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Abstract

Corynebacterium glutamicum has been researched and developed as a strain that produces various edible ingredients, starting
with glutamic acid. Due to environmental pollution and food security issues, studies on using C. glutamicum as a single-cell
protein (SCP) are emerging. For the past 20 years, cases valid as safe among edible ingredients derived from C. glutamicum
by the European Food Safety Authority (EFSA) or U.S. Food and Drug Administration (FDA) were L-glutamic acid, L-lysine,
L-arginine, L-valine, L-isoleucine, L-histidine, L-threonine, L-methionine, L-tryptophan, L-glutamine, 2'-fucosyllactose, corn
syrup fermentation product, and D-psicose 3-epimerase. According to validation, it is recommended that the final product
should be free of viable cells and recombinant DNA of the production strain. Although there is a possibility that viable cells
may be present in the final product, it can be considered safe if the strain qualifies for Qualified Presumption of Safety (QPS) or
Generally Recognized as Safe (GRAS). Even if there is a possibility that recombinant DNA may be present in the final product,
it can be considered safe as long as it is not a gene of concern for antibiotic resistance, toxicity, or pathogenicity. This review

provides insights for future safety validation of edible ingredients derived from C. glutamicum, including SCPs.
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Introduction

Microorganisms can be applied to biological processes
in various industries such as food, pharmaceuticals,
fine chemicals, cosmetics, energy, and new materials.
Microbiological processes with industrial applications
are advantageous in many respects over general chemical
processes, indicating the importance of industrial
microorganismsinapplied microbiology[1].Corynebacterium
glutamicum is a Gram-positive bacterium discovered in 1957
by Japanese researchers while screening organisms that
secrete L-glutamic acid [2]. When added to food, glutamate
improves taste and sweetness and balances the taste [3].

Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum

Research and development for the mass production of
glutamic acid allowed C. glutamicum to become one of the
essential microorganisms in the food industry.

C. glutamicum was also excellent at producing amino
acids other than L-glutamic acid. Molecular biology and
genetic engineering advances have made C. glutamicum a
more effective cell factory. In recent years, C. glutamicum has
produced amino acids in units of 1 million tons per year in
the world market. In particular, the annual L-glutamic acid
and L-lysine production volume amounts to 2.2-2.5 million
tons [4,5]. Advances in genetic engineering technology have
also significantly contributed to research on producing other
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edible ingredients by C. glutamicum [6,7]. Later, research
was conducted to produce various biochemical substances
in the pharmaceutical and cosmetics industries [8,9]. In
this way, C. glutamicum has been used in industry for over
60 years and is recognized as a food-grade microorganism.
Over the past ten years, studies on the metabolic engineering
approach of C. glutamicum and the bioconversion of various
substrates and edible ingredient synthesis through metabolic
engineering have been summarized extensively and in detail
in several review articles [4-17]. However, few reviews have
been on using C. glutamicum single-cell protein (SCP) as an
edible ingredient. Furthermore, from a safety perspective,
no information specifically addresses the fermentation of C.
glutamicum and its edible components.

This review summarizes C. glutamicum-SCP studies for
alternative protein development and highlights its efficacy.
Furthermore, it outlines the safety regulatory policies of
influential public institutions and provides details of the
institution’s review of the safety of edible ingredients derived
from C. glutamicum. This review aims to serve as a reference
for innovations in utilizing C. glutamicum as a safe edible
microorganism and for the safety screening of various edible
ingredients derived from C. glutamicum.

Efficacy of C. glutamicum-SCP as an Edible
Ingredient

Population growth has increased meat production,
resulting in land and drinking water shortages and global
warming. Additionally, the efficiency of converting feed to
meat products cannot keep up with the growing demand
for protein. Therefore, there is a need for alternative protein
sources that are highly sustainable without harmful effects.
For that purpose, SCP, obtained from microorganisms and
algae cells using various wastes as substrates, is an alternative
protein with very high potential. SCP’s research is extensively
documented [18-21]. However, information and cases about
C. glutamicum-SCP are still rare. The following describes the
efficacy of the C. glutamicum-SCP diet in several animals.

Similar performance, nutrient digestibility, and intestinal
morphology were obtained when 2.5% of the feed of weaned
pigs was replaced with Prosin and Protide (two kinds of C.
glutamicum-SCP) [22]. A diet supplemented with 2.1% C.
glutamicum cell mass improves the growth performance
of nursery pigs. It also reduces malondialdehyde without
affecting nutrient digestibility, intestinal morphology,
and the microflora of the jejunal mucosa [23]. Dog treats
containing 0.2% heme-SCP showed beneficial changes in gut
microbiota regardless of administration method [24]. Mice
that consumed a diet containing 0.05-0.5% of heme-SCP had
a leaner body type than those that did not. Dissection of the
mice showed that mice fed heme-SCP showed a decrease in
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subcutaneous fat and increased muscle mass. Additionally,
the heme-SCP diet showed expansion of intestinal flora
related to anti-obesity [25]. Diets containing 10-30% C.
glutamicum-SCP instead of soy, poultry, and fishmeal showed
lower growth performance and alkaline protease and
aminopeptidase activities in mullet than in diets without
SCP. Unlike mammals such as pigs, dogs, and rats, the reason
for the negative results is presumed to be insufficient protein
utilization. It has also been proposed that incomplete SCP
cell wall lysis results in specific organization of the gray
mullet’s digestive system (lack of acid stomach digestion)
and failure to develop functional gizzards (absence) [26]. For
C. glutamicum-SCP to become an effective edible ingredient
for all species, additional research and development, such
as optimization of the manufacturing process and dietary
method, is expected to be necessary.

Regulatory Policies of Public Institutions
for Edible Ingredients

The European Food Safety Authority (EFSA) operates
the Qualified Presumption of Safety (QPS) process. QPS
status results from a preliminary assessment that addresses
safety concerns for humans, animals, and the environment.
During this process, experts evaluate the microorganism’s
taxonomic identity, associated body of knowledge, and
potential safety issues. EFSA conducts QPS assessments of
microorganisms used in feed additives, food additives, food
enzymes, food flavorings, and novel food and plant protection
products (“regulated products”) before they are approved for
use on the European market (https://www.efsa.europa.eu/
en/topics/topic/qualified-presumption-safety-qps). EFSA
had proposed in 2007 that QPS status would only apply to C.
glutamicum if used for amino acid production purposes [27].
EFSA has since received requests to extend the QPS status
of C. glutamicum to other uses. Based on the references
accumulated so far, it was confirmed that C. glutamicum
does not pose any risk associated with toxic metabolites in
the fermentation broth. Therefore, EFSA extended the QPS
status of C. glutamicum to other production purposes in 2018
[28]. The update to the list of classified QPS-recommended
microbial agents notified to EFSA by March 2023 did not
identify any new safety concerns for C. glutamicum, and
therefore, its QPS status remained unchanged [29].

The U.S. The Food and Drug Administration (FDA)
operates the Generally Recognized as Safe (GRAS) program.
GRAS status is an abbreviation for the phrase Generally
Recognized as Safe. Substances to be added to food must
receive premarket approval from the FDA unless qualified
experts generally recognize them as safe under the conditions
of intended use. It determines whether a substance added
to food is generally recognized as safe based on scientific
data, expert opinion, and records of its use in food before
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1958. Substances on the GRAS list are considered safe for
intended use in food without additional approval (https://
www.fda.gov/food/food-ingredients-packaging/generally-
recognized-safe-gras).

Validation of Amino Acids Derived from C.
glutamicum

The following information describes amino acids derived
from the fermentation of specific C. glutamicum strains that
EFSA and FDA have validated over the past 20 years.

L-glutamic Acid

L-glutamic acid produced by fermentation of C
glutamicum and its sodium salt form, monosodium
L-glutamate (MSG), has no unique taste in itself but has been
evaluated to be effective when used as nutritional additives
or flavoring compounds [30-32].

No viable cells of the producing strain were detected
in the final form of MSG-monohydrate produced by
fermentation of the non-genetically modified strain KCCM
80188. Therefore, it was confirmed that no safety issues
related to the production strain occurred. Ultimately, the
product was concluded safe for the target species, consumers,
and the environment [30].

KCCM 80187 is a genetically modified strain to produce
MSG-monohydrate. However, no genes of concern for
antibiotic resistance, virulence, and pathogenicity were
identified in the whole genome sequence data. No antibiotics
were used in the fermentation process, and no viable cells and
recombinant DNA of the production strain were detected in
the final product. Therefore, it was confirmed that no safety
issues related to production strains and genetic modification
occurred. In conclusion, the product was considered safe for
the target species, consumers, and the environment [31].

No genes encoding antibiotic resistance and virulence
determinants were identified in the whole genome sequence
data of NITE BP-01681, the genetically modified strain used to
produce L-glutamic acid and MSG-monohydrate. In addition,
no antibiotics were used in the fermentation process, and no
viable cells and recombinant DNA of the production strain
were detected in the final product. Therefore, it was confirmed
safe from problems caused by production strains and genetic
modification. The product was not considered to pose any
safety concerns other than the risk of inhalation [32].

L-lysine

L-lysine is an essential amino acid for all animal species.
L-lysine and its salts produced through the fermentation of
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C. glutamicum are effective in improving animal growth by
optimizing the amino acid profile of feed [33-50].

In the report validating L-lysine sulphate produced by
fermentation of the non-genetically modified strain DSM
14764, information related to the detection of viable cells of
the producing strain was not specified in the final product.
However, based on available data, the Panel on Additives
and Products or Substances used in Animal Feed (FEEDAP)
concluded that the product was safe for the species,
consumers, and the environment [33].

CGMCC 3704 is a genetically modified strain to produce
L-lysine sulphate. However, the genetic modification of the
production strains has been insufficiently characterized,
and uncertainty remains regarding the possible absence/
presence of recombinant DNA containing antibiotic-
resistance genes in the final product. Therefore, the FEEDAP
panel could not conclude the safety of the products produced
by fermentation of this strain [34].

L-lysine (base), L-lysine HC], and L-lysine sulphate were
produced by fermentation of genetically modified strains
NRRL B-50547, KCCM 11117P, and KCTC 12307BP and
non-genetically modified strains KCCM-10227, DSM 24990,
and DSM 16615. In the first validation, the final product
produced by fermentation of NRRL B-50547 contained a
recombinant antibacterial resistance gene. The final product
produced by fermentation of KCCM 11117P had viable cells
of the producing strain and the possibility of recombinant
DNA. For KCTC 12307BP, data on identity, the safety of
genetic modification, and the possibility of antimicrobial
resistance are incomplete. In addition, the issue of the
possibility of the presence of viable cells and recombinant
DNA of the production strain in the final product produced
by fermentation of the strain was not resolved. KCCM-10227,
DSM 24990, and DSM 16615 are non-genetically modified
strains but were determined to be resistant to certain
antibiotics. Nevertheless, data on the absence of DNA from
the production strain in the final product was not provided
or was insufficient. Therefore, even though antibiotics were
not used in any fermentation process, the FEEDAP panel
could not conclude the safety of the products produced
from the fermentation of the above six strains [35]. In the
second validation, viable cells and recombinant DNA of the
producing strain were not detected in the final product
of NRRL B-50547 and KCCM 11117P fermentation. In the
final product produced by fermentation of KCTC 12307BP,
uncertainty regarding the presence/absence of viable cells
and recombinant DNA of the production strain remained.
However, the strain was suitable for the QPS approach for
safety assessment, no safety issues occurred due to genetic
modification, and the introduced antibiotic resistance gene
did not remain in the genome of the production strain.
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In a reevaluation of the antibiotic susceptibility of KCCM-
10227 and DSM 24990, it was confirmed that there were
no concerns related to infectious antibiotic resistance, so it
was confirmed that there was no longer any possibility of
DNA being present in the final product. In addition, it was
confirmed that viable cells of the production strain were not
detected. The application for validation of DSM 16615 has
been withdrawn. In conclusion, the FEEDAP panel considered
that the products produced by fermentation of the above
five strains were safe for target species, consumers, and the
environment [36].

NRRL B-50775 is a genetically modified strain to
produce L-lysine HCl and L-lysine (base). Although the
strain’s genome contains genes considered dangerous when
present in the product, viable cells and recombinant DNA of
the production strain were not detected in the final product.
Therefore, it was confirmed that no safety issues related
to production strains and genetic modification occurred.
Ultimately, the product was concluded safe for the target
species, consumers, and the environment [37].

In the primary validation of CCTCC M 2015595 for
producing L-lysine HCl and L-lysine sulphate, no information
was provided on the origin and history of the strain, including
whether it was genetically modified. In other words,
assessing whether sequences of concern that will remain in
the production strain have been introduced is impossible. In
addition, there was a possibility that the viability and DNA of
the producing strain remained in the final product. Although
no antibiotic resistance genes existed in the strain’s genome,
the FEEDAP Panel could not conclude about the product’s
safety based on the above evidence [38]. Even in the second
validation, the origin and history of the strain, including
whether it was genetically modified, were unclear However,
the whole genome sequence data confirmed that there
were no genes of concern for toxins or toxicity in addition
to antibiotic resistance. Crucially, since no viable cells of the
production strain and its DNA were detected in the final
product, it was confirmed that no safety issues related to the
production strain and genetic modification occurred. Based
on this, the FEEDAP panel evaluated the product as safe for
the target species and the environment. Still, no conclusion
on the additive’s safety for users could be drawn due to the
absence of data [39].

No viable cells of the producing strain were detected in
the final form of L-lysine HCl and L-lysine (base) produced
by fermentation of the non-genetically modified strain KCCM
10227. Therefore, it was confirmed that no safety issues
related to the production strain occurred. Although mildly
irritating to the eyes, the product was considered safe for
target species, consumers, and the environment [40].
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NRRL-B-67439 and NRRL-B-67535 are genetically
modified strains to produce L-lysine HCl and L-lysine (base).
However, no antibiotic-resistance genes were identified
in the whole genome sequence data. No antibiotics were
used in the fermentation process, and no viable cells and
recombinant DNA of the production strain were detected in
the final product. Therefore, it was confirmed that no safety
issues related to production strains and genetic modification
occurred. The product was considered safe for target species,
consumers, and the environment, except that inhalation
toxicity was inconclusive due to the absence of data [41].

CGMCC 7.266, which produces L-lysine HCl and L-lysine
sulphate, is a genetically modified strain, but no antibiotic-
resistance genes have been identified. In the absence of
data, the FEEDAP panel could not conclude about the
product’s potential for inhalation toxicity, skin or eye
irritation, or dermal sensitivity. However, it was confirmed
that no safety issues related to the production strain and
genetic modification occurred because no viable cells and
recombinant DNA of the production strain were detected in
the final product. Therefore, the product was considered safe
for the target species, consumers, and the environment [42].

DSM 32932 is a genetically modified strain to produce
L-lysine HCl. However, no antibiotic-resistance genes were
identified, and no antibiotics were used in the fermentation
process. In addition, since no viable cells and recombinant
DNA of the production strain were detected in the final
product, it was confirmed that no safety issues related to
the production strain and genetic modification occurred.
Although it is an eye irritant, the product is considered safe
for target species, consumers, and the environment [43].

KCCM 80216 and KCTC 12307BP are genetically modified
strains to produce L-lysine HCI and L-lysine (base). However,
no genes of concern for antibiotic resistance were identified
in the whole genome sequence data, and no viable cells and
recombinant DNA of the production strain were detected in
the final product. Therefore, it was confirmed that no safety
issues related to production strains and genetic modification
occurred. Ultimately, the product was considered safe for the
target species, consumers, and the environment [44,45].

In the report validating L-lysine sulphate produced
by fermentation of the KFCC 11043 strain, information on
genetic modification was not specified. However, no genes
of concern for antibiotic resistance were identified in whole
genome sequence data. Additionally, since no viable cells of
the production strain were detected in the final product, it
was confirmed that no safety issues related to the production
strain occurred. Therefore, the product was considered safe
for the target species, consumers, and the environment [46].
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CGMCC 14498 is a genetically modified strain to produce
L-lysine HCI and L-lysine sulphate. However, no antibiotic-
resistance genes were identified in the whole genome
sequence data. Due to the absence of data, the FEEDAP
panel could not conclude about the product’s potential for
inhalation toxicity, skin or eye irritation, or dermal sensitivity.
However, it was confirmed that no safety issues related to the
production strain and genetic modification occurred because
no viable cells and recombinant DNA of the production strain
were detected in the final product. Therefore, the product
was considered safe for the target species, consumers, and
the environment [47].

KCCM 80183 is a genetically modified strain to produce
L-lysine (base) and L-lysine HCl. However, no genes of concern
for antibiotic resistance, virulence, and pathogenicity were
identified in the whole genome sequence data. In addition,
since no viable cells and recombinant DNA of the production
strain were detected in the final product, it was confirmed
that no safety issues related to the production strain and
genetic modification occurred. Although both products
are toxic by inhalation and L-lysine HCl mildly irritates the
eyes, they were ultimately concluded safe for target species,
consumers, and the environment [48].

No viable cells of the producing strain were detected in
the final form of L-lysine sulphate produced by fermentation
of the non-genetically modified strain KCCM 80227.
Therefore, it was confirmed that no safety issues related to
the production strain occurred. Ultimately, the product was
concluded to be safe for target species, consumers, and the
environment [49].

CGMCC 17927, which produces L-lysine HCl and L-lysine
sulphate, is a genetically modified strain, but no genes
of concern for antibiotic resistance have been identified.
Furthermore, it was confirmed that no safety issues
related to the production strain and genetic modification
occurred because no viable cells and recombinant DNA of
the production strain were detected in the final product.
Therefore, the product was considered safe for the target
species, consumers, and the environment [50].

L-arginine

L-arginine is classified as a non-essential amino acid
for adults and most mammalian species but is essential
for mammalian neonates, strict carnivores, birds, fish, and
reptiles. In addition to its role as a component of protein
synthesis, arginine has a variety of functions in metabolism.
L-arginine produced by the fermentation of C. glutamicum is
an effective nutritional source for all species. This product
can be used as an arginine replacement in dietary protein
[51-57].
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In the report validating L-arginine produced by
fermentation of the non-genetically modified strain ATCC-
13870, information related to the detection of viable cells of
the producing strain was not specified in the final product.
However, based on available data, FEEDAP concluded that
the product was safe for the target species, consumers, and
the environment [51].

In the final form of L-arginine produced by fermentation
of the non-genetically modified strain KCTC 10423BP, viable
cells and DNA of the producing strain were undetected.
Therefore, it was confirmed that no safety issues related to
the production strain occurred. Ultimately, the product was
concluded to be safe for the target species, consumers, and
the environment [52].

KCCM 80099 is a genetically modified strain to produce
L-arginine. Although the origin and history of the strain
and the genetic modification process have been adequately
described, uncertainty remains regarding the possible
presence of antimicrobial resistance genes in the genome.
However, it was confirmed that no safety issues related to the
production strain and genetic modification occurred because
no viable cells and recombinant DNA of the production
strain were detected in the final product. Except for the fact
that the product is corrosive to the eyes and skin, it was
confirmed to be safe for the target species, consumers, and
the environment when consumed appropriately under the
indicated conditions [53].

No viable cells of the producing strain were detected in
the final form of L-arginine produced by fermentation of the
non-genetically modified strain KCCM 10741P. Therefore, it
was confirmed that no safety issues related to the production
strain occurred. Although the product is considered
corrosive to the skin or eyes and poses a risk of inhalation,
it was confirmed to be safe for the species, consumers, and
the environment when consumed appropriately under the
indicated conditions [54].

Although KCCM 80182, which is used to produce
L-arginine, is a genetically modified strain, it was confirmed
that there was no genetic modification related to antibiotic
resistance. In addition, it was confirmed that no safety issues
related to the production strain and genetic modification
occurred because no viable cells and recombinant DNA of the
production strain were detected in the final product. Except
for the fact that the product is corrosive to the skin or eyes,
it was confirmed to be safe for the target species, consumers,
and the environment when consumed appropriately under
the indicated conditions [55].

No viable cells of the producing strain were detected in
the final form of L-arginine produced by fermentation of the
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non-genetically modified strain NITE SD 00285. Therefore, it
was confirmed that no safety issues related to the production
strain occurred. Although the productis considered corrosive
to the skin or eyes and poses a risk of inhalation, it was
confirmed to be safe for target species, consumers, and the
environment at approved dosages [56].

No viable cells of the producing strain were detected in
the final form of L-arginine produced by fermentation of the
non-genetically modified strain CGMCC 20516. Therefore, it
was confirmed that no safety issues related to the production
strain occurred. The FEEDAP panel assessed the product as
safe for the target species and the environment but could not
conclude the additive’s safety for users due to the absence of
data [57].

L-valine

L-valine is an essential amino acid that may be limited
under certain feeding conditions. L-valine is effective as
a supplemental amino acid to maintain or restore the
proper balance of amino acids for animal nutrition. Protein
supplementation has become more critical since reduced
animal protein diets were introduced in livestock farming for
economic and environmental reasons. Accordingly, L-valine
has become one of the crucial amino acids for fattening
livestock in vegetable feed formulations [58-64].

KCCM 80058 is a genetically modified strain to produce
L-valine. In the report validating this, information confirming
the possibility of the strain possessing antibiotic-resistance
genes was not specified. However, since viable cells and
recombinant DNA of the production strain were not detected
in the final product, it was confirmed that no safety issues
related to the production strain and genetic modification
occurred. In conclusion, the FEEDAP panel assessed the
product as safe for target species, consumers, and the
environment [58]. KCCM 80058 was also notified as AGRN
35 in the Current Animal Food GRAS Notices Inventory.
However, the FDA noted discrepancies between the original
submission and the amendment regarding the description
of genetic modifications. They also identified deficiencies
in the biogenic amine analysis provided in the amendment.
Therefore, the FDA proposed suspending the evaluation of
AGRN 35 and requesting that a new GRAS notification be
resubmitted (https://www.fda.gov/animal-veterinary/
generally-recognized-safe-gras-notification-program/
current-animal-food-gras-notices-inventory).

DSM 25202 is a genetically modified strain to produce
L-valine. In the report validating this, information confirming
the possibility of the strain possessing antibiotic-resistance
genes was not specified. In the absence of data, the FEEDAP
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panel considered the product to be potentially harmful if
inhaled, an irritant to the skin, eyes, and mucous membranes,
or a potential dermal sensitization. However, since viable
cells and recombinant DNA of the production strain were
not detected in the final product, it was confirmed that no
safety issues related to the production strain and genetic
modification occurred. The product was considered safe for
target species, consumers, and the environment [59].

No viable cells of the producing strain were detected in
the final form of L-valine produced by fermentation of the
non-genetically modified strain KCCM 11201P. Therefore, it
was confirmed that no safety issues related to the production
strain occurred. In conclusion, the FEEDAP panel considered
the product safe for target species, consumers, and the
environment [60].

In the validation request for CGMCC 11675 to produce
L-valine, it was unclear whether it was genetically modified,
and no information was provided on the origin and history of
the strain. The report did not specify information regarding
the detection of viable cells and DNA of the producing strain
in the final product. In conclusion, due to uncertainty about
the potential for genetic modification, the FEEDAP panel
could not conclude whether the product was safe for the
target species, consumers, and the environment [61].

L-valine produced by fermentation of non-genetically
modified strains CGMCC7.358, CGMCC 7.366, and CGMCC
18932 did not allow conclusions to be made regarding the
potential for inhalation toxicity, skin or eye irritation, or
dermal sensitization due to a lack of data. However, since
viable cells of the production strain were not detected in
the final product, it was confirmed that no safety issues
related to the production strain occurred. Therefore, when
consumed appropriately under the presented conditions, the
FEEDAP panel considered the product safe for target species,
consumers, and the environment [62-64].

KCCM 80240 is a genetically modified strain to produce
L-valine. However, according to the AGRN 48 document
published in the Current Animal Food GRAS Notices
Inventory, genetic modification has minimal potential
ramifications on the host organism’s cellular metabolism.
Additionally, no viable cells of the production strain were
detected in the final product. Based on the above evidence,
along with other published information, the FDA has
concluded that there is no doubt that the product resulting
from the fermentation of this strain has GRAS status as a
source of L-valine in livestock and poultry diets (https://
www.fda.gov/animal-veterinary/generally-recognized-
safe-gras-notification-program/current-animal-food-gras-
notices-inventory).
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L-isoleucine

As an essential amino acid, L-isoleucine produced by the
fermentation of C. glutamicum is considered an effective feed
flavoring and nutritional additive for animal species [65-67].

No viable cells of the producing strain were detected in
the final form of L-isoleucine produced by fermentation of the
non-genetically modified strain KCCM 80189. Therefore, it
was confirmed that no safety issues related to the production
strain occurred. Ultimately, the product was concluded to be
safe for the target species, consumers, and the environment
[65].

KCCM 80185 is a genetically modified strain to produce
L-isoleucine. Although viable cells of the production strain
were not detected in the final product, recombinant DNA
could be present. However, genes of concern, such as
antibiotic resistance, virulence, and pathogenicity, were
not identified in the whole genome sequence data of the
producing strain. Therefore, no safety issues would arise
even if recombinant DNA were possibly present in the final
product. In conclusion, the FEEDAP panel considered the
product to be safe for target species, consumers, and the
environment [66]. The second validation concluded that no
recombinant DNA was present in the final product [67].

L-histidine

As an essential amino acid, L-histidine produced by
fermentation of C. glutamicum is considered an effective feed
flavoring and nutritional additive for animal species [68,69].

KCCM 80172 is a genetically modified strain to produce
L-histidine HClI monohydrate. However, the strain’s
identity has been established, it is sensitive to relevant
antimicrobial agents, and no safety concerns are associated
with genetic modification. Furthermore, it was confirmed
that no safety issues related to the production strain and
genetic modification occurred because no viable cells and
recombinant DNA of the production strain were detected in
the final product. Although mildly irritating to the eyes, the
product was confirmed safe for the target species, consumers,
and the environment when consumed appropriately under
the indicated conditions [68].

L-histidine HCl monohydrate produced by fermentation
of the non-genetically modified strain KCCM 80179 mildly
irritates the eyes. However, no viable cells of the producing
strain were detected in the final product. Therefore, it was
confirmed that no safety issues related to the production
strain occurred. In conclusion, the FEEDAP panel considered
the product safe for target species, consumers, and the
environment when consumed appropriately under the
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presented conditions [69].

L-threonine

As an essential amino acid, L-threonine produced by
fermentation of C. glutamicum is considered an effective feed
flavoring and nutritional additive for animal species [70,71].

The report validating L-threonine produced by
fermentation of the KCCM 80117 strain did not specify
information on genetic modification of the producing strain
and the results of live cell and DNA detection in the final
product. However, due to the antibiotic susceptibility test,
the strain satisfied QPS eligibility, and the final product
was confirmed to be of high purity (>99%). Therefore, the
FEEDAP panel concluded that the product is safe for target
species, consumers, and the environment [70].

KCCM 80118 is a genetically modified strain to produce
L-threonine. Although specific related information was
blinded in the validation report, it was ultimately confirmed
thatno safety issues related to genetic modification existed. In
addition, it was confirmed that no safety issues related to the
production strain and genetic modification occurred because
no viable cells and recombinant DNA of the production strain
were detected in the final product. Therefore, the product
was considered safe for the target species, consumers, and
the environment [71].

KCCM 80178 is a genetically modified strain to produce
L-histidine. However, the AGRN 34 document published in
the Current Animal Food GRAS Notices Inventory clearly
states the absence of antimicrobial resistance markers in the
genetic engineering process and confirms that the genetic
modification has minimal potential ramifications on the
host organism’s cellular metabolism. Additionally, no viable
cells of the production strain were detected in the final
product. Based on the above evidence and other published
information, the FDA has concluded that there is no doubt
that the product resulting from the fermentation of this
strain has GRAS status for its intended use (https://www.
fda.gov/animal-veterinary/generally-recognized-safe-gras-
notification-program/current-animal-food-gras-notices-
inventory).

L-methionine

Methionine is an essential amino acid for all animal
species. L-methionine produced by fermentation of C.
glutamicum is considered an effective feed flavoring and
nutritional additive for animal species [72,73].

KCCM 80184 is a genetically modified strain to produce
L-methionine. Although specific information related to
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genetic modification is blinded in the validation report,
it is evaluated to be safe regarding genetic modification
of the production strain. In addition, it was confirmed
that no safety issues related to the production strain and
genetic modification occurred because no viable cells and
recombinant DNA of the production strain were detected
in the final product. Therefore, the FEEDAP panel assessed
the product as safe for target species, consumers, and the
environment [72].

KCCM 80245 is a genetically modified strain to produce
L-methionine. However, no genes of concern for antibiotic
resistance, virulence, and pathogenicity were found in
the whole genome sequence data. No antibiotics were
used in the fermentation process, and no viable cells and
recombinant DNA of the production strain were detected
in the final product. Therefore, it was confirmed that no
safety issues related to production strains and genetic
modification occurred. In conclusion, the product was
considered safe for the target species, consumers, and the
environment [73].

L-tryptophan

As an essential amino acid, L-tryptophan produced by
fermentation of C. glutamicum is considered an effective
amino acid source for animal species. KCCM 80176 for
producing L-tryptophan is a genetically modified strain, but
it has been proven to have no antibiotic resistance genes. In
addition, it was confirmed that no safety issues related to the
production strain and genetic modification occurred because
no viable cells and recombinant DNA of the production
strain were detected in the final product. In conclusion, the
FEEDAP panel assessed the product as safe for target species,
consumers, and the environment [74].

L-glutamine

Glutamine is approved for use in foods for nutritional
purposes, flavoring, cosmetics, and veterinary products.
Although L-glutamine is a non-essential amino acid, it
can act as a conditionally essential amino acid, primarily
in growing animals. It has several specific effects,
including improving intestinal development and immune
responses. L-glutamine produced by the fermentation
of C. glutamicum is considered an effective nutritional
and flavour additive for animal species. NITE BP-02524,
which produces L-glutamine, is a genetically modified
strain, but no antibiotic-resistance genes of concern were
observed. In addition, it was confirmed that no safety issues
related to the production strain and genetic modification
occurred because no viable cells and recombinant DNA of
the production strain were detected in the final product.
Therefore, the FEEDAP panel assessed the product as safe

Park S, et al. Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum.

Food Sci & Nutri Tech 2024, 9(1): 000328.

Food Science & Nutrition Technology

for the target species, consumers, and the environment
[75].

Validation of Other Edible Ingredients
Relevant to C. glutamicum

The following information describes other edible
ingredients and food enzyme derived from the fermentation
of specific C. glutamicum strains that EFSA and FDA have
validated over the past 20 years.

2'-fructosyllactose (2’ FL)

2’-FL has already been approved to be used in a
number of foods produced through chemical synthesis or
fermentation using derived strains of Escherichia coli K-12
DH1 or E. coli BL21 (DE3). Moreover, the expanded use of 2’
FL mixtures for supplementation of infant food has recently
been evaluated by EFSA with positive results. C. glutamicum
APC199 (KCTC 13735BP) is a genetically modified strain
to produce 2’ FL. However, the final product did not detect
ten target genes introduced during genetic modification,
including four antibacterial resistance genes identified in
whole genome sequence analysis. Additionally, viable cells
of the production strain were not detected. Ultimately, the
FEEDAP Panel concluded that the consumption of novel
foods comprised of the product is safe for the proposed uses
and levels of use [76]. APC199 (KCTC 13735BP) has also been
notified as GRAS Notice Inventory GRN 932. The document
also implies that the production strain of the final product is
notincluded and that there is no genotoxicity. Taken together
with other published information, the FDA has concluded
that there is no doubt that the product resulting from the
fermentation of this strain has GRAS status for its intended
use (https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?
set=GRASNotices&id=932&sort=GRN_No&order=DESC&sta
rtrow=1&type=basic&search=932).

C. glutamicum Corn Syrup Fermentation

GRN 792, notified in the GRAS Notice Inventory,
describes C. glutamicum corn syrup fermentation produced
by fermenting corn glucose syrup with the non-genetically
modified strain ATCC 13032. The corn syrup fermentation
product is used as a flavouring agent in gravies and
sauces, herb and spice mixtures, seasonings, seasonings,
mayonnaise-like products, meat and fish analogy, and soups
and broths. The final product does not contain viable cells of
the producing strain and is not considered to cause mutations
or chromosomal abnormalities. Taken together with other
published information, the FDA has concluded that there is
no doubt that the product resulting from the fermentation of
this strain has GRAS status for its intended use
(https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=
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GRASNotices&id=792&sort=GRN_No&order=DESC&startro
w=1&type=basic&search=792).

D-psicose 3-epimerase

Although D-psicose 3-epimerase is not an edible
ingredient,itisafood enzyme that catalyzesthe epimerization
of D-fructose at the C3 position to produce D-psicose (also
known as D-allulose). C. glutamicum which produces this
enzyme is a genetically modified strain into which the
plasmid pFIS-1-DPE-2.8 has been introduced. The plasmid is
considered hazardous even if it is a food enzyme preparation
consisting of the non-viable FIS002 due to the presence of
a copy of a resistance gene for an antimicrobial of human
importance (blinded). However, evidence shows that under
certain intended use conditions, D-psicose production with
this food enzyme removes total organic solids, and the final
form of D-psicose is free of recombinant DNA. The FEEDAP
Panel concluded that food enzyme preparations containing
D-psicose 3-epimerase produced with FIS002 would not
pose a risk under applicable conditions [77].

Conclusion and Prospect

C. glutamicum has been studied as a cell factory
producing amino acids and other edible ingredients. Due to
environmental pollution and food security issues, research
is emerging to apply C. glutamicum as an edible ingredient
beyond its role as a producer. The C. glutamicum-SCP diet
showed efficacy in supporting growth, improving intestinal
flora, and anti-obesity in mammals such as pigs, dogs, and
rats. However, amino acids have remained dominant among
the edible ingredients from C. glutamicum that have been
valid as safe by EFSA or the FDA. According to validation
cases, the final product should be free from viable cells of the
producing strain and recombinant DNA. Even if viable cells
may be present in the final product, it can be considered safe
if the strain is suitable for QPS or GRAS. Additionally, even if
recombinant DNA may be present in the final product, it can
be considered safe if it is not a gene of concern for antibiotic
resistance, toxicity, or pathogenicity. Recently, based on
the data accumulated so far, the production of other edible
ingredients has also been considered safe as it is considered
that there is no risk related to toxic metabolites in C.
glutamicum fermentation broth. Since the primary material
of C. glutamicum-SCP is crude protein, it can be easily
mass-produced even with non-genetically modified strains
suitable for QPS or GRAS. In the future, if it is proven that
there are no toxic substances among the SCP components
and the manufacturing process is optimized to demonstrate
efficacy for all animal species, it is expected to be safe as a
future alternative food.

Park S, et al. Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum.

Food Sci & Nutri Tech 2024, 9(1): 000328.

Food Science & Nutrition Technology

Credit Authorship Contribution Statement

Sehyeon Park: Conceptualization, Methodology,
Investigation, Formal analysis, Validation, Visualization,
Writing-Original Draft, Writing-Review & Editing. Taeyeon
Kim: Investigation, Validation. Soyeon Lee: Resources. Pil
Kim: Conceptualization, Formal analysis, Writing-Review &
Editing, Funding acquisition, Project administration.

Conflict of Interest Statement

The authors declare no conflict of interest. The funders
had no role in the design of the study and the interpretation
of data.

Funding Information

This research financially supported by the fundings from
the Korean Ministry of Scienceand ICT (2022M3A913018121)

References

1. Abdel-Aziz SM, Abo-Elsoud MM, Anise AAH (2017)
Chapter 2 - Microbial Biosynthesis: A Repertory of Vital
Natural Products. In: Grumezescu AM, et al (Eds.), Food
Biosynthesis, Academic Press, Cambridge, USA, pp: 25-
54,

2. Kinoshita S, Udaka S, Shimono M (1957) Studies on the
amino acid fermentation Part I. Production of L-glutamic
acid by various microorganisms. ] Gen Appl Microbiol
3(3): 193-205.

3. Wijayasekara KN, Wansapala ] (2021) Comparison of a
flavor enhancer made with locally available ingredients
against commercially available Mono Sodium Glutamate.
Int ] Gastron Food Sci 23: 100286.

4. Hirasawa T, Shimizu H (2016) Recent advances in amino
acid production by microbial cells. Curr Opin Biotechnol
42:133-146.

5. Eggeling L, Bott M (2015) A giant market and a powerful
metabolism: L-lysine provided by Corynebacterium
glutamicum. Appl Microbiol Biotechnol 99: 3387-3394.

6. Zahoor A, Lindner SN, Wendischa VF (2012) Metabolic
engineering of Corynebacterium glutamicum aimed at
alternative carbon sources and new products. Comput
Struct Biotechnol ] 3(4): e201210004.

7. Cankar K, Henke NA, Wendisch VF (2023) Functional
food additives/ingredients production by engineered
Corynebacterium  glutamicum. Syst  Microbiol

Copyright© Park S, etal.


https://medwinpublishers.com/FSNT/
https://www.sciencedirect.com/book/9780128113721/food-biosynthesis?via=ihub=
https://www.sciencedirect.com/book/9780128113721/food-biosynthesis?via=ihub=
https://www.sciencedirect.com/book/9780128113721/food-biosynthesis?via=ihub=
https://www.sciencedirect.com/book/9780128113721/food-biosynthesis?via=ihub=
https://www.sciencedirect.com/book/9780128113721/food-biosynthesis?via=ihub=
https://www.jstage.jst.go.jp/article/jgam1955/3/3/3_3_193/_article
https://www.jstage.jst.go.jp/article/jgam1955/3/3/3_3_193/_article
https://www.jstage.jst.go.jp/article/jgam1955/3/3/3_3_193/_article
https://www.jstage.jst.go.jp/article/jgam1955/3/3/3_3_193/_article
https://www.sciencedirect.com/science/article/abs/pii/S1878450X20301633?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1878450X20301633?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1878450X20301633?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1878450X20301633?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0958166916301252?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0958166916301252?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0958166916301252?via%3Dihub
https://link.springer.com/article/10.1007/s00253-015-6508-2
https://link.springer.com/article/10.1007/s00253-015-6508-2
https://link.springer.com/article/10.1007/s00253-015-6508-2
https://www.csbj.org/article/S2001-0370(14)60060-X/fulltext
https://www.csbj.org/article/S2001-0370(14)60060-X/fulltext
https://www.csbj.org/article/S2001-0370(14)60060-X/fulltext
https://www.csbj.org/article/S2001-0370(14)60060-X/fulltext
https://link.springer.com/article/10.1007/s43393-022-00141-4
https://link.springer.com/article/10.1007/s43393-022-00141-4
https://link.springer.com/article/10.1007/s43393-022-00141-4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Park S, et al. Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum.

Biomanufacturing 3(1): 110-121.

Tsuge Y, Matsuzawa H (2021) Recent progress in
production of amino acid-derived chemicals using
Corynebacterium glutamicum. World ] Microbiol
Biotechnol 37: 1-13.

Wolf S, Becker ], Tsuge Y, Kawaguchi H, Kondo A,
et al. (2021) Advances in metabolic engineering of
Corynebacterium glutamicum to produce high-value
active ingredients for food, feed, human health, and well-
being. Essays Biochem 65(2): 197-212.

Lee JY, Na YA, Kim E, Lee HS, Kim P (2016) The
Actinobacterium Corynebacterium glutamicum, an
Industrial Workhorse. ] Microbiol Biotechnol 26(5):
807-822.

Lee MJ, Kim P (2018) Recombinant Protein Expression
System in Corynebacterium glutamicum and Its
Application. Front Microbiol 9: 2523.

Pérez-Garcia F Wendisch VF (2018) Transport and
metabolicengineeringofthecellfactory Corynebacterium
glutamicum. FEMS Microbiol Lett 365(16): fmy166.

Stella RG, Wiechert J, Noack S, Frunzke ] (2019)
Evolutionary  engineering of  Corynebacterium
glutamicum. Biotechnol ] 14(9): 1800444.

Ruan H, Yu H, Xu ] (2020) The glucose uptake systems
in Corynebacterium glutamicum: a review. World ]
Microbiol Biotechnol 36: 1-9.

Yu S, Zheng B, Chen Z, Huo YX (2021) Metabolic
engineering of Corynebacterium glutamicum for
producing branched chain amino acids. Microb Cell
Factories 20(1): 1-14.

Lin K, Han S, Zheng S (2022) Application of
Corynebacterium glutamicum engineering display
system in three generations of biorefinery. Microb Cell
Factories 21(1): 14.

Kim GY, Kim ], Park G, Kim HJ, Yang ], et al. (2023)
Synthetic biology tools for engineering Corynebacterium
glutamicum. Comput Struct Biotechnol ] 21: 1955-1965.

Ritala A, Hakkinen ST, Toivari M, Wiebe MG (2017) Single
Cell Protein—State-of-the-Art, Industrial Landscape and
Patents 2001-2016. Front microbiol 8: 2009.

Bratosin BC, Darjan S, Vodnar DC (2021) Single Cell
Protein: A Potential Substitute in Human and Animal
Nutrition. Sustainability 13(16): 9284.

Aidoo R, Kwofie EM, Adewale P, Lam E, Ngadi M (2023)

Food Sci & Nutri Tech 2024, 9(1): 000328.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Food Science & Nutrition Technology

Overview of single cell protein: Production pathway,
sustainability outlook, and digital twin potentials.
Trends Food Sci Technol 138: 577-598.

Koukoumaki DI, Tsouko E, Papanikolaou S, Ioannou
Z, Diamantopoulou P, et al. (2024) Recent advances in
the production of single cell protein from renewable
resources and applications. Carbon Resour Convers
7(2):100195.

Zhang HY, Piao XS, Li P, Yi JQ, Zhang Q, et al. (2013)
Effects of Single Cell Protein Replacing Fish Meal in
Diet on Growth Performance, Nutrient Digestibility and
Intestinal Morphology in Weaned Pigs. Asian-Australas ]
Anim Sci 26(9): 1320-1328.

Cheng YC, Duarte ME, Kim SW (2021) Nutritional and
functional values of lysed Corynebacterium glutamicum
cell mass for intestinal health and growth of nursery
pigs. ] Anim Sci 99(12): skab331.

Lee S, Choi A, Park KH, Lee S, Yoon H, et al. (2022)
Single-cell hemoprotein (heme-SCP) exerts the prebiotic
potential to establish a healthy gut microbiota in small
pet dogs. Food Sci Biotechnol 32(4): 489-496.

Lee S, Choi A, Park KH, Cho Y, Yoon H, et al. (2023)
Single-Cell Hemoprotein Diet Changes Adipose Tissue
Distributions and Re-Shapes Gut Microbiota in High-Fat
Diet-Induced Obese Mice. ] Microbiol Biotechnol 33(12):
1648-1656.

Bertini A, Natale S, Gisbert E, Andre KB, Concu D, et al.
(2023) Exploring the application of Corynebacterium
glutamicum single cell protein in the diet of flathead grey
mullet (Mugil cephalus): effects on growth performance,
digestive enzymes activity and gut microbiota. Front
Mar Sci 10: 1172505.

Barlow S, Chesson A, Collins ]JD, Dybing E, Flynn A, et
al. (2007) Introduction of a Qualified Presumption
of Safety (QPS) approach for assessment of selected
microorganisms referred to EFSA- Opinion of the
Scientific Committee. EFSA ] 5(12): 587.

Koutsoumanis K, Allende A, Alvarez-Ordéfiez A, Bolton
D, Bover-Cid S, et al. (2019) Update of the list of QPS-
recommended biological agents intentionally added
to food or feed as notified to EFSA 9: suitability of
taxonomic units notified to EFSA until September 2018.
EFSAJ17(1): e05555.

Koutsoumanis K, Allende A, Alvarez-Ordoiiez A, Bolton
D, Bover-Cid S, et al. (2023) Update of the list of
qualified presumption of safety (QPS) recommended
microbiological agents intentionally added to food or

Copyright© Park S, etal.


https://medwinpublishers.com/FSNT/
https://link.springer.com/article/10.1007/s43393-022-00141-4
https://link.springer.com/article/10.1007/s11274-021-03007-4
https://link.springer.com/article/10.1007/s11274-021-03007-4
https://link.springer.com/article/10.1007/s11274-021-03007-4
https://link.springer.com/article/10.1007/s11274-021-03007-4
https://portlandpress.com/essaysbiochem/article/65/2/197/228945/Advances-in-metabolic-engineering-of
https://portlandpress.com/essaysbiochem/article/65/2/197/228945/Advances-in-metabolic-engineering-of
https://portlandpress.com/essaysbiochem/article/65/2/197/228945/Advances-in-metabolic-engineering-of
https://portlandpress.com/essaysbiochem/article/65/2/197/228945/Advances-in-metabolic-engineering-of
https://portlandpress.com/essaysbiochem/article/65/2/197/228945/Advances-in-metabolic-engineering-of
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.1601.01053
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.1601.01053
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.1601.01053
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.1601.01053
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.02523/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.02523/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.02523/full
https://academic.oup.com/femsle/article/365/16/fny166/5047308
https://academic.oup.com/femsle/article/365/16/fny166/5047308
https://academic.oup.com/femsle/article/365/16/fny166/5047308
https://onlinelibrary.wiley.com/doi/10.1002/biot.201800444
https://onlinelibrary.wiley.com/doi/10.1002/biot.201800444
https://onlinelibrary.wiley.com/doi/10.1002/biot.201800444
https://link.springer.com/article/10.1007/s11274-020-02898-z
https://link.springer.com/article/10.1007/s11274-020-02898-z
https://link.springer.com/article/10.1007/s11274-020-02898-z
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-021-01721-0
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-021-01721-0
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-021-01721-0
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-021-01721-0
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-022-01741-4
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-022-01741-4
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-022-01741-4
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-022-01741-4
https://www.csbj.org/article/S2001-0370(23)00102-2/fulltext
https://www.csbj.org/article/S2001-0370(23)00102-2/fulltext
https://www.csbj.org/article/S2001-0370(23)00102-2/fulltext
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.02009/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.02009/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.02009/full
https://www.mdpi.com/2071-1050/13/16/9284
https://www.mdpi.com/2071-1050/13/16/9284
https://www.mdpi.com/2071-1050/13/16/9284
https://www.sciencedirect.com/science/article/abs/pii/S0924224423002133?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224423002133?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224423002133?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224423002133?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2588913323000571?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2588913323000571?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2588913323000571?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2588913323000571?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2588913323000571?via%3Dihub
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2013.13200
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2013.13200
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2013.13200
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2013.13200
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2013.13200
https://academic.oup.com/jas/article/99/12/skab331/6431873
https://academic.oup.com/jas/article/99/12/skab331/6431873
https://academic.oup.com/jas/article/99/12/skab331/6431873
https://academic.oup.com/jas/article/99/12/skab331/6431873
https://link.springer.com/article/10.1007/s10068-022-01195-9
https://link.springer.com/article/10.1007/s10068-022-01195-9
https://link.springer.com/article/10.1007/s10068-022-01195-9
https://link.springer.com/article/10.1007/s10068-022-01195-9
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2308.08046
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2308.08046
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2308.08046
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2308.08046
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2308.08046
https://www.frontiersin.org/articles/10.3389/fmars.2023.1172505/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1172505/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1172505/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1172505/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1172505/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1172505/full
https://www.efsa.europa.eu/en/efsajournal/pub/587
https://www.efsa.europa.eu/en/efsajournal/pub/587
https://www.efsa.europa.eu/en/efsajournal/pub/587
https://www.efsa.europa.eu/en/efsajournal/pub/587
https://www.efsa.europa.eu/en/efsajournal/pub/587
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5555
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5555
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5555
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5555
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5555
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5555
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092

30.

31

32.

33.

34.

35.

36.

37.

Park S, et al. Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum.

feed as notified to EFSA 18: Suitability of taxonomic
units notified to EFSA until March 2023. EFSA ] 21(7):
e08092.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2020) Safety and efficacy of
monosodium L-glutamate monohydrate produced by
Corynebacterium glutamicum KCCM 80188 as a feed
additive for all animal species. EFSA ] 18(4): e06085.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2021) Safety and efficacy of a
feed additive consisting of monosodium L-glutamate
produced by fermentation with Corynebacterium
glutamicum KCCM 80187 for all animal species (C]
Europe GmbH). EFSA ] 19(12): e06982.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2022) Safety and efficacy of
the feed additives consisting of L-glutamic acid and
monosodium L-glutamate monohydrate produced by
Corynebacterium glutamicum NITE BP-01681 for all
animal species (METEX NOOVISTAGO). EFSA ] 20(3):
e07156.

Bories G, Brantom P, Barbera JBD, Chesson A, Cocconcelli
PS, et al. (2007) Opinion of the Scientific Panel on
Additives and Products or Substances used in Animal
Feed on the safety and efficacy of L-lysine sulphate
(Vitalys®Liquid and Dry) for all animal species. EFSA |
5(9): 522.

Aquilina G, Bampidis V,Bastos MDL, Costa LG, Flachowsky
G, et al. (2015) 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 ] 13(7): 4156.

Aquilina G, Bampidis V, Bastos MDL, Bories G, Chesson
A (2016) Safety and efficacy of concentrated liquid
L-lysine (base), L-lysine monohydrochloride and
L-lysine sulphate produced using different strains of
Corynebacterium glutamicum for all animal species
based on a dossier submitted by AMAC/EEIG. EFSA ]
14(3): 4346.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, etal. (2019) Safety of concentrated L-lysine
(base), L-lysine monohydrochloride and L-lysine sulfate
produced using different strains of Corynebacterium
glutamicum for all animal species based on a dossier
submitted by FEFANA asbl. EFSA] 17(1): e05532.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,

Food Sci & Nutri Tech 2024, 9(1): 000328.

38.

39.

40.

41.

42.

43.

44,

45.

Food Science & Nutrition Technology

Dusemund B, et al. (2019) Safety and efficacy of L-lysine
monohydrochloride and concentrated liquid L-lysine
(base) produced by fermentation using Corynebacterium
glutamicum strain NRRL B-50775 for all animal species
based on a dossier submitted by ADM. EFSA ] 17(1):
e05537.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2019) Safety and efficacy of L-lysine
monohydrochloride and L-lysine sulfate produced using
Corynebacterium glutamicum CCTCC M 2015595 for all
animal species. EFSA ] 17(3): e05643.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2021) Safety of the feed additives
consisting of L-lysine monohydrochloride and L-lysine
sulfate produced by Corynebacterium glutamicum
CCTCC M 2015595 for all animal species (Kempex
Holland B. V.). EFSA] 19(4): e06520.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2019) Safety and efficacy of L-lysine
monohydrochloride and concentrated liquid L-lysine
(base) produced by fermentation using Corynebacterium
glutamicum strain KCCM 10227 for all animal species.
EFSA ] 17(5): e05697.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2019) Safety and efficacy of L-lysine
monohydrochloride and concentrated liquid L-lysine
(base) produced by fermentation using Corynebacterium
glutamicum strains NRRL-B-67439 or NRRL B-67535
for all animal species. EFSA] 17(11): e05886.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2020) Safety and efficacy of L-lysine
monohydrochloride and L-lysine sulfate produced using
Corynebacterium glutamicum CGMCC 7.266 for all
animal species. EFSA ] 18(2): e06019.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al.(2020) Safety and efficacy of L-lysine
monohydrochloride produced by fermentation with
Corynebacterium glutamicum DSM 32932 for all animal
species. EFSA] 18(4): e06078.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2020) Safety and efficacy of L-lysine
monohydrochloride and concentrated liquid L-lysine
(base) produced by fermentation with Corynebacterium
glutamicum KCCM 80216 as feed additive for all animal
species. EFSA] 18(12): e06334.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2020) Safety and efficacy of L-lysine
monohydrochloride and concentrated liquid L-lysine

Copyright© Park S, etal.


https://medwinpublishers.com/FSNT/
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8092
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6085
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6085
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6085
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6085
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6085
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6982
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6982
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6982
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6982
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6982
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6982
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7156
https://www.efsa.europa.eu/en/efsajournal/pub/522
https://www.efsa.europa.eu/en/efsajournal/pub/522
https://www.efsa.europa.eu/en/efsajournal/pub/522
https://www.efsa.europa.eu/en/efsajournal/pub/522
https://www.efsa.europa.eu/en/efsajournal/pub/522
https://www.efsa.europa.eu/en/efsajournal/pub/522
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2015.4156
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4346
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5532
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5532
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5532
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5532
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5532
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5532
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5643
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5643
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5643
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5643
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5643
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6520
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6520
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6520
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6520
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6520
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6520
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5697
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5697
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5697
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5697
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5697
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5697
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5886
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5886
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5886
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5886
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5886
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5886
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6019
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6019
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6019
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6019
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6019
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6078
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6078
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6078
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6078
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6078
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6334
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6334
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6334
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6334
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6334
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6334
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6333
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6333
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6333

46.

47.

48.

49.

50.

51.

52.

53.

Park S, et al. Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum.

(base) produced by fermentation with Corynebacterium
glutamicumKCTC 12307BP as feed additives for all
animal species. EFSA ] 18(12): e06333.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2020) Safety and efficacy of L-lysine
sulfate produced by fermentation using Corynebacterium
glutamicum KFCC 11043 as a feed additive for all animal
species. EFSA] 18(7): e06203.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2021) Safety and efficacy of a feed
additive consisting of L-lysine monohydrochloride
and L-lysine sulfate produced by Corynebacterium
glutamicum CGMCC 14498 for all animal species
(Kempex Holland BV). EFSA] 19(12): e06980.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2021) Safety and efficacy of the feed
additives concentrated liquid L-lysine (base) and L-lysine
monohydrochloride produced by Corynebacterium
glutamicum KCCM 80183 for all animal species (C]
Europe GmbH). EFSA ] 19(4): e06537.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2021) Safety and efficacy of a feed
additive consisting of L-lysine sulfate produced by
Corynebacterium glutamicum KCCM 80227 for all animal
species (Daesang Europe BV). EFSA] 19(7): e06706.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2022) Safety and efficacy of a feed
additive consisting of L-lysine monohydrochloride
and L-lysine sulfate produced by fermentation with
Corynebacterium glutamicum CGMCC 17927 for all
animal species (Barentz Animal Nutrition B.V.). EFSA ]
20(10): e07613.

Bories G, Brantom P, Barbera JBD, Chesson A, Cocconcelli
PS, et al. (2007) 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 ] 5(5): 473.

Aquilina G, Bampidis V,Bastos MDL, Costa LG, Flachowsky
G, etal. (2016) Safety and efficacy of L arginine produced
by Corynebacterium glutamicum KCTC 10423BP for all
animal species. EFSA] 14(1): 4345.

Aquilina G, Azimonti G, Bampidis V, Bastos MDL, Bories
G, etal. (2017) Safety and efficacy of L-arginine produced
by Corynebacterium glutamicum KCCM 80099 for all
animal species. EFSA] 15(6): e04858.

Food Sci & Nutri Tech 2024, 9(1): 000328.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Food Science & Nutrition Technology

Aquilina G, Azimonti G, Bampidis V, Bastos MDL, Bories
G, etal. (2018) Safety and efficacy of L-arginine produced
by fermentation using Corynebacterium glutamicum
KCCM 10741P for all animal species. EFSA ] 16(5):
e05277.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
DusemundB, etal. (2019) Safety and efficacy of L-arginine
produced by fermentation with Corynebacterium
glutamicum KCCM 80182 for all animal species. EFSA ]
17(5): e05696.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2019) Assessment of the application
for renewal of authorisation of L-arginine produced by
fermentation using Corynebacterium glutamicum NITE
SD 00285 for all animal species. EFSA ] 17(6): e05720.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al.(2022) Safety and efficacy of a
feed additive consisting of L-arginine (produced by
Corynebacterium glutamicum CGMCC 20516) for all
animal species (Eppen Europe SAS). EFSA | 20(7):
e07427.

Aquilina G, Bampidis V,Bastos MDL, Costa LG, Flachowsky
G, et al. (2013) 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 C] Europe GmbH. EFSA ]
11(10): 3429.

Aquilina G, Bampidis V, Bastos MDL, Costa LG,
Flachowsky G, et al. (2014) 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 ] 12(7): 3795.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2019) Safety and efficacy of L-valine
produced by fermentation using Corynebacterium
glutamicum KCCM 11201P for all animal species. EFSA
J17(1): e05538.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2019) Safety and efficacy of L-valine
produced using Corynebacterium glutamicum CGMCC
11675 for all animal species. EFSA] 17(3): e05611.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2020) Safety and efficacy of L-valine
produced by fermentation using Corynebacterium
glutamicumCGMCC 7.358 as a feed additive for all animal
species. EFSA] 18(11): e06286.

Copyright© Park S, etal.


https://medwinpublishers.com/FSNT/
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6333
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6333
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6333
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6203
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6203
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6203
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6203
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6203
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6980
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6980
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6980
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6980
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6980
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6980
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6537
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6706
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6706
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6706
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6706
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6706
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7613
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.473
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4345
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4345
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4345
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2016.4345
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4858
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4858
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4858
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.4858
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2018.5277
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2018.5277
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2018.5277
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2018.5277
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2018.5277
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5696
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5696
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5696
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5696
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5696
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5720
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5720
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5720
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5720
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5720
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7427
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7427
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7427
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7427
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7427
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7427
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2013.3429
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2013.3429
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2013.3429
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2013.3429
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2013.3429
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2013.3429
https://www.efsa.europa.eu/en/efsajournal/pub/3795
https://www.efsa.europa.eu/en/efsajournal/pub/3795
https://www.efsa.europa.eu/en/efsajournal/pub/3795
https://www.efsa.europa.eu/en/efsajournal/pub/3795
https://www.efsa.europa.eu/en/efsajournal/pub/3795
https://www.efsa.europa.eu/en/efsajournal/pub/3795
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5538
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5538
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5538
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5538
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5538
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5611
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5611
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5611
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5611
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6286
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6286
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6286
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6286
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6286

63.

64.

65.

66.

67.

68.

69.

70.

Park S, et al. Safety Regulations of Edible Ingredients Derived from Corynebacterium glutamicum.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2021) Safety and efficacy of
a feed additive consisting of L-valine produced by
Corynebacterium glutamicum CGMCC 7.366 for all
animal species (Ningxia Eppen Biotech Co., Ltd.). EFSA
] 19(4): e06521.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2023) Safety and efficacy of
a feed additive consisting of L-valine produced by
Corynebacterium glutamicum CGMCC 18932 for all
animal species (Xinjiang Fufeng Biotechnologies Co.,
Ltd.). EFSA] 21(7): 8104.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2020) Safety and efficacy
of L-isoleucine produced by fermentation with
Corynebacterium glutamicum KCCM 80189 for all
animal species. EFSA ] 18(2): e06021.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2021) Safety and efficacy of a
feed additive consisting of L-isoleucine produced by
Corynebacterium glutamicum KCCM 80185 for all animal
species (C] Europe GmbH). EFSA] 19(12): e06977.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2023) Scientific opinion on the
presence of DNA in the feed additive consisting of
L-isoleucine produced by Corynebacterium glutamicum
KCCM 80185 for all animal species (C] Europe GmbH).
EFSA ] 21(4): e07957.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2019) Safety and efficacy of
L-histidine monohydrochloride monohydrate produced
using Corynebacterium glutamicum KCCM 80172 for all
animal species. EFSA] 17(7): e05783.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2019) Safety and efficacy of
L-histidine monohydrochloride monohydrate produced
using Corynebacterium glutamicum KCCM 80179 for all
animal species. EFSA] 17(7): e05784.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2019) Safety and efficacy
of L-threonine produced by fermentation with

Food Sci & Nutri Tech 2024, 9(1): 000328.

71.

72.

73.

74.

75.

76.

77.

Food Science & Nutrition Technology

Corynebacterium glutamicum KCCM 80117 for all
animal species. EFSA ] 17(2): e05602.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2019) Safety and efficacy
of L-threonine produced by fermentation with
Corynebacterium glutamicum KCCM 80118 for all
animal species. EFSA ] 17(3): e05603.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2019) Safety and efficacy
of L-methionine produced by fermentation with
Corynebacterium glutamicum KCCM 80184 and
Escherichia coli KCCM 80096 for all animal species. EFSA
J17(12): e05917.

Bampidis V, Azimonti G, Bastos MDL, Christensen H,
Dusemund B, et al. (2022) Safety and efficacy of a feed
additive consisting of L-methionine produced by the
combined activities of Corynebacterium glutamicum
KCCM 80245 and Escherichia coli KCCM 80246 for all
animal species (C] Europe GmbH). EFSA] 20(4): e07247.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2019) Safety and efficacy
of L-tryptophan produced by fermentation with
Corynebacterium glutamicum KCCM 80176 for all
animal species. EFSA ] 17(6): e05729.

Bampidis V, Azimonti G, Bastos MDL, Christensen
H, Dusemund B, et al. (2020) Safety and efficacy
of L-glutamine produced using Corynebacterium
glutamicum NITE BP-02524 for all animal species. EFSA
] 18(4): e06075.

Turck D, Bohn T, Castenmiller ], Henauw SD, Hirsch-
Ernst KI, et al. (2022) Safety of 2'-fucosyllactose
(2’-FL) produced by a derivative strain (APC199) of
Corynebacterium glutamicum ATCC 13032 as a novel
food pursuant to Regulation (EU) 2015/2283. EFSA ]
20(12): e07647.

Lambré C, Baviera JMB, Bolognesi C, Cocconcelli PS,
Crebelli R (2021) Safety evaluation of the food enzyme
D-psicose 3-epimerase from the genetically modified
Corynebacterium glutamicum strain FIS002. EFSA ]
19(10): e06870.

Copyright© Park S, etal.


https://medwinpublishers.com/FSNT/
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6521
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6521
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6521
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6521
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6521
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6521
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8104
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8104
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8104
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8104
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8104
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.8104
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6021
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6021
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6021
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6021
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6021
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6977
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6977
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6977
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6977
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6977
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7957
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7957
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7957
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7957
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7957
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7957
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5783
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5783
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5783
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5783
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5783
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5784
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5784
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5784
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5784
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5784
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5602
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5602
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5602
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5602
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5602
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5603
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5603
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5603
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5603
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5603
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5917
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5917
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5917
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5917
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5917
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5917
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7247
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7247
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7247
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7247
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7247
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7247
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5729
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5729
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5729
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5729
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2019.5729
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6075
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6075
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6075
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6075
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2020.6075
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7647
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7647
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7647
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7647
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7647
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7647
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6870
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6870
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6870
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6870
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2021.6870
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract
	Introduction
	Efficacy of C. Glutamicum-SCP as an Edible Ingredient
	Regulatory Policies of Public Institutions for Edible Ingredients
	Validation of Amino Acids Derived from C. Glutamicum
	L-glutamic Acid
	L-lysine
	L-arginine
	L-valine
	L-isoleucine
	L-Histidine
	L-threonine
	L-methionine
	L-tryptophan
	L-glutamine

	Validation of Other Edible Ingredients Relevant to C. Glutamicum
	2′-Fucosyllactose (2’ FL)
	C. Glutamicum Corn Syrup Fermentation
	D-psicose 3-Epimerase

	Conclusion and Prospect
	Credit Authorship Contribution Statement
	Conflict of Interest Statement
	Funding Information
	References

