an stability <of three batches granale Threomine in o
‘brailer mash fiesd

Tt panterial; Bruvaler feed Fd47s
gramule Threomine, batch TV3-16-1143%-20 F-44s
pranule Threeaine, batch T?5-16-111%2-30 F-49%

pranule Threonine, batch T75-16-1241-01 F =580

Livder dens: 21 Apal 2007

Sy et Foeparation o1 broiler Fesd mixtares in weck 32
Amnalvses of the prepared saanphes dunog week 3F — 45, 2007

Copact person. CGremma Eun-bhus Chs

= S

The precent repoot 12 ssoad 16 O Eurcps Gmbl for persesal use and providing 2o ELU Reguluary Ao
Izarilies and'or concerned amhonsies. W parm of 1his repoet may be seproduced or copaed, distrebuled
or divabpged withoa ke price written agreement of CJ Burope CanbEl, Whenever docusnentmions or

valucs, 1k
11 he queted as e s,

Brawschweig-Thune, § Jamssry 2018
FIVK e/ Th
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(B)Y(®) Test Bggaa 4.3.243-7 granuke Tlesaae
SHikaliny' Benller mash loed
page 28

Table of Contewes
1I R—m‘hilitiﬁll“llfl LI L I L N R IR I T R IR R I IR TR P N A RN IR I IR LR TN AR TN ) III!I!I!IIII3

2
g
g

- = S W ke d
=
B
|
Ig
L

DA aierin] DR CORTIZMMIN. cxii e coctres consins oo roes o 16sitas 1 La s st st st ims 108 o tsitans e s B

o i Tl TR ] S S T——-
5 | Production of the brotler feed-miziures wath the three batches granule Threonine. 5
Resubty Of Bhe SnabySis ...c..eoocee e cemcns e eemnmaa - semessmtensemssm s em s st eme s menmrans 5

Tohles: 5

Tahle 1: Farmulation and mgredients of the broiler feed “Sali Thune Brodler 35 (F-AT78) ... 6
Tahle 2= Physical malenal properies of the broiler feed “Sobi Thare Broiler 357 (F478] . &
Tahle 3: Composition of broiler feed — anmino scid MIRNESS ... oo e s 1
Table 4: Sample codmg brotler feed — amino scod milores. e T

Tl’lh]ﬂ' 5- a"l"l]]}‘si': l'ﬁ'.ﬁlt"i lﬂf‘ﬂ"ﬂ “ﬂﬂhi]i:}'m. R L IR T N L P O T R R T T T B TR T TR R T V] -'r

Figures: 1

Figure 1: Cemulative frequency distniwation Oh of brodler feed (F-478) ..o N

Anmeres: 1 Test repier of the external lubacalory
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1.

Rexponsibilities

Sponsor representative / moniter
CJ Europe GmbH

Ober der Rocth 4

65824 Schwalbach am Tawnus
Germany

hanc: +40(0) 6196 390] 68
fax: (M 6]6 45418
e-mail: gemma.choire) net

Investizs

Test Report A 3.243-7 gramude Thromine
Stahility broder mash fed

Page 141
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(b) (4) Tess Hepon A0 2437 prapsle | hreaninne
Siabidiiy broaler mash feed
papr 48

Ohjective
Referring o the osder dated 21 Apnl 2017, tests on the stability of three baiches

granule Threonine were performed in a broiler mash feed,

The Feed mixtures were produced in the 32nd week 2017, the analyxes of the stability

samples took place duning week 32 — 45, 2017,

Test material

Broiler feed F-47%
pranule Threomine, hatch 175-16-11A5-2%9 S L]
granule Thregnine, batch T75-16-11B2-30 F-4<4
granule Threonine, bateh 175-16-12A1-411 -5

Material characierization
The brotler feed (F-478) was purchased from a local compound feed producer', The

granule Threomne batches (F-498 — F-5004 were provided by the Client.

The broiler feed is characienised by its relevant ingredicnts and by its physical matenal
properties. The formulation of the used broiler feed is listed @ Table | of the annex
according 10 the information of the supplier. The mossture content, the bulk and tap
density of the hroiler feed as well as information on its particle-size disiribution are

wiven in Table I of the annex

Measuring methods
Maossture
The determination of the moisture conten is carried out by measuring the mass difter-

ence afler a drying time of 4 hows at a lemperature of 103 °C.

Bulk density
The hulk density of the mistenal is measured wsing the 1est unit accoeding to Bochme as

described in Grerman standard DI 1060

(b) (4)
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a.1

() (4) Tert Repoet A.3.243-7 gramule Thosonioe
Siohid ny ronler ivash fegil
page %%

Tap density
Tap density is determined with the Becker Rosenmueller equipment scoonding to

Crerman standord DN 33194,

Particle-size disinbutinn

The determination of the pamicle-size distnbuiion is carned out with a sieving machine
according 1w the German standard [2IN 66:165 with sieves according to DIN [SO 330,
Steves wore used with mash sizes betwees 00863 and 3,150 sim. The particle-size dis-
tribution of the beoiler feed is shown as cumulative distetbution function in Frgure | of

the annes.

Ferformance of the tests

Production of the broiler feed-mixtures with the three baiches granale Threenine
I'he mixtures were prepared in a laborntory scale-bateh mixer with a mixing time of
3 min. Each batch of granule Threonine was mixed il the respective batch of hroiler
feed with an addieson rate of 0.4 % 4 collective samples of 250 g each were taken of
cich mixture. One of them was sent directly to the extemal labosatory” for analysis of
the content of L-Threonine in the mixture, The remaiming samples were stored in a eli-
mili: chamber at 25 5C and 60 % RH. Every four weeks samples were taken out of the
climatic chamber and sent 1o the external laboratory for analyses. The composition of
the batches 15 shown i Table 3 of the annex. Table 4 shows the sample encod ing of the

stahility samples

An additionad retention sample of each bt ch was taken and kept al the Research Insti-

fute, The remaining material was disposed of.
Results ol the analysis

The results of the analvsis arc compiled in Tahle 5 of the annex. The origanal test reports

of the external laboraiory are attached 1w this report.

(b) (@)
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Test Report A1 2437 granule Threonine
Stohilicy hrailer mash feed
mage hd

AnNncx
Table 1: Formulation and ingredienis of the broiler fzed “SoMi Thume Brodler 357 (F-4TH)

Composition according 1o the manufacturer:

Marze

Soy extraction meal with stock (steamer heated )
Wheat

Fatiy acids, vegetable

Calzium carbonare

- Analytical components according to the manufac- Percentage (%)
urer
' Crude protein 15.00
Crude fat 7.50
Crude fibre - T .60
Crude ash | 120 -
Calciom 0,50
' Phosphorous 011
Sodiwm 0.03 i
Methlonine 026
Lysine 074
Metabolisable energy 13.4 MJI MEkg |

Table 2; Muyysscal matesial properties of the brodler feed =Sabdi Thune Broaler 357 (17-4TH)

Fhysical prnperﬁiﬁ | Dimension | Broiler feed (F-4 78}

Bulk density ps gcm' | 0700

Tap density glem’ % 0.752 -
Moisture u % (117

Particle size dia | pm | 150
Particle size dm m 720 '
Particle sfze dw pm 175t '

T wlade Froon gerein: i Pl sovbeans
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Tesl Report 4.3 7437 gramake Threanme
Slabilicy broiler mash [eed

Page 145

fge T3
Tahle 3: Compaosition of broiler feed — amine acid mixtures
Bateh No. Ingredient Amaunt
VaU3l-F-4UH Brotler feed (F-478) 4,950 g
granule Threonine {F4948), 20
- batch: T75-16-11A5-2¢ 8
"031-F499 Broiler fieed (F4738) 4980 g
granule Throonine (F-459), -
| bateh: TT4-16-1182.30 | VB _
V-431-F-500 ' Broiler feed {F-478) 4,950 ¢
= granule Threomoe (F-500), [
| batch: T75-16-12A1-01 B
Tahle 4: Sample cixling broaler feed — aming acd mixiures
j Batch No. Stubility samples |
V03] -F-A498-5-0
Vo911 -F-44%-5-1
et s V-031-F-498-5-2
V-931-F-495-53 o
V-03]-F-499-8-4
Va3 1-F-dug.5-1
V431-F-499 —
BIF4 Nosi1Famnss
V431.F-496.5.1
W431-F-5M-5-0
W-931-F-300-5-]
‘l.g -
PANE V-931-F-50-5-
Va5 -F-S{5-1
Table $: Analvsis results of the stability samples
 Added value (.40 % Time in months
Nominal value 1.011 %% Blank fero 1 2 i
Sample number | Unit S0 | S0 5-2 5-3
Analysls method DJS | Daons® | Daons | paws | Daws
Vb3 ] .49 o nall
V-01]-F-499 e nall
V-911-FS00 | % | 0l

* Throomine (acad ‘axidativ hydrelysis); Method: FU 1322008 0P 1SO 13052004, 1LY
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cirmilmive Freguency disudwion O,

| i

0,75

0,50

LR

(b) (4)
I'sst Beport A3 2417 pranpls [hreemnine
Sambliny Praniber sl feed

Page 146

fape B

A

'j,/

L 164 I Eiel

|,.|1"r!
inesh sk w

Figure 1: Cumulative frequency diseribution Qq of broiler feed (F-47%)

| it
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Parson in Mo
ASN

Repor date 112 2097

Page 11
Analytical report AR-17-GF-045104-01 -
Sample Code 710-2017-26836012
Reference Beoilemiier chne Aminceauresupplementienng
Sample sendar N O Q)
Receplian date teme 2oy
Transport by Post
Client coda FATH
Humber of confainers. 1
Ruception temperature roam semparature
End analysis 1122077
Tost results

DJMT  Methionine | axidative hydrolysis)

Malkad Fi IS0 13805 2005
G T
Pwiniianing 0268 g/liog

DJnes
Malfico

I‘M-(Hﬂ { oxidativ hydrodysic)
1522000 IS0 13802 2008, | IC-LY
Suscreviearied In

Threoning { Totad)

g | - Fw

011 gdlg
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Person in charge
ASM

Report daie 11.12.2047

Page 11t

Analytical report AR-17-GF-046101-01
Sample Code 710-2017-2662800%

Ratarance il L=Threanin
Samala sandar
Receplian date lime :l;i 27
mil-tnnauﬂl LeIF495 50
llr.uﬂ:l:t' vt : rabre
tomperatune ooy barmper
End analysis 11122017

11% g g
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- Fm.ﬂm -

Aepor dat= 21082017

Page 111

i sassss IS

Sample Code 710-2017-20385004
Fulterrmittel

FRoforance

Sample sander m
Recepiian date fime <01

Tra , Post

Cliant sampla code Wgd| F-406-5-1
Number of containers 1

End aralysie 21.08.2017

Tast results

DJ0GS  Threonine ( acid { oxidativ hydrotysis)
Mathod S2r2004 122 1 | S
Subcaslisisd o &

Thieonine 1.08 @10 g
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Peraan in charge -
ASM

Reapon date 16102017

Fage 111

Analytical eport AR-17-GF-037402.0f -

Sample Code 710-2017-22221004

Sample s S

Sample sender

Reception date time 0% 10,2017
Transport Poal

Client IHI:IO code W-931-F-408-8-7
Number of contaimers 1

Recapticn temperature 15am lEmpaature
End analysls 15.10.2017

Test results

DJOGS  Threonine [ acid ! oxidativ hyd

rofysis}
Kethesd Jimml 120 1mzuosl . IC-Uv
Subconkacied o 3
Threaning | 1.02 100 g

Anplylkal Servica Manager - Fead
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Repor date  O7.11.2017

Page= 11

Analytical report AR-17-GF-040806-01 _

Sample Code 710-2017-24425004

Reforence -Thiesnin
Sample ssnder
Raception date tima o0& 11 2017
Trarsport by Proat
Client sampla cods WG -FA56-5-3
Humber of cantalnars 1
raam empanatune

End analysis 07 11.2017
Test results

DJeds Threonine { acid | oxidatly hydrolyses)

Metkod 1 F x :

S bairo il 0 &

Thregnirg (Tetal 114 g0 g

oo e o S
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Repot date 11,12 2047

Page 1/1

Analytical report  AR-17-GF-046102-01 -

Sample Code 710-2017-26638010

Reference | m#t L-Threcrn
Sample sonder
Recaplion date tima Q112017
Transport Prmt
m-ﬂ-um V.83 1 FA56-5-0
Mumhar of containars 1
Reception tamiparature room bempsecalune
End analysls 1.12.2017
Test results

DJCCS  Threonine { acid / onicativ hydrolysis)

Melhed '1 ii IS0 139032005 104N

S Ciaaied b d

Thracninae [Tetaly 145 g/ g

Anayben Sariea ManagerFoed| | O10
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Reportdate 29092017

Faga 11

Analytical report AR-17-GF-034435-01 _

Sample Code 710-2017-20385005

Transport by Past
Clhient sample coda V-931-F4%9-5.7
Humbser of containess 1

Receplion lemperature racem lemperalura
Ene analyaia 21052017
Testresults

DAODS  Threonane { acid ! oxidatie

. typidrolysiz)
Lt '1mm iii 180 13603:2008, | 1C-UY
Subserirases v a

Thragaire (Tetall

Araiticel Servics Manager -Foed| 00

136 godg
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Report date 15102047

Page 11

Analytical report AR-17-GF-037403-01
Sample Code 710-2017-22221005

o S
Sample sender

Reception dais iime AnZ0T
Transport by Post
Cliant aample code WAl -Fa08.5.2
Number of contalmers 1
Reception temperature roam Wimgaratung
End aralysis 16.10.2017
Tast results
[.J008 ® { ncid ! oxidativ hydralyses|
Mseifod 1 - G-

Saitensiacied to &

Thiesanine 1.a7 groog
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Eurcfna CU Lab Zarece Grebr - Nesusncer Kamg 12 G-2107% Hambusg -

Person in charga P
ASM Mr

Repord dale 7112017

Page 111

Anaytcal report ARATGEOMB0TO |

Sample Code 710-2017-24425005

Reference -
Bample sendar
Reception date time 03.11.2017
Tramsporl Prat
Client sa cade VRS -FdG55-5
Humber of containers 1
Reception lemperature roam Emparbuie
End analysic 07 11.2097
Test results

DS

Wﬁ‘ﬂlﬂﬂm}
Weitad 15272006 (F), 150 136052005, , 1C-AUY
wu-#

Thragning 112 Q100 g

Anplylical Service Marwger - Faed
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Repol dale  11,72.2007

Faga 11

s isisany TR

Sample Code T710-2017-26639011

Redarance ' roveshil it L-Theganin
Sample asnder

Reception date time JootamT

Transpon by Posl

Cliwnt sample code W831-F-500-5-0

Number of containers ]

Receptian temperatune a2 fpmparaiunm

End anakysis 11122017

Test results

0J006  Thrwoning | acid [ oxidativ hydrolyais)]
g O@152:2008 (F) IS0 139052008, | IC-UY
Sbnlacdms (D@

Thrsanne {Total) 124 prcc g

WMW-F-H_
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Rapod dale  21.002017

Page 11

st siteansss. DN

Sample Code 710-2017-20385006

Referanca Futberrmitte|

Sample sender N C1 O)
Roception data time 15082047
Transport by Post

Cliant sample code WESTFA00-5-1
Number of cantalnars i

Reception temperature ORI B I raiune
End analysis 21.08,2017

Test results

CLIGOB Threoning { seid | oxidally

hydrolysis)
Pizlhod -‘mﬁ IS0 13803 2005, , Ko
Sutto=l'sded 1o &

Tosanine (Tolad) 107 GG g
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Analytical report AR-17-GF-037480-01
Sample Code 710-2017-22221006

Refarsnce 5 Trr@anin
Sampde sander

Raceptlan date time 0% 10,2017

Transpart Foat

Client sample code \W.931.-FADD-E-Z
Numbar of containars |

Reception temperatum i ianperaluse

End amalysis 16.10.2017

Test results

DJIGS  Theeonina [ acid { oxidetiv hydrobyais)
Mapthcad ‘ .
Sutcorieacied to w

Threonine (Tatal) 114

Rapor oale 16102017

Page 11

g1i0g
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Repamdale 07 192097

Page 111

Analytical report AR-17-GF-040808-01 -

Sample Code 710-2017-24425005

Referance

Sample sender

Reception date time 0312017
Transpart Poel

Client code W831-F-500-5-1
Miimber of conlainens 1

Reception lemperatire room [emperature
End analysis 07 11,2017
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English translation

FEED INVESTIGATION Aming Aatd (Commereind Prodaets) 4.01.6

Deiermimaton of lysing, methioning and threonine in amine acid tisding produsts
and premizes

L Furpuss and seope

This method 1= used tor the quamtitative determumation of the free (non privein
bound) aming acids o vornmerndal products and premizes cpneining mote than 10%
of the respective amino acid, Tt 38 partecularly necessary if there ace wo pure,
erystalline amino acids whose content ¢an alss be detevmined nonspeellically by
Hration, but mixtures, liguid predocts, protected aming acids or prodocts contadning
residues from the termentation.

2 prineiple

The gample Is suzpended in dilnte hydrochlorie acid, completely dissohving the free
gmmna seide Thie exhvapt 1s diluted with sodium eitrate buffer with simulirtesus
addition of the interpal standard norleyeime to measurement concentation. The
amino acids are rhromatagraphically separated op a cation exeliange columy using
an aming acid analvzer or HPLC apparatus, derivatized acesrding to the calumn with
ninhydrnin or ortho-phtlmlaldehyde (OPA] and detsrmined photomstrieally ar
tluarimetrically
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APPENDIX 7. UTILITY TRIAL REPORT

C AMERICA

Research Study

Evaluation of novel threonine source in a low threonine diet on broiler growth
performance through 28 day of age
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Protocol Title: Fvaluation of a novel threonine source in a low threonine dict on broiler growth
performance through 28 day of ape.

Investigators:

(b) (4

Joe Lucas
Vice President and Managing Director

L L L i E LN

3500 Lacey Road Suite 230
Downers Grove. IL 60515

Keith Haydon, Ph.D.
Trroctar Af Tachninal gcr\"iccs and Marke[ing

W TR I T LAY

3500 Laccy Road Suite 230
Downers Grove, IL 60515

Abstract
A 28-day growth assay was conducted using 1320 Cobb 500 male broilers in a small pen
study (33 birds/pen) to determine the effectiveness of a novel L-threonine source {(>75% L-
thrconine with biomass) fed during starter (0 — 14 days} and a grower phases (15 — 28 days).
The assay evaluated four dietary treatments (10 reps/ treatment): 1. Positive Control {PC) diet
using commercially availahle L-Threonine 98.5%: 2. Negative Control {NC, no L-threonine
supplementation); 3. NC supplemented with 100% replacement of threonine level of the PC
dier using the novel threonine source with biomass (NThr) and 4. NThr source fed at a 150%
threonine replaccment rate of the PC diet. In the starter phase (Day (- 14) birds [ed the PC,
and the 100 or 150% NThr replacement ratcs were heavier (P<.003) than the birds fed NC
diet. Bird weights at 28 days were heavier (P<.04) for those fed the PC and 100% NThr diets
than NC diet with thel 50% NThr fed birds being intermediate in weight. The only lecd
intake response was observed during the starier phase, with NThr [00 and 150% fed birds
consuming more {P<.014) feed than the NC birds. No dilferences (P>.10) were observed in
mortality. Morlality adjusted FCR {F/G) was lower for PC fed hirds than NC or 150% NThr
fed birds during the grower phase with 100% NThr bird being intermediate. Over the entire
28 day assay, the PC and 100% NThr fed birds had lower adjusted FCR than the NC or 150%
NThr fed birds. The assay demonsirated the novel L-Threonine with biomass is an cifective
source of dietary threonine for broiler chicks.
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1, Experimental Procedures:

Page 163

Objective: Determine the effect of a novel threonine source containing greater than 75% L-
threonine with fermentative biomass at 100 or 150% replacement rate on broiler performance
compared to a positive control diet with commercial L-Threonine (>98.5%) or negative
control diet without L-threonine supplementation.

Locations:
A. Live performance:
1. Pensize:
2. Duration;
Group size:
Floor space:
Feeder type:
Feeder space:

Waler space:

8 RE Ovlns g S

Lighting protocol:
B. Harvest:

Experimental Timelines:
Start date:
End date:
Preliminary report:
Final report issued:
Experimental Design:
Growth & carcass data
I. Besign:
2. Replication factor:
3. Replicates:
Animals
Genetics:
Number;
Gender:
Age:
Start weight;

4> 7fi

284

33 birds/pen

0.85 ft'/bird

Dry tube feeder (30-1b feed capacity)
50 in. total; 1.4 in./bird

4 nipple drinkers/pen (7 birds/nipple)

March 12, 2018
April 30, 2018
May 15, 2018
May 31,2018

Randomized complete-block
Live weight (by pen)

10

Cobb 500 ®) @)
1,320
Male
Hatch
~40¢g

s

(b) (4)

(b) (4)
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End weight: ~15kg
Duration 28 days
. Experimental Treatments: 4 treatments

A. Positive Control Diet with L-threonine

B. Negative Control Diet without L-threonine

C. NC + Novcl Threonine (added to reach level of PC — 100%)
D. NC + Novel Threonine (added to reach above PC — 150%)

1Il. Experimental Procedures:

A. Animal care protocol: Care was provided following an approved Animal Use
Protocol approved by the IACUC committee at ®) @)
Environmental conditions were monitored 3 times daily. Age appropriate temperature
was provided and regulated. Heat was provided with multiple force draft heaters,
House is cross-ventilated with adjustable vents on onc end and 3 — 36 inch fans on the
other end.

B. Allotment of animals to the experiment

1. Birds were assigned to pen based on day old chick weight. Initial pen weight
of all replicate pens had a maximum of range of 30 grams.

I

Pens were then randomly allotted to dietary treatment from within replicate
and immediately started on the study.

3. Pens remained on dietary treatments until the end of the experiment.
4. Minimum ventilation was run to supply necessary gas exchanges.
5. Birds were raised on used litter from 2 previous flocks.
C. Measurements:
l. Live performance:
i. Total pen weights — start, d 14 and d 28
ii. Feed disappearance —d 14 and d 28

iii. Feed/gain ratio was adjusted for mortality by the following equation,
Total feed consumed/ (pen weight gain + mortality weight).

iv. Morbidity and mortality
D. Experimental diet formulation (Table 1 and 2)
1. Feedstuffs:
i. Com - yellow-dent: ®®
ii. Soybean meal:
ifi. Soy oil:

2. Experimental test material:

AT

164

ERERY 2 I
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The current trial clearly demonstrated that the novel L-threonine supplement with bionass is
an effective L-threonine source in broiler chicks. When replacing 100% of the L-threonine
{98.5%), the novel L-threonine with biomass provided equal performance in both starter (day 0
te 14} and prower (day 15 to 28) phases tw current commercially availahle feed-grade 1.-
threonine.
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} Active drw inoredient salinomycin sodium, 60 g/lb (60 g/lton inclusion; () (4)

For the prevention of coccidiosis caused by Eimeria tenella, Eimeria
necatrix, Eimena acervulina, Eimeria maxima, Eimeria brunetti and Eimeria mivati.

' (0) (4)

> CJ America, Downers Grove, IL

® The level of cellulose (wt: wt) was adjusted based on the amount of L-Threonine.

5 ‘BIC i {2018

11 g3
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* Active drug ingredient salinomycin sodium, 60 g/Ib (60 g/lton inclusion; (0) (4)
. For the prevention of coccidiosis caused by Eimeria tenella, Eimeria

necatrix, Eimeria acervulina, Eimeria maxima, Eimeria brunetti and Eimeria mivati.
4 (b) (4)

% CJ America, Downers Grove, IL
® The level of cellulose (wt: wi) was adjusted based on the amount of L-Threonine.

11

Fidl et Tl 08 PV28E
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APPENDIX 8— Acute Toxicity Report

Meport

L-Threonine: Acute Oral Toxicity in the Rat—
Fixed Dose Method

':mij Number: WAL

Spinnor Nami: 1 Challbedang Corporagi.
Awmi Dty 0% Tunnary 2017

Sty Dreetor A Pl

Tvating Facitity!

[T B
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S S
COMPLIANCE WITH GOOI LARORATORY PRACTICE
L-Thresmine: Aeute Crenl Toakeity in the Hut — Fived Daose Mathl

Wiih the exception stated below the study described mthys repiy wits ionducted e
vimplianee with the Badlowing {wood Lahoraiery Proclice standads wid T ousider the daty
irrmraied fo be valid,

¢ TheVik Good Labommtory fractsce Bagumions (Stamiory Toswumem 1999 Na, 710
s wmended by Statnors listrumest 2004 Mo 994

s OBECH Principles of Good Laboratisy Practse (as pevised w [497),
ENYMOUHEMM T

s PO Cimnmiesion Directive 204 IVEC af 1] Felviare 21

Iheme prtetples oF Ciond Loy Practice are sceepied by ihe membersof the OLICI
Mutanl Aveeptance-of Datd inchiding the Ewnopean Commu i/ o bed Sioies of Americs
i Jupan

Py tor the shortetern nature of e study o mnulysii was earrled out 1o determine the
oanogensity, concenimiion or stakabity af the tess Gem Gormulntion. This exception is
considered mn woalect the purpose ur miserty of the siody.

- 5!4!’1’-

Py i
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i SUMMARY
Tntriduonion

i ssthoudy swanst puerfommied o assean the aute oral tosioity nf (e es iism im tie Wit st
Tl

Mlothinls
Fobidbing o spphtng lest af dose levels of SO0 mp W and 2000 mpdp o larthar grop of loor
(el Feimales wos oiven o singl=oral drse o el e, 08 o solutloon inodistillod wiler, af i

clined Tewel o 2000 mefkg baody werpht. Climjeal signs annil bogdy wadeht development were
mssoned during the stidy, AN anlmioks were subyected I gross nseropsy,

Thesinlis

Martalfey, here were oo deaths,

Cllndcal Chbwervatlans. There were no signs ol systemi gy,
Budy Weight: AN mumnls linwed expecied galns in body weijl
Aecraprm. Mo ahnormal ey wene snled 8 neonapsy.

Cunelision

T tenite vl amvec o betbad dose 800 o0 the test e Gy Le lemale Wistas siraim il wi
cxtiminbed fe be premier (han 2000 mp'ky bosdy weighn (bl Marmon esd Cesst st
Sy — | oo lesshied )

Thee tese Dheme does ot mmeen the eriterta Ton dassiAoatiom aceording o Regulntion (1C)

M [2PEZ000 relutbuge tr e Chessimamion, Lobelling snd Baobagine of Sabelomees pnd
SAba e,
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b INTRODUCTION AND PURPOSE
N | I‘urpmu

T wtuidy waas pericrmad o asmess (e soabe ol iisoety o e e i dn e Wi vein
Ful

) Auntiflonibon

Koz are |he prelervd apeies ol chice as hisommally ol Jor siey svalaiiog sl m|
dre specibed wm ihe gpproprile el suidelines.

23 Siudy Detaily

Spanany L Cheilediomy, Corpormdion
L1 b bedigy Buildipg
107 Ssanunim-danig

Tubhz- g
Sewill 100406
R A

24 Study Schedule

LCapenmental simm daic 03 Movember 2006

Fxperimentul completion daw M5 December 24000
2.5 Aindmdl Wellare

Ve slidy ws desigried mid conductad o cane the mimimum sufferme or fistress o (he
animils comsisked wills the slenific objectives and in accordinee with the b) (4)

(b) (4);1-;:“::; an aniimal welfive aod the regrrermenis of tie Timnied Eingdom’s Asimul
(ohentific Procedures) Act [WRe Amerdment Repulations 2007 The condued of the snudy
iy b peylewedl, us poeof dhe O) D hical Review Process,

[l wuachy ws cvivilietiad in seoordimee wilh O T Homie Qfliee Uuldunce decumant o
Kegulamwry Toxieolngy awd Saiety Evoluation Siwlies aml (e OFCT puidianes deoumenn v
PeeeEnition, msssssmen anil use of olinled sipns as humane snlpofnis G expermanil
amuemnky s i salzey evaluasion,

pA Regulatnry Testing Guoidellpes
The study was periormied i complimice wath the follivwing vegulations ur gucclinss:

e UECL Guidaling for Testhing of Cliemseals 3o 420 “Acue Ol Toxteity - Fived D
Method" (2000
o Alethod D By Acute Toxicity (0l ) of Commzssion Kegyiaien (FC ) Mo, S407200

| e

BEST AVAILABLE COPY



GRAS Notice Dried L-Threonine Fermentation Product Page 181
Appendix 8

H i (b) (4)

3 MATERIALS AND TEST METHODS
A Test e apd Supporting dnformution
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ia Vesi Sysiem
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mnilyged and were constdered ned T conium any condarmmoe bl would esmonibly be
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T temperature ol relinfive humidlly were 2ef woachieyve limits of 19 0e 25 U wod 360 10
T1fs respeebively. Thie iabe ol wlr exehomze wiss ur beist fifieen chinges per o and e
lighiing was cortrolhad by a time swiich o give 12 hours continwons light ol 12 hors

darkness,

The animals were provided with environnenmal entichiment hems which wers considered ning
W cumidam any ennbemymmd ol o beve] il miehs have pitected the purpare o Iinegdiy ol Lhe

ALLAY

33 Study Design

I e aliemice al dats jeganding the iopiciny of Uve fead (e, SO0 mwke was ehosan o th

aaring g,

A smle snimud wos edied o5 0llows

Limse | eyl
Img g}

Comeen L ridion | Trnge Vidime Rirrheriof Rm
L
[mgimL} (m Ly Fenaln
0 i ]

In Lhe whmepee o IoGciy o dose Bevel el 300 mpSE o addiiong ammal was realed s

lollows
Biaew Lovil Chenanekine it Nulbiha Mumber of B |
(maihe) g L imlhe —
T30 T ! in

In (e absepce of woyicity al o doge level nf 2000 me/ke. ab addiibens! group of enimals was

trenied ms Inllows:
Dase Levik Kl weatiaiion L Volue Waiber of G
I | gl R T,
BT i 1] P

Ml ol Tive wndmdls were tseralone wrented ol o deese Lleved ol 2000 mpdhy i e clody,

ANl imals were dised ol oily by gavege, avime o metal casmule atwehed 1o gradumed
e, T volume idiminisieed 1o such enimel was colonlmmed neeording (o the ted
Budy weight at the rime of dosine Trealnient of wimals was soquantinl, Sullicient tme we
alloswedd Becwveen cuch dose group o eonfing (e sorvival ol the preyiously dosed wimply

BEST AVAILABLE COPY



GRAS Notice Dried L-Threonine Fermentation Product Page 183
Appendix 8

— (b) (4)

Clineud uhiervalions were made 30 niinuies, 1, 2, md 4 hoves wher dosing and thed daily tir
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s sutize
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A termmintiog of the albrementivned pennd, the Sponsor will be conteted i orde o
dvrermine the limal dhisposition uf these records and maierials, A ler e specifled pesiod. the
Apansor e responsible tor dll conty ngsociared with the retentinn, eloeval, sl s fenin
desdriondisposal of these marerads, 1 the Sposscer i unrespansve, e reeords will be
deniroyed i peeofdince with e (0) 6). (b) (A, 1ar Lrperulize Poced ure

I case records are wanaleried, the Spomsor should ensire L e mierials el records 11
pippernt of regulatory anidies arve rethined wnd mamiamed andes comiiiions bl guarmnte:
Listiy imbeprniy ind Lontinued secess nocord g 10 undliving sequimements o piriieiples o
VLR, The Bponsor should ale ensure thi such materials and recors are ronmmm oy 69 (o
as el Dy edevond wol e e,

® (4)'.1.-'III roRaki L ILs archove e Stody Plagoond b regert, and any
amsrdrnei, fdtinimiy,

[ETE ]

BEST AVAILABLE COPY



GRAS Notice Dried L-Threonine Fermentation Product Page 185
Appendix 8

s ®) ()

L RESLILTS

il Ihpue Uieved - 300 me/ke

liedieichant clinical ahservinions amd moctalit: det aro given in Appendix |
ol 1 Moriality

[ fiepe e s mmpermdiyy,

G2 Cllabenl (bseryilions

M sagns ol svstemin Gosleity sere notad duning e olmeesi fon peomd
013 Hody Weight

Ilividual body weaghits and hody weight changes are piven iy Ajoemdiy 2
et phowed expecied wains in body weigdn over te abservatlon perol
A Mecropay

Indsvidupl neceopay findings are given in Appendis 1.

Mo abmormulities were novad i nocropsy.

0l Ihes: Laoviel - 20000 mylag

Edmoek o the pestfis al g doss level of 300 ke & die 1svel ol 200 mebp body welghi
was invesiignied,

medovvichuand clingeanl observarions amd meuvilig datn gy givin m Appendsy 4
a2l Murtality

There wigre io deaihs

622 Clinkoal Olsirvalions

i @gns ol systemie b icity wers noted durfng e ohbesvaton peomd,
w13 Hody Welghe

Izt il bivad y s gt sl body weight chasiges are given in & pgendiy &

S mimaly whoswed expeenedd i i Budy wiepsht over the nhseeyiilim perisd,
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24  Necropsy

Tvilividusl sweeropsy findings are given in Appendis 6.
Wev al b swire ot o sy

T CONCLUSION

Fhe merte oral mnedinn Jethal dose (LD al Hie besd e i the lemale WRe steiin e wa
atimmecl to be greaa thaon 2000 i body weighi (Esbolly Warmonbzed Classifeaion
Svatem - Linclusalfied),

e Vet b dies not meed e collerin (e ¢lssiTeaion aecording o Regulation (BC)
M, L2T2200K, rolariig 10 the Class Geution, Tabveliing und [*sckuping of Subumices wid
Mixnren,

b - L
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lipnni

B REFERENCES

URGANISATION FOR ECONOMIC COOPIRATION AN D1V ELOFMENT (20060},
A P Edeabaltmce docimont o D feca gt dasdsamiend i wee gl O el WLTLY 1
Duatigraamer emtpunindy v axperimenial wilimals aed fnoaapne sudmdion: ENVIMMORO 7
OECD Enywommental Hoalth and Safery 'ublications Sovies o Testlig aml Assessment

The Antvnls | Selentific Procedurss) Aot 1986 Amendment Regoliliogs 2002

LK TIOME OFFICE (2003) Guldenee on (e Sondoc oF Beunlubory | oneshome and Sntes
P kamint o Swensct i,
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APPENDIX 9—Bacterial Reverse Mutation Assay

FINALEFPORT

Bacterial Reverse Mutation Assay with

L-Threonine

Study Number: 18-VG-0143

Sponsor: CJ Cheiljedang BLOSSOM PARI.
BIO R&D Research Center
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Ninel=nl Rovere Mutnsion A’ with Le TR

Tk whady was coudicisd W tecontanee with OECD principles of Good Labomtory Pructie
{198 HﬂvmmmnﬂmdﬂndlmUMﬁlﬂmﬂﬂﬂmlhhﬂwhuﬂ.ﬁ
(21 CN, Py S8, U 1T, Bevieesd as of Apedl |, 201 7),

The sty was peforoed followmg e approyed ool and HJFH.I:_
and e siudy olnectres dellmml i e prdocol was sehiowed. There ware
ircumstanesa e mny have ailocied the relinbiliy of ibg Jdaa,
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Quality Assurance Statement

Stuudy Mewssleer: | 84080043

Tide: Tl Feverss Mularon Assay with |-Threomine
Study period; Ape (W, 2008 - May 08, 2015
Sponsor; CJ Chedhedaug BLOSSO0M PARK, BIO RAD Reswsrel Center

Page 204

Inspootion esuilis.  Tampoction reaalts
liems Tnspesreed o confirmed b reporied to
Smdy Direcor on Mmcpement o
Praifx) LApeDd, 8 AmOG Y ApeOS, 2008
mﬁz‘:::mm Ape 10, 2018 Ag 10, 2018 Apr 112008
Sharnge oF 165t refierence atticle Ape 11, 2018 Ag,;"l_l"':_ﬁ'm Apr 12, 2003
“Prepwnion of ost (reference article  Apr i1, 2008 Age LK Ape 02, 20A
Stusoftudenel st ApdLJOIE  Ape 13018 Apw 12,2014
TR i e ilil'E'l"irmz CAm L Aprl2200%
Chmfﬂmwt “——— ' Apeil, zms g | L2008 Arr 122008
o AR Amiyaneamigion
Rawdam N IN0A May0d 2008 May 04, 20
Vel repert (doal ) May (12, 201 May 09,3018 Muy 04,3008
l—muqu:m Wity (iF, 218 !-hl,-lilt: .UIH Nluy OB, 2014

Heweoy, 1 do certity (it ihe detrbéd metlasd m g Aol repen was peribomed i acommtiely wita OECD
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Study overview
Dhjective The objective of this smdy was to evaluate the test article, I-Threonine, for its
ghility to induce reverse mutation in the four hisddine-requising TA siraing of
Salmeneila yphimurim and a oyptophan-requirng strain Escherichia coli WE2

A

Eezulatory DECD Goidelime for Testimg of Chermicals TG 471 (1997) ‘Barienal Reverse

Spomsor T Cheiljedang BLISS0M PARE. BIO B&D Research Center.
CJ Blossom Park, 42, Gwanggye-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do.
16495, Republic of Kores

+87-31-8000-2117 (TEL) . +82-31-8009-2001 (FAX)
Sponsor’s representanve. Byvewon Tim

Test Facility

Schedule Apr 04, 2018: Approval of protocol (stedy initiation)
Apr 10, 2018: Inoculation of test strains (experment inifiagon)
Apr 11, 2018; Chernical meatment
Apr 13, 2018: Scoring plates (axperiment completon)
May 03, 2013: Submission of draft report
May 08, 2013, Submission of final report
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Archives The protocol, nsl report. rew data, sample of the test arficle sand other ralevant
evidentizl documments will be retained and stored in the Archives of ] (b) (4)
(b) (4). fior at laast 5 years after the submiszion of fins
report for prarksnng suthorizston (U5 FDA basis).
Further storage of above matemials shsll be consulted with the sponsor.
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Summary

The test article, L-Threonine, was evaleated for its potenfal to induce reverse nmtation in the fous
histudine muomoph swams of Salmonells gphimwrrum TATGD, TALS35, TADE TAISST and a3
Typtophan suxotroph strein of Ercherwckia colf WP wwwd 1o the presence and absence of
enogeneous metabolic acovation system

The metabolic acovation system consisung of the cofsctor-supplemented post-mitochondrs] factoan
(59 of bver homogenate fom rats premeated with Aroclor 1254 was nsed. The test smams weme
exposed to the met article nsing the direct plate incorporaton method.

Test artiicle for Teatment was suspended in sterils disnlled water for injection and semal dilutons
ware mads. The dose rapges are presented in the tables below Conowrent negstive snd positive
conools were also inclndad. snd mplicate plates were nsed for =ach dose

Test sreins 58 rmx Dize (pz plate)
“TA smains +i- Iz 37 111 333 1000 3000
WE2 mrd +i- Iz 37 111 333 1300 3000

Mo substanaal incresses in mucbess of revenznts per plate of any of the tect stmins were obsarvad
follovnne trestment with the fest arbcle gt any dose level There was no Indication of oytotoxcity
over the range of doses tested.

The mean revertant of the posiive contol for each fest stram exhibited a clear moTease over the
mesn Teverant of the negative conmwol fior that soain.

The resulis indiczte that the test arficle, L-Threonine was nod mtagenic n s bacterial aszay

SYSIEDL
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Materials and Methaods

1. Test and reference ardcles

1) Test article (Appendix 5)

Mams:
Code No.:
Lot Mo.:

Drate of receipt.

Expiragon date:
LStorage comdifvoms:

Suppliar

L-Threonine
C-2860
T75-16-0146-29
Feb 19, 2018

10z mibe = 1 mhe
Pale browm granmnls
L-Thragnine 77.2%
Jom 28, 2018

Fioom temperamre

CT Cheiljedang BLOSS0M PARE BIO L&D Fesearch Centar

13 Vehicle (megative coniral article)

Nams:

Lot Mo

Storage condifion:
LSuppliar;

Stamle distilled water for injecoon
4EETERS

Pipom temperamre (Fafnraration after opening)

(b) (4)

Tusdficadon of selerdon  The vehicla was salected according to the preliminary preparation

) Positive control articles

Page 209

(b) (4)

Positve conmol articles nsed in this smdy are listed o the following table These positive commol
artcles are among those recommended m the OECD gmdeline TE47].

Aetnpol Positive controls (Abbr) CAS Mo e Dace

aCTIvanon Sirpins {u=mplate)

TALND 1

By ' " A TAl333 2

L 2-Aminoanihracens (2-AA) 613-13-8 TALS3T I

WP wvrd &

Benzo[alpyrens (Ba]F) 50-32-8 TADE 1

. el il TAL0D 03

Sodium szide (SA) J5628-22-8 TAIS 03

- 2-Migoflnorene (2-MF) 607-57-8 TA%E 2

#-Nifroquinolime-1-oxide (45Q0) 56-57-5 WP2 inra 03

Armidine Mumgen ICE. I9LICE-101) | 17070-450 TA1337 03
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= . E r Diare of Ltorage
Name Supplier Trem Mo Tt Mo Pocpived Condition
1AM Sigma-Aldnch Co.| A3EZEOD (STBD3300WV| May 30, 2017 | 1lte 30°C
(b) (4
B[a]P Fm 22 1016 | 1li030°C
A Oct 19, 2015 | 11to30°C
I-NF Simma-Aldrich Co.| M16754 S43258V | Miay 30, 2007 | 1160 30°C
2900 ' (b) @) \fzro9, 2017 |Below -15 *C]
ICE-191 My 30, 2017 | -1 10°C

2. Preparation and analysis of dese formulaton

1} Preparation of dose formulations
The test arocle was nsed withoo? compensanon for pumiry. The tesg articls was weighed and miczed
with vehicle by nzing & vorex mixer to maks the hizhest dose. The highast dose was diloted with
the same vehicles to make lower doses. The preparation was done just before Teament.

1} Preparation of positive control articles
Frozen stock solutions of SA which has been prepared wnith sterile disalled water for injection
(0) @ gras kept zt below -15 °C. Stock solutons of
3-A4 B[P 2-NF. 4NQO and ICR-191 prepared with DMS0 (b) (4)
O) @) =000 95 ware kept frozen below -50 C (B[a]P) and
=15 0 (2-AA 2-ME, 4800 and ICE-191). respectively. The stock soludons were thawed just
before the resmmant

3) Analras of dose formulation
The dose formulation was not analyvzed for concanmation and stabilicy

3. Test system

1} Test system jusafication
The histidine suxomoph straing of Sabmonells ppkmauriom TAT00, TA1535 TAGE TAISST
{lzrom and Ames. 1983) and & fryprophan suxomoph smaim of Escherichig coli WP inrA (Green
aod Muomal, 1978) were used Thess t2st soains are smong those recormmended by the fest
mudaline of OECD T 471, These smzin: have been shown to be sensigve o the mmifagenic
actvity of @ wide ramge of chemics] classes. The specific genotypes of the test sirams and
detectable mutatons are lsted below.
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Test sirains Eﬁ;ﬁﬂ 'm':::l Pla=nud Dierection of mWwtaiion
TALDD hiziG44 rfa  inrB pEMLOT Ezse-pam substmtion
TAl535 ks rfa  inTB - Base-pam subsomiion
TASE hisTi30ED a2 wnrB pERILON Frame-zhift
TAIRIT RisC3076 e wnrB - Frame-zhift
WP inrA IrpE T - Bacse-pamr substpofion

The rf mutztion in TA sorains results in the partisl loss of the ipopolyeacchanide (LES) barmer of
cell wall and the muatmton makes the bamer more penneable to certmin classes of larze moleculas,
The wrd or ineB 15 essentisl for sxcision repair system of the test soein. Mutations of theze
zene: Tesilt in & deficient DA repsir system and greatdy enhance the sensinviny of these strams
tr some mutagens. The presence of plasmid pEMIG] furber increases the ssnsigvity of these
siTaing 1o SOMmE mufagens.

1) Soorce of test strains and media
Source of test strains
Test srains were obfzined from () (4)

(B)(4) ang subcultured in the Wl

Coltoring broth
The broth nsed to grow the test strains for mutsgenicity sssay was 2 5 % Oeoord MNument Broth Mo
2 prepared m distilled water.
Minimal glucose agar (bottom agar) plates
The minimal glucose agar (25 ml per 15 x %) mon pem dish) was Vogel-Booner mednom E
supplemented with 1 5 % Bacto agar i (®) (4):md 1 % glucose. The minimal glucose agar for the
WP inrA sttain was supplemented with addidonal 0,25 ml L of 0.1 % L-Typtophan Ganuma
ray-starilized peiml dishes wers nsad
Top agar

Top agar for selection of revertants was prepared with 0.6 %s Bacte agar (b) (4)

and 0.5 % NaCL
The top 2gar for Salwonelln smems was supplemented with 10 ml of 0.5 mM hstidine/biobn
spluficn per 100 mL,

2} Storaze of test straims and phenotypic charactenzaton
Frozenm siocks of test straims
Frozen stock oultures for lone-tenn storage were prepared from fesh overnight oulmures. TIVSD
was added to the cultores (%0 plml) as @ coyopresanabve. and aligoeots of culares were stored
at below -70 *C.
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Master plates

The fiozen stocks ware thawed and cultured for 10 hours to prepare master plates of (25t siraine.
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k!
=1

part of each bacterial calhore was used for the confirmston of genobvpes. ASer confirming the

gensiic characfenstcs of the strains, then the master plates were used as the source of bactenis for

INILASEIICILY 2358V,
Verification of genetic characterizstics

The following genetic charactenistics of the straime were venfied according to the methods of

Maron and Ames (1983).
Phenotypes Test saing
hisnidine requirsment Salmonella pphoeurivm TA sirzins
presence of B mutanon Saimonella nphmmurium TA srains
presence of F-factor Saimomella nphmmurium TA strains
presence of rfy noatation Safmonella nphrmiriim TA sirains

Salmonella typhrmirnge TA soains
and £ colt WED inell

myprophan requirement E caliWP2 v

pres=nce of A mutanon £ coli WP inra

nmiber of spontaneons revertan:

4. Merabolic activation system (59 mix)
1) 58 and cofactor
59
Ozm of 5% Aroclor 1254 mduced male Sprague-Thawley mat liver
Supplier (b) (4)
Trem Ko: 11-01L
Lot Mo 3871
Protein content: 404 mg/ml
Storage condition: Fept in 3 freezer (helow -15 =)
Cafactor
Tame: Cofacior-I
Supplier (b) (4)
Item Moo 309-504611
Lot Mo, 0OTT03
Storage condinon. Fefngeration (-1 wo 10 °C)
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1) Preparation of 59 mix (per 1 mL_ & B4 58 viv)
The 50 mix was prepared with 5€ and cofactor solution just befors uge. The 59 mix contaimed: 8
jmnol MeCl, - 6H0, 33 ymal ECL 5 ool G-6-F, 4 pmol HADPH. 4 pmol MADH, 100 pmol
spdinm phosphate buffer (pH 7.4) and 50 pl. 5% Prepared 50 mor was placed in crushed ice.

5. Experimental procedures

1) Selection of dose range
Drosa renges of s smdy were selected based on the results of a range-finding past comducted om
the test artcle nsing the five test sirains in both the presspce snd absence of meabolic scovaton
system with two plates per dose (®) @ 3 pop-GLP shady]. Six
doses of test article rangmz § to 3000 pz'plate were tested nsimg the same methods of this smdy.
The conditon of the oeatment micnwes and plates were checked for the formston of
precipitation snd cytotomicity, if aoy. In the ranpe-finding test, nubidity and precipitation were
oibserved in the weatnent mixmres of 3000 and 3000 pgiplate. Ar the time of colony counting.
precipitation also observed m the plates of 1000, 3000 and 5000 pziplate Colony counfing was
possible up to LK pz'plate. Colony coumbing was not possible st 3000 and 5000 uz'plate. There
was o siEnificant increase or decresse in mwrhers of colony 2l test sirains at all doses
Tharefors, the high dose of this study was sat at 3000 ug'plate for all sest srains with addidonsl 5
lowrer doze levels. The dose ranges are pressnted in the table below Conoumrent neganve and
positive conmmols were also mchnded, and mplicate plates will be nsed for each dose.

Test simzins | 50 mix Diose (uz/plate)
TA smains - 17 37 111 333 1004 i1
WP inra - 17 37 111 333 1004 1L

1) Plating procedures and scoring of plates
The test strains were axposed fo the test amicle using the direct plate mcorporaden mathod.
A zmall amonnt of bactenal growth in sach master plate was teken and mansferrsd o @ Sk
containing 30 ml. of igoid medivm (2.5 % Cxoid Nument Broth Mo, 2). Inomulated fazks were
incubated for 10 bowrs 1 3 shaker'mcubator (37 = 2 =C, 120 pm). Overmight cultures were
removed from incubation and the visble cell connts were deternmined by optical density (00 ar
#i0nm snd the culfures were stored in 3 reffizerstor not] nse.
For the plagng aceay, the followings were added to each sterle calnmre mabe contsiming 2 ml of
top agzar bald at 45 =2 *C in a dry bath: 0.5 mL of 59 mix (or sodium-phosphate baffer, pH 7.4
for the non-aciivating plates), 0.1 ml of bacterizl culture and 0 [ mT. of test srticle. The contents
were vortened fior 2 - 3 second and overlaid onto the surface of the boftom agar.
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Tegstive contmoel plates werse mested with 0.1 ml of vehicle instesd of test arocla. The posiinie
control plates were meated with posidve confol armicles with the same meathod

The sterility of the highsst dose test artcle solufion was checked by planng 2 0.1 mL aliguet
(muged with 2 ml of top agar) oo the minims] glocose agar 59 mix was alsoe chacked for stenlin:
by plating 0.5 ml with the :ame mathod

Afrer the top agar solidified. plates wese mwerted and incubated at 37 =2 *C for 50 = I hours and
then reverznt colondes were counted with umaided eyes.

3) Identification of plates
Each plate was Isbeled with an oil-bazsd pen 1o identify the smdy number, test sozin, dose level
and activarion condition.

£} Observation:
The narbidity and'or precipitation in the treamment mixore were checked with unsided eves, and if
seftlement of fine pardcle was observed. it was considered as precipifation
Pewertant colomies were counfed with mnaided eves. The condiion of backpround lawn was
scored relative to the pesative conmol and contamunstion snd other abnormeality of each plate
were checked
A dose level was considerad to be cytotoodc if at least one of the following crteria was mef
{1} A cleanmg or dionmofon (reducdon) of the backzround lswm that was accompsnied by o

substantal reduction in the muonber of revertants pear plate,

(2} The presence of microcolonies (piopoint colomies).
There is o conmuon standard of ‘decrease’ for the momber of revertants, w0 it was detenminad if
the movber of revertants per plate was less than 50 %o of that of solvent control or when there 15 a
reversal of an increasing wend of the pumiber of colonies.

5) Presentation of the resnlts
hlean revenant per plate and standard deviztion were calculated Som the triplicate plates per dose.
The gcnw] oumbers of revertant were also presentsd The “increase factor” was caloalsted by
dividing the valoe of weated plate by the valoe of negatve confrol plate. The meresce SBotors were
rounded off to one decimeal place.

&) Aszav accepiance criteria
The assay was considered valid only if all of the following criteris were met.
{1} At least 0.5 < 10" CFU of bactera plate were plated
12) A minnmym of three non-toxic dose levels were required to evaluate assay data.

BEST AVAILABLE COPY



GRAS Notice Dried L-Threonine Fermentation Product Page 215
Appendix 9

(b) (4)

13) The mean mumber of spoatameons revertants par plate should be withm the range presanted in

the following tshle
Tast soams Mo, Beversnt
TALGD T3-200
TA1333 337
TAQE 1560
TAL537 31
WEBZ A 540

[4) The mesn revertants per plate of 2 positive commol Sor 8 respectve test swam should be ar
least @ 2-f0ld increase over the mean revertants per plate of the pegative control for that test
sirain. The integmity of the 59 mix should be demonsoated by increases of revertants for the
postove conmol plates meated with Bla]P and with 2-AA4

[5) There should be no microbdal colonies due to the contamination in the plates for semnliny
chack of test article and 59 oy

6. Statisrcs and evaluaton of the vesults
1) Statistical analysis
Wo stadstical analysis was done.

1) Evaluation of results

The result was regarded 3z posiove if there was 3 dose-relared mcresse over the ranze fested
and'or 2 reproducible increase at one of more doses in the monber of reveriant per plate i at laast
pne sTam with or without metabohc activaton system A pofsitve result mdicstes that the fest
substance induces point nmtation in the test strain

The result was regarded a: negative if the resalt did mot meet the posnithany mitenz The negatvs
result mdicates that the test ariicle 1= not mutazemc m the test smans, Biolomical relsvance of the
results was also considered for the evalanon of the remli.
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Results

Dipse formulations
The test article was suspended mn the wehicles snd nubadity or precipitation wes observed at
3000 peplate

Bacterial reverse mutation test (Table 1, Appendiz 1 and Appendix I}

Turbidity and precipitagon was observead at 3000 eplare when the prepared test article was mixad
with the top agar At 1000 and 3000 pe/plate, precipitation was obsamred on tas botiom agar at the
gme of plate scoring Colomy connting was not possible at 3000 pzplate. There was no microbizl
colony due to contamination in Aoy of the plstes for stenlity check of fest article and 59 nux.

There were no reductions of reverfants or cytotosacity m TAIQD, TATS35, TAYE and TALS53T at any
diose level of test article both in the presence and absence of metmbolic scimvaton system. Also, no
ImrTease I revertants was observed

In WEP2 i, dhere were no reductions of revenants or cytoioxicity &t amy dose level of test ammcle
il o the presence and absence of metsbolic actvation system. Also, no increase in revertants was
observed.

The mean revertsnt of the posiove conmel for each fest soain exhibared & clear mcrease over the
mipan reverant of the negative control for that strain.

Tha vishle cell count: of test strains were 185 — 2.60 « 10" (TA sgzing) and 153 « 10" (E. cal)
CFUmL. and more than 5 « 10" CFU of bacteria plate wess plated.
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Discussion and Conclusion

All cotsniz for a valid assay were mef. For all of fhe test siains, in the presence and absence of 50
nux, there were oo sgmificant mcregses of the revertsnts per plate in all fest smaims, and the
expenments] resuliz failed to mes: the cnitena for posiown.

Therefore, it was concluded thai the test artcle, L-Threonine, did not induce reverse mmiation in the
fest sirpine nead in this smady
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CUnits and Abbreviations

Weote: The following lists of codes, abbreviations and units are used by Chemon Inc.
Some, but not necessanly all, of this information may be needed for this report.

(g REFEREBERRERA"RRETN "8

Percent

Dhazree

Celsms

Liter

MGlliliter

MficToliter

Gram

Eilogram

A0l pram

AficrogTam

MiEno Eram

Mieter

Cenumetsr

Mlhmetar

AicTometer

Manometer

Homr

Miimnie

Second

Fevoluton per Mimie
Glhucose-§-phosphata

Potassnnm chloride

Mzznesiom chioride

Micoonamude adenme dinuclestide, reduced form
Micodnamide adenme dmucleotide phosphate. reduced fomm
rood T aboratory Practice Plegulation
Mnisoy of Food and Dimug Safery
Cirzamizaiion for Economic Co-operaton snd Development
Cheality Acsurance Tnit

Etandard Deviation

EStandard Operaning Procedures

EStansnical Package for the Soctal Scances
Diplomated Korean Board of Toxicology
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Tzhle 1 Feverse mummagsmiciny sssay resulfs —sumimsry

Tast Chemical Dlosa Colonies'plate [Bactor]"
Stam Treated (e plabe) Wits 59 moix Withést 59 mox
7] e = ] Ng & 3
1z 1l = B FE] 141 = 18 [ 1.2
3T Wi = 5 FE] 130 & W[ 11
TAlG Teat articlu 111 P ] 1] IHi"= &[] 08
333 nz = 12 [FE] L = &[] 09
168G InE = 13 18 Wi = 3] B8
3600 TP - = - - - & - -
1] Ik = 1 0 = ]
1 g = 2 [E] 2 1T BB
3T B = 4 oE 32 L] 11
TA1535 Teat article 111 I3 5 F] 1z -2 I T 5k
333 13 = 2 13 -2 Z2f 114
1600 11 5 1 1z 1 £ 3] IR
W0 TP - = - - = v n
] i = 2 o= 4
12 B = 3 [ as 8- ¥ T 12
3T n = 3 g = £§ k2
TADE Teat article 111 S 2 18 w2 47 11
33 il = 3 ig 2 ¥IF Il
168G 4 = 5 11 M= 4] 12
I00 TP = - - =2 -] -
[} 4 = 1 o 1
12 17 = I 'F 1327 5= 3] DEF]
37 15 £ 4 [ 517 B = 1] B§]
TA1537 Test articls 111 7 E 2-1F 13} W= LT 18]
333 13 = 4 [ 197 wmw= 3 0.9 1
1086 1. = 3 F 687 f.= = BE]
3000 TP - = = If -1 - = - -
[Z] N = 4 M= 4
12 23 £ 3 e B = 4 11
37 B = 3 FE] = I 11
. oy Twst articls 111 i = Fl il = 4 12
WP2 A 333 i = 3 0B = FI[ 13
] 3 E 1 FE] M2z F[ 12
30T - = - - T | -
Poritive combnls
TALM 1-AA ] 1312 = 153 T 4111
TAH153% 1-AA 29 R = 3 [ 2109]
TARE Bla @ in F = 31 ES
TA1537 2-AA 19 183 = B 141
WP2 srA 1-43 ] B3 = 1 33
TALM A L5 HI = 35 [ 341
TA1535 54 05 43% = ¥ [ 433]
TADE 1-NF 20 257 = 240 1871
TA1537 ICR-181 05 183 = & [ 1727
W2 snrd A0 05 182 = 10 J B2]

Test arnicle: L-Theronine
T: Turbidity = the teatmeat mixhim
P Prcipitation in the Teamment mixturs
2] Thres plates/doce were wied. Mo. of colonies of oeated plareMo. of colonies of megative cancml plae
Abbremiations
1-AA I-amsmpamthracene; 34, sodinm aride; B[alP, beamcfalpymens: ICE-15], acridisme =ages ITK. 191:
4MG0, 4-nitoquinoline M-oodde; 2-NF, 2-NMitrofluomena.

BEST AVAILABLE COPY



GRAS Notice Dried L-Threonine Fermentation Product Page 222
Appendix 9

(b) (4)

APPENDICES

BEST AVAILABLE COPY



GRAS Notice Dried L-Threonine Fermentation Product
Appendix 9

Page 223

(b) (4)
Appendix 1 Faverse mmiagsmicity assay resule — mdividues! plate counts
Tast Chamnical Dosa Colozses plars (Stem of badkground laem ™)
Strain Truaizd [ plato) TWith 50 peix Without 55 mix
o 117 (M) 4 ™ 113 {N) 120 (W) 108 ) 126 ()
12 108 () 132 0 108 30 136 (W) 160 ) 131 (M)
37 110 () 101 (M 103 @ 148 (N} 1268 (N} 116 (M)
TAMH Tast ardcls 111 134 (M) I 120 {30 114 3 14 30 114 ()
333 125 (M) 10 (0 LDE {0 106 (W} 102 (M) ¥ M)
1000 108 [P i i 7 108 P 111 (7 56 (P
WO - 0L - (0. -0 -0 -0 -0
[ 10 M) H ) E 12 {H) o M) o M)
12 11 ) 5 o0 T g (M) 8 ) 16 {4}
37 B ) 1T 0 ] 11 (N} 131 () 10 {34}
TAIT3]  Tastards m ) 17 () I (W) 0 (N} 12 (N} 10 {N)
333 15 (M) LI 0 12 &0 11 {4} 13 (N} g 0
1000 11 (7 13 ™ 12 M T 13 (P} Il ()
3000 TP - {0} - (Y - {0 - (@ - {3 - {3
1] 30 3T o0 IE ) 0 (M) 15 (M) T )
12 il M 2157 (N 27 N 3 (M) 18 (M) 16 (M)
37 32 26 12 -0 15 () il ) 31 )
TASE Tast aroicle 111 28 M) 3z &0 ] 25 (M) 15 (M) 31 )
333 33 M EFlET) ] 21 ) 18 M) il )
1000 38 7 ¥ ] 24 [ il & 1 E
3000 TP - {0 - (O - {0} - (& - () - ()
o i (M) 11 [0 i3 a0 11 (4} 10 () 1L 4}
12 13 M) 1§ 0 17 o0 13 4 7 B (M)
i7 13 ) 1L 0 i ) 5 ) B (M) B (M)
TANTEY Tastamcle i1l 16 M) 16 [ 19 ) 1 () 1 () 11 {})
333 17 () 12 [ i T M) 13 (M) oM
1006 ] 13 (™ 11 A B P 7 [ L]
MO - o) - (o) -0 -(0) -(0) - (o)
[ 4 1) 3 M i1 29 23 () 20 ) ]
12 R, R )] 5 (M) 73 4 17T )
37 13 ) 30 I3 & 18 %) 10 ) 2 4
L rolr Tast articks 111 EE 1B 13 0 K} A1 K 17 )
WPl pvri 333 1 2T (M) 17 g9 23 ) 15 [ 16 (M)
1000 3. (F) 3 (™ o ) 15 (P} 14 (F) 0
3000 TP = (O} ] - - [ - D] - 3
Pomtive commals
TAIM 44 1. 1256 Wy 0147 0 1346 09
TAIIZS A4 P 215 Ny 0T ) 107 &)
TASE EB[z[F 1.0 138 p & (M) 317 @)
TAIIET A4 1.k 107 () 18T (b L83 )
TWE2 wrd A4 El B2 M) [EIET] ]
TAIH 54 [ 3B () 440 Q0 3T ()
TAIIZS £A 0.3 413 (W) 3BT () 430 (W)
TASE 2-NF Fa B (M 243 O 2 (N
TAITEY ICR-1581 0.5 173 (W) 185 () 151 (M)
WE2 oo £I00 0.5 171 () 190 O 184 [N)
Taat asticle: L-Thercaing

T: Turbidity = the teatmeat mixmro
P Procipitation in the néacment mixemrs
a) Stms of backgronnd bram (BL) axd plate
M, pogmad BL: R, redoced BL: A abwant or almest abseat 510 E, anbanced BL: 10, chscured BL by precipitaton:
P, precipitatics of test article in plate; M, presoncs of micrecelonies; T, contarrmaind placs.
Abbrerations
I-AA I-acsinpanthmacang; A, sodinm axide; S[a]P, eaxc{akymens; ICE-191, soridize omaesa ICK 191;
WD, 4-nioogainetine N-omde; 2-MF, 2-Nitroflusrens
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Appandiz 2 Visbla cell counts of tesr somine snd results of stenlity test

T . Viable cell coumts Steribity of test amcle Sterzlity of
ER (10" CFUimL) Solution (highest dose) 59 mix
TALOD 207
TAL1535 110

’ Ko colony due to Mo colooy due o
TASE 1.85 ot & ey
TAl337 2.60
WE2 ira 253
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=

(Heverse mutation asiays o the histidme aunotroph strains of Saimonella ppiemurium TALDN]), TAI335 TA9E,

TA1337 and a oyptophan awmomoph smaim of Ercherichie coli WED nrd)

AR pe=ative (vehicle] controls [Jan 2066 — Dec 2017]
Smain TALDD TAlS33

WE2 A

S0 mrx 3k - B -

Max
Mean 140 1
5D 13
Confidence

Intervals (95 %)

ot b
i
[
b
e

M. of plates

e

(b) (4)

12 21

= o

(b) (4)

Sterile distilled water for Injection controls [JTan 2006 — Dec 1017]

Siain TALDD TAIS35

N ik - ol -

Wi

Mlax

Mean 130 137 12 13
5D 15 3
Confidence

Intervals (95 %)

M. of plares

Dimethy] sulfoxide controls [Tan 20046 - Dec 2017]

Strain TAL TAISES

WP2 wnrd

S0 mx - — E =

i

Melax

Mlean 138 135
sD 26 12
Confidence

Infervals (93 %2}

[
S R S H]
i

2o of planes

Posifive contrels ** [Jan 2006 — Dec 2017]

(b) (4)

[
ol

20

(b) (4)

Smain TALDD TALS3S

WE2 A

S0 mix + - 2 -

Mim

Max

Mleam

D
Confidence

.

=
e
LI =

253 140 104
3 &7 21

.
(=]

Tmervals (93 %)

o of plates

3] Seg Table | for names 0f pOSIOVE COOIDOL AIMCEES A0 G0SES PUAre

(b) (4)

142 154
45 45
(b) (4)
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PROTOCOL

Bacterial Reverse Mutation Assay with
L-Threanine

Seudy Namber: 18:VG-4143
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™
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-

e Era il T
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5 Eaperimental procedures
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Appendix 10. Literature Review Corynebacterium glutamicum — with
references

Review of the safety of Corynebacterium glutamicum
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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* OR abscess* OR sepsis* or septic* OR
Infection/Bacteremia/Fungemia/Sepsis | pacteremia 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 (Moker 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) (lvanov 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; Ilvanov 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
etal., 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; Kromer 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 (lkeda 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).
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

Step 2: Check if the term "Corynebacterium glutamicum®” is described in abstract

3. Step 3: Read the abstract
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.

n

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


https://scholar.google.co.in)/
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Strategy | Terms Hits Notes

number

#1 allintitle: "Corynebacterium | 2780 First 50 hits were checked following ‘selection
glutamicum™ of articles’ as mentioned above and recorded

in table 2.
#2 allintitle: 4550 First 50 hits were checked following ‘selection
"Corynebacterium” 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 10 All hits were checked following ‘selection of
susceptibility OR articles’ as mentioned above and recorded in
susceptibilities 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 27 All hits were checked following ‘selection of
bacteraemia 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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#13 #2 pathogen OR pathogenic | 91 First 20 hits were checked following ‘selection
OR pathogenicity of articles’ as mentioned above and recorded
in table 2.
#14 #2 opportunistic OR 50 First 20 hits were checked following ‘selection
virulence OR virulent 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 00 All hits were checked following ‘selection of
mutagenicity articles’ as mentioned above and recorded in
table 2.
#H17 #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 00
morbidities
#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: 611 First 20 hits were checked following ‘selection

"Corynebacterium
glutamicum™

of articles’ as mentioned above and recorded
in table 2.
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#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 269 First 20 hits were checked following ‘selection
susceptibility OR of articles’ as mentioned above and recorded
susceptibilities 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 18 All hits were checked following ‘selection of
bacteraemia articles’ as mentioned above and recorded in

table 2.

#34 #24 toxic OR toxin OR 300 First 20 hits were checked following ‘selection

toxins of articles’ as mentioned above and recorded
in table 2.

#35 #24 pathogen OR 296 First 20 hits were checked following ‘selection
pathogenic OR of articles’ as mentioned above and recorded
pathogenicity in table 2.

#36 #24 opportunistic OR 217 First 20 hits were checked following ‘selection

virulence OR virulent

of articles’ as mentioned above and recorded
in table 2.
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#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 39 First 10 hits were checked following ‘selection
mutagenicity 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 28 First 10 hits were checked following ‘selection
morbidities of articles’ as mentioned above and recorded
in table 2.
#43 #24 mortality OR 235 First 20 hits were checked following ‘selection
mortalities 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:

Page 259

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

Moker 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
mll

The Corynebacterium
glutamicum genome: features
and impacts on
biotechnological processes
M.lkeda 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 | Search Selected Publications Include / Exclude
Strate | Strategy

gy No. Justification

/ hits

ATCC 13032Efrén Ordodnfiez 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 Jager, 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/
CIJFDTOTAL-
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.

FeBler 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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Page 261

Search
Strate

gy No.
/ hits

Search
Strategy

Selected Publications

Include / Exclude

Justification

0021-2017

Extracytoplasmic function
sigma factor oD 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 Elisadkova,
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 I-
isoleucine production in
Corynebacterium
glutamicumAuthor links open
overlay panelLianghongYin. et al.

Review / Exclude

Not relevant to safety
of C. glutamicum
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Search | Search Selected Publications Include / Exclude
Strate | Strategy

gy No. Justification

/ hits

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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Strate | Strategy
gy No. Justification
/ hits
#5/4 allintitle: Results repeated
Corynebacterium
antibiotic
resistance
#6/4 allintitle: none
Corynebacterium
antibiotic
resistant
#7 /10 | allintitle: Antimicrobial Susceptibility Review / Exclude
Corynebacterium | and Species Identification of
antimicrobial Corynebacterium spp. Strains | Not relevant to safety

susceptibility OR
susceptibilities

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

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’l 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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Search | Search Selected Publications Include / Exclude
Strate | Strategy

gy No. Justification

/ hits

opportunistic
corynebacterium species]
Olender A, Letowska 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 111 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 (ICMSAOQ), 2017.
Conference proceedings.
Few results repeated
#9/ 36 | allintitle: none
Corynebacterium
abscess OR
abscesses
#10/ allintitle: none
22 Corynebacterium
sepsis OR septic
#11/ 27 | allintitle: none
Corynebacterium
bacteremia OR
bacteraemia
#12 / allintitle: none
42 Corynebacterium
toxic OR toxin
OR toxins
#13 /91 | allintitle: Corynebacterium occurance Exclude (based on
Corynebacterium | and pathogenicity for humans | abstract; no
pathogen OR and animals Banaszkiewicz T, translation of full
pathogenic OR Krukowski H. Medycyna paper))
pathogenicity Weterynaryjna, 2011. Vol.67 No.4
pp.229-232 Not relevant to safety
of C. glutamicum
Insight of Genus Review / Exclude
Corynebacterium:
Ascertaining the Role of Not relevant to safety
Pathogenic and Non- of C. glutamicum
pathogenic Species
Oliveira A, et al. Front. Microbiol.,
2017.
https://doi.org/10.3389/fmicb.201
' 7.01937
Few results repeated
#14 / allintitle: Molecular armory or niche Review / Exclude
50 Corynebacterium | factors: virulence

opportunistic OR
virulence OR
virulent

determinants of
Corynebacterium species
Olender A, Eetowska |
Microbiology Letters, 2010. Vol.
62(2), pp.135-140

Not relevant to safety
of C. glutamicum
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Few results repeated
#15/ allintitle: Safety and efficacy of L Review / Include
28 Corynebacterium | arginine produced by

safety OR risk

Corynebacterium glutamicum
KCTC 10423BP for all animal
species

EFSA. EFSA Journal, 2016. DOI:
10.2903/j.efsa.2016.4345

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 I-
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 I-lysine
(base), I-lysine
monohydrochloride and
I-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 I-lysine
monohydrochloride and
concentrated liquid I-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
lI-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 Review / Include
I-arginine produced by
fermentation with Assessment reviews
Corynebacterium glutamicum | safety, efficacy and
KCCM 80182 for all animal toxicity
species
EFSA. EFSA Journal, 2019. DOI:
10.2903/j.efsa.2019.5696
Safety and efficacy of Review / Include
I-histidine
monohydrochloride Assessment reviews
monohydrate produced using | safety, efficacy and
Corynebacterium glutamicum | toxicity
KCCM 80172 for all animal
species
EFSA. EFSA Journal, 2019. DOI:
10.2903/j.efsa.2019.5783
Few results repeated
#16/ allintitle:
0 Corynebacterium

mutagenic OR
mutagenicity

#17 /5 | allintitle: Transcriptomic analysis of Review / Exclude
Corynebacterium | Corynebacterium glutamicum
toxicity OR in the response to the toxicity | Not relevant to safety
toxicology of furfural presentin of C. glutamicum
lignocellulosic hydrolysates
Park HS, et al. Process
Biochemistry, 2015. Vol. 50(3), pp.
347 — 356.
#18 / allintitle: The clinical course of Review / Exclude
96 Corynebacterium | peritoneal dialysis-related
clinical OR peritonitis caused by Not relevant to safety
clinically Corynebacterium species of C. glutamicum

Szeto CC, et al. Nephrology Dialysis
Transplantation, 2005. Vol. 20
(12), pp. 2793 — 2796.
https://doi.org/10.1093/ndt/gfi123

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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Microbiol., 2003. Vol. 34 (1).
Antibiotic susceptibility of Review / Exclude
Corynebacterium isolated
from clinical specimens Not relevant to safety
Chen D, et al. Chinese Journal of of C. glutamicum
Clinical Laboratory Science, 2011.
Vol. 3
Relationship Between Review / Exclude
Susceptibility to Quinolones
in Corynebacterium Not relevant to safety
Ophthalmic Clinical Isolates of C. glutamicum
and the GyrA Gene Mutations
Katome T, et al. Investigative
Ophthalmology & Visual Science,
2008. Vol. 49 (13).
Relationship Between Review / Exclude
Mutations in the gyrA Gene
and Quinolone Resistance in Not relevant to safety
Ophthalmic Clinical Isolates of C. glutamicum
of Corynebacterium Species
Eguchi H, et al., Investigative
Ophthalmology & Visual Science,
2006. Vol. 47 (13), pp. 3566.
Endophthalmitis Caused by Review / Exclude
Corynebacterium Species:
Clinical Features, Antibiotic Not relevant to safety
Susceptibility, and Treatment | of C. glutamicum
Outcomes
Kuriyan AE, et al. Ophthalmology
retina, 2017. Vol. 1 (3), pp. 200 —
205.
#19/2 | allintitle: none
Corynebacterium
death OR deaths
#20/ 0 | allintitle: none
Corynebacterium
morbidity OR
morbidities
#21/ 2 | allintitle: Biodegradation of Exclude (based on
Corynebacterium | Contaminated Environments abstract; no
mortality OR Using Corynebacterium translation of full
mortalities glutamicum and Its paper))
Application to Livestock
Mortalities Burials Not relevant to safety
[rest of the details are in Chinese] of C. glutamicum
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#22/ allintitle: Corynebacterium species and | Exclude
24 Corynebacterium | coryneforms: An update on
disease OR taxonomy and diseases Not relevant to safety
diseases attributed to these taxa of C. glutamicum
Bernard K. Clinical Microbiology
Newsletter, 2005. Vol. 27(2), pp 9
—18. DOI:
https://doi.org/10.1016/j.clinmicn
' ews.2005.01.002.
#23 /5 | allintitle: none

Corynebacterium
illness OR

illnesses
#24 / anywhere: Few results repeated
611 "Corynebacteriu
m glutamicum"”
#25/ anywhere: none
453 "Corynebacteriu
m glutamicum”
resistance
#26 / anywhere: none
494 "Corynebacteriu
m glutamicum®
resistant
#27/ anywhere: none
436 "Corynebacteriu
m glutamicum"”
antibiotic
resistance
#28/ anywhere: Drivers of bacterial genomes Exclude
353 "Corynebacteriu | plasticity and roles they play
m glutamicum"” in pathogen virulence, Not relevant to safety
antibiotic persistence and drug of C. glutamicum
resistant resistance
Patel S. Infection, Genetics and
Evolution, 2016. Vol. 45, pp. 151 —
164.
#29 / anywhere: none
269 "Corynebacteriu
m glutamicum”
antimicrobial
susceptibility OR
susceptibilities
#30/ anywhere: none
271 "Corynebacteriu



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: Corynebacterium ulcerans, an Exclude
"Corynebacteriu | emerging human pathogen
m glutamicum"” Hacker E, et al. Future Not relevant to C.
abscess OR Microbiology, 2016. Vol. 11 (9). glutamicum
abscesses https://doi.org/10.2217/fmb-2016-
' 0085
#32/ anywhere: none
32 "Corynebacteriu
m glutamicum®
sepsis OR septic
#33 / anywhere: none
18 "Corynebacteriu
m glutamicum"”
bacteremia OR
bacteraemia
#34/ anywhere: none
300 "Corynebacteriu
m glutamicum"”
toxic OR toxin
OR toxins
#35/ anywhere: none
296 "Corynebacteriu
m glutamicum"”
pathogen OR
pathogenic OR
pathogenicity
#36/ anywhere: none
217 "Corynebacteriu
m glutamicum"”
opportunistic OR
virulence OR
virulent
#37 / anywhere: none
223 "Corynebacteriu
m glutamicum"”
safety OR risk
#38/ anywhere: none
39 "Corynebacteriu
m glutamicum"”
mutagenic OR
mutagenicity
#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 / anywhere: none
252 "Corynebacteriu
m glutamicum”
clinical OR
clinically
#41/ anywhere: none
219 "Corynebacteriu
m glutamicum®
death OR deaths
#42 / anywhere: none
28 "Corynebacteriu
m glutamicum"”
morbidity OR
morbidities
#43/ anywhere: none
235 "Corynebacteriu
m glutamicum"”
mortality OR
mortalities
#44 anywhere: none
/355 "Corynebacteriu
m glutamicum"”
disease OR
diseases
#45 / anywhere: none
43 "Corynebacteriu

m glutamicum"”
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