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FOREWORD

OraPharm, Inc. (“OraPharm”) based our Generally Recognized as Safe (GRAS) assessment of the
Weissella cibaria (W. cibaria) strain CMU, primarily on the composite safety information, i.e., scientific
procedures with corroboration from history of use. The safety/toxicity of W. cibaria, history of use of
W. cibaria, and compositional details, specifications, and method of preparation of the subject
ingredient were reviewed. In addition, a search of the scientific and regulatory literature was
conducted through October 11, 2021, with particular attention paid to adverse reports, as well as
those that supported conclusions of safety. Those references that were deemed pertinent to this
review are listed in Part 7. The composite safety/toxicity studies, in concert with dietary exposure
information, ultimately provide the specific scientific foundation for the GRAS conclusion.

At OraPharm’s request, GRAS Associates, LLC (“GA”) convened an Expert Panel to complete an
independent safety evaluation of OraPharm’s W. cibaria CMU product. The purpose of the evaluation
is to ascertain whether OraPharm’s W. cibaria strain CMU is generally recognized as safe, i.e.,
GRAS, under the intended conditions of use. In addition, OraPharm has asked GA to act as Agent for
the submission of this GRAS notification to FDA.

PART 1. SIGNED STATEMENTS AND CERTIFICATION

A. Claim of Exemption from the Requirement for Premarket Approval Pursuant to 21 CFR
170.30

OraPharm has concluded that our Weissella cibaria strain CMU, referred to as “W. cibaria CMU”,
“strain CMU” or “CMU”, and which meets the specifications described below, is GRAS in accordance
with Section 201(s) of the Federal Food, Drug, and Cosmetic Act (FD&C Act). This conclusion was
made in concert with an appropriately convened panel of experts who are qualified by scientific
training and experience. The GRAS conclusion is based on scientific procedures as described in the
following sections. The evaluation accurately reflects the intended conditions of food use for the
designated W. cibaria CMU preparation.
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This signed statement and certification has been prepared in accordance with the requirements of 21
CFR 170.225.

(a) This certification is signed by a responsible official of GRAS Associates, LLC acting as agent for
OraPharm.

(b) This GRAS dossier did not rely on any confidential information.

(c) (1) This Independent GRAS Assessment was conducted in accordance with Subpart E of 21 CFR
Part 170.

(c) (2) Names and addresses of organizations:

Sponsoring Party:

OraPharm, Inc.

905 ho, Bluestone Tower, 9-16, Yeonmujang 5-gil,
Seongdong-gu, Seoul, Republic of Korea

Agent:

GRAS Associates, LLC
11810 Grand Park Avenue
Suite 500

North Bethesda, MD 20852

(c) (3) The name of the ingredient is Weissella cibaria CMU.

(c) (4) Weissella cibaria CMU will be used as an ingredient in frozen dairy desserts and
mixes, yogurt and hard candy, including mints and chewing gum.

(c) (5) The statutory basis for our conclusion of GRAS status is through scientific procedures in
accordance with § 170.30(a) and (b).

(c) (6) It is our view that the ingredient is not subject to the premarket approval requirements of the
Federal Food, Drug, and Cosmetic Act based on our conclusion that the notified substance is GRAS
under the conditions of its intended use.

(c) (7) If FDA were to ask to see the data and information that are the basis for our conclusion of
GRAS status, either during or after FDA evaluation of this notice, we agree to:

(i) make the data and information available to FDA; and

(ii) agree to both of the following procedures for making the data and information available to FDA:
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(A) Upon FDA’s request, we will allow FDA to review and copy the data and information during
customary business hours at our address specified where these data and information will be
available; and

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

(c) (8) None of the data and information in Parts 2 through 7 of this GRAS notice are exempt from
disclosure under the Freedom of Information Act, 5 U.S.C. 552 (e.g., as trade secret or as
commercial or financial information that is privileged or confidential).

(c) (9) We certify that, to the best of our knowledge, this GRAS Assessment is a complete,
representative, and balanced review that includes unfavorable information, as well as favorable
information, known to us and pertinent to the evaluation of the safety and GRAS status of the use of
the substance.

(c) (10) OraPharm does not intend to add Weissella cibaria CMU to any meat and/or poultry products
that come under FSIS/USDA jurisdiction. Therefore, 21 CFR 170.270 does not apply.

(c) (11) Signature

2

Agent for OraPharm

William J. Rowe Date: March 11, 2022
President

GRAS Associates, LLC

11810 Grand Park Ave

Suite 500

North Bethesda, MD 20852
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PART 2. IDENTITY, METHOD OF MANUFACTURE, SPECIFICATIONS, AND PHYSICAL OR
TECHNICAL EFFECT

A. Notified Substance Weissella cibaria CMU Identification

1. Common or Usual Name
Weissella cibaria strain CMU.

“W. cibaria CMU”, “strain CMU” or “CMU” are terms used throughout this document when referring to
the notified substance. The notified substance is also referred to as oraCMU in the literature and
other publications as this strain has been commercially available in Korea as oraCMU® since 2017.

2. Historical Information on Weissella cibaria

The Weissella genus includes a number of heterofermentative Leuconostoc-like lactic acid bacteria
(LAB) that are generally isolated from fermented foods (Ennahar and Cai, 2004; Abriouel et al.,
2015). Introduced in 1993, the genus Weissella includes some species previously belonging to the
Leuconostoc mesenteroides species group (Bourdichon et al., 2012; Collins et al., 1993). W. cibaria
strains are commonly found in fermented foods like cassava, meat/fish, kimchi, tarhana, and
sourdough (Bourdichon et al., 2012; Lim et al., 2018).

W. cibaria is described by Kang et al. (2017) as a “short, rod-shaped, Gram-positive, non-spore-
forming, nonmotile, heterofermentative, and catalase-negative lactic acid bacterium”. The phenotype
is characteristic of the genus Weissella (Collins et al., 1993; Vos et al., 2009).

3. Characterization of Weissella cibaria CMU

The complete genome for W. cibaria CMU has been sequenced and deposited in GenBank under
accession number CP013936 (NCBI GenBank, 2021; Kang et al., 2017). Strain CMU was deposited
in the Korean Collection for Type Cultures on June 04, 2004, with the accession number KCTC
10650BP. W. cibaria strain CMU is not genetically modified.

As reported by Kang et al. (2019) strain CMU was isolated from “saliva samples from 460
kindergarten children aged 4 to 7 residing in Gwangju, South Korea”. It should be noted that the strain
isolation source was originally published as being from infant saliva (Kang et al., 2017) which is also
the source information currently identified in the NCBI database for strain CMU; however, OraPharm
has confirmed that the source reported in the Kang et al. (2019) publication is the correct information.

The taxonomy for W. cibaria CMU is presented in Table 1.
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Table 1. Taxonomy of W. cibaria CMU

Super Kingdom Bacteria
Clade Terrabacteria group

Phylum Firmicutes

Class Bacilli
Order Lactobacillales
Family Lactobacillaceae / Leuconostocaceae

Genus Weissella

Species cibaria
Strain CMU

NCBI Genome (2021); NCBI Taxonomy (2021); UniProt Taxonomy (2021)

Cell morphology of strain CMU is documented by Lim et al. (2018) and is shown in Figure 1.
Consistent with morphology for the Weissella species, strain CMU is described as short rods that
grow in pairs with the dimensions of 0.5-0.7 um wide and 1.3-2.5 ym long.

Figure 1. Cell Morphology of W. cibaria CMU?

Figure 1. Scanning electron microscopic (SEM) images of oraCMU at various magnifications: 5000 x
(a), 10,000 (b), 15,000 (c), 25,000% (d), 35,000 (e), and 45,000 (f).

aLim et al. (2018)
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W. cibaria strain CMU is a strain that has been commercially available in Korea since 2017. Strain
CMU is also known under the trade name oraCMU® and OraPharm owns the exclusive license for
the U.S. patent’ for “lactic acid bacteria inhibiting halitosis”.

Strain CMU has been identified as W. cibaria based on whole genome sequence (WGS) analysis,
16S ribosomal ribonucleic acid (rRNA) alignment and phylogenetic homology, average nucleotide
identity (ANI), and phenotypic evaluations. The National Center for Biotechnology Information (NCBI)
database also includes identity information for strain CMU which is included in the review below.
Taken together, the CMU isolate is well established as W. cibaria.

a. Genomic Characterization

Strain CMU has a whole genome sequence (WGS) and is available in the NCBI database (NCBI
GenBank, 2021). The methods of DNA isolation and sequencing are provided in Kang et al. (2017).
The CMU isolate was designated as W. cibaria. The genomic information and comparisons of the
Genome Assembly and Annotation reports from the NCBI database are summarized in Table 2.

Analysis of the CMU genome identified one plasmid (Kang et al., 2017; NCBI Genome Assembly and
Annotation, 2021). Strain CMU has not been genetically modified.

NCBI data notes that strain CMU has symmetrical identity of 89.7517% and gapped identity of
98.4144% with the closest species reference genome (BC14) (NCBI Genome Neighbor Report CMU,
2021). NCBI data also notes that strain CMU has symmetrical identity of >99% with three W. cibaria
genomes (strains CMS1, CMS2, CMS3), with the closest genome being strain CMS3 with a
symmetrical identity of 99.5524% and gapped identity of 99.99% (NCBI Genome Assembly and
Annotation, 2021). The calculated alignments of strain CMU to strain BC14 and strain CMS3 are
available from the NCBI database and are shown in Appendix 1 (NCBI Genome Neighbor Report
CMU, 2021). The W. cibaria genome tree and cladogram are also available from the NCBI database
and support the identification of strain CMU as shown in Appendix 1 (NCBI Genome Tree Report
CMU, 2021).

Table 2. Genome Comparison of W. cibaria strains

AsE:vn;ll:ly Contigs Tota(ih!‘_s)n gth GC% ngﬁr rRNA | tRNA ?zt;:r Gene | Pseudogene
W. cibaria median valugs ik ik 5 45564 44.9 9900 il ik i i i
(n=51 genome assemblies) 2
W. cibaria BC14® Contig 3 2.51323 449 2242 28 88 3 2386 25
W. cibaria 12495 © Contig 25 2.32395 45.1 2088 11 17 3 2195 16
W. cibaria CH2 4 Complete 7 257773 44746 | 2294 25 88 3 2515 105
W. cibaria CMS3 ¢ Complete 2 2.36349 (45239 2080 28 88 3 2221 22

1 See hitps://patents google.com/patent/US72560162B2/en. Accessed May 28, 2021.
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Asf:z?ly Contigs Tota(lh!‘l_s)ngth GC% F;:r:::::i{l rRNA | tRNA %L‘:r Gene | Pseudogene
CMS3 Chromosome NA NA 2.34 453 | 2058 28 88 3 2198 21
CMS3 Plasmid NA NiA 0.02 383 22 - - - 23 1
W. cibaria CMU f Complete 2 238147 |45.245| 2084 33 90 3 2236 26
CMU Chromosome NA NA 2.36 453 | 2063 33 90 3 2214 25
CMU Plasmid o i 0.02 384 21 - - - 22 1

2 Available at: hitps:/fwww.ncbi.nlm nih.gov/genome/3287_ Accessed Aug 26, 2021.

b W. cibaria BC14. NCBI species reference. Available at: https://www ncbi nlm.nih.gov/genome/32877genome assembly id=648503. Accessed Aug 26, 2021

© W. cibaria 12495. Species reference. Available at: https://www_ncbinim.nih gov/genome/3287?genome_assembly id=524481. Accessed Aug 26, 2021.

4 W. cibaria CH2. Species reference. Values in this row include both the chromosome and plasmids (strain CH2 is listed as having 6 plasmids — these are not included
individually in this table). Available at: https://www ncbi.nim nih gov/genome/32877genome assembly id=278405. Accessed Aug 26, 2021.

¢ W. cibaria CMS3. NCBI closest genome to strain CMU. Values in this row include both the chromosome and plasmid. Available at:

hitps:/fwww ncbi.nlm.nih.gov/genome/3287?genome_assembly id=301995. Accessed Aug 26, 2021.

tW. cibaria CMU. Values in this row include both the chromosome and plasmid. Available at- https:/www ncbi.nim.nih gov/genome/32877genome assembly id=418159.
Accessed Aug 26, 2021.

GC — guanine-cytosine; Mb — megabases; N/A — not available; n — number; RNA — ribonucleic acid; rRNA — ribosomal ribonucleic acid; tRNA — transfer ribonucleic acid

b. 16S rRNA Alignment

Macrogen (Seoul, South Korea) performed 16S rRNA analyses on several lots of strain CMU. 16S
sequence similarity of >98.7% to the type strain is generally considered the appropriate cutoff for the
species boundary (Chun et al., 2018). The results from the 16S rRNA alignment and phylogenetic
analysis are consistent with species similarity and support designation of strain CMU as W. cibaria.
The 16S rRNA alignment data is summarized for six samples in Table 3. A representative image for
one CMU sample is presented in Figure 2 which shows phylogenetic homology with W. cibaria. The
16S reports and the phylogenetic homology images for each lot in Table 3 are presented in Appendix
2. The 16S reports and the phylogenetic homology support the identity of strain CMU as W. cibaria.
The 16S reports did also show that strain CMU shared a 99% identity with W. confusa strain JCM
1093. The strong similarity between W. cibaria and W. confusa is consistent with what is known in the
literature (Fusco et al., 2015; Vos et al., 2009). Based on the ANI analyses (Part 2.A.3.c) and the
phenotypic analyses (Part 2.A.3.d), however, OraPharm clearly distinguished strain CMU from W.
confusa and confirmed the identity as W. cibaria.

Table 3. 16S rRNA Alignment Data of Strain CMU to W. cibaria by Lot Number

Subject Score Identities

. : v : E- Match / Pct

Sample Accession Description | Length | Start | End | Coverage | Bit Value | Total (%)

w—‘""ba"“—‘:""“—“"“t'g LC096236.1 Vifg::a 156 | 7 |1509| 99 |2758 | 0.0 | 150111505 | 99

Lot Cif1- Lcoge23e.1 | Wessela | s | 10 1516 99 | 2772 | 00 | 150511507 | 99
0115N_contig_1 cibana

o LC096236.1 Weissella | 454 6 |1516| 99 2787 | 0.0 | 151011511 | 99
0116N_contig 1 cibania
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Subject Score Identities

- . o : E- Match/ | Pct

Sample Accession Description | Length | Start | End | Coverage | Bit Value | Total (%)

Coadi Lcooe23e1 | Vessela | ysi6 | 6 [1516| 99 | 2787 | 00 | 15101511 | 99
0117N_contig 1 cibana
Lot Cl11- Weissella

0362N_contig 1 LC096236.1 hars 1516 4 1513 99 2780 | 0.0 | 1509/1511 | 99
Lot CI11- Weissella

1916 6 |1514 99 2776 | 0.0 | 1507/1509 | 99

0366N_contig_1 LC096236.1 cibaria

2 Reference strain is W. cibaria strain JCM 12495

Figure 2. Representative Image Showing Phylogenetic Homology of Strain CMU to W. cibaria
Reference Strains JCM 12495 (LC096236) and II-I-5 (NR_036924)

------ Weissella confusa(giLC063164)
-------- | ------ Weissella confusalgi NR_040816)
---------------------- Weissella confusalgilNR_113258)
l --------=-- Weissella cibarialgi:NR_036924)
-------- '| ------ Weissella cibarialgi' LCO96236)

—————————————————————————————— Weissella solilgi:NR_025642)

‘ l————-- W_cibaria_CMU_contig_1
‘ -------------------------------------- Weissella paramesenteroides(gi:LC096224)
—————————————————————————————————————————————————————— Weissella hellenicalgiiNR_113775)

|- ------- ‘ _____________________________________________ weissella hellenicalgi LCO96226)
______________________________________________________________ weissella hellenicalgiNR_118771)

c. Average Nucleotide Identity (ANI)

ANI analysis is an appropriate method for species identification and an ANI value of ~95.0% can be
considered a boundary for species delineation in bacteria (Goris et al., 2007; Richter and Rossello-
Mora, 2009). Chun et al. (2018) recommend using a combination of 16S similarity (with the cutoff of
98.7% similar or higher) along with methods like ANI for taxonomy identification.

OraPharm analyzed strain CMU with several established algorithms:

e OrthoANI with USEARCH? (Yoon et al., 2017; Lee et al., 2016)
o Online calculator that uses the OrthoANIu algorithm, with USEARCH instead of BLAST

2 See: hitps://www_.ezbiocloud.net/tools/ani (Accessed Nov. 24, 2021)
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e JSpeciesWS? (Richter et al., 2016)

o Online database for in silico calculation of the extent of identity between two genomes
based on BLAST+ (ANIb) and MUMmer (ANIm) and through the Tetra correlation
search (TCS) and Tetra-nucleotide signature correlation index

= The Tetra Correlation Search function (TCS) allows to rapidly compare selected
genomes against a continuously updated online reference database with
currently about 32,000 published whole and draft genome sequences.
= Tetra-nucleotide signhature correlation index (Tetra) is an alignment-free
parameter correlating with the ANI and provides a list of the most similar
genomes based on their resulting Tetra-nucleotide signature correlation index.
e ANI Calculator? (Goris et al., 2007)

o Estimates the ANI with best hits (one-way ANI) and reciprocal best hits (two-way ANI)
between the two genomic datasets and calculated as described by Goris et al. (2007).
Results above 95% are typical for genomes in the same species.

The ANI analyses assessed strain CMU similarity with six W. cibaria strains (strains BC14, CH2, JCM
12495, CMS1, CMS2, CMS3) along with six strains belonging to other Weissella species (W. confusa
VTT E-133279, W. hellenica CCUG 33494, W. kandleri DSM 20593, W. paramesenteroides
FDAARGOS 414, W. soli KACC 11848, and W. thailandensis JCM 10695).

As shown below and in Appendix 3, the pairwise genome comparisons consistently find strain CMU
above the specified thresholds for species identification as W. cibaria. Results from these methods of
analysis demonstrated that strain CMU consistently met the recognized thresholds to confirm
identification as W. cibaria. Taken together, these results support the 16S ID reports, confirm strain
CMU identity as W. cibaria, and distinguish strain CMU from other Weissella species.

OrthoANIu

As shown in Appendix 3 and Table 4, the OrthoANIu results show that strain CMU is consistently
above the 95% threshold compared to the other W. cibaria strains but not the other Weissella
species, supporting identification of strain CMU as W. cibaria.

Table 4. OrthoANIu Results by Genome

Genome Genome OrthoANIu | Genome A Genome B | Average Aligned | Genome A | Genome B
Sequence A | Sequence B | Value (%) | Length (bp) | Length (bp) Length (bp) Coverage (%) | Coverage (%)

W cibaria W cibaria 99 90 2,362 320 2,341,920 1,266,485 5361 5408

CMU fasta CMS1 fasta

W cibaria W cibaria 9993 2,362 320 2,341,920 1,531,922 64.85 6541

CMU fasta CMS2 fasta

3 See: hitp-//ispecies ribohost com/ispeciesws/ (Accessed Nov. 24, 2021)
4 See: hitp-//enve-omics.ce.gatech edu/ani/ (Accessed Nov. 24, 2021)
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Genome Genome OrthoANIu | Genome A Genome B | Average Aligned | Genome A | Genome B
Sequence A | Sequence B | Value (%) | Length (bp) | Length (bp) Length (bp) Coverage (%) | Coverage (%)

W cibaria W cibaria 9992 2,362 320 2,341,920 1,679,193 7108 7170
CMU fasta CMS3 fasta
W cibaria W cibaria JCM 99 .94 2,362 320 405,960 270,773 1146 66.70
CMU fasta 12495 fasta
W cibaria W cibaria 98 45 2,362 320 2,472 480 1,644 774 69.63 6652
CMU fasta BC14 fasta
W cibaria W. cibaria 9690 2,362 320 2,466, 360 1,526 677 64 63 6190
CMU fasta CH2 fasta
W cibaria W. confusa VTT 79.01 2,362 320 2,211,360 957,212 4052 4329
CMU fasta E-133279 fasta
W cibaria W hellenica 7405 2,362 320 379440 127,025 538 3348
CMU fasta CCUG

33494 fasta
W cibaria W. kandleri DSM 6816 2,362 320 326,400 66,726 282 2044
CMU fasta 20593 fasta
W cibaria W soli KACC 7175 2,362 320 1,683,000 480,099 2032 2853
CMU fasta 11848 fasta
W cibaria W thailandensis 69.79 2,362 320 197 880 30,349 128 1534
CMU fasta |JCM 10695 fasta

bp = base pairs

Green text indicates results are above the cutoff (>95%)
Red text indicates results are below the cutoff (<95%)

JSpeciesWS

Strain CMU ANIb results for aligned nucleotides indicated a similarity with the six W. cibaria strains
above the 95% threshold, whereas the similarity with all other Weissella species, including W.
confusa, was only 67.32-78.23% (see Appendix 3). The ANIb summary results by genome are
shown in Table 5. Similarly, the ANIm results for strain CMU showed the ANIm values were above
the cutoff of 95% for the six W. cibaria strains evaluated but were below the 95% cutoff for all other
Weissella species, including W. confusa (see Appendix 3). The ANIm summary results by genome
are shown in Table 6. The Tetra Correlation Search (TCS) function results were consistent with
identification as W. cibaria (see Appendix 3). The Tetra-nucleotide signature correlation index (Tetra)
results indicate that similarity of strain CMU with the five of the six W. cibaria strains evaluated was
above (>0.999) or in range (>0.989) of the threshold cutoff, whereas all other Weissella species were
below the threshold cutoff (see Appendix 3). The tetra-nucleotide signature correlation index

summary results by genome are shown in Table 7.
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Genome Sequence A Genome Sequence B ANIb (%) Aligned (%) | Aligned (bp) Total (bp)
W cibaria CMU fasta W cibaria CMS1 fasta 99 99 9991 2,360,306 2,362,501
W cibaria CMU fasta W cibaria CMS2 fasta 9999 9994 2,360,990 2,362,501
W cibaria CMU fasta W cibaria CMS3 fasta 9999 9995 2,361,358 2,362,501
W cibaria CMU fasta W cibaria JCM 12495 fasta 98.01* 1784 421 460 2,362,501
W cibaria CMU fasta W cibaria BC14 fasta 98.29 9394 2,219,251 2,362 501
W cibaria CMU fasta W cibaria CH2 fasta 96.72 9175 2167678 2,362,501
W cibaria CMU fasta W confusa VTT E- 7823 6361 1,502,901 2,362,501

133279 fasta
W cibaria CMU fasta W._ hellenica CCUG %2 850 200,719 2,362,501
33494 fasta
W cibaria CMU fasta W. kandleri DSM 20593 fasta 67:32 442 104,393 2,362,501
W cibaria CMU fasta W. soli KACC 11848 fasta 7128 3565 842,158 2,362,501
W cibaria CMU fasta W. thailandensis JCM 68.45 224 52,935 2,362,501
10695 fasta
W. cibaria CMU fasta W paramesenteroides 12.22 43.07 1,017,454 2,362,501
FDAARGOS 414 fasta
Green text indicates results are above the cutoff (>95%)
Red text indicates results are below the cutoff (<95%)
*Denotes suspicious alignment
Table 6. ANIm Summary Results by Genome

Genome Sequence A Genome Sequence B ANIb (%) Aligned (%) | Aligned (bp) Total (bp)
W cibaria CMU fasta W cibaria CMS1 fasta 9948 100.00 2,362 501 2,362,501
W cibaria CMU fasta W cibaria CMS2 fasta 8999 100.00 2,362 501 2,362,501
W. cibaria CMU fasta W. cibaria CMS3 fasta 0999 100.00 2,362,500 2,362,501
W. cibaria CMU fasta W. cibaria JCM 12495 fasta 9999 1754 414,378 2,362,501
W. cibaria CMU fasta W. cibaria BC14 fasta 9479 2,239,482 2,362,501
W. cibaria CMU fasta W. cibaria CH2 fasta 9314 2,200,403 2,362 501
W. cibaria CMU fasta W. confusa VTT E- 2814 664,875 2,362 501

133279 fasta
W. cibaria CMU fasta W._ hellenica CCUG 87.39° 1.39 32,954 2,362,501
33494 fasta
W. cibaria CMU fasta W. kandleri DSM 20593 fasta 84 86" 0.12 2,797 2,362,501
W. cibaria CMU fasta W. soli KACC 11848 fasta 86.41 .56 131,443 2,362,501
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Genome Sequence A Genome Sequence B ANIb (%) Aligned (%) | Aligned (bp) Total (bp)
W cibaria CMU fasta W thailandensis JCM 85 65" 0.02 476 2,362 501
W. cibaria CMU fasta W paramesenteroides 88.26" 6.11 144 336 2,362,501
FDAARGOS 414 fasta

Green text indicates results are above the cutoff (>95%)
Red text indicates results are below the cutoff (<95%)

*Denotes suspicious alignment

Table 7. Tetra-Nucleotide Signature Correlation Index Summary Results by Genome

Genome Sequence A

Genome Sequence B

PCC

W. cibaria CMU fasta

W. cibaria CMS1 fasta

0.99998

W. cibaria CMU fasta

W. cibaria CMS? fasta

W cibaria CMU fasta

W. cibaria CMS3 fasta

N 00008
0.99998

W. cibaria CMU fasta

W. cibaria JCM 12495 fasta

0.97501

W cibaria CMU fasta

W. cibaria BC14 fasta

W. cibaria CMU fasta

W. cibaria CH2 fasta

W. cibaria CMU fasta W. confusa VTT E-133279 fasta 0.97489
W. cibaria CMU fasta W. hellenica CCUG 33494 fasta 081143
W. cibaria CMU fasta W. kandleri DSM 20593 fasta 0.67592
W. cibaria CMU fasta W. soli KACC 11848 fasta 0.9047
W. cibaria CMU fasta W._ thailandensis JCM 10695 fasta 0.76344
W. cibaria CMU fasta W. paramesenteroides FDAARGOS 414 fasta 0.83494

Green text indicates results are above the cutoff (>0.999)
Blue text indicates results are in range of the cutoff (>0.989)
Red text indicates results are below the cutoff (<0.989)
PCC = Pearson Correlation Coefficient

ANI Calculator

As shown in Appendix 3 and Table 8, the ANI calculator results shows that strain CMU is consistently
above the 95% threshold compared to the other W. cibaria strains but not the other Weissella
species, supporting identification of strain CMU as W. cibaria.

Table 8. ANI Calculator Summary Results by Genome

Genome Sequence A Genome Sequence B § ANI One-Way ANI 1{One-Way ANI 2| Two-Way ANI
(%) (%) (%) (%)
W. cibaria CMU fasta W cibaria CMS1 fasta 100.00 9999 100.00 100.00
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Genome Sequence A Genome Sequence B § ANI One-Way ANI 1|One-Way ANI 2| Two-Way ANI
(%) (%) (%) (%)
(SD:0.13%) (SD: 0.06%) (SD: 0.06%)
W cibaria CMU fasta W cibaria CMS2 fasta 100.00 9999 100.00 100.00
(SD:0.11%) (SD: 0.02%) (SD: 0.02%)
W cibaria CMU fasta W cibaria CMS3 fasta 100.00 9999 9999 100.00
(SD: 0.14%) (SD: 0.11%) (SD: 0.08%)
W cibaria CMU fasta W. cibaria JCM 12495 fasta 100.00 9993 100.00 100.00
(SD: 1.34%) (SD: 0.01%) (SD: 0.01%)
W. cibaria CMU fasta W. cibaria BC14 fasta 98.39 98.29 98.30 98.39
(SD: 2.12%) (SD: 2.08%) (SD: 1.80%)
W. cibaria CMU fasta W. cibaria CH2 fasta 96 .65 96.57 96.56 96.65
(SD: 2.57%) (SD: 2.52%) (SD: 2.35%)
W cibaria CMU fasta W. confusa VITT E- 83.87 8391 83.75 83.87
133279 fasta (SD: 7.85%) (SD: 7.77%) (SD: 7.52%)
W cibaria CMU fasta W._ hellenica CCUG 81.95 8207 8227 8195
33494 fasta (SD: 6.81%) (SD: 6.68%) (SD: 6.95%)
W. cibaria CMU fasta W. kandleri DSM 20593 fasta Insufficient hits to estimate
W cibaria CMU fasta W. soli KACC 11848 fasta 81.01 8381 8219 81.01
(SD: 8.66%) (SD: 8.25%) (SD: 7.53%)
W. cibaria CMU fasta W. thailandensis JCM Insufficient hits to estimate
10695 fasta
W cibaria CMU fasta W. paramesenteroides 8195 8363 82 86 8195
FDAARGOS 414 fasta (SD: 8.99%) (SD: 8.83%) (SD: 8.13%)

Green text indicates results are above the cutoff (>95%)
Red text indicates results are below the cutoff (<95%)

SD = standard dewviation

d. Phenotypic Characterization

Phenotypic characterization data was also assessed. The cell morphology, enzymatic profile (API
ZYM) and carbohydrate fermentation profile (API1 50) all support the identity strain CMU as W. cibaria
and clearly distinguish this organism from other similar Weissella species (Fusco et al., 2015).

Cell morphology of strain CMU is documented by Lim et al. (2018) as shown in Part 2.A.3 and is
consistent with the W. cibaria species.

As shown in Table 9, the enzymatic profile as assessed with the APl ZYM test for strain CMU showed
that the W. cibaria strains evaluated exhibited negative results for all reactions, except for acid
phosphatase and naphthol-AS-Bl-phosphohydrolase. This was the same profile exhibited by two
other W. cibaria strains evaluated but was not consistent with the profile exhibited by strains in other
Weissella species. The results that were different between the W. cibaria and W. confusa strains are
highlighted in orange text in Table 9. In addition, this profile is generally consistent with results for W.
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cibaria G44, isolated from fermented curly kale (Michalak et al., 2018; Kang et al., 2019). Therefore,
by phenotypic analysis based on the APl ZYM, strain CMU is consistent with W. cibaria strains and
does not appear to be a strain of W. confusa.

Table 9. APl ZYM Enzymatic Activity Profile of Weissella cibaria CMU"

Enzyme Substrate w. w. w. W. w. w. w. W. soli| W. paramesenteroides | W. W. w.
cibaria | cibaria | cibaria |cibaria| confusa | thailandensis | viridescens | KCTC KCTC3531 minor | kandleri | halotolerans
CMU | KCTC | KCTC | G44 | KCTC KCTC 3551 KCTC 3504 | 3789 KCTC | KCTC KCTC 3595
3807 3746 3499 3604 3610

Alkaline phosphatase - - - - - - - - -

Esterase (C4) - = = - . ’

Esterase lipase (C8) - - - - = < = = =

Lipase (C14) = 5 = = - - - _ _

Leucine arylamidase - - - - - - +3) = +{4

Valine arylamidase - - - - = = = . -

Cystine arylamidase - - - & = = Z = 5

Trypsin - - - - - - - - -
a-chymotrypsin - - - E 2 2 2 ;s L

Acid phosphatase +(3) +3) +3) 4 +(5) _ i +3)

Naphthol-AS-BI-

PI:opth:hydroiase *3) @) +3) 3 *3) *3) +H4) +3) = +3) +3) +4)

a-galactosidase = z = = = o " R +3

B-galactosidase - . = - - -

B-glucuronidase - - 2 - £ " = " _

a-glucosidase

B-glucosidase = 5 = - - - _ +5) _

N-acetyl-§-
glucosaminidase

a-mannosidase - - - - - - - - -

o-fucosidase -2 - « - . ¥ & ” -

1 All results are from internal analysis completed by OraPharm, except for W. cibaria strain G44 which is from Michalak et al. (2018)
Orange text indicates that the results were different between the W. cibaria and W. confusa strains

Fermentable sugar profiles were compared with W. cibaria CCUG 41967 and W. cibaria CMU, CMS2,
CMS3 and W. confusa ATCC 10881 (Table 10). All the isolates and W. cibaria CCUG 41967
fermented L-arabinose, D-xylose, D-glucose, D-fructose, D-mannose, N-acetylglucosamine,
amygdaline, aesculin (esculin), salicin, D-cellobiose, D-maltose, sucrose (D-saccharose) and
gentiobiose. They were defective in fermenting glycerol, erythritol, D-arabinose, D-ribose, L-xylose,
D-adonitol, B-methyl-D-xyloside (Methyl-BD-Xylopyranoside), D-galactose, L-sorbose, L-rhamnose,
dulcitol, inositol, D-mannitol, D-sorbitol, a-methyl-D-mannose mannoside (Methyl-aD-

GRAS ASSOCIATES, LLC Page 17 of 151




GRAS Notice — Weissella cibaria

OraPharm

3/11/2022

Mannopyranoside), a-methyl-D-glucoside (Methyl-aD-Glucopyranoside), arbutin, D-lactose, D-
melibiose, D-trehalose, inulin, D-melezitose, D-raffinose, amidon, glycogen, xylitol, D-turanose, D-
lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, potassium gluconate, potassium 2-
ketogluconate and potassium 5-ketogluconate. W. confusa similarly fermented carbohydrates.
However, W. confusa fermented ribose and galactose and did not ferment L-arabinose. Dextran was
formed from sucrose by all the tested strains. The results that were different between the W. cibaria
and W. confusa strains are highlighted in orange text in Table 10 (L-arabinose, D-ribose, and D-
galactose). These results are also consistent with the profile reported by Fusco et al. (2015) and Vos
et al. (2009). Therefore, by phenotypic analysis based on the API 50, strain CMU is consistent with
W. cibaria strains and does not appear to be a strain of W. confusa.

Table 10. APl 50 Carbohydrate Fermentation Profile of Weissella cibaria CMU

= w.
e W. cibaria |W. cibaria | W. cibaria Wé‘gﬂg’a confusa | W. w. w. W,
CMU CMmS2 CMS3 ATCC cibaria* | confusa* | cibaria** | confusa*
41967
10881

Glycerol - NR NR NR NR
Erythritol - NR NR NR NR

) +(D,Lnot | -(D,L not
D-arabinose - spciied) | specHisd) NR NR
L-arabinose + + + + * (D’!' not #

specified)

2 " - (D,L not - (D,L not C
aiose i ' specified) | specified) | specified) | specified
Doxvlose 5 I § 5 3 +(D.Lnot|+(DLnot|+(DLnot|+(DLnot

y specified) | specified) | specified) | specified)
Lxvlose ) +(DLnot|+(D.Lnot|+(DLnot|+(D,Lnot

y specified) | specified) | specified) | specified)
D-adonitol - NR NR NR NR
MelyLBl> : NR NR NR NR
Xylopyranoside
Hadadi i -(D,L not D.Lnot | -(D,L not (DL not

grases specified) | specified) | specified) | specified)
D-glucose + + * + + NR NR NR NR
+(D,Lnot | +(D,L not | +(D,L not
EEozaaaa i : i i ¥ specified) | specified) | specified) HE
D-mannose + + + + + NR NR i (D’.L o ND
specified)
L-sorbose - NR NR NR NR
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W. cibaria W
Substrate W. cibaria | W. cibaria | W. cibaria CCUG confusa w. w. w. w.
CMU CMS2 CMS3 41967 ATCC cibaria* | confusa* | cibaria*™ | confusa™
10881
L-rhamnose - NR NR NR NR
Dulcitol - NR NR NR NR
Inositol - NR NR NR NR
D-mannitol s NR NR sézc;:?) ND
D-sorbitol - NR NR NR NR
m:;:ﬂ;y[:anoside i NR N NR NR
gr::::):gnoside i L NR WR i
N-Acetylglucosamine + + % + + NR NR NR NR
Amygdalin + + + + + NR NR + ND
Arbutin - NR NR + ND
Esculii bavieccilisto . . . . N + (Esculin | + (Esculin | + (Esculin | + (Esculin
hydrolysis) | hydrolysis) | hydrolysis) | hydrolysis)
Salicin + + + + + NR NR + ND
+ + + +
e N I I O 5 v e
+(D,Lnot|+(D,Lnot | +(D,Lnot | +(D,L not
D-Maltose 4 ki ¥ ¥ ¥ sp(ec'rﬁed) sp(eciﬁed] sp(eciﬁed) sp(eciﬁed)
([:riI;]ailrc:;ose (bovine i NR NR ) ND
D-melibiose i - (D,I'_ not | - (D,I‘_ not | - (D,!._ not | - (D'I,' not
specified) | specified) | specified) | specified)
D-saccharose " " . ” " +(D.Lnot|+(DLnot|+(DLnot|+(DLnot
(sucrose) specified) | specified) | specified) | specified)
Ditsskialos i - (D’E_' not | - (D,I.. not | - (D,E._ not | - (D,I‘_ not
specified) | specified) | specified) | specified)
Inulin - NR NR NR NR
D-Melezitose - NR NR NR NR
, -(DLnot | -(DLnot | -(D,Lnot | - (D,L not
(RS ) s;eciﬁed) s;eciﬁed] séeciﬁed) séeciﬁed}
Amidon(starch) - NR NR NR NR
Glycogen - NR NR NR NR
Xylitol - NR NR NR NR
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W. cibaria W
Substrate W. cibaria | W. cibaria | W. cibaria CCUG confusa w. w. w. w.
CMU CMS2 CMS3 41967 ATCC cibaria* | confusa* | cibaria*™ | confusa™
10881

Gentiobiose + + + + + NR NR NR NR
D-Turanose - - - - - NR NR NR NR
D-Lyxose - - - - - NR NR NR NR
D-Tagatose - - - - - NR NR NR NR
D-Fucose - - - - - NR NR NR NR
L-Fucose - - - - - NR NR NR NR
D-Arabitol - - - - - NR NR NR NR
L-Arabitol - - - - - NR NR NR NR
Potassium Gluconate - - - - - NR NR NR NR
Potassium 2-
KetoGluconate i ) ) ) ) e A R e
Serrmind L= || |® | BB

* As reported by (Fusco et al , 2015)

** As reported by (Vos et al , 2009)

ND = not determined; NR = not reported

Orange text indicates that the results were different between the W. cibaria and W. confusa strains

e. Strain Specific Identification

Methods that can consistently identify the organism to the strain level differentiate it from other W.
cibaria strains and provide evidence that the finished product is definitively the CMU strain. OraPharm
developed a strain specific analysis performed by BioFACT Co. (Daejun, South Korea) using a
random amplification of polymorphic DNA-polymerase chain reaction (RAPD-PCR) method.

The RAPD-PCR pattern for the CMU strain from the master stock was compared to other Weissella
and W. cibaria strains and was then compared to five different production lots of CMU on a 3%
agarose gel (10 uL loading). The RAPD-PCR showed that CMU can be differentiated from other
Weissella and W. cibaria strains and that the production results had a consistent pattern compared to
the master stock of strain CMU (Appendix 3).

B. Manufacturing Processes

The manufacturer operates under good manufacturing practice applicable with Korean regulations,
and documentation for this cGMP certification is found in Appendix 4. OraPharm’s W. cibaria CMU is
produced in accordance with FDA Current Good Manufacturing Practices (cGMP) per 21 CFR Part
117.
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The manufacturing process includes rigorous testing of the final production batches to verify
adherence to quality control specifications and are manufactured consistent with cGMPs for food (21
CFR Part 117). There are hygiene management standards for tools, fermenters, and workplaces, and
the manufacturing process is managed by clean-in-place (CIP) procedures. The raw materials and
processing aids used in the manufacturing process are food grade and discussed in more detail in
Part 2.B.1.

The manufacturing process includes specific quality control steps to confirm genetic identity and limit
genetic drift by confirming the starter strain as W. cibaria CMU through 16S ribosomal DNA analysis
and maintaining the master stock. For long-term storage, stock cultures are maintained at -80°C in
MRS broth containing 20% glycerol. The quality of the W. cibaria CMU ingredient is routinely checked
during the production process to ensure that the genetic identity is consistent with that of the original
stock and the finished products are free of contaminants. Specifically, identification (microscopic
inspection, 16S rRNA), cell counts, and microbial purity (Coliforms, yeasts and molds, E. coli) are
performed, at the steps as indicated in Figure 3.

The manufacturing process is summarized in the flow charts provided in Figure 3. In brief, the seed
vial of Weissella cibaria CMU (Country of Origin: Republic of Korea) is first inoculated into a sterilized
liquid medium. The seed vial is obtained from the master stock and undergoes quality and identity
checks with 16S rRNA analysis. The precultured medium undergoes fermentation steps and is then
inoculated into the sterilized fermenter. Termination of the culture is induced by cooling. After the
termination of incubation, contamination and culture-condition is assessed (cell counts and microbial
purity for Coliforms, yeasts and molds, E. coli). The culture broth is then transferred to the centrifugal
facility through a drain-line. The transferred culture-broth is centrifuged and then the live microbial
pellet is mixed with the prepared cryoprotectant within the Vertical mixer. The live microbial mixture is
then freeze-dried within the freeze dryer and pulverized using a dry grinding process. Packing of the
products and samples are done separately using sanitized polyethylene bags, and the samples are
sent to the Quality Control (QC) department for quality analysis, which includes analysis for:
identification (microscopic inspection, 16S rRNA), cell counts, appearance, foreign substances, water
activity, microbial purity (Coliforms, yeasts and molds, E. coli), and heavy metals (lead, cadmium).
The QC approved product is then mixed/sieved with food grade excipients and stored in a low
temperature (0-4°C) warehouse ready for shipping.

[Remainder of page left intentionally blank]
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Figure 3. Manufacturing Process Flow Chart
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1. Raw Materials

All raw materials, processing aids, and additives used to manufacture W. cibaria CMU are listed in
Table 11. All substances used in the manufacture meet Korean food standards and are comparable
to FDA standards and of a purity suitable for the intended use.

Table 11. Ingredients Used in the Manufacturing Process

Component Purpose
Dextrose monohydrate Fermentation Media Ingredient
K;HPO, Fermentation Media Ingredient
MnSO4 Fermentation Media Ingredient
Potassium citrate Fermentation Media Ingredient
Sodium acetate Fermentation Media Ingredient
Soy peptone Fermentation Media Ingredient
Tween-80 Fermentation Media Ingredient
Yeast extract Fermentation Media Ingredient
Chicory root extract Cryoprotectant Ingredient
KH2PO4 Cryoprotectant Ingredient
Skim milk Cryoprotectant Ingredient
Processed Starch Excipient
(88% potato starch + 12% maltodextrin)

C. Product Specifications

The food grade specifications for W. cibaria CMU are summarized in Table 12, and conformance to
specifications and consistency of W. cibaria CMU manufacturing is demonstrated by the analyses of
five non-consecutive lots of commercially representative W. cibaria CMU. The analytical results for
the production lots are summarized in Table 13 and certificates of analysis are provided in Appendix
2.

Three representative production lots were analyzed for the presence of milk, soy, and gluten. The
allergen reports are provided in Appendix 5. Based on these results, gluten and soy were not
detected®; however, milk was detected in all three samples (Method Detection Limit = 1 ng/uL).
Therefore, the ingredient will be labeled with an allergen declaration for milk according to the Food
Allergen Labeling and Consumer Protection Act of 2004 (FALCPA).

Three representative production lots were analyzed for the presence of 245 pesticides, including B-
hexachlorocyclohexane (BHC), Dichlorodiphenyltrichloroethane (DDT), aldrin, dieldrin, and endrin.
As shown in Appendix 6, no pesticides were detected in the production samples. There is no reason

5 The limit of quantification for gluten was 5 mg/kg and the limit of detection for soy was 1 ng/pL.
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to expect future production lots would be any different, therefore, pesticides are not tested on every

lot.

The collection of these reports demonstrates that the substance is well characterized and meets the

established purity criteria.

Table 12. Food Grade Specifications for W. cibaria CMU

Physical and Chemical Specification .
! Parameters (Accept:ble Target/Range) Analytical Method
Identity Confirm as strain CMU 165 rRNA sequencing
Appearance Yellowish white powder with Organoleptic
no off-taste and off-flavor
Viable cell count (CFU/g) NLT 1.0 x 10° KHFSC 4/3/3-57 (IS0 27205:2010)
Moisture (%) NMT 5.0 KFSC 8/2/12.1/12.1.1 (AOAC 941.14)
Ash (%) NMT 2.0 KFSC 8/2/12.1/12.1.2 (AOAC 900.02)
Heavy Metals
Lead (mgl/kg) NMT 1.0 KHFSC 8/9/9.1 (AOAC 2013.06)
Cadmium (mg/kg) NMT 0.3 KHFSC 8/9/9.1 (AOAC 2013.06)
Arsenic (mglkg) NMT 1.0 KHFSC 8/9/9.1 (AOAC 2013.06)
Mercury (mglkg) NMT 0.5 KHFSC 8/9/9.1 (AOAC 2013.06)
Microbiological Limits
Coliforms (CFU/g) Negative KHFSC 8/4/4.7 (AOAC 991.14)
Yeast and Mold (CFU/g) NMT 100 KFSC 7/4/4.10 (AOAC 2002.11)
E. coli (Per 25 g) Negative KFSC 7/4/4.8 (AOAC 991.14)
Salmonella (Per 25 g) Negative KFSC 7/4/4.15 (AOAC 989.14)
Listeria (Per 25 g) Negative KFSC 7/4/4.15 (AOAC 998.08)
S. aureus (CFUlg) Negative KFSC 7/4/4.21 (AOAC 975.55)

AOAC — Association of Official Agricultural Chemists; CFU — Colony Forming Unit; g — gram; ISO — International
Organization for Standardization; KFSC — Korean Food Standards Codex; KHFSC — Korean Health Functional Food
Standards Codex; kg — kilogram; mg — milligram; NA — Not applicable; NLT — Not less than; NMT — Not more than

Table 13. Analytical Results for W. cibaria CMU

Physical and Specification

: : Lot Ci11- | Lot Cl11- | Lot CIM1- | Lot CH1- | Lot Cl11-
Chemical (Acceptable Analytical Method 0115N 0116N 0117N 0362N 0366N
Parameters Target/Range)
Identity Confirm as strain 16S rRNA Confirmed | Confirmed | Confirmed | Confirmed | Confirmed
CMU sequencing
Appearance Yellowish white Organoleptic Yellowish | Yellowish | Yellowish | Yellowish | Yellowish
powder with no off- white white white white white
taste and off-flavor powder powder powder powder powder
Viable cell count NLT 1.0 x 102 KHFSC 4/3/3-57 | 1.2x 10" | 1.5x10" | 1.5x 10" | 1.5x 10" | 1.1 x 10"
(CFUIg) (1SO 27205:2010) CFUlg CFU/g CFUlg CFUIg CFU/g
Moisture (%) NMT 5.0 KFSC 8/2/2.1/2.1.1 3.8 2.85 3.05 3.03 3.34
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Physical and Specification
PChemicaI (Acceptable Analytical Method Lgt1 1C‘,.:L1_ Lgt1 :I{I;::- Lgt1 f_:::_ Lg;g;;“- LE;E;L1_
arameters Target/Range)
(AOAC 941.14)
Ash (%) NMT 2.0 KFSC 8/2/12.1/12.1.2 0.6 1.30 1.16 1.29 1.29
(AOAC 900.02)
Heavy Metals
Lead (mg/kg) NMT 1.0 KHFSC 8/9/9.1 0.01 0.01 0.02 0.0107 0.0096
(AOAC 2013.06)
Cadmium (mg/kg) NMT 0.3 KHFSC 8/9/9.1 0.04 0.05 0.04 0.0398 0..0383
(AOAC 2013.06)
Arsenic (mg/kg) NMT 1.0 KHFSC 8/9/9.1 0.00 0.00 0.01 0.0067 0.0048
(AOAC 2013.06)
Mercury (mg/kg) NMT 0.5 KHFSC 8/9/9.1 ND ND ND 0.0016 0.0022
(AOAC 2013.06)
Microbiological Limits
Coliforms (CFUIg) Negative KHFSC 8/4/4.7 Negative | Negative | Negative | Negative | Negative
(AOAC 991.14)
Yeast and Mold NMT 100 KFSC 7/4/4.10 Negative | Negative | Negative | Negative | Negative
(CFUIg) (AOAC 2002.11)
E. coli (per g) Negative KFSC 7/4/4.8 Negative | Negative | Negative | Negative | Negative
(AOAC 991.14)
Salmonella Negative KFSC 7/4/4.15 Negative | Negative | Negative | Negative | Negative
(CFUIg) (AQAC 989.14)
Listeria Negative KFSC 7/4/4.15 Negative | Negative | Negative | Negative | Negative
monocytogenes (AOAC 998.08)
(CFUlg)
S. aureus (per g) Negative KFSC 7/4/4.21 Negative | Negative | Negative | Negative | Negative
(AOAC 975.55)

AOAC — Assaciation of Official Agricultural Chemists; CFU — Colony Forming Unit; g — gram; ISO — International Organization for
Standardization; KFSC — Korean Food Standards Codex; KHFSC — Korean Health Functional Food Standards Codex; kg — kilogram; mg —
milligram; NA — Not applicable; NLT — Not less than; NMT — Not more than

D. Physical or Technical Effect

The substance will be used to provide a dietary source of W. cibaria CMU as a food ingredient to
selected conventional foods.

E. Stability Data

OraPharm completed stability studies of W. cibaria CMU (oraCMU) for 48 weeks at 4°C, 25°C, and
for 8 weeks at 40°C. The stability results shown in Figure 4 were conducted with the finished product
in an aluminum pouch under the conditions of 36.5+5% relative humidity. Results indicate W. cibaria
CMU is stable for up to 48 weeks at refrigerated and ambient temperature.
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Figure 4. Stability Data of W. cibaria CMU Lyophilized Commercial Product Stored in Various
Conditions for 48 weeks.

PART 3. DIETARY EXPOSURE

A. Proposed Uses

OraPharm’s W. cibaria CMU is intended for use as an ingredient in yogurt, frozen desserts (dairy,
ices, sorbets and sherbets) and mixes, hard candy and chewing gum with an intended use level of 1 x
108 CFU per serving throughout the shelf life of the products. One gram of OraPharm’s W. cibaria
CMU provides at least 1.0 x 108 CFU. OraPharm considers that the initial addition level of W. cibaria
CMU in the products may be as high as 8.0 x 10° CFU per serving to allow for loss of viability over
time and the intended use levels may vary by food category. Use in hard candy and chewing gum
would require the highest overage while use in frozen desserts and yogurt would likely be 5.0 x 108
CFU and 2.0 x 108 CFU per serving, respectively.

B. Estimated Dietary Intake (EDI)

The EDI of W. cibaria CMU is estimated using the proposed intended use levels and food intake of
those foods as reported by National Health and Nutrition Examination Survey (NHANES) 2017-2018
survey (CDC, 2020). The Per Capita data reported includes all survey participants, while Consumer-
only data represents high users as the intake of the food was reported at least one of the two days of
the survey. The Consumer-only data is considered to a high use scenario and is utilized for
calculation of the EDI.
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The EDI of yogurt, frozen desserts (dairy, ices, sorbets and sherbets) and mixes, hard candy
(including mints) and chewing gum are shown in Table 14, Table 15, and Table 16, respectively. The
food codes utilized to estimate these intakes are provided in Appendix 7.

Table 14. Daily Intake of Yogurt (2017-2018 NHANES)

Grams per Day Intake Grams/kg bw/Day
Age Group Gender Mean Perig:tile N Mean Per?:gl:ll tile

Infants Male 53.90" 137 49" 20 5.96" 13.95"

Infants Female 44 32¢ 61.23" 19 5.06" 6.99"
Children (1-5 years) Male 77.01 122.31 93 490 8.89
Children (1-5 years) Female 91.87 169.39 89 2.44 11.50
Children (6-11 years) Male 73.59 138.07* 53 2.36 432"
Children (6-11 years) Female 82.20 145.70 82 2.38 414
Teenage (12-18 years) Male 103.41* 133.16* 13 1.44* 1.85"
Teenage (12-18 years) Female 121.29* 192.26* 28 203" 3.14*
Adults (19+ years) Male 111.33 192.65 156 125 2.34
Adults (19+ years) Female 102.32 179.26 296 1.33 2.34
All ages Total Population 98.38 179.55 849 1.93 2.89

"Indicates an intake estimate that may not be statistically reliable as the sample size does not meet minimum reporting
requirements (mean n<30; percentile 90 n<80); bw = body weight; kg = kilogram; N = the number of individuals reporting eating
the food during the two-day survey.

Yogurt intake at the 90™ percentile may not be statistically reliable for infants, male children aged 6-
11 years and male and female teenagers due to low reporting humbers.

Table 15. Daily Intake of Frozen Desserts (2017-2018 NHANES)

Grams per Day Intake Grams/kg bw/Day
Age Group Gender Mean Perig:tile N Mean Per?:g: tile

Infants Male 24 .31* 43.03" ] 2.59* 4.19*

Infants Female 27 .65 56.30" 8 3.30% 6.66"
Children (1-5 years) Male 46.84 72.93" 17 2.68 445"
Children (1-5 years) Female 55.17 124.71 103 3.34 6.84
Children (6-11 years) Male 70.46 121.22 107 2.14 3.56
Children (6-11 years) Female 81.2 163.29 142 2.21 452
Teenage (12-18 years) Male 84.09 151.39 88 1.13 2.06
Teenage (12-18 years) Female 100.91 190.87 120 1.54 3.08
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Grams per Day Intake Grams/kg bw/Day
9(Qth 90t
Age Group Gender Mean Percentile N Mean Percentile
Adults (19+ years) Male 98.31 179.43 427 1.05 2.16
Adults (19+ years) Female 77.53 157.57 469 1.01 2.06
All ages Total Population 83.68 159.96 1546 1.17 293

The survey data shows that reporting of consumption of frozen desserts provides statistically reliable

“Indicates an intake estimate that may not be statistically reliable as the sample size does not meet minimum reporting
requirements (mean n<30; percentile 90 n<80); bw = body weight; kg = kilogram; N = the number of individuals reporting eating
the food during the two-day survey.

estimates for all populations other than infants and male children ages 1-5 years at the 90™"
percentile.

Table 16. Daily Intake of Hard Candy and Chewing Gum

Grams per Day Intake Grams/kg bwi/Day
Age Group Gender Mean p 0 . N Mean 0" .
ercentile Percentile

Infants Male 0 0 0 0 0
Infants Female 10.50% 10.50" 1 1157 1.15"
Children (1-5 years) Male 7.06 13.42* 42 0.39 0.88*
Children (1-5 years) Female 5.36 943" 39 0.28 0.54*
Children (6-11 years) Male 11.85 35.72* 92 0.39 0.99*
Children (6-11 years) Female 12.26 37.64" 69 0.36 0.95%
Teenage (12-18 years) Male 5.81 13t 35 0.1 017"
Teenage (12-18 years) Female 9.11 1712 58 0.15 0.31*
Adults (19+ years) Male 7.78 23.73 128 0.09 0.25
Adults (19+ years) Female 486 10.73 187 0.06 0.15
All ages Total Population 719 14.63 611 0.1 0.23

“Indicates an intake estimate that may not be statistically reliable as the sample size does not meet minimum reporting
requirements (mean n<30; percentile 90 n<80); bw = body weight; kg = kilogram; N = the number of individuals reporting eating
the food during the two-day survey.

The survey data shows that only adult and total populations at the 90™ percentile reported
consumption of hard candy and chewing gum at a sample size large enough to be considered
statistically reliable.

The usage of W. cibaria CMU in the foods utilized for intake calculations are as follows:

2 mg per 170 gram serving of yogurt
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e 5 mg per 150 gram serving of frozen dessert

e 80 mg per 3 gram serving of hard candy/mints/chewing gum. The reference amount
customarily consumed (RACC) per 21 CFR § 101.12 for breath mints varies from 2-5 grams
depending on the type, while the RACC for chewing gum is 3 grams. For calculation purposes
a 3-gram serving size was utilized.

Utilizing the estimated intake of food by the Consumer-only data, the intended use of W. cibaria CMU
in these foods based on the estimated overages used and assuming all of these foods consumed
contain W. cibaria CMU a high intake scenario is provided in Table 17. The estimates for infants are
excluded as these are not statistically reliable due to expected low numbers reporting consuming the
food and the intended use is in foods that are not targeted to infants.

Table 17. Estimated Daily Intake of W. cibaria CMU

Intake
Population intake (mg/day) (mglkg bw/day)
Mean 90th Percentile Mean 90t Percentile
Children, male (1-5 years) 190.27 360.85 10.52 23.66
Children, female (1-5 years) 14550 256.99 7.62 14.73
Children, male (6-11 years) 31842 955.81 1047 26.50
Children, female (6-11 years) 329.78 1008.36 9.68 2547
Teens, male (12-18 years) 158.56 196.25 2.71 461
Teens, female (12-18 years) 24711 464.00 4.07 8.39
Adults, male (19+ years) 211.53 639.45 244 6.75
Adults, female (19+ years) 133.06 292.77 1.65 4.09
All ages, total population 195.20 396.59 2.98 6.24

bw = body weight; mg = milligram; kg = kilogram

The highest usage rate is in the hard candy/mints/chewing gum and accounts for high amounts of
intake in the calculation, especially for male and female children ages 6-11 years; however, only the
adult and total populations at the 90" percentile reported consumption at a sample size large enough
to be considered statistically reliable. Therefore, while the female children ages 6-11 years population
has the highest intake on a mg/day basis, and the male children ages 6-11 years population has the
highest intake on a mg/kg bw/day basis; these estimates are not considered statistically reliable.
Therefore, all ages, total population is reasonable to utilize for the EDI.

Using all ages, total population, the 90" percentile intake is 397 mg/day. Using the specification of not
less than 1x10° CFU per gram, the EDI in terms of CFU per day is 3.97 x 108. On a body weight
basis, intake is 6.24 mg/kg bw/day, or 6.24 x 108 CFU/kg bw/day. Similarly, for male children (6-11
yr), who are estimated to consume the highest amount per kg bw, the EDI is 2.65 x 10" CFU/Kkg
bw/day. These high intake scenarios are unlikely in that they assume that all of the foods consumed
contain W. cibaria CMU at the highest amount.
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C. Estimated Dietary Exposure to Any Other Substance That is Expected to be Formed In or
On Food

Not applicable.

D. Dietary Exposure to Contaminants or Byproducts

Potential contaminants of OraPharm’s W. cibaria CMU include microbes and heavy metals. The
specifications set for OraPharm’s W. cibaria CMU place limits on the maximum permissible levels of
these impurities to assure an acceptable final product. The analytical batch data for five different
manufacturing lots document quality control of the final product and demonstrate that the ingredient
consistently meets these specifications (Table 13).

As discussed in Part 2.C, allergen testing identified the presence of milk. In accordance with labeling
requirements under The Food Allergen Labeling and Consumer Protection Act of 2004 (FALCPA),
milk will be declared on product labeling. Allergen testing reports are provided in Appendix 5.

PART 4. SELF-LIMITING LEVELS OF USE

There are no inherent self-limiting levels of use for W. cibaria CMU.

PART 5. EXPERIENCE BASED ON COMMON USE IN FOOD BEFORE 1958

The statutory basis for the conclusion of the GRAS status of W. cibaria CMU in this document is
based on scientific procedures in accordance with 21 CFR 170.30(a)(b). Therefore, experience based
on common use in food before 1958 does not apply. A discussion of the history of safe consumption
of W. cibaria CMU is discussed in Part 6.

PART 6. NARRATIVE

A. History of Safe Consumption and Other Information On Dietary Exposure

Bacteria from the Weissella genus are commonly found in fermented foods that are traditionally
consumed. Bourdichon et al. (2012) include Weissella species in a 2011 list of microorganisms with
beneficial use and note the species are used for fermentation of meat, fish, cabbage (Kimchi),
cassava, and cocoa. The following publications cite numerous strains of Weissella species, including
W. cibaria that were identified from food sources (Chao et al., 2008; Chao et al., 2009; Chen et al.,
2012; Gonzélez-Quijano et al., 2014; Kopermsub and Yunchalard, 2010; Lan et al., 2009; Liu et al.,
2012; Moroni et al., 2011; Ono et al., 2014; Scheirlinck et al., 2007; Sengun et al., 2009; Hansen,
2011; Kang et al., 2016; Fessard and Remize, 2017; Vos et al., 2009):

e Fermented brines used to make stinky tofu
e Suan-tsai and fu-tsai (traditional fermented mustard food products in Taiwan)
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e Jiang-gua (traditional fermented cucumber food product in Taiwan)

e Fermented jalapefio pepper (Capsicum annuum L.)

e Plaa-som (traditional fermented fish product in Thailand)

e Yan-dong-gua (traditional fermented wax gourd food product in Taiwan)

e Douchi (traditional Chinese salt-fermented soybean food)

e Spontaneously-fermented buckwheat and teff sourdoughs

e Nukadoko (fermented rice bran mash traditionally used for pickling vegetables in Japan)

e Traditional Belgian sourdoughs

e Tarhana (traditional Turkish fermented food made from spontaneously fermented yogurt and
wheat flour)

e Kimchi

e Dahi (Indian yogurt like product)

e ltalian cheese

e Gari, Attieke, Lafun (cassava)

e Ham and processed meat

W. cibaria was identified in the International Dairy Federation (IDF) bulletins for microbial food
cultures used in fermented food products. The IDF notes that the genus Weissella was introduced in
1993 for some species previously belonging to the Leuconostoc mesenteroides species group and
Weissella species are used for fermentation of meat, cabbage (Kimchi), cassava, and cacao
(International Dairy Federation, 2012). W. cibaria is specifically noted with food usage in vegetables
dating to 2002 and taxonomy dating to 2002 (International Dairy Federation, 2012; International Dairy
Federation, 2018).

W. cibaria strains are reported to be in foods commonly consumed (Chao et al., 2008; Scheirlinck et
al., 2007; Chao et al., 2009). For example, Scheirlinck et al. (2007) reported the taxonomic
distribution of LAB found in different traditional sourdough breads. The range of LAB reported was
107 to 10° CFU per gram sourdough (from LAB counts on MRS-5 agar), and the prevalence of W.
cibaria was found to be 6%. Based on the assumption of the reference amount customarily consumed
(RACC) for different bread products ranges from 50-110 grams per serving, the estimated amount of
W. cibaria intake is roughly up to 6.6 x 10° CFU per serving of sourdough consumption®. Based on
this, the intended use levels of W. cibaria CMU at inputs of up to 8.0 x 10° CFU per serving is not
unreasonable compared to the amount one might consume in a serving of sourdough.

6 Calculated as follows (authors also reported as log CFU/g which is not included in this table):
LAB Counts W. cibaria

CFU/g prevalence W. cibaria /1 g W. cibaria /50 g W. cibaria /55 g W. cibaria /110 g
1.00E+07 6% 6.00E+05 3.00E+07 3.30E+07 6.60E+07
1.00E+09 6% 6.00E+07 3.00E+09 3.30E+09 6.60E+09
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1. U.S. Regulatory History
a. GRAS Status

No Weissella cibaria strains have been submitted to FDA through the GRAS notification procedure in
the U.S. A search of the FDA GRAS database’ revealed no notifications for the genus or species.
One notification was identified for the search term “Leuconostoc” which was also searched as it is
noted as a previous designation for Weissella in the IDF; the information for this ingredient is shown
in Table 18. FDA received this Notice on April 28, 2020, and on April 19, 2021, issued a letter
indicating that FDA had no questions regarding the GRAS determination (FDA GRN 936, 2021).

Table 18. Summary of FDA GRAS Inventory’

Substance ELL Intended Use Use Rate £ ampany
Closure Date Reference
Leuconostoc carnosum DSM GRN 936 Intended for use to inhibit the Use at levels up to Chr. Hansen, Inc.
32756 Apr. 19, 2021 | spoilage of raw cured meat 102 CFU/g of bacon FDA GRN 936
products including but not limited (2021)
to cured ham and bacon
throughout its shelf-life

1 GRAS notifications presented here received a letter of “no questions” from FDA
GFU — colony forming unit; g — gram; GRN — GRAS notification

2. European Regulatory

The EFSA Panel on Biological Hazards (BIOHAZ) evaluates microbial species to determine whether
they would recommend the species for Qualified Presumption of Safety (QPS) status. EFSA has not
reviewed Weissella species to date® (BIOHAZ, 2021).

While EFSA has not reviewed W. cibaria, in general, the EFSA process to obtain QPS status
considers the following:

Establishing a QPS status is based on four pillars: [1] the taxonomic grouping for which QPS is
sought (‘taxonomic identification’); [2] whether sufficient information is available about the
proposed group of organisms to conclude on human/animal exposure by food/ffeed (‘body of
knowledge’); [3] whether the grouping proposed contains known pathogens (‘safety’) and, finally,
[4] the intended end use (‘intended use’). If a hazard related to a TU is identified, which can be
tested at the strain or product level, a ‘qualification’ to exclude that hazard may be established.
The subject of these qualifications for the microbial strain under investigation is evaluated by the
EFSA Unit to which the application dossier has been allocated. Absence of acquired genes

7 GRAS inventory available online at: hitps://www accessdata fda gov/scripts/fdcc/?set=GRASNotices. GRN database search performed Jan. 04,
2022.
8 See: hitps://zenodo org/record/4498901# YL EmOKhK]3Q. Accessed May 28, 2021
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coding for resistance to antimicrobials relevant for humans and animals is a generic
qualification for all bacterial taxonomic units (BIOHAZ, 2021)

EFSA guidance required for QPS status was considered in the evaluation of strain CMU for GRAS
status.

3. Korean Regulatory History

Strain CMU is registered as a safe raw material by the Korea Food and Drug Administration (KFDA)
under code number A Ct 006800° and is found in several commercialized oral care live microbial

products in Korea (Kang et al., 2019). In Korea, food item manufacturing reports (other processed
products) are reported as containing oraCMU and W. cibaria CMU, and the raw material is listed as
an edible strain on the Food Ingredients DB of the Korea Food and Drug Administration.

According to OraPharm, the available commercialized products provide a daily intake of W. cibaria
CMU of 1 x 10° CFU to 2.4 x 10" CFU per day, and to date, there are no reports of adverse reactions
from distribution and sales. OraPharm reports that over 189,585 units of products containing strain
CMU were sold from February 17, 2017, to Nov 04, 2021, and no adverse events have been
reported. OraPharm provided the products and intake amounts presented in Table 19 and Table 20.

The intake amounts and rate of adverse events reported for the products commercially available in
South Korea are supportive of safe use.

Table 19. Comparison of the Intended Daily Intake of W. cibaria CMU and the Daily Intake of
the W. cibaria CMU in Korean Products

Intake/Product Material Commercial products
(Conventional foods)
Probio Denti OraDenti GreenBreath
(other processed (sugar processed (sugar processed
products) products) products)
Strain Weissella cibaria Weissella cibaria Weissella cibaria Weissella cibania
CMU CMU CMU CMU
Daily intake (CFU/d) 3.97 x 108 1.0x10° 1.2x 101 2.4 x 101
3 tablets 3 tablets

[Remainder of page left intentionally blank]

9 See http/iwww foodsafetykorea go kr/ffoodcode/01 03 jsp?idx=12135 Accessed February 22,2022

10 See hitps://'www _foodsafetykorea.go kr/portal/safefoodlife/foodMetenal/foodMeterial DB.do. Accessed June 01, 2021.
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Table 20. Distribution and Sales Status of Products Containing W. cibaria CMU as Available in
South Korea

_ _ W. cibaria CMU W. cibaria CMU
Food Category Intended Use Product Photos Product Name UseLevel (mplsrvi] Serving size Use-Level (CFU/d)
ey
e bn Sugar processed - 1~3 tablels per day 24x10"CFY/
Canventional Foods orcchct E q Green Breath 240 mg (1000 mg~3000 mg per day) 3 tablts cay
ing
. Sugar processed e " . 1~3 fablets per day 12 x 10" CFLY
Conventional Foods orichc Ora Denti 120mg (1000 mg~3000 ma per day) 3 abels day
Baby and Toddler Other processed B e 1 sachet per day 1.0x10° CFU/
Foods prodlicts Probio Denti 0mg (2000 mg per day) 1 sachetday
Other pracessed gt 1 sachet per day 1.0x 107 GFU/
Conventional Foods orudics Dental Care Biotics B0mg (2000 g perday) 1 sachetiday
=
Sugar processed " Gigeunuk Bifidus 1 ablet per day 6.4x 108 CFU
Conventional Foods products ',-L" I Denti Frash oy (800 mq per day) 1 tablet/day
.l
. Healthy Lactic acid
: Sugar processed ] ; . 1 tablet per day 6.4 10° CFL/
Conventional Foods oiuchics i bal:terralT:j;tlun for b4 mg (800 m per day) | taletday
-
G
Conventional Foods Utoer procesind i Eden Total Denti Care 64 mg 1kt por Oy B4R 1P G
products W . (800 mg per day) 1 tablet/day
{Other processed E Lactic acid bactena in 1 tablst per day 6.4 x 108 CFU/
Konysruoom oo olochich the Mouth 365 Wy (600 mg per day) ftabietday
e

[Remainder of page left intentionally blank]
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B. W. cibaria Strain CMU Safety Evaluation

1. Complete Genome Sequencing

As described in Part 2.A.3, the complete genome for W. cibaria CMU has been sequenced and
deposited in GenBank (accession number CP013936) and in the Korean Collection for Type Cultures
(accession number KCTC 10650BP) (NCBI GenBank, 2021; Kang et al., 2017). The complete
genome of strain CMU was evaluated for potential risk ranging from antibiotic resistance to toxin
production.

2. Assessment of Antibiotic Resistance
OraPharm evaluated W. cibaria CMU for antibiotic resistance through the following methods:

e A minimal inhibitory concentration (MIC) assay for 14 antibiotics, according to EFSA guidelines

e PCR Detection for known Antibiotic Resistance Genes (ARG)

e A genomic screening for ARGs Antibiotic Resistance Genes Database (ARDB) tool and the
Resistance Gene Identifier (RGI).

Taken together, there is no evidence that W. cibaria CMU harbors acquired antibiotic resistance.

a. Antibiotic Susceptibility Testing (AST)

The European Food Safety Authority (EFSA) has established microbiological cut-off values for
bacterial organisms based on the MICs determined using serial twofold dilution procedures in agar or
broth (EFSA FEEDAP Panel, 2018b). When MIC values for the novel strain are below or equal to the
Microbial Break Points (MBP) established by EFSA, this demonstrates that the novel strain follows
the typical resistance patterns intrinsic to the genus / species and does not have acquired
antimicrobial resistance. Intrinsic resistance refers to a type of resistance that is typical of the strains
within a species that is not horizontally transferable, whereas acquired resistance is believed to have
a greater risk because of the potential for horizontal gene transfer (HGT) within and between different
species (Mathur and Singh, 2005). In cases where MIC values exceed the breakpoints established by
EFSA, the organism should be evaluated further to determine potential risk of HGT.

Table 21 presents the MIC values for W. cibaria CMU compared to the EFSA values as reported by
Kang et al. (2019). There are no specific MIC breakpoints established by EFSA for Weissella species
(Quattrini et al., 2020; Kang et al., 2019). Therefore, Kang et al. (2019) compared the MIC values for
strain CMU to the Lactobacillus obligate heterofermentative species and reported that the MIC values
were equal to or lower than the EFSA cut-off values except for kanamycin. This is consistent with
another evaluation of multiple W. cibaria strains by Quattrini et al. (2020) that compared W. cibaria for
the EFSA values established for Lactobacillus / Leuconostoc from the 2012 publication (EFSA
FEEDAP Panel, 2012).
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Kang et al. (2019) reported that other commercially available Lactobacillus included in this analysis
demonstrated the same values for kanamycin compared to strain CMU, nonetheless, they further
evaluated the ability of strain CMU to transfer kanamycin and vancomycin resistance to donor strains
and found no evidence of resistance transferability.

W. cibaria strains are typically resistant to aminoglycosides (gentamycin, kanamycin and
streptomycin), but are susceptible to ampicillin, tetracycline and chloramphenicol (Quattrini et al.,
2020). Aminoglycoside resistance is common to 70-80% of lactic acid bacteria (Quattrini et al., 2020).
Intrinsic vancomycin resistance is also noted for Weissella species (Kamboj et al., 2015; Fusco et al,
2015; Quattrini et al., 2020). Quattrini et al. (2020) provided some evidence that aminoglycoside
resistance is intrinsic with a low risk of horizontal transfer. Investigators reported that no genes for the
most common mechanism for aminoglycoside resistance, aminoglycoside-modifying enzymes
(AMEs), were found in the genomes for the W. cibaria strains evaluated, and that mutations of the
ribosome or enzymatic modifications of the ribosome may be responsible for the resistance. Many
lactic acid bacteria show a natural reduced sensibility towards these antimicrobials since most of
them lack the complete pathway of ex-novo folic acid biosynthesis (the target of the sulphonamides)
(Quattrini et al., 2020). Quattrini et al. (2020) reported that the same MIC values were obtained for the
three commercial probiotic Lactobacillus strains that were used for comparison and that all Weissella
and Lactobacillus strains tested showed resistance to methicillin. A multidrug efflux pump related to
fosfomycin resistance was found in all W. cibaria genomes analyzed, as well as in strains of
Leuconostoc and Lactobacilli. Therefore, Quattrini et al. (2020) consider resistance to fosfomycin as
intrinsic. Abriouel et al. (2015) also found sulfonamide, methicillin resistance and fosfomycin
resistance in Weissella strains.

Table 21. Minimum Inhibitory Concentrations of Antibiotics for W. cibaria CMU

_ 5

2| 7 3 £ E E | _ | = o

- < < x = b= S E E = c

S|elg| 8| E| 5|83 8|5 |8 8|2z

s | 8| £ |5 | S| 8| 8|28 L5588

E|s[8|38 |5 | 8|5 |=2|8|£|&8[=2|5]|S

MIC pg/mL
Max. | Max. | Max. | Max | Max | Max | Max | Max | Max | Max | Max | Max | Max | Max

W. cibaria CMU! 05 | >256 16 128 64 003 | 003 8 4 32 8 16 £ 2
W. cibaria CMS11 05 | =256 4 32 16 003 | 003 4 4 16 4 8 2 1
W. cibaria CMS22 05 | >256 4 32 16 003 | 003 4 4 8 4 8 2 1
W. cibaria CMS32 05 | >256 4 64 16 006 | 003 4 4 16 4 16 2 1
L. reuteriLr? 05 256 8 128 32 025 | 003 4 4 8 4 8 4 2
L. salivarius s* 05 | >256 8 128 32 003 | 003 1 2 2 05 05 1 056
L. rhamnosus GG® 1 >256 8 32 8 003 | 003 | 025 1 256 01 01 0.25 05
E. faecalis ATCC 292126 1 2 256 256 | >256 2 16 32 4 4 8 2 1 2
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MIC pg/mL
Max. | Max. | Max. | Max Max Max. | Max Max Max Max Max. | Max Max Max.
W. cibaria CM17 S (<4) R (>16)|R (>64)|R (>64) S(<8)| S (=4)
W. cibaria CM67 S (=4) R (>16)|R (>64)[R (>64) S(<8) | S (=4)
W cibaria CM107 S (=4) R (>16)|R (>64)[R (>64) S(=8)| S (=4)
W cibaria CM187 S (=4) R (>16)|R (>64)(R (>64) S(=8) | S(=4)
W. cibaria CM347 S(=4) R (>16)|R (>64)|R (>64) S(=8)| S (=4)
W. cibaria CM237 S (=4) R (>16)|R (>64)|R (>64) S(=8)| S (=4)
W. cibaria CM327 S (=4) R (>16)|R (>64)[R (>64) S (<8) | S (=4)
W. cibaria CM97 S (=4) R (>16)|R (>64)|R (>64) S(=8)| S (=4)
W. cibaria CM197 S (=4) R (>16)|R (>64)|R (>64) S(=8)| S (=4)
W. cibaria CM277 S(<4) R (>16)|R (>64)|R (>64) S(=8)| S(=4)
Lactobacillus Obligate
Heterofermentative® 2 N 16 (32(64)) 64 1 1(4) 8 4 (NR)
Leuconostoc? 2 NR 16 16 64 1 1 8 (NR)
L. reuter® 2 NR 8 64 64 1 1(4) [16(32) 4 (NR)
Lactobacillus facultative
heterofermentative 4 NR 16 64 64 1 1(4) 8 4 (NR)
(L. salivarius)®
L. rhamnosus® 4 NR 16 64 32 1 1(4) 8 4 (NR)
Enterococcus® 2 4 32 1024 | 128 4 4 4 16 (NR)
1 As reported by Kang et al. (2019)
2 As reported by OraPharm

3 As reported by Kang et al. (2019): L. reuteri isolated from a commercial product {Sweden)

4 As reported by Kang et al. (2019): L. salivarius isolated from a commercial product (Japan)

5 As reported by Kang et al. (2019): L. rhamnosus GG (KCTC 5033)

5 As reported by Kang et al. (2019): E. faecalis ATCC 29212

7 As reported by Quattrini et al. (2020): S = susceptible (defined as MIC < breakpoint (MBP in parentheses); R = resistance (defined as MIC > breakpoint (MBP in
parentheses)

8 EFSA taxonomy reflects genus name prior to publication of the taxonomy reclassification by Zheng et al. (2020). Any values that changed as reported by EFSA
FEEDAP Panel (2018a) are noted in the footnotes as appropriate.

MBP as reported in EFSA (2012). Any values that changed as reported in EFSA (2018) are presented in parentheses (). Green text indicates values are at or below the
MBP; red text indicates values are above the MBP

Hg = microgram; mL = milliliter; MBP = Microbial Break Point; MIC = minimal inhibitory concentrations; ND = not determined; NR = not required

b. Genomic Assessment of Antibiotic Resistance Genes

Genomic screening for 28 known antibiotic resistance genes (ARG) (including KAN) was completed
using a PCR analysis as reported by Kang et al. (2019). No ARGs in the chromosome and plasmid
DNA of W. cibaria strain CMU were identified in OraPharm’s analysis of CMU as confirmed in Kang et
al. (2019).
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Kang et al. (2019) concluded that “in this study, W. cibaria CMU and CMS1 strains were found to be
safe strains because they did not have ARGs, antibiotic resistance transferability, or virulence factors,
indicating that the safety of this species was strain-specific.” In the ARDB “resisGenes List” provided
by OraPharm, kanamycin, fosfomycin, methicillin, and VanZ were included in this assessment.
Further, it is important to note that although the organism is resistant to kanamycin in the MIC test,
kanamycin and vancomycin resistance of the CMU strain is not transferable, as demonstrated by lack
of transconjugants in a transfer test performed with Lactobacillus rhamnosus (a recipient strain that is
susceptible to kanamycin) and E. faecalis (an organism with high vancomycin sensitivity) (Kang et al.,
2019). As described in Kang et al. (2019), the amplicon for a conjugative transposon integron-specific
genes on chromosome and plasmid were not found in the analysis for strain CMU.

The ARDB and Resistance Gene Identifier (RGI) were also used to analyze strain CMU for antibiotic
resistance genes (Alcock et al., 2020; McArthur et al., 2013). RGI utilizes BLAST (Basic Local
Alignment Search Tool) to predict complete resistomes from genomic and metagenomic data. The
RGI database is regularly updated to ensure it contains the most current mechanisms of antibiotic
resistance as identified in primary peer-reviewed literature. This database is a high-quality resource to
evaluate the molecular basis of antimicrobial resistance and provides curated reference sequences
and resources to analyze genome sequences (Jia et al., 2017; McArthur et al., 2013).

As reported by Kang et al. (2019) the analysis protocol used was described as follows:

similar to the analysis protocol provided by ARDB (http://ardb.cbcb.umd.edu/index.html), and the
analysis proceeded without arbitrary adjustment values. CARD BLAST and RGI
(https://card.mcmaster.ca/analyze/rgi) were also used for genome-based analysis of ARGs

The ARDB evaluation analyzed 7828 ARGs and used an E value of 1 x 10 19 as the cutoff reference
value, and included kanamycin, fosfomycin, methicillin, and vancomycin. The RGI analysis included
26 genomes registered in NCBI GenBank, including strain CMU chromosome (Filename = GenBank:
CP013936.1) and strain CMU plasmid (Filename = GenBank: CP013937.1). The ARDB analysis
showed that “no genes in W. cibaria strains [CMU] were homologous (% identical) at the
chromosome and plasmid levels”. The RGI analysis also did not identify any ARGs for W. cibaria
CMU.

3. Assessment of Antimicrobial and Secondary Metabolites

It is important to demonstrate that a live microbial strain does not produce antimicrobial substances
that are used in medical or veterinary medicine. It is also important to demonstrate that CMU would
not alter the normal microflora in a way that might provide an environment of selective pressure for
antibiotic resistance gene acquisition (Pariza et al., 2015).

W. cibaria is reported to have antimicrobial activity and can produce a variety of antagonistic
substances, including organic acids, bacteriocins, exopolysaccharides (EPS), and hydrolytic enzymes
(Abriouel et al., 2015; Fessard and Remize, 2017).
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Lim et al. (2018) investigated the antimicrobial activity and metabolite production for the cell-free
supernatant (CFS) of strain CMU, reporting the production of organic acids and secreted proteins.
CMU was found to produce hydrogen peroxide (H202) and had an H202-dependent inhibitory effect
on oral bacteria P. gingivalis and P. intermedia. Jang et al. (2016) also confirmed the ability of strain
CMU to produce H202 and inhibit growth of S. mutans, Streptococcus sobrinus, Fusobacterium.
nucleatum, and Porphyromonas gingivalis. HPLC analysis confirmed the presence of lactic, acetic,
and citric acids in the CFS and found inhibition of P. gingivalis, P. intermedia, and F. nucleatum in the
presence of these acids (Lim et al., 2018). Oleic acid was also identified in this study and noted as
having potential for antibacterial activity. Other substances were identified, including N-
acetylmuramidase (lysozyme), and bacteriocins were also noted as potentially present (Lim et al.,
2018). As shown in Part 6.B.4.b, CMU is not toxic to KB human mouth epithelial cells in vitro,
indicating that concentrations of secondary metabolites that may be secreted by the organism are not
high enough to cause toxicity to cells lining the human mouth.

While production of certain compounds might inhibit potentially pathogenic bacteria and therefore are
a desirable trait for a live microbial, there could also be detrimental impacts on the normal, healthy
flora. Therefore, OraPharm has conducted a study in vitro to determine the ability of W. cibaria CMU
to inhibit growth of L. acidophilus, L. fermentum, and L. reuteri. The different species were mixed in
the same amounts and cultured for 24 h. As a result of measuring the number of bacteria after 8 h
and 24 h, respectively, CMU did not affect the growth of other common Lactobacillus strains
(Appendix 8).

Based on this, there is no evidence that strain CMU has a negative impact on normal, healthy flora
and combined with the toxicity data and clinical data discussed in Part 6.B.9 and Part 6.B.10, there is
no reason to believe that strain CMU produces any compounds that pose a safety concern.

4. Assessment of Virulence

a. In silico Assessment

If a novel bacterial strain belongs to a taxonomic group with pathogenic or virulent potential, it is
important to demonstrate a lack of virulence factors (Sanders et al., 2010). The literature for
Weissella species does indicate some potential for virulence factors, including hemolysin genes,
collagen adhesion genes, platelet associated adhesion genes, and mucus-binding protein genes
(Abriouel et al., 2015; Quattrini et al., 2020). Therefore, strain CMU was thoroughly evaluated for any
virulence factors or toxin production.

The assessment reported by Kang et al. (2019) using a publicly available web-based tool for WGS
analysis hosted by the Center for Genomic Epidemiology (CGE) concluded that no virulence factors
were present for the categories: “Shiga-toxin genes for E. coli, Virulence genes for E. coli, Virulence
genes for Listeria, Exoenzyme genes for S. aureus, Toxin genes for S. aureus, Hostimm genes for S.
aureus, Virulence genes for Enterococcus”. The search for virulence factors in W. cibaria CMU was
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completed using the VirulenceFinder 2.0 Server, a component of the CGE'! (Appendix 9). The
database detects homologous sequences for the virulence genes related to E. coli, Enterococcus,
Listeria, and Staphylococcus aureus in WGS data (Joensen et al., 2014). The output consists of best-
matching genes from BLAST analysis of the selected database against the submitted genomes of W.
cibaria CMU. The selected %ID threshold was set at 90% and the selected minimum length at 60%.
In the event of a matching result, the output would show information on the predicted virulence gene,
the %ID, the length of query and database gene, the position of the hit in the contig, and the
accession number of the hit. The genome sequence of W. cibaria CMU was compared with the
genome sequences of four well-known pathogens (E. coli, Enterococcus, Listeria, and
Staphylococcus aureus). The virulence factors included E. coli Shiga toxin gene and S. aureus
exoenzyme genes, host immune alteration or evasion genes, and toxin genes.

No virulence factors were found in the genomic sequence of W. cibaria CMU (Table 22). This result
shows that the genomic sequence of W. cibaria CMU does not include toxic or pathogenic genes
related to E. coli, Enterococcus, Listeria, or S. aureus.

Table 22. Virulence gene analysis of W. cibaria CMU

Virulence Genes W. cibaria CMU
Shiga-toxin genes for E. coli None found
Virulence genes for E. coli None found
Virulence genes for Listena None found
Exoenzyme genes for S. aureus None found
Toxin genes for S. aureus None found
Hostimm genes for S. aureus None found
Virulence genes for Enterococcus None found

OraPharm also used the Gapped BLAST and PSI-BLAST to determine whether W. cibaria CMU has
hemolysin genes or other virulence genes (Altschul et al., 1997; Schaffer et al., 2001).. BLASTP
2.3.0+ analysis was used for hemolysins. The database queried was contig1.faa, which consisted of
2126 sequences. Queries were specifically performed for B. cereus (tripartite hemolysin BL
component L2, tripartite hemolysin BL component L1, tripartite hemolysin BL component B, CytK
(partial) and cereulide peptide synthetase (partial)) and B. cytotoxicus (NheA, NheB, NheC). The
results of this analysis showed no matches for any of the hemolysins with the exception of three
sequences producing significant alignments with cereulide peptide synthetase (partial). The
databases contig2.faa, which included 23 sequences and 3,858 total letters and contig3.faa which
included 3 sequences and 434 total letters also were queried for all of the hemolysins mentioned
above (including cereulide peptide synthetase (partial)) and no matches were found (Table 23).

11 See hitp://www.genomicepidemiology.org/. Accessed May 05, 2021.
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The Gapped BLAST and PSI-BLAST indicated that there were no hemolytic genes in W. cibaria
CMU. In addition, the CMU genome was evaluated for a diarrhea-type toxin using enterotoxin and an
emetic-type cereulide toxin. There was no homology with the diarrhea-type toxin, and the emetic toxin
had a low homology of about 23-27% (identity%). Therefore, it was confirmed that W. cibaria CMU
does not have toxin genes. Because results of the hemolysin analysis suggest the potential for
cereulide peptide synthetase production, additional hemolysin analysis was performed.

Strain CMU was evaluated for B-hemolytic activity and was found to display no hemolysis in a 5%
sheep blood agar assay, indicating that this strain lacks B-hemolysis activity (Kang et al., 2019).

While the in silico analysis disclosed the potential for production of cereulide peptide synthetase, the
in vitro analysis for hemolysis was negative and the sheep blood agar assay were negative, indicating
that strain CMU does not possess hemolytic activity.

Table 23. Toxin Evaluation of Diarrheal and Emetic Type Food Poisoning

Toxin gene Genelprotein Accession number W. cibaria CMU
Hemolysin BL (HBL) hbIC/L2 Accession; AY822584.1 None found
hbD/L1 None found
hbIA/B None found
Nonhemolytic enterotoxin nheA/A Accession: DQ885236.1 None found
(NHE) nheB/B None found
nheCIC None found
Cytotoxin (CytK) CytKICytK Accession: KP409163.1 None found
Emetic toxin (Cereulide) ceslces Accession: AY691650.1 None found

b. Cytotoxicity Assay

As discussed in Part 6.B.3, Weissella species can produce a variety of secondary substances that
are toxic to cells (Abriouel et al., 2015; Fessard and Remize, 2017). For novel microorganisms, it is
important to establish that the strain is not toxic or hazardous.

Therefore, OraPharm performed a study to determine if CMU is toxic to KB human mouth epithelial
cells in vitro (Kang et al., 2011). The cells were incubated with live W. cibaria at various
concentrations (margin of exposure of 10, 100, 1,000) for 24 h. The specific numbers of cells added
to the cultures were not stated. Cytotoxicity was assessed by an MTT ((3-[4,5-dimethylthiazol-2-yl]-
2,5 diphenyl tetrazolium bromide) assay. This assay is based on the conversion of MTT into formazan
crystals by living cells, which determines mitochondrial activity. Cell viability was = 95% of the
untreated control in all test conditions, indicating lack of toxicity of W. cibaria to the cells. The results
indicate that the strain would not cause toxicity to cells lining the human mouth, even if in contact for
24 h.
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5. Biogenic Amine Production

Biogenic amines are noted as potential concern for LAB in general and are identified for some W.
cibaria species (Fessard and Remize, 2017). However, the W. cibaria strains evaluated by Fessard
and Remize (2017) did not produce biogenic amines from histidine, lysine, ornithine or tyrosine and
no genes encoding decarboxylases related to biogenic amine production were identified by Quattrini
et al. (2020). OraPharm performed analyses of three representative samples of strain CMU for the
ability to produce biogenic amines, using three methods and no biogenic amines were identified.
Biogenic amines evaluated included: Histamine, Tryptamine, 3-phenylethylamine, Putrescine,
Cadaverine, Tyramine, Spermidine, and Spermine. Results from the representative samples are
provided in Appendix 10.

e Strain CMU was first screened using methods described by Bover-Cid and Holzapfel (1999).

o Cadaverine and putrescine were evaluated with commercially available lysine (MB-
88014, MB cell) and ornithine (MB-88015, MB cell) decarboxylase test kits.

0 Histamine and tyramine were evaluated in a decarboxylase medium (pH 5.4) containing
1% histidine or tyrosine, 0.006% bromocresol purple, and 0.005% pyridoxal-5-
phosphate and positive reactions were recorded when a purple color occurred
(response to a pH shift of the bromocresol purple indicator).

e HPLC analysis of histamine was performed by SGS (Republic of Korea) which found no
detectable levels of histamine (Limit of Quantitation: 5 mg/kg).

e Biogenic amines were further analyzed by the laboratory of the College of Science and
Technology, Department of Food and Biotechnology, Korea University using chromatographic
methods described by Eerola et al. (1993). No biogenic amines were identified in these
analyses for Histamine, Tryptamine, -phenylethylamine, Putrescine, Cadaverine, Tyramine,
Spermidine, and Spermine.

6. Additional Safety Aspects Assessed

Other potential safety concerns were assessed by Kang et al. (2019), reporting several important
negative results supportive of strain CMU safety:

e Strain CMU did not show an ability to degrade gelatin, indicating a lack of concern for protein
degradation and cell invasion

e Strain CMU was found to not produce secondary bile salts (deoxycholic acid and lithocholic
acid), p-lactic acid, urease, B-glucuronidase, indole, nitrate reductase

e Strain CMU did not show platelet aggregation capability

e Strain CMU did not produce the specific compound phenylpyruvic acid

7. Absorption, Distribution, Metabolism & Excretion (ADME) Studies

W. cibaria colonizes in the mouth, and significantly higher levels of W. cibaria are found in the mouths
of subjects receiving 28 daily oral doses of 0.8 x 108 CFU W. cibaria strain CMU (Lee et al., 2020).
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Continued administration for an additional 28 days did not cause a further increase in W. cibaria
colonization in the subjects. The ultimate fate of W. cibaria has not been studied /n vivo; however, it is
likely that CFU that do not colonize in the mouth are likely to be swallowed.

8. Genetic Toxicity Studies

A reverse mutation test, an in vitro mammalian chromosome aberration test, and an in vivo
micronucleus test have been conducted with W. cibaria CMU (Dolan et al., 2022). All studies were
performed according to Good Laboratory Practice (GLP).

Results of the studies, which are all negative for genotoxicity, are tabulated below (Table 24).

Table 24. Genetic Toxicity of W. cibaria CMU

Endpoint System Concentrations Result Reference
Tested
Reverse mutation S. typhimurium 0, 62, 185, 556, 1667 and Negative
(OECD 471) TA98, TA100, 5000 pg/plate + S9
TA1535, TA1537, E. | metabolic activation
coli WP2uvrA

In vitro chromosome | Chinese Hamster 2058,61.73,185.19 Negative for

aberration test Ovary (CHO-k1) pg/ml, 24 hr incubation, - chromosome

(OECD 473) cells S9 aberrations,
endoreduplication
and polyploidy

In vitro chromosome | Chinese Hamster 61.73, 185.19, b55.56 Negative for

aberration test Ovary (CHO-k1) pg/ml, 6 hr incubation, 18 | chromosome Dolan et al.

(OECD 473) cells hr recovery, -S9 aberrations, (2022)
endoreduplication
and polyploidy

In vitro chromosome | Chinese Hamster 185.19, 555.56, Negative for

aberration test Ovary (CHO-k1) 1,666 67pg/ml, 6 hr chromosome

(OECD 473) cells incubation 18 hr recovery, | aberrations,

+59 endoreduplication

and polyploidy

In vivo micronucleus, | SPF 1250, 2500 and 5000 Negative

bone marrow (OECD | CrlOri:CD1(ICR) mg/kg bwiday No cytotoxicity

474) mice observed

S9 — Supernatant fraction from liver homogenate of a male Sprague-Dawley rat induced with Aroclor-1254,
centrifuged at 9000g, which contains microsomal enzymes

9. Toxicology Data

a. In vivo Toxicity Studies

A single dose oral toxicity study, a two week range finding study and a 13 week repeated oral dose
study in male and female Sprague-Dawley rats have been conducted with W. cibaria CMU (Dolan et
al., 2022). The single dose and 13 week studies were performed according to Good Laboratory
Practice (GLP).
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In the acute study, doses of 0, 1250, 2500 and 5000 mg/kg bw were administered once by gavage to
groups of 5 rats/sex that had been fasted overnight (Dolan et al., 2022). Corresponding viable cell
counts were 4.5 x 108, 9.0 x 108, and 1.8 x 10° CFU/kg bw, respectively. Animals were observed for
clinical signs over 14 days and were weighed just prior to test material administration and on days
1,4,7 and 14 (before necropsy). None of the animals died and no abnormal clinical signs were
observed during the study. The animals gained weight normally and there were no abnormal
macroscopic findings at necropsy. The results indicate that the lethal dose of W. cibaria CMU in
Sprague-Dawley rats is > 5000 mg/kg bw (1.8 x 10° CFU/kg bw).

For the range finding study, doses of 0, 1250, 2500 and 5000 mg/kg bw were administered once daily
by gavage to groups of 5 rats/sex for a total of 14 days (Dolan et al., 2022). Corresponding viable cell
counts were 4.5 x 108, 9.0 x 108, and 1.8 x 10° CFU/kg bw, respectively. Animals were observed daily
for mortality and clinical signs and weekly for body weight, and food and water consumption. Animals
were fasted overnight prior to blood collection on Day 14 for standard hematology and clinical
chemistry. Testes, prostate, ovaries, uterus, spleen, liver, thymus, adrenals, kidneys, heart, lungs,
brain, pituitary gland were collected from animals at necropsy on Day 14. All organs were weighed
and placed in appropriate fixative. None of the animals died during the study and no abnormal clinical
signs or necropsy findings were observed. There was no effect of the test material on body or organ
weights or food or water consumption. The mean platelet volumes levels of mid and high dose males
and the percentages of neutrophils in the low and mid dose female groups were increased compared
to the vehicle control group (p<0.05). Increases in blood urea nitrogen and triglycerides were
observed in the low dose female group compared to controls (p<0.05). The authors of the study did
not consider any of these changes to be toxicologically significant because they were minor in nature
and/or not dose dependent.

Based on results of the 14 day study, the authors chose doses of 0, 1250, 2500 and 5000 mg/kg bw
for the 13 week gavage study in groups of 10 rats/sex (Dolan et al., 2022). The study was performed
in compliance with GLP and OECD Test Guideline 408. The study included examinations for clinical
signs, body weight, food consumption, ophthalmology, urinalysis, blood coagulation, serum thyroid
hormones, clinical chemistry, hematology, estrus cycle, and weights and histopathology of all organs
recommended by the guideline. None of the animals died during the study and no abnormal
ophthalmological findings were observed. There was no effect of the test material on clinical signs,
estrus cycle or thyroid hormones.

Body weights of all groups of males were generally significantly lower than controls during weeks 5-8
but normalized by week 9. Decreases in food consumption were observed in all groups of treated
males from weeks four onward. The authors considered these effects to be related to administration
of the test material but did not consider them to be adverse because the magnitude of the changes
was <10%.

The specific gravity and the pH of urine from males and females showed dose-dependent increases.
The urine volume of high dose males also was decreased compared to the vehicle control group.
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However, the authors did not consider these changes to be toxicologically relevant because no
abnormal changes in clinical pathology or histopathology related to kidney were observed.

Regarding hematology, white blood cell counts were decreased in low and high dose males and the
percentages of eosinophils were decreased in low and mid dose females compared to controls. The
prothrombin times of low and high dose males were also lower than controls. The only changes that
occurred in clinical chemistry were increased bile acids and bilirubin in mid-dose females. These
changes were not dose dependent and were within range of normal and therefore were not
considered biologically significant.

Focal necrosis in the liver was observed in one control and one high dose female. Focal cell
infiltration (mononuclear) and focal cortical scar in the kidney, focal cystic degeneration in the adrenal
gland and focal atrophy of the acinar cells in the pancreas was observed in one female control
animal. Harderian gland focal cell infiltration (mononuclear) also was observed in a female control
animal. Ectopic thymus was observed in one female control animal and focal inflammatory cell
infiltration in the lungs was observed in one male control animal. Ultimobranchial cysts in the thyroid
were observed in 3 female controls, 3 male controls, 2 high dose females, and 5 high dose males.
One male in the high dose group exhibited cardiomyopathy. The histopathological findings in test
animals were considered to be incidental due to similar incidences in control animals.

There was a decrease in the left adrenal gland weight of low dose males and in the right thyroid
weight of mid dose males and an increase in the right thyroid weight of high dose males compared to
controls. In the case of relative organ weights, there was an increase in the right thyroid weight of
high dose males compared to the control group. The authors of the study did not consider these
changes to be related to administration of the test substance because of lack of a dose-response
relationship and lack of corresponding histopathological findings. Further, there were no effects of the
test material on thyroid hormones.

The results of the study indicate that the no observed adverse effect level (NOAEL) of W. cibaria
CMU in Sprague-Dawley rats is 5,000 mg/kg/day (1.8 x 10° CFU/kg bw/day), the highest dose tested.

One study in mice with ligature-induced periodontitis and two in beagle dogs investigated the effect of
the strain on oral health (Do et al., 2018; Do et al., 2019; Kim et al., 2020b). Up to 1 x 10° CFU/day
was tested in mice for 14 days and 2 x 10° CFU/day for 6 weeks in dogs. The strain was applied to
the teeth or gums. The authors of the study in mice stated: “all animals remained healthy during the
experimental period.” There were no significant differences in body weight among the groups and no
specific adverse events were observed. It is unclear whether the Do et al. (2018) study in dogs
reported any adverse effects because the article was in Korean and only the tables were translated to
English.

No irritation was observed in an unpublished oral mucosal irritation test of W. cibaria CMU in three
male Syrian hamsters (KCL Study Report 7, 2021). The strain was administered in the left cheek
pouch at 0.3 mL (1.8 x 109 CFU). The control was 0.3 mL of sterile distilled water in the right cheek
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pouch. The animals were exposed to the test and control substances for at least 5 minutes, after
which they were washed with physiological saline solution.'? The procedure was repeated every 1 +
0.1 hr for 4 hr, for a total of 5 applications. At the time of every administration and (24 £ 2) hr after
administration, cheek pouches were graded for erythema. At (24 + 2) hours after the final
administration, all animals were euthanized and both cheek pouches were removed. The removed
cheek pouches were fixed in 10% formalin solution containing neutral phosphate-buffered saline,
sectioned and examined microscopically. No erythema, eschar or abnormal lesions were observed in
the cheek pouch at any of the evaluations, and the irritation index was calculated as 0.0.

W. cibaria CMU tested negative for skin sensitization in 40 male Hartley guinea pigs, by the Beuhler
method (KCL Study Report 8, 2021). The induction/challenge dose was 40% (w/v) of a preparation
containing 3.6 x 108 CFU/g suspended in sterile distilled water. The positive control substance (a-
hexylcinnamaldehyde) was administered in corn oil vehicle at 90% (w/v) (induction) and 45% (w/v)
(challenge). Skin sensitization was evaluated by observing clinical signs and skin reactions 24 and 48
hr after removal of the challenge patches. The test substance showed a sensitization rate of 0% at
both evaluation times and was classified as a non-sensitizing substance. The study was valid, as the
positive control response was 60% and 70% at the 24 and 48 hr evaluation points, respectively.

10.Clinical Safety Data

A number of clinical studies have been performed with W. cibaria strain CMU providing a daily intake
of 0.8 x 108 — 1.0 x 10° CFU per day. While most studies were not specifically designed to assess
safety, the relevant parameters are summarized in Table 25. For the purpose of this dossier, we have
focused on any discussion of potential adverse effects associated with the intake of strain CMU. In
particular, Lee et al. (2020) included several safety parameters that are commonly measured in safety
studies. Results of this study showed that daily consumption of 0.8 x 108 CFU/day (8 x 107 CFU/day)
W. cibaria strain CMU from OraPharm for 8 weeks was well tolerated in young and middle-aged
humans and had no effect on vital signs, clinical chemistry or hematology, except for a significant
increase in monocytes (p = 0.005). The increase in monocytes was not considered adverse because
it was within normal limits.

Table 25. Results of W. cibaria CMU studies in humans

Total Daily Population Study Design and Noted Effects Reference
Amount Characteristics Duration Safety parameter Results
0.8 x 108 n = 92 without Randomized, DB, placebo | 14 Dropouts in test article group and | Kang et al. (2020)
CFU/day periodontitis; controlled, 8-week 8 dropouts in placebo group.

W. cibaria strain | 34/group analyzed duration. Reasons given for dropouts in each
CMU Age = 20-39 yrs group were withdrawn consent,
(OraPharm) Subjects sucked on tablet | antibiotic use or <80% compliance.
containing the test article

12 ]t is unclear whether the cheek pouch was washed after each application.
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Total Daily Population Study Design and Noted Effects Reference
Amount Characteristics Duration Safety parameter Results
or placebo before bed and No adverse effects on measured
did not eat or drink indices of oral health.
afterwards (presumably
until morning).
Evaluations were obtained
prior to eating breakfast
0.8 x 108 n = 92 without Randomized, DB, placebo | 14 Dropouts in test article group and | Kang et al. (2021)
CFU/day periodontitis; controlled, 8-week 8 dropouts in placebo group.
W. cibaria strain | 34/group analyzed duration. Reasons given for dropouts in each
CMU Age = 23.6 (£3.4) group were withdrawn consent,
(OraPharm) yrs in placebo Subjects were instructed antibiotic use or <80% compliance.
group and 23.4 to place powdered test
(x2.9)yrsintest | article or placebo in mouth | No adverse effect on caries incidence
group* before bed and swallow and no increase in acidogenic
after melting. Subjects did potential of plaque in test group.
not eat or drink afterwards
(presumably until
morning).
Evaluations were obtained
prior to eating breakfast
1x 108 n = 60 with halitosis | Randomized, DB, placebo | 1 dropout/group (reason not stated). | Kim et al. (2020a)
CFU/day and high breath controlled, 8-week
W. cibaria strain VSC duration. No adverse effects of test material on
CMU concentrations; indices of halitosis measured.
(Oradentics 29/group analyzed | Subjects sucked on tablet
Inc.) Age = 20-30 yrs containing the test article
or placebo before bed and
did not eat or drink
afterwards (presumably
until morning).
Evaluations were obtained
prior to eating breakfast
0.8 x 108 n = 92 without Randomized, DB, placebo | 14 Dropouts in test article group and | Lee et al. (2020)
CFU/day periodontitis; controlled, 8-week 8 dropouts in placebo group.
W. cibaria strain | 34/group analyzed duration. Reasons given for dropouts in each
CMU Age = 20-39 yrs* group were withdrawn consent,
(OraPharm) Subjects sucked on tablet | antibiotic use or <80% compliance.
containing the test article
or placebo before bed and | No adverse effects of test material on
did not eat or drink indices of halitosis measured. No
afterwards (presumably | SAE observed. 1 AE per group (mild
until morning). xerostomia in test group and mild
Evaluations were obtained diarrhea in placebo group).
prior to eating breakfast
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Total Daily Population Study Design and Noted Effects Reference
Amount Characteristics Duration Safety parameter Results
No effect of test material on vital
signs, clinical chemistry or
hematology except for a significant
increase in monocytes (p = 0.005).
Value within normal limits.
0.8 x 108 n =92 college Randomized, DB, placebo | 7 Dropouts in test article group and 4 | Lee et al. (2021)
CFU/day students; 34/test controlled, 8-week dropouts in placebo group. Reasons
W. cibaria strain group and duration. given for dropouts in each group
CMU 28/placebo group were withdrawn consent, antibiotic
(OraPharm) analyzed** Subjects sucked on tablet use or <80% compliance
containing the test article
or placebo before bed and | No adverse effects of test material on
did not eat or drink indices of halitosis measured. No
afterwards (presumably | SAE observed. 1 AE per group (mild
until morning). xerostomia in test group and mild
Evaluations were obtained diarrhea in placebo group)
prior to eating breakfast considered unelated to intervention
1x10°CFU/day | n =50 subjects Randomized, DB, placebo No mention of any dropouts Park et al. (2018)
W. cibaria strain (25/group) controlled, 4-week
CMU Age not stated duration. No adverse effects of test material on
(Oradentics Subjects sucked on tablet | growth of the dental caries causing
Inc.) containing the test article bacteria
or placebo after dinner.
Evaluations performed at
least 2 hrs after eating or
drinking

AE - adverse events; CFU — colony forming units; DB — double blind; n — number; SAE - serious adverse events; yrs — years

C. Safety Decision Tree

Pariza et al. (2015) developed a decision tree to assess the safety of microbial cultures for human
consumption. This decision tree is commonly used to evaluate safety to a strain level due to the
existence of genetic diversity within a genus and species. The safety of W. cibaria CMU has been

evaluated utilizing the scientific procedures as outlined by Pariza et al. (2015). Based on the outcome

of the decision tree for determining the safety of microbial cultures for consumption by humans and
animals including strain characterization and genome sequencing, screening for undesirable
attributes and metabolites, and experimental evidence of safety in appropriately designed safety
evaluation studies, it was concluded that W. cibaria CMU is deemed to be safe for human
consumption. The decision tree for W. cibaria CMU based on Pariza et al. (2015) is provided in Table

26.
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Table 26. Safety Decision Tree

Decision Tree Question Based on Pariza et al. (2015)

Conclusion for W. cibaria strain CMU

1. Has the strain been characterized for the purpose of assigning
an unambiguous genus and species name using currently
accepted methodology?

(If YES, go to 2. If NO, the strain must be characterized and
unambiguously identified before proceeding).

Yes.
Designation as W. cibaria is supported with WGS, 163
rRNA analysis, ANI, phenotypic, and RAPD analysis.

2. Has the strain genome been sequenced?
(If YES, go to 3. If NO, the genome must be sequenced before
proceeding to 3.)

Yes.

3. Is the strain genome free of genetic elements encoding

virulence factors and/or toxins associated with pathogenicity?
(If YES, goto 4. IfNO, goto15))

Yes, there was no evidence of concern identified.

No virulence factors identified from genomic evaluations of
strain CMU based on the CGE and Gapped and PSI
BLAST, as well as in vitro cytotoxicity, biogenic amine,
and B-hemolysis analyses.

4. Is the strain genome free of functional and transferable antibiotic

resistance gene DNA?
(f YES, goto 5. fNO, go to 15.)

Yes, there was no evidence of concern identified.
Qverall MIC results, genomic evaluation of ARGs, and
lack of kanamycin and vancomycin resistance
transferability indicates that there is no evidence of high
risk HGT.

5. Does the strain produce antimicrobial substances?
(If NO, go to 6. If YES, go to 15.)

No, no evidence of concern identified.
Strain CMU does not inhibit growth of L. acidophilus, L.
fermentum, and L. reuteri in vitro, and no safety concerns
were raised in the animal and human studies.

6. Has the strain been genetically modified using rDNA
techniques?
(fYES, goto 7. lfNO, goto 8)

No. Strain CMU has not been genetically modified.

8. Was the strain isolated from a food that has a history of safe
consumption for which the species, to which the strain belongs,
is a substantial and characterizing component (not simply an
'incidental isolate")?

(If YES, goto 9. If NO, go to 13.)

No.
Strain CMU was isolated from human saliva. Strain
CMU is in a chewing gum product in Korea and this
strain has been commercially available in Korea in
various products since 2017 without reports of adverse
effects.
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Decision Tree Question Based on Pariza et al. (2015) Conclusion for W. cibaria strain CMU
No.
13. Does the strain induce undesirable physiological effects in e . it & ol and_doe.s ok prodics
: : . ; undesirable effects in safety studies in rodents and a
appropriately designed safety evaluation studies? i . ) =
(IF YES., go to 15. If NO., go to 14 clinical trial that included several but not all clinical
9 ' 9 ' chemistry and hematology parameters that are measured
in safety studies in rodents.
14. The strain is deemed to be safe for use in the manufacture
of:food, grobiatice; and dletary_supplemenls for huwtiar Strain CMU meets standards as defined by the Pariza
consumption. i . .
decision tree and is deemed safe for human consumption.

D. GRAS Criteria

FDA defines “safe” or “safety” as it applies to food ingredients as:

“...reasonable certainty in the minds of competent scientists that the substance is
not harmful under the intended conditions of use.”!3

Amplification is provided in that the conclusion of safety is to include probable consumption of the
substance in question, the cumulative effect of the substance and appropriate safety factors. It is
FDA’s operational definition of safety that serves as the framework against which this evaluation is
provided.

Furthermore, in discussing GRAS criteria, FDA notes that'*:

13 See 21 CFR 170.3 (e)(i) and 81 FR 54959 Available at: https-/fwww federalreqgister qov/documents/2016/08/17/2016-19164/substances-generally-
recognized-as-safe (Accessed on Jan. 04, 2022).

14 Eligibility for classification as generally recognized as safe (GRAS) pursuant to 21 CFR 170.30. Available at: hitps.//www ecfr.gov/current/title-
21/chapter-l/subchapter-B/part-170/subpart-B#170.30 (Accessed Jan. 04, 2022).
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“...General recognition of safety requires common knowledge, throughout the expert
scientific community knowledgeable about the safety of substances directly or
indirectly added to food, that there is reasonable certainty that the substance is not
harmful under the conditions of its intended use.”

“Common knowledge’ can be based on either “scientific procedures” or on
experience based on common use of a substance in food prior to January 1, 1958.”

FDA discusses in more detail what is meant by the requirement of general knowledge and
acceptance of pertinent information within the scientific community, i.e., the so-called “common
knowledge element,” in terms of the two following component elements:

e Data and information relied upon to establish safety must be generally available, and this is
most commonly established by utilizing published, peer-reviewed scientific journals; and

e There must be a basis to conclude that there is consensus (but not unanimity) among qualified
scientists about the safety of the substance for its intended use, and this is established by
relying upon secondary scientific literature such as published review articles, textbooks, or
compendia, or by obtaining opinions of expert panels or opinions from authoritative bodies,
such as JECFA and the National Academy of Sciences.

General recognition of safety based upon scientific procedures shall require the same quantity and
quality of scientific evidence as is required to obtain approval of a food additive. General recognition
of safety through scientific procedures shall be based upon the application of generally available and
accepted scientific data, information, or methods, which ordinarily are published, as well as the
application of scientific principles, and may be corroborated by the application of unpublished
scientific data, information, or methods.

The apparent imprecision of the terms “appreciable,” “at the time,” and “reasonable certainty”
demonstrates that the FDA recognizes the impossibility of providing absolute safety in this or any
other area (Lu, 1988; Renwick, 1990; Rulis and Levitt, 2009).

As noted below, this safety assessment to ascertain GRAS status for Weissella cibaria strain CMU for
the specified food uses meets FDA criteria for reasonable certainty of no harm by considering both
the technical and common knowledge elements.

E. Expert Panel Findings on Safety of OraPharm’s Weissella cibaria

An evaluation of the safety and GRAS status of the intended use of OraPharm’s Weissella cibaria
strain CMU has been conducted by an Expert Panel convened by GRAS Associates; the Panel
consisted of Robert L. Martin, Ph.D; Michael Falk, Ph.D.; and Margitta Dziwenka, DVM, DABT, as
Panel Chair. The Expert Panel reviewed OraPharm’s dossier as well as other publicly available
information available to them. The individuals who served as Expert Panelists are qualified to
evaluate the safety of foods and food ingredients by merit of scientific training and experience.
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The GRAS Expert Panel report is provided in Appendix 11.

F. Common Knowledge Elements for GRAS Conclusions

The first common knowledge element for a GRAS conclusion requires that data and information relied
upon to establish safety must be generally available; this is most commonly established by utilizing
studies published in peer-reviewed scientific journals. The second common knowledge element for a
GRAS conclusion requires that consensus exists within the broader scientific community.

1. Public Availability of Scientific Information

The key evidence for safety of Weissella cibaria strain CMU is publicly available. This includes a
complete genome sequence deposited in GenBank and publicly available NCBI data which confirm
that the strain is classified as Weissella cibaria (NCBI BioSample, 2021; NCBI GenBank, 2021; NCBI
Genome Assembly and Annotation, 2021; Kang et al., 2017). Strain CMU is registered as a safe raw
material by the Korea Food and Drug Administration (KFDA) and is found in several commercialized
oral care live microbial products in Korea (Kang et al., 2019). Results of tests for antibiotic resistance,
B-hemolytic activity, potential for virulence, gelatin degradation, production of secondary bile salts or
phenylpyruvic acid, and platelet aggregation are reported by Kang et al. (2019). Lim et al. (2018)
investigated the antimicrobial activity and metabolite production for the cell-free supernatant (CFS) of
strain CMU, reporting the production of organic acids and secreted proteins. Results of genetic
toxicity and rodent safety studies and clinical studies using 8 x 107 — 1.0 x 10° CFU W. cibaria strain
CMU per day have been published. None of the published studies indicate potential safety concerns
from Weissella cibaria strain CMU.

2. Scientific Consensus

The second common knowledge element for a GRAS conclusion requires that there be a basis to
conclude that consensus exists among qualified scientists about the safety of the substance for its
intended use.

OraPharm intends to add W. cibaria strain CMU to yogurt, frozen desserts (dairy, ices, sorbets and
sherbets) and mixes, hard candy and chewing gum with an intended use level of 1 x 108 CFU per
serving throughout the shelf life of the products. The 90" percentile intake for all ages is 397 mg/day.
Using the specification of not less than 1x10° CFU per gram, the EDI in terms of CFU per day is 3.97
x 108. On a body weight basis, intake is 6.24 mg/kg bw/day, or 6.24 x 108 CFU/kg bw/day. Similarly,
for male children (6-11 yr), who are estimated to consume the highest amount per kg bw, the EDI is
2.65 x 107 CFU/kg bw/day. These high intake scenarios are unlikely in that they assume that all of the
foods consumed contain W. cibaria CMU at the highest amount.

W. cibaria strains are commonly found in fermented foods like cassava, meat/fish, kimchi, tarhana,
and sourdough, and strain CMU was isolated from human saliva samples. Strain CMU has been
identified as W. cibaria based on whole genome sequence (WGS) analysis, 16S ribosomal
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ribonucleic acid (rRNA) alignment and phylogenetic homology, average nucleotide identity (ANI), and
phenotypic evaluations.

OraPharm’s W. cibaria CMU is produced in accordance with FDA current Good Manufacturing
Practices (cGMP). OraPharm affirms that W. cibaria CMU is manufactured under cGMP conditions
with raw materials and processing aids that meet the appropriate food grade regulations. The
manufacturing process includes specific quality control steps to confirm genetic identity and limit
genetic drift by confirming the starter strain as W. cibaria CMU through 16S ribosomal DNA analysis
and maintaining the master stock. OraPharm has established sufficient rigorous product
specifications and has demonstrated batch-to-batch consistency against these specifications.

Strain specific data available for W. cibaria CMU, based on in silico/in vitro, animal and clinical data
demonstrate a lack of safety concerns for this strain based on the following:

e OraPharm reports that over 189,585 units of products containing W. cibaria CMU were sold
from February 17, 2017 to Nov 04, 2021 in Korea and no adverse events have been reported.
Available commercialized products provide a daily intake of W. cibaria CMU of 1 x 10° CFU to
2.4 x 101° CFU per day.

e Results of an EFSA guideline MIC assay for 14 antibiotics, and genomic screening for known
antibiotic resistance genes using PCR, ARDB and Resistance Gene ldentifier show that W.
cibaria CMU does not harbor acquired antibiotic resistance.

e W. cibaria CMU does not affect growth of other common Lactobacillus strains.

¢ No virulence factors were identified from genomic evaluations based on the CGE and Gapped
and PSI BLAST, as well as in vitro cytotoxicity, biogenic amine, and -hemolysis tests. W.
cibaria does not degrade gelatin, indicating a lack of concern for protein degradation and cell
invasion. W. cibaria CMU does not produce secondary bile salts (deoxycholic acid and
lithocholic acid), D-lactic acid, urease, p-glucuronidase, indole, or nitrate reductase.

e W. cibaria CMU colonizes in the mouth, and significantly higher levels of W. cibaria are found
in the mouths of subjects receiving 28 daily oral doses of 8 x 10’ CFU W. cibaria strain CMU.
Continued administration for an additional 28 days does not cause a further increase in W.
cibaria colonization.

e W. cibaria CMU is not genotoxic.

e Results of unpublished studies show that W. cibaria CMU is not irritating to the oral mucosa
and does not cause skin sensitization.

e The lethal dose of W. cibaria CMU in Sprague-Dawley rats is > 5000 mg/kg bw (1.8 x 10°
CFU/kg bw).
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e The NOAEL of W. cibaria CMU in a 13-week oral toxicity study in Sprague-Dawley rats is
5,000 mg/kg/day (1.8 x 10° CFU/kg bw/day), the highest dose tested.

e Based on the NOAEL of 1.8 x 10° CFU/kg bw/day in the 13-week toxicity study in rats with W.
cibaria CMU and a conservative 100-fold safety factor for inter- and intra-species differences,
the acceptable daily intake (ADI) of W. cibaria CMU in humans is calculated as 1.8 x 10
CFU/kg bw/day. This is considerably higher than the EDI for all ages of 6.24 x 10° CFU/kg
bw/day.

e The margins of safety calculated from comparisons of EDI for specific populations to the
NOAEL of 1.8 x 10° CFU/kg bw/day in rats are as follows:

o EDI for all ages: 6.24 x 10° CFU/kg bw/day; margin of safety = 288.4

o EDI for highest user, male child (6-11 yr) = 2.65 x 107 CFU/kg bw/day; margin of safety
=67.9

e Results of clinical studies suggest that up to 1.0 x 10° CFU per day W. cibaria CMU is
tolerated.

e Available commercialized products in Korea provide a daily intake of W. cibaria CMU of 1 x 10°
CFU to 2.4 x 10'° CFU per day, and to date, there are no reports of adverse reactions from
distribution and sales of over 189,000 units since 2017.

Overall, the safety data support the conclusion that W. cibaria CMU is safe for human consumption at
the intended usage level.

OraPharm and the Expert Panel maintain that other well-qualified scientists would conclude that W.
cibaria CMU is generally recognized as safe for use in food given the regulatory and safety data
available and using well accepted toxicological principles.

G. Discussion of Information Inconsistent with GRAS Conclusion

OraPharm is not aware of any information that would be inconsistent with a finding that the proposed
use of W. cibaria CMU in food is generally recognized as safe.

The regulatory framework for determining whether a substance is generally recognized as safe
(GRAS) isin 21 CFR 170.30, which states that GRAS status through scientific procedures shall
ordinarily be based upon published studies, which may be corroborated by unpublished studies and
other data and information. These criteria have been applied to the existing data for the W. cibaria
strain CMU.
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H. Conclusion

In consideration of the aggregate safety information available, OraPharm concludes that W. cibaria
strain CMU as defined in the subject notification is safe for use in yogurt, frozen desserts (dairy, ices,
sorbets and sherbets) and mixes, hard candy and chewing gum with an intended use level of 1 x 108
CFU per serving throughout the shelf life of the products.

The weight of the publicly available evidence from nonclinical and clinical studies with W. cibaria
strain CMU provides a basis upon which to conclude that the proposed uses of W. cibaria strain
CMU, as described in this dossier, satisfy the safety standard of Reasonable Certainty of No Harm
and are safe. Based on the pivotal, published data and information that are generally available, one
may conclude that the proposed uses of W. cibaria strain CMU, as produced consistent with current
Good Manufactory Practice (cGMP) and meeting the food grade specifications presented above, are
Generally Recognized As Safe (GRAS) based on scientific procedures. Support for these conclusions
by a consensus of qualified experts in the general scientific community is provided in Appendix 11
(Expert Panel Report).

Accordingly, Weissella cibaria strain CMU as produced by OraPharm in accordance with FDA Good
Manufacturing Practices and when it meets those specifications declared within the subject
notification, meets FDA'’s definition of safety in that there is “reasonable certainty of no harm under
the intended conditions of use” as described herein and, therefore, is generally recognized as safe

(GRAS).

PART 7. LIST OF SUPPORTING DATA AND INFORMATION IN THE GRAS NOTICE.

A. References

1. List of Acronyms

Hg Microgram

ADME Absorption, Distribution, Metabolism and Excretion

ANI Average nucleotide identity

ANIb Average nucleotide identity based on BLAST+

ANIm Average nucleotide identity based on MUMmer

ARG Antibiotic resistance gene

AST Antibiotic susceptibility testing

BIOHAZ EFSA Panel on Biological Hazards

BLAST Basic Local Alignment Search Tool

CFS Cell-free supernatant

CGE Center for Genomic Epidemiology

cGMP Current Good Manufacturing Practice

EDI Estimated dietary intake

EFSA European Food Safety Authority

EPS Exopolysaccharides

FALCPA Food Allergen Labeling and Consumer Protection Act of 2004
FALCPA The Food Allergen Labeling and Consumer Protection Act of 2004
FD&C Act Federal Food Drug and Cosmetics Act
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g Gram

GA GRAS Associates

GC Guanine-cytosine

GRAS Generally Recognized as Safe

GRN GRAS Notification

H.0, Hydrogen peroxide

HGT Horizontal gene transfer

IDF International Dairy Federation

KFDA Korea Food and Drug Administration

LAB Lactic acid bacteria

Mb Megabases

MBP Microbial break points

MIC Minimal inhibitory concentration

mL Milliliter

N/A Not available

NCBI National Center for Biotechnology Information
NR Not reported

QPS Qualified Presumption of Safety

RACC Reference amount customarily consumed
RAPD-PCR Random amplification of polymorphic DNA-polymerase chain reaction
RGI Resistance gene identifier

RNA Ribonucleic acid

rRNA Ribosomal ribonucleic acid

TCS Tetra Correlation Search

tRNA Transfer ribonucleic acid

u.S. United States

WGS Whole genome sequencing
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Appendix 1 NCBI Genomic Characterization Data

Figure 1.1 NCBI Hit Plot Alignment of Strains CMU and BC14'
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Figure 1.3 NCBI Genome Report — Circular Tree for Strain CMU3
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3 NCBI Genome Tree Report CMU (2021)

GRAS ASSOCIATES, LLC Page 62 of 151



GRAS Notice — Weissella cibaria
OraPharm

3/11/2022

Figure 1.4 NCBI Genome Report — Rectangle Cladogram for Strain CMU*
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Appendix 2 Macrogen 16S Reports and Certificates of Analysis for Multiple
Lots

Appendix 2.1 W. cibaria CMU Lot CI11-0115N
Appendix 2.2 W. cibaria CMU Lot CI11-0116N
Appendix 2.3 W. cibaria CMU Lot CI11-0117N
Appendix 2.4 W. cibaria CMU Lot Cl11-0362N

Appendix 2.5 W. cibaria CMU Lot Cl11-0366N
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Appendix 2.1 W. cibaria CMU Lot CI11-0115N

Macrogen 16S Report — Lot CI11-0115N
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Certificate of Analysis — Lot CI11-0115N

=g
3
No. :D2021040318 Page (1 ¥/ Pages (|
Certificate of Analysis
Date of Appl cution 2021-0i1-0% Date ol Manulaciurg !:El (21
| No. of Sampio 202104031 F-_\;'.i-.: 4 i-u n |'.;,|-’ _"_I:' -fE=1l
[ Lov No. - CHiz=piiaN —I=
I_ Inspection Pourpase For afficial uss N |
] —_ - — — — — |
| Limmanescd 1 1y Yedssoella e har i Ll
[I\um-_ Dralhare Ine, Eunssup Youn g
NPR I [ (ompary address - ‘\'n“ 9-16 'll-E"II\_'.n'!t' 21 '*'---‘-v'.u;h‘F.-?_-':',u_ Seou | _I-.’-'l-r.l-_ll. ol
Korea
Analytical Result
Test Item Result ‘

Sensory attribute

Probiotics(CFU/g)

Yellowish white powdet |
120 000 000 800 CFU/ e (124 000 D00
0og. 09 Nog 000 0no
i)

L3700 0ou

End.

¥e hereby cer

Direclor

7 il Ros Rio Park Muew

PHTRRT

Korea flealth Supplemenls Associatio

Yang, Joo—Hong

AEEOTTD

Apr . 8 . 2021

tify that the above are correct.

n Sub. Korea Health Suiilenenls Institute

g g L el e i-ao, R

Ll
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Korea Advanced Food Research Institute

50, Botdeul-ro, Uiwang-si, Gweonggi-do, Republic of Xorea
FAX @ 82-2-p23-2072 hitpi//www. kafri.or.kr | KAFRI

f-2-3470-8200 2=2-5HZ3 2
Certificate of Laboratory Testing(Reference)

Syceipt Roy (XRIBSU9091-11-003080 Date of Receipt 2021.02.2

Product Name Weissella cibaria CMU

Client Company Name|OraPharm Inc.

Client Address 9050 9-16, Yeommujang 5—gil, Seongdong—pu. Seoul, Republic of Korea

Client Name Eun—sup Yoon

Lol No, Cl111-0G115

es1 Purposs Far submizszion (MPDS)

lest [tems and Results

Appeararce \cceptable
Calorielkeal B s wer 1N

Carbohydrate(%), .
Moisture(®)l. .oy veeevisin
Ashi®)

Crude protein(%).

Crude fat(®)

SodiumCmg/ T0z) . .. ....

# The above lesl ilems and results complied with the tesl method nolified by MFDS

i s

Testing Persopne!l
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(o ]

£ ) E=SE AT A

Korea Advanced Food Research Institute 0
50, Botdeul-ro, Uiwang-si, Gyeonggi—do, Republic of Korea
H2-2-34T0-8200 FAX @ B2-2-B23-2072 hitp:/fwww kafri.or K RAFRI
Certificate of Laboratory Testing(Reference)
3 ' ~11-003981 Date of Receipt 2021.02.24
I e | 55 if 13 CM
| ient Compan Pharm Ine
Client Addres H5—ho 9-16. Yeonmu jane z2il. Seongdong-gu S0 Reoulby] I
lient . . Client Tel
} War ure
I 1 t tont Dt
[ I ubr il 1 | (]
Test [tems and Resul
i iz ke i
i um(mg/) i
capttitne )
i y y letecle
| tems an sul 1 | o ¥
' : ® Ay , B i "
Pudays o e il
L g | | I Mir i : Safe
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Korea Advanced Food Research Institute | ‘
50, Botdeul—ro, Uiwang-si, Gyveonggi-do, Republic of Korea

Il 82-2-3470-8200 FAX R2-2-523-2072 hmilpi//wew. kafri.or ko KAFRI

Certificate of Laboratory Testing(Reference)

FRviRLE ~ o AR 2021-11-003547 Date of Keceipt 2021.02.24
] Al A | e o ’ P " &7
Producl Name Weissella cibaria CM

Clieni Company Name|OraPharm Tnc,

Client Address B05-ho 9=16, Yeonmujang 5-gi Seongdong-gu. Seoul. Republic of Korea

ol No CI11-0115N i i - 12021.02,15 / 2023.02, 14
7 . (Expiration Date
Test Purpose For submission (MFDS) Date of lssye 021 f
Test Ttems and Results
1ion Nepal |
bo I mE fin i o | 1ed the test m wl notilied by MFDS

Note: 1. The above merchandise was submitled and identified by 1
ed and it does not cover the quality of all products

2. The resuits shown in this certificate refer cnly to sas

3. No one can use this certificate

ir the purpose of test, advertisement and [itigation without KAFRI's consent.

A4, This certificate has no legal effect

This cert|ficnte does not comply with the Act on Testing and inspection of Food and Dr

[esting Persunne!l

Korea Advanced Food Research
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! [ 2 1 ae &
Certificate of Analysis
Sdm | e E 1 4t (2
. 1=0115 N — -
: Inspect | (i} Xport - -
| i | | el '_il i
alm Ira f Im I oo
el b i} - Yeanmu jane = T~ id ki
Anslytical Result
Test Item Result |
st opla BUnt /g ( _ T I
End
ul 202
herel [ {ha ibove Ari rri
Korea Health Supplements Association Si tute
Director Yang, Jon-Hong
1% 11
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Appendix 2.2 W. cibaria CMU Lot CI11-0116N

Macrogen 16S Report — Lot CI11-0116N
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Certificate of Analysis — Lot CI11-0116N
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S D202106333

nf Application

g ol Manufact

2021-02-15

4
of  Simf o testion Dake 112-14
Na. ! C]11-0116K ) =]
— e — —— i
Inspection Purposs Export
L'L'vl-‘l.'lr:ut'. v WNelssella dibaria CMU

‘ Niame Irafharm
Appd L cant R

‘ Lompany Bddress

95

Nprea

i Test Ttem

Eon=sup Ymon

ye0u |

=15

Kepublie ol

Sennginne—ay

Analytical Result

Ashi%)

=

Result
1.30 %

Ynisture(®)

™|

2.80 %

End,

We hereby cer

Koraz Health Supplements Assoc

Director Yanu,

Kbl Bho b [aEwnnapangy

1§

Joo=Hong

Juil 7 2021

fy that the above are

correct

iation Sub. Korea lealth Supplemenis Institute
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e Rt

NG

_Korea Advanced Food Research Institute | o

50, 'Botdeul-ré, Uiwang-si, Gyeonggi—do, Republic of Korea

TEL : R2-2-3470-8200 FAX : B2-2-523-2072  http!//www.kafri.or kr ' RAFRI
Certificate of Laboratory Testing(Reference)
2;“*‘ No. (Reissuf9091-11-003982 Date of Receipt 2021.02, 24
Prodict Name Welssella cibaria CMU

Client Company Name|OraPharm Inc.

Client Address 905-ho 9-16, Yeonmijang 5-gil. Seongdong—gu, Seoul. Republic of Korea
Client Name Eun-sup Yoon Client Tel / Fax 02-2138-2573
Lot No. CI11-0116N Date of Manulacture |ono; 0o 15 / 2023.02.14

{Expiration Date

Test Purpose For submission (MFDS) Date of Issue 2021.03.,02

Test Items and Results

B OBONMTIEE). - o o e e S R P b 016 0.m
Cadmivm(mg/Reg). . ..ovvrrvennyos oy e SR PPY 1]
Arseniclmg/lR). oo ava s svpeii scoieba s s e ses J0 00
Mercurylmeg/KE) . . oo vv ot e ie i veieveirinananns.Not Detected

» The above test items and results complied with the test method notified by MFDS,

Note: L. The above merchandise was submitted and identified by the cliemt
2. The results shown in this certificate refer anly to sample tested and it does no! cover the quality of all products.
3, Ro ong can use this certificate for the purpose of test, advertisemem! and litigation without BAFE]L's consent

L. This certificote has no legal ef feel .

This certificate does wd comply with the Act on Testing and 1nspection of Food and Drugs of Ministry of Food and Lrug Sate

Sip=iE

Test tng Personnel Test ing Y 2
Testing | lest i ﬁgj'%in‘-
Korea Advanced Food Research Inst tute- S)

Ll b —_
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f;” B &
Korea Advanced Food Research Institute ‘ 0

50, Botdeul-ra, Uiwang—si, Gyeonggi-do, Republic of Korea
FAX @ B2-2-523-2072 htep://www kalro,or ki [ KAFRI

TEL @ B2-2-3470-8200

Certificate of Laboratory Testing(Reference)

Raraint No Da s
HECELDE D0, AREISIY 0ng1-11-003585 Date of Receipt 2021.02.24
MFroduct Name Weisse|la cibaria CMU

Client Company Name] OraPharm [ns

Ll ient Address 806~-ha 9-16, Yeonmujang 5-gil, Seongdong-gu, Seoul, Republic of

I i submission (MEDS) Date of Issu ) 33,10
Test ltems and Results
Coliforms. .. TR SRR " i T Y
he ab st items and results complied with test method noti by MIDS

Note: 1. The above merchandisa was submitted and idemtified by the ¢lient
2. The results shosm in this certificate refer only to sample tested and 1t does not cover the quality of all products.
Mo one can use this certificate for the purpose of test, advertisesent and litigation withonr EAFRI's consent

i. This certificate has no legal effect

This certificate does not comply with the Acl on Testing snd inspection of Food and Drugs o
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OraPharm

No, DZ0R1063337

Certificate of Analysis

Date of Applicalion © 20Z21-06-28 Date of Manuwfaciure - 202102-15

Pageer © 0 0/ Pame

0

Expiration Date © 2023-02-14

Na. af Sample © D2021063437

Lot Nn. - CILL-DITAN = =
-_l_;lzar_i-_‘rm- E-;_m,.- ) Export

Commod 1 1 Weiswelln cibaria (M

[ Name ﬁ]f‘r“l'!"f-‘-ii: I-m.‘jmr -5up. \";nn_
App | Lean . YB5-hn, 9-1F, Yeomujang o-gil  Seongdong—su, Seoul, Wepublic ol
Company addrese - "
S Korea
Analytical Result
Test Item Result
Bold & Veast plale count(/g) O{ Yenat 0. Mnld 0)

End,

Jul . 6 . 2021
We hereby certify that the above are unrrect.
Korea Health Supplements Associalion

Director © Yang, Joo-Hong

Vi Daswangoongyo=0n  Bundaag=gi

s Institute
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NoL CD2021063342 Page ¢ 1 ) / Paces |

Certificate of Analysis

Date ol Application | 2021-06-28 Date of Manuiariure = 2021-02-15

1}

No. of Sample | D20Z21063342

Fepiration Dave : 2023-02-14

Lot No. @ CI1L=0OT16N

Ingpection Purpose Expori
Commod i 1y Weizsella cibarsia CML
Name OraPharm Tnc. Eum-sup Yoon
Appl 1 Cant ah-ha —TF- Vimmn ] ] P
" i-ha, 9-16, Yennmijang S-gil. Sk ~gli " ¥ B
Conpany atddress i K\ enmmiiang S—gil pongtone=gu, Seoul. Hepubilic of
Aorey

Analytical Result

Test Ilem Result
Escherichia colif{/g) . 0
Salmonella spp, Negat ive
Listeria monocytogenes F = Negal ive
Eluphvlncuc;us anreus fg) -h

End.

Jul 6 2l
We hereby certifly (hat the above are correct.
Eorea Health Supplements Associstion Sub, Korea Health Supplements Imstitute

.

Birector Yang, [oo-llong

Wil fares Bio Park | 700, [mewdngeangyorio, Nipdeng-gl . Sedngane-=s| . bVasbmgd ) =ite, Kepibl (0 00 Koema
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Appendix 2.3 W. cibaria CMU Lot CI11-0117N

Macrogen 16S Report — Lot CI11-0117N
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Certificate of Analysis — Lot CI11-0117N

El !
N 120211 :
Certificate of Analysis
} pl Lior 0 04-0: a L ( Man clure 1 i
I [ mp | 121 ) pirat Jeil ¢ () 14
| | 7 i
Inspection | Fi ffi | - o
M i ell 1hat [
i raPharm 1 W
licant N )5 16, Yeonmuja % ongdong-g 0 Republic
mpa
Analytical Result
Test Item | Result
Sensory attribute Yellowish white powder
g (11 1 000
| 1§ (00 000

Probiotics(CFU/g)

Apr ) 7021
We hereby certify that the above are correct.
Korea Health Supplements Association Sub. Korea Heallh Supplements Institute

Director Yang, Joo-Hong
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t D2021063335

Certificate

({31

3/11/2022

Hapge d 1 ) / Pages

of Analysis

Date ol Applicaliop ¢ 2021-0R-28

Date of Manuracture

" 9021-02-15

[ |

N,
sl No, - CILI-Q117N

of Sample @ D20210K3Z35

2023-N2-14

Expiral ion Date

Inspection Purpose | Export

Welssolla cibaria CMO

Cammodity

Name ¢ OraPharm Ine. Eun-sup Yoan

el | cant
Company address

Korea

BMhho, 816, Yeonmujane S-gil,

Seongdoneg-pu, Seonl.

Repubilae il

Analytical Result

Test Item

Ashl%)

Result

1.16 %

Moseture(s)

3.05 §

End

Jul

e herehy rertifv that

Director ° VYang, Joo-Hong

B=101 Rorea Bio Purk, 700, Daswongpangdy d-ra

Bundoyg—gi

v 2021

the above are correct.

Rorea Health Supplements Association Sub. Korea Health Supplements Inslitute

Seangnaii=ss Gy g0 Keoubl e ul kores

KHSI
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i
 Korea Advanced Food Research Institute LA ‘
50, Botdeul-ro, Uiwang-si, Gyeongzi—do, Republic of Korea |
TEL |t 82-2-3470-8200 FAX : 82-2-523-2072 http://www. kafri.or . kr | KAFRI
Certificate of Laboratory Testing(Reference)
Receipt No. (Refssul g51-11-003983 Date of Receipt  [2021.02.24
Product Name Weissella cibaria CMU

Client Company Name|OraPharm Inc.

Client Address 905-ho 9-16, Yeonmujang 5-gil, Seongdong-gu. Seoul, Republic of Korea
Client Name Eun-sup Yoon Client Tel / Fax 02-2138-2573
Lot No. CI11-0117N Date of Manufacture |ono) g9 15 / 2023.02.14

/Expiration Date

Test Purpose For submission (MFDS) Date of lssue 2021.03.02

Test Items and Results

Lead(mg/ke)..... T R TP TSN L T
emT R TR SO ST NSRS 1 ¢
AT e UM KB v a5 she b s be et a il s A D A sime 001
MerCOr P mEREY. « . ivinnvavi v mnenaniisssaesss N0t Detected

* The above test items and results complied with the test method notified by MFDS.

Note: 1, The above merchandise was submitted and dentifled by the client

The results shown i this certificate refer only to saple tested amd it does not cover the quality of all products
3, No one can use this certificate for the purpose of test, advertisement and 1itigation withour KAFR]'s consent.

i, This certificate has no legal effect

This certificate ith the Act on Testing and inspection of Food and Drugs of Ministry of Food and Drug Safe

-

ol [ b =
”f’fﬁ%'.fﬁ oL

iyl =

Testing Personnel Test ing

Korea Advanced Food Research Insti

ONT21

Y M %1
if\.{hDI' ==
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GRAS ASSOCIATES, LLC

§) ESME TS

ool 0 HBG Al

Korea Advanced Food Research Institute (

50, Botdeul-ro, Uiwang—si, Gyeonggi—do, Republic of Korea

TEL |: 82-2-3470-8200 FAX @ 82-2-523-2072 http://www.kafri.or.kr KAFRI
Certificate of Laboratory Testing(Reference)
f‘]‘“‘?ip‘ No. (Reissul ono1-11-0o3989 Date of Receipt 2021,02.24
Product Name Weissella cibaria CW

Client Company Name|(raPharm Inc

Client Address 905-ho 9-16, Yeomnmujang 5-gil, Seongdong-gu, Seoul, Republic of Korea
Client Name Eun-sup Yoon Client Tel / Fax 02-2138-2574
Lot No. CIT1-0117N Date of Manufacture fg501 03 15 / 2023.02,14

/Expiration Date

Test Purpose For submission (MFDS) Date of lssue 2021.03.10

Test Items and Results
BOTT IO cn v s s s s S e T T Negat ive

+ The above test items and results complied with the lest method notified by MFDS,

Note: 1. The above mérchandise was submilted and identified by the client
2. The results shown in this certificate refer only to sample tested and it does not pover the guality of all prodocts,
J. No one can use this certiflcate for the purpose of test, advertisemest and litigation without KAFR]'s ¢opnsent.

4. This certificate has no legal effect

This certificate does not comply with the Act on Testing and jrspection of Food and Drugs of Misizrry urf-Sood amd Drug Safe

SreTeia s

Testing Pey S-.‘JHHL] Tests |1i§ §|Qm
Korea Advanced Food Research Insqgﬂﬁ eS|
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Nu PAO21063371A

Page { 1) / Pages € 1 )
. . .
Certificate of Analysis
Bate of Applicalion = 2021-0r=g8 | Date of Manufarture @ 2021-02-15 ;
No. of Sample - 202106333 | Expiration late | 2023-02-14 ]
Lot N&, * £I11=0117N - — '
Lluspect won Porpose Exgpurt

Commodity © Weitcgella cibaria CH) il

Mg DeaPharm Ine. Ebo-sup Yoom o

Applicant oy sl :.fUS—lm 4-16. Yeonmu l_'-_l-ng S-gil. Leongdong—gy Seoul. Republ ie of

rarea
Analytical Resull
Test Item Result |
Mold & Yeast plate count(/g) O(Yeast 0, Mold 0) I
End.
Jul R . 2041
We hereby certifly that the above are correct.
Korea Health Supplements Association Sub. Korea Health Su ments Institute
Director ! Yang. Joo-Hong
B=1t  Kavne Bio Pask it Heewangunneyisri, Tinddng=gli popigdam = Lyeimes =i, Rogld v ool Kiseo

GRAS ASSOCIATES, LLC
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Appendix 2.4 W. cibaria CMU Lot Cl11-0362N

Macrogen 16S Report — Lot ClI11-0362N
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Certificate of Analysis — Lot CI11-0362N
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No, ' D2021060286 Pagw ¢ L)/ Pawes (Lo
Certificate of Analysis

Date of Application © 2021-U6-02 Dale af Manvfaclure © 20¥1-05-18

Nou of Sawple - D2O2IDBOZAG Expiration Date @ 2023-06=17

Lab N L1 L1=0362N

Ingpection Phrpose Expari

Coammodity Neizselis cibaria CHU

Name: OraPharm Ino: Eon=sup Yoon

Applteant H0%-ho, 9-16, Yeommujang T-mi1, Seongdong-gu, Seoul, Republic of
Companmy address i
Roreg

Analytical Result

Test Item iéault
Lead{ma/kg) - 0,0107 mg/kg =
Arsenic(mg/kg) 0.0067 mg/ka
Cadmium(mg/ kg ) B 0.0398 me/ke
lMercury(mgr‘kgl - __P,Dﬂlﬁ ma/ke
il

Juon . 7 . 2021
We herehy certify that the above are correct,
Rorea Health Supplements Association Sub. Korea flealth Supplements Institute

Director © Yang. Joo-long

Be10] 0 hures Bio Fark,, 700, Dacwangpangyorro, Suddank-pi. Seongnan-=), Lyeougssi-ao, Kepublir of horsd
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Pise (1 ) 7 Fages | 11

Certificate of Analysis

No DA02 1060282

Date of Appliecaliop | 2021-06-02 Nare of Manufaciure 21-05-14
No. of Sample : N2021060282 Expiration Date = 2023-05-17 |
1 : -
Lot No C111=0362N
Inspection Purpose - Export
Comimod it Feizsel 1z vibar ia M
Name OraPharm Joc, Eun-sup Yoon
Vo b i eant —_— 0051 16, \ - 1 = ;
A fear 805-ho, 2-16 ng Frgil. Seonedong-gu. Seo ! -
Compaty adiseas . (0 6, Yeomnupang Hgil. Seormedong-gu. Seoual |, Republ ie ol
horea
; = —— . d

Analytical Result

T_ea_t Item Result

Negative

Coliform Group

End,

Junm ;. B 4021

¥e hereby certify that the above are correc

Korea Health Supplements Association Sub. Korea Health Supplements Institute

Uirt“:]ur | ."an-g. Ih]n_H“ng _

ek CINY Desang gy a0, Buodangeed Sermenen=31 . Uvenagsi—do. Nepub| 0 Rairéa
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Page { 1)

Certificate of Analysis

Pages b | )

Male of Application = 2021-G-2¢

Date ol Manufaciore °

20Z1-05-18

No, of Sample - D20210683359

Expiration Dare

2023~06-17

Lot Na. | Clii=n3szn

F‘.x;mrr

Inspection Purpose -

Commed ity Weizsebla cibaria CHU

Wame vralliarm [oe

Elin=sup Tonon

Aol fcant
Lompany address

Korea

G05=lw

9=16, Yeanmitjang H-gil

Seomgdone-gy, Seoul, Republic af

Apalytical Result

Test Item

Result

Mold & Yeast plate count{/g)

O(Yeast 0, Mold 0)

End.

Director -

B=101. Berta Hia Park. 700

Yang, Joo=llong

Daswangianeyo=aa, Musdang=-gu,

Jul fi . 202]

AGUARTI=ST

We kHereby cerlify that Lhe above are torrect,

Korea Health Supplements Association Sub. Korea Health Supplements Tnstitute

Gyveongni~do, Republip ol Koreas
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No, @ D2021063344 Pame § 1 ) f lages 0 L}
Certificate of Analysis
Date ;T-ﬁpin:a[<nu 2HE1-06-28 Digie ol Manulacture : 2021-05-18
Na. of _f‘i‘dir.pJE ' iIE{}L-‘l"'IﬁI;H-'l-I Expiration Date - 2083-05-17
Lat No. C111-0362N _
lnﬂpkr;:;u Purpouse +  Export 1
PI?;;;uhty + Weissella cibaria CMU
r-_'\'_i!:m'-m- -tl-lrm’iiarm Ine :1:11-‘11113 Toon &
Applicant = 405-ha, 9-1%. Yeonmujang S-gil. Seongdong-—gu, Seou!, Repulilic =
Company. address Kot
Analvtical Result
Test Item  Result
Escherichia eoli(/g) i} =
Jalmonel la spp. _ Negalive
Listeria monocytogenes Negative
Staphylococeus avrens(/g) [t} . =1

End.

Jul B 2021
We hereby certify that the above are correct.

Korea Health Supplements Association Sub, Korea Health Suppiements Institute

BTl Korea 8Y0 Fack. . AN Saewangpaneyo-roe. Bundsng-g0, SSoaedal—- Dyennggy =i Repnhide ol Koreh

_

KHSI

GRAS ASSOCIATES, LLC
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Nu,

- 2021060284

3/11/2022

Pape | 1 ) /| [Mages |

Certificate of Analysis

Dare of Appl ieal lon

2021~ 0f5- 12

Pate of Manufaciure

2021-05-18

Ne. of Sample ©

2021660284

Expirarjon Date -

202Z3-0p=17

Lot Na, - CT1I=0862N

[nspecting Purpose -

Expart

Commod ity

Weissella cibaria CMU

Nane

Orathare The. Fonesup Yoou

Appl { cant

Company adidress -

5=k, U-1R
Korea

Yeonmijang H-gil

Sepngdong-gu, Seaul, Kepublic of

Analytical Result

Test Item

BHC (mig/ke)

Result

Not detected

DOT(mg/kg)

Not detected

Aldrin({mg/kg)

Not detected

Dieldrin{mg/kg)

Not detected

Endrinimg/kg)

Not detected

End

M=ia1

Mrector -

Kores By Paik,

Jun

2021

We hereby certify that ihe above are correct.

Yang, Joo-Hong

0 Dhesangpanaed=ri

Bandaniopa, Sdoumuame |

Uy deomuni=dn

Korea Health Supplements Association Sub. Korea Health Supplements Institute

Mipphlic o) Kores

GRAS ASSOCIATES, LLC
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Appendix 2.5 W. cibaria CMU Lot Cl11-0366N

Macrogen 16S Report — Lot Cl|11-0366N
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Certificate of Analysis — Lot CI11-0366N

No. © D2OZI0R0Z79

Commtd ity

Weissella cibaria CMU

Page ¢ 1 0 / Pages © {9
" . .
Certificate of Analysis
Pate of Appdleation - 2021-06-03 Date of Maoufzacture | .gﬂg!-qr,.‘_zn_
Na. of Sample - D2R2L060270 Expivation Date @ 2098-05-18
Lot Ne. - T111-0368N
Inspeci oo Pirpass Export o o

Mamite ©  OraPharm Inc Bup=sup Yoon -
Apnd icant 005~ =15 Y b s TN PV .
Comphity iddress 5 T he o B=16, Yeonmijang S-ged. Sevngdong-ed, Seoul Republie of
X _Kores
Analytical Result
Test Item Result

Sensary attribute yellowish white powder

110 000 000 000 CFU/g (104 D00 000
000, 108 000 000 000, 123 000 DOO
000)

Probiovies{CFL/g)

End.

Jun 10 021
We hereby cerfliv that the abave are rorregl

Rorea Health Supplements Association Sub, Kerea Health Supplements lostitute

Bumaang-mi

Director Vang . Joo-llong

=10 Rarsx Bie Pack, , T Daesanepaneyo-tt EOBRUANS1  LyRpangi~au . Kepablic ol Rosh
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No. :D2021060281 flage [ 1) / Pages [ 1 |

Certificate of Analysis

Date of Application | 2021-06-02 Date of ManuTacture . 2021=05~20

Nite of Sample = D2021060EE1 Expiratton Bare | 20230519
Lit No- = ClLI-O4RAN

inspect ion Furpose Export

Commodity | Weissells eibaria CHU

Name © OraPharm [one, Ean-sup Yoon

Anili sant Y05=hey, 9=16, Yeonmmjang 5-il . Seoapdone-gu, Secul, Republic of

Koréa

Analytical Result

Canpany address

Test Item Result
Sensory attribute yellowish white powder
Calurie(ﬁcnlflﬂéé]_ 381.53 Keal/100g
Carbohydrate(%) 80,45 &
Crude protein(%) 6.01 %
Crude fat(%) 0.01 %
Moisture(®) 3.4 %
Ash(%) 1.29°%
Sodium(mz/100g) 44.76 mg/ 1008

find.

Jian . 14 . 2021
We hiereby certify that the above are correct
Korea Health Supplements Association Sub. Korea lealth Supplements lnstitute

B=10d . Korem Bio Park. 700y HoewmmgpangioTo, Butdang—gu. Seongnansi. (yeongei-da, Répnblic of Kervi
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No. ° DEZ0Z10602ZRT7

Certificate

FPage U1 ) { Pages { 1 1

of Analysis

Date of Applicationg °

2081-06-02

Date nf Manuizsture | 2021-06-20

M. of Sample :

D2021060287

Expiration e - 2023-05-19

Lat No

- CTLI-DEG6EN

Inspection Purpuse

Export

Cammod i1y

Welssella ibaria CHU

Nome = Opalharm Ine. Eun—<up Yoan
Applicant N GOh=ho, 9-16, Yeonmujang S-gil, Seonpgdong-gu. Seoul Republie of |
Company address X
. Koroa
Analytical Result
Test ltem Result

Lead{mg/ke) 00086 mg/kg
Arseniclmeg/kg) 0.0048 mg/ke
Cadmium{meg/kg) 0,0383 mg/ke
Mercuryimg/kg) 0.0022 mg/ke
End.

Director

E=til. Koe=a o Phark

Yang, Juo-Hong

700, Daswanmpanaye-ro, Honlase=en, Soongnansi , Uveonge—to  Repupl i«

Jun U o 2udl

We herehy cerlify that the above are corract.

Korea Health Supplements Association Sub. Korea Health Supplements Institute

ol Kuren
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No.  FDEDZTORD28

3/11/2022

Page ) ) { Tiees

Certificate of Analysis

Date of Applicalion | 2021-66~0G2

Date

o Manulaciure

202 1-06-20

[R0Z 1060LEA

| Expiration Dare

2023415~ 18

Lot Mo

No, ol Sample

CLI 0366

Lngpection Puppose

Export

Commodily

Wejusel la cibaria CNLU

Name (rathare Inc. Eepe=sup Yoon

M05-ho . B8-16, Yeonmujang 5-gil. Seengdong-gy. Scoul, Repub)ic of

Abp 1 i cant
Compiny adds uss

Kores

Analytical Result

Test Item

Result

Coliform Group

Negal ive

End.

Director

M=ok, Kopea Bio Saek

[T Depwiagpdniy-ri

Jun 8 _ 202]

Yang, Joo-Hong

Dungang=su

ACONEEETE )

We hereby certify thal the above are correct.

Korea Health Supplements Association Sub. Korea Health Supplements Institute

LysongRi=do . Kogabliv 61 Kurea

KHSI
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N, < DROPI63340 Page ( | [ Pages | }
Certificate of Analysis
1

Date of Application | 2021-06-28 ' Date pl Manufacture ji'lil--u."rq-;

N, of Sample f.IEI?'_'lhr'nii::E'J : { Expiration !l;:r- 2 ]
| Lol No. © Cl11-0366K . o iy b B

Ifspectinn Purpose ﬁ;ﬁerl N

l:_'n:u.':lrniil_\'_ Wissel ta .'_ri_r,r_m I o

Name Dralharm fnc._ﬁun sup Yuoon

Appl tcgnd
Company address

805-ho,, S-18, Yeonmujane S-gil. Seongdone-gu. Seoul

nurag

Analytical Result

Test

Item Result

Repulitic of

Mold & Yeast plare countf/g)

O0(Yeast 0, Mold 0)

End

Director

We hereby certify that the above are

Jul '8 1021

nrrect

Forea Health Supplement=s Asseciation Sub. Korea Health Supplements Institute

Yang. Joo-Hong

Baswaneparaye=1 i, Bumdong=gy, HEongnan=3i, OVEONLR) =00, Nepih]

M RGres

_KHSI
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No. :D2021063345

Certificate

Page U 1 ) / Pages | 1 )

of Analysis

Date of Afplical fon @

20021 -06-4R

Mate nf Manufacture ' 2021=06~20

No, of Sample | D202Z10G3345

Explration Daire - 2025-05-16

Lot No. : CI11=0366N

-

|nspect ion Forpese @ Expord

Commud{ty -

Beisselia cibyria CRU

Name -

(raPharm Ine. Bun~sup Yoon

App) icang

Comupany address :

05-ho
karea

9=16, Yeonmujang Trgil . Seongdong-zu, Seoyl

KRepublie of

Analytical Resull

Test ltem Result
Escherichia eolif/g) 0
Salmonellz spp. Negal ive
Listeria mopocytogencs Negat ive
Staphy lococcus aursusi /e) 0

End.

Director

B-301  Roren Slo Pork,

Yang . Joo-llong

100, Upevangpanpgyn=ro, Bupdapg-gu, Yoooemam=si

Jul . 6 . 2021

We hereby certify that the above are correct.
Korea Health Supplements Association Sub. Korea Health Supplements Institute

nywongmi-da. Wepubd e oF Borea

GRAS ASSOCIATES, LLC
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N D2N2 1060285 Fage ( 1 ) ! Pages t 1 )

Certificate of Analysis

Dale of Application @ 2041-06-02 Date of Manuigeture 202 1=05=20

No, of Sample . D20210G02KS Expiration Date = 2023=05-18 |

Lot Wo. § CLLL-U36AN 4{
—_—d

Ilngpection Purpose Expurt

Conmndity - Weissella cibarid CMU

Mt OraPhare [nc, Eun-sup Yoon

App i came i G=15 . - G e - = ™
Coapagy adiedise: ii a=ho, 316, Yeopmujang 5-2il, Seanwetdong-gu. Seoul. Republic of
orea

Analytical Result

_ Test Item Result
HHC (mat/kg) Not detected

.
DT (o /e Not detected
Allrinimg/ke) Not detected
Dicldrintee/ke) Not detected
Fndrin(meg/ke) Not detected
Eintl,

Jum ., 10 . 20¢1
We hereby eertify that the above are correct.
Korea Health Supplements Association Sub. Korea flealth Supplements Institute

Betoh. Rorea Bio Park. 700, Deewangpangyu=io, Buddane-gu, Seongnam-si. fyvoomggs ~do, Kepebiooe ol Korea
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Appendix 3 Average Nucleotide Identity and Strain Specific PCR Results
Appendix 3.1 OrthoANI usearch Algorithm

Appendix 3.2 JSpeciesWS Algorithm

Appendix 3.3 ANI Calculator Algorithm

Appendix 3.4 Strain Specific PCR Results
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Appendix 3.1 OrthoANI usearch Algorithm
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1 2362501 646,453 534795 535929

e FastaC

2342907 641,401 529,601 532163

1
B Caloulate ANI

Caluhabs OrthoANIu Results

ANI
OrthoANIu value (%)
Genome A length (bp)
Genome B length (bp)
Average aligned length (bp)
Genome A coverage (%)

Genome B coverage (%)

645284 0 4532

639,742 o 4532

2,362,320
2341920
1679193

7108

770

1 236250 646,453 534,795 535,929

Ganane Fasta QC | . eibaria JGM 12495 fasta

1 406,515 107,274 105100 B80S

W Coaloulete ANI

Caleulate OrthoANIu Results

ANI
OrthoANIU value (%)
Genome A length (bp)
Genome & langth (bp)
Average aligned length (bp)
Genome A coverage (%)

Genome B coverage (%)

GRAS ASSOCIATES, LLC

6as528a o a5.32

320 o 4576

2362320
405,960
270,773

11.46

66.70
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Genome
sequence A
1 2,362,507
Gonome  Festa 0
sequence B
1 2473048
o
Colculate OrthoANIu Results
ANI
OrthoANIu value (%)
Genome A length (bp)
Genome B length (bp)
Average aligned length (bp)
Genome A coverage (%)
Genome B coverage (%)

646,493 534795 535,929

677,691 559,095 555425 680,837 o

2,362,320
2472480
1,644,774

6963

66.52

4532

4507

Fasta QC

Genome
sequence B

W, cibaria CMU Tasta

2,362,501

2,466/961

i Caloulate ANI

QOrthoANIu Results

Calculate
ANI

GRAS ASSOCIATES, LLC

7anﬁn[t}
Genome A length (bp)
Genome B length (bp)
Average aligned length (bp)
Genome A coverage (%)
Genome B coverage (%)

646,453 534795 535929 645284 o

680,613 553,286 558,949 674113 o

2,362,320

2,466,360

1,526,677
64.63

@190
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sequence B

Caleulate
ANI

Gename
saquence A

Calculate
ANI

Fasta QC] w. cibaria CMU fasta

1 2362500 546,493

Fasta QC | W confusa VTT E133279 fasta

1 2212145 604,915

B Calculate ANI

OrthoANIu Results

OrthoANIu value (%)
Genome A length (bp)
Genome B length (bp)

average aligned length (bp)

Genome A coverage (%)

Genome B coverage (%)

Fasta @C

Fasta QC | W hellenica COUG 33494 fasta

380,413 118,663

1
i cCalculate ANI

OrthoANIu Results

OrthoANIu value (%)
Genoma A length (bp)
Genome B length (bp)

Average aligned length (bp)

Genome A coversge (%)

Genome B coverage (%)

GRAS ASSOCIATES, LLC

534,795

405,769

534795

81,507

535929

501,367

535929

60,801

610,094 o 4508

2362320
2211360
957,212

40.52

4329

645284 o 4532

119442 0 4

I 74.05 I

2362320
127025

538

3R
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1 2,362,501 646,493

aequences B

327186 102,592

1
B Calculate ANI

Caloulate OrthoANIu Results
ANI
OrthoANIu value (%)
Genome A length (bp)
Genome B length (bp)
Average aligned length (bp)
Genome A covernge (%)
Genome B coverage (%)

534,795 535929 545284 o 4532

51,600 74523 97,709 7z 38.64

6816
2362320
316,400
66,726
282

2044

e

sequence A

1 2362500 646,493

Jpload FASTA
Genarme Fasta QC || W soll KACC 11846 fasta

sequence B

1 1,683,184 472087

B Caloulate ANI

Calculate OrthoANIu Results
ANI
OrthoANIu value (%)
Genome A length (bp)
Genome B length (bp)
Average aligned length (bp)
Genome A coverage (%)

Genome B coverage (%)

GRAS ASSOCIATES, LLC

534,795 536529 645284 (] 4532

2362320
1,663,000
480,099
2032

2853
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Appendix 3.2 JSpeciesWS Algorithm
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P e———— R
W. bellenica s
W. cibaria W. cibaria W. cibaria W. cibaria W. cibaria W. cibaria W. cibaria JCM W. confusa VTT C;:IIG W. kandieri DSM  paramesentercides W. soll KACC W. thailandensis
CMU.fasta CMs1fasta CM52.fasta CM$3fasta E-133278.fasta samdtasea 20683 fasta FDAARGOS 11848 fasta JCM 10686 fasta
414 fasta

W. cibaria - 99.98 99.99 99.99 s8.48 9853 Lo L] 7% LLE B4 85 8536 ®|ay BSES
CMU.tasta (100.00) (10600} 100.66) 9479) (9314 (17.54) (2814) (1.99) 012 i6r1) i5 56) 0.02) '
W. cibaria 2988 . . . . . . + . # ¢ F 4

CME1.fasa {10000

W, cibaria 5385 * . : . . . : - 3 z ; A

CM32.fasta (100,001

W. olbaria 0.9 ’ : . . s ' . * » 9 ' ’

CME3.Rsa (10000

W. cibaria s8.%0 3 3 s ¥ z 5 E o 3 s : 3

BC14.fasta (49.69)

CHzfasta (88.81)

W.clbaria JCM 9593 ¥ 3 2 ™ J

12445 fasta (10000

W.confusa VIT  £7 3% ’ ¢ ¢ 1 3 . T * . .
E-133279 fasta (29 43)
W. heilenica ars » s 2 1 ¢ 0 0 5 5 5 0 ¥
ceue 864
33484 fasta

W.kandleri DSM 44 26 - ' . - = e - . - - - -

20592.fasta. o8

w. 858 . . = 3 - = 3 . - = =
paramesentercides 6 45

FDAARGOS

414fasta

W. soli KACC 8632 |
T1848 fasta .29

W, thailandensis 1565 ¥ = - ~ - - - 2 e - X ‘

JCM 10835 fasta (024

ANIm Result Matrix  ANIm Result by Genome

W, ;nam CMU fasta - & Dovnioad 85 csv Legena Bt cutof! [+ $5%)

Genome ANIm [%] Aligned [%] Aligned [bp] Total [bp]
W._cibana_CMS2 fasta 9999 100.00 2362501 262500
W._cibaria_CMS3 fasta 8599 100.00 2362500 2352501
W_tibaria_JCM_12495 fasta 999 1754 st 2362501
W,_cibara_CMS1 fasta 9958 100,00 2362501 2362501
W._cibaria_BC14 fasta 98.48 9479 2239482 2362501
W_cibaria_CHZ fasta 9693 9314 2200403 236250
W_paramesenteroides_FDAARGOS_414 fasta BEZE B 144335 2352501
W_heBenica_CCUG_33494 fasta 8738 139 32954 2362501
W_confusa_VTT_E-133279 fasta 3% 2814 GE4BTS 23250
W,_soll_KACC_11848 fasta 8541 556 131442 2362501
W_thallandensis_JCM_10695 tasta 8565 002 A% 2362501
W_kandien_DSM_20593 fasta 8485 012 argr 2362501
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Tétm Result iy Genome

W, cibaria W. gibaria W, eibaria W. eibaria W. eibaria W. cibaria
BCl4tasta CHLfs@

W. cibaria = 053388 0.99958 099958 05391 0.29831
CMU fasta
W. clbaria 0.93958 = — - —
CMS1 fasta
W. sibaria c.oee08 r
CcMs2fasta
W. eibaria 094388 = — i e =
CMS3 fasta
W, cibaria (R - - - * -
BC14.fasta
W. cibaria LA L)) - - - — ’
CH2.fasta
W.ocibaria JCM 0 R00 - - =" — -
12485 1a5ta
W confusa VIT 09740 - —
E-133278 fasta
W. hellenica oAines - - - — —
cecus
134z4.fasta
Wi kandleri DEM [ E7500 =1 EE o ] -
20893 fasta
W 11 B3454 - - - = =
paramesentercides
FOAARGOS
a4 fasa
W. soll KACC 08047 - - - - -
11848 fasta
W. thallandensis [ 70044 - - -
JCM 10885.fasta
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" "
W.cibaria JOM  W. confusa VTT :‘WG W, soll KACC W. thailandensis
12498 fasta E-133174.fasta 20833 fasta FOAARGOS 1848 fasta JEM 10685 fasta
33494 tasta
414 fa5ta
097807 o9fa8a oa14s [ r g BB 09047 0 7E34q

Page 112 of 151



GRAS Notice — Weissella cibaria
OraPharm 3/11/2022

GRAS ASSOCIATES, LLC Page 113 of 151



GRAS Notice — Weissella cibaria
OraPharm 3/11/2022

Appendix 3.3 ANI Calculator Algorithm
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Appendix 3.4 Strain specific PCR results

RAPD-PCR Patterns of Multiple Weissella Species Compared to W. cibaria CMU

4 5 6 819 10 31 .M

M = 1 kb Plus DNA Ladder; 1 = W. thailandensis KCTC 3551; 2 = W. viridescens KCTC 3504; 3= W. soli KCTC 3789;4 =
W. paramesenteroides KCTC 3531; 5 = W. minor KCTC 3604; 6 = W. kandleri KCTC 3610; 7 = W. halotolerans KCTC
3595; 8 = W. confusa KCTC 3499 (ATCC 10881); 9 = W. cibaria KCTC 3807; 10 = W. cibaria KCTC 3746; 11 = W. cibaria
CMU reference stock

RAPD-PCR Patterns of W. cibaria CMU Reference Stock Compared to Five Strain CMU

Production Lots
11 12 M 11 14 M 11 15 M 11 16 M

M = 1 kb Plus DNA Ladder; 11 = W. cibaria CMU reference stock; 12 = W. cibaria CMU Production Lot No. CI11-0115N;
13 = W. cibaria CMU Production Lot No. CI11-0116N; 14 = W. cibaria CMU Production Lot No. CI11-0117N; 15 = W.
cibaria CMU Production Lot No. CI11-0366N; 16 = W. cibaria CMU Production Lot No. CI11-0362N
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Appendix 4 Manufacturing Documentation

MW E ) JHI-QIO7-8B47-XNZR-DXBZ
Q) vaaimerny
#11 JayuPyeonghwa—Ro, Busanfin-Gu, Busan, 614-720, Republic of Korea,
Tel+ 82-51-802-68111, Fax:+82-51-602-6245
Cerlificale No. ! MFDS FID - 2017060033

CERTIFICATE GOOD MANUFACTURING
PRACTICES APPLIED ESTABLISHMENT

MM/DD/YY - 11/09/17
This is to certify thal the followin s GMP applied establishment in
accordance with the Article 22, miial Food Act and the

B Name of Manufacturer

‘ .
B Address : 13-10, Worasanri pom=gil, iy, Jinjuesi, Gyeongsangnam-do,
Republic of Koreal 5 3

B Name of Representative :

B Name of registered Quality Control Manager - Chunho Park

W Motice h:; u-llnruaw is yalid only for HealllLEuetional Food manulaciured by Good

| 'FF‘JT%P"MF“% -’mphﬂi Tﬂm NT-. ™ a r-] y

B Approval ]—)FITH f i‘}lr

B Remarks : Purpose of E} T sv & 1 S ‘a fet 'kri.

gigﬂa i _

Director of General Services Division
Busan Regional Food & Drug Administration

Republic of Korea

This cerificate was issued by intermet and can be verified at Food Salety Korea Site(htto!//www. foodsafetykorea go ki)
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Appendix 5 Representative Allergen Testing Reports

Appendix 5.1 W. cibaria CMU Lot CI11-0116N
Appendix 5.2 W. cibaria CMU Lot CI11-0117N

Appendix 5.3 W. cibaria CMU Lot Cl11-0366N
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Appendix 5.1 W. cibaria CMU Lot CI11-0116N

Milk and Soy — Lot CI11-0116N

SGS

|'I'est Report (Reference)no. F690101LF-CTSAYFN21.31115 Issued Date 2021.08.12 Page 1 of 1

ORAPHARM INC.

905-ho 9-16, yeonmujang 5-gil

seongdong-gu, seoul

korea

The following sample(s) was/were submitted and identified by/on behalf of the client as:-

This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"

SGS File No + AYFN21-31115

Product Name : Weissella cibana CMU

Item No./Lot No. : MFG 2021.02.15, EXP 2023.02.14, Lot No. CI11-0116N

Testing Period ;2021.08.04 1o 2021.08.12

Purpose of Test Report ~ : Reference

Test Results
Test ltem Unit Method MDL Result

Milk ng/uL In-house method(FQW-25-12) 1 Detected

Soybean nglul Korea Food Code 1 Not Detected

Note) (1)** = Qualitative analysis (No Unit)
{2) The test results are limited to the requested product(sample name, item no. ), and the sample don't
have food Labeling information of Korea regulation.
(3) This test report is not related to Korea Laboratory Accreditation and KS Q ISOAEC 17025,
(4) Venfy for authenticity and validity in web site : https/feecloud sgs.com/index.aspx
(5) This test report cannot be used for public relations, advertising or litigating purposes without the pnior
consent of our company and not be used for different purpose..

*** End of Report*™*

Coardine

Technical Manager /| SGS KOREA

Thic dosument i iccuse by he Company tabjest fo He General CondRions of Sarviss printed cvarisal, avalabie on ot sy pew e gop porunTeImE QNS ConIMoNG SRS
and, for slestronie This oeamest i icsasd by e :mm sutjmet io fie Senersl Conaiions of Bervics printed cverieal, avalisbie o0 Fequstl Sf aoosceDie Mt
JUBEs e A A A AL A SR s I CALRLI L .l 4700 Attenion i drewn to ine lmitation of GabiiEy, IndemniSestion and jurisdon Bewet SeNned hersin. Any Rolser of thi

--mn-—- nmhwcmmmw dﬁh-mulmwﬁ-uunq-ﬂmhhlnmwa Inctroobionc, f any. The Company's
wale responehiiny i fo fie Cliem ane inic parties 10 2 ail their righte ana mnder e Toig
L el I full, WHREUR pricT wiitten apptaval of the Campany Afy unauthorized aferation. forgery of taleMoation of Ba cantenl of apbearands of this dosdment & uskawil
and offensent may be procsouted be ine fulksst sxtent of the aw Unisce stnerwice stated ine resislite chown in inie il raport refer oniy io ine samzie| sl tested.

FOP-32F2 3)
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Gluten — Lot Cl11-0116N
Test Report (Reference) No. F690101/LF-CTSAYFN21-31116 Issued Date 2021. 08. 12 Page 10of 1
ORAPHARM INC.
905-ho 9-16, yeonmujang 5-gil
seongdong-gu, seoul
korea
The following sample(s) wasiwere submitted and identified by/on behalf of the client as:-
This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"
SGS File No. : AYFNZ1-31M6
Product Name +  Weissella cibaria CMU
Item No./Lot No. » MFG 2021.02.15, EXP 2023.02 14, Lot No. CiI11-0116N
Test Period . 2021.08.04 3o 2021.08.12
Purpose of Test Report:  Reference
Test Results
Test ltems Unit Test Method LOQ Results
Allergen Gluten mg'kg Veratox for Gliadin R5 Allergen, 5 <50
MNeogen No. 8510

MOTE: (1) Not detected =< LOQ, g/100g = %(w/w), - = No regulation, ** = Qualitative analysis (No Unit)
(2) LOQ = Limit Of Quantitation
(3) The test results are limited to the requested product{sample name, item no.),
and the sample don’t have food Labeling information of Korea regulation.
(4) This test report is not related to Korea Laboratory Accreditation and KS Q ISO/IEC 17025.
(5) Verify for authenticity and validity in web site : https:/feecloud sgs.com/index.aspx.
(6) This test report cannot be used for public relations, advertising or litigating purposes without
the prior consent of our company and not be used for different purpose.
*** End of Report ™*

Thie Sosument It Iecusd by the Company cobijsot ta fe Oensfal CondRtiohe of Jarvios printed averieat, avallal request &F St Anis e foE BoniEn Terred ghd ComsinRg gl
u&m-mmnmm:muumemmxmu St Genaral Concifions of fervics printed averisat, avaBable on mu-lnrmut
i z ol Aftention ic arawn to the of BabERy. =na jur mEusc defined harsin. Any halder of inls
i paviged thal SEhlainsd Refean raflasls INe Company's MEAGE &t 158 ima of B IAlervention ofily GRd WIthin the Bmile of ClAl'E IRElFuslisne, I any. The Company'e
cale recpensibil®y ke to e Cllent ane ihic Scoumant oss not sicherats partise bn & francaciion from exersicing ail iheir rights and uncar tha Thie
wannot be rRproduted sxsapt In full. wihout pricr written speroval of the pany. Any . fergary or of the confent or appearanee of thic ozumant s uniswhsl
ang offendert may e prosesuted ta the hullett extent of the w Unisss otherwice cisted the recuthe chown in Bk teet repart refer ondy fo ine sampieic] tscten.

Comwdise
Technical Manager /| SGS KOREA
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Appendix 5.2 W. cibaria CMU Lot CI11-0117N

Milk and Soy — Lot CI11-0117N

SGS

I'I'est Report (Reference)no. F690101/LF CTSAYFN2131118 Issued Date 2021.08.12 Page 1 of 1

ORAPHARM INC.

905-ho 9-16, yeonmujang 5-gil

seongdong-gu, seoul

korea

The following sample(s) was/were submitted and identified by/on behalf of the client as:-

This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"

SGS File No - AYFN21-31118

Product Name : Weissella cibaria CMU

ltem No./Lot No. - MFG 2021.02.15, EXP 2023.02 14, Lot No. CH11-0117N

Testing Period :2021.08.04 o 2021.08.12

Purpose of Test Report ~ : Reference

Test Results
Test Item Unit Method MDL Result

Mitk ngluL In-house method({FQW-25-12) 1 Detected

Soybean ng/uL Korea Food Code 1 Mot Detected

Note) (1) = Qualitative analysis (No Unit)
(2) The test results are limited to the requested product{sample name, item no ), and the sample don’t
have food Labeling information of Korea regulation.
(3) This test report is not related to Korea Laboratory Accreditation and KS Q ISO/NEC 17025.
(4) Verify for authenticity and validity in web site - https://eecloud sgs.com/index.aspx
(5) This test report cannot be used for public relations, advertising or liigating purposes without the prior
consent of our company and not be used for different purpose

*** End of Report™

Canwlie
Technical Manager / SGS KOREA

mmsmumcww subjeot to BT Ganaral ComgRIoNG of B4rvios printed overies! svallanis on requsct of o A e s AR SATLE TR e L N s
and. for Ik lccaed by the y subjeot t Hc Seneral Condifions of Lervios printed cverieal, avalisble on requect or 20080 ciile 3t

Nie WS GO 2O SNANTE I onaine g terme s o et Aftention ic drawem to {he limftation of Eabdrty, indemniftsation and juricdiction Ksues defined thersin. Any hoider of thic
doaument i advised that infarmation um.mu Bareon rafisets the Company's findings st ibe timo of f6 Intsrvendion oniy and within the imits of Client's Instrastions, If any. The Company’s
ke reRponeaTy I to B Chent and Rl Sooument Soes not Kronerate Parties 1o  Iraneaction from susrsing ail treir rghts and wnaar . This:

sanmot be repreduend sasept In full, winget pricr wTitten approval of the Company . Amy enestherized afteration, fergery or falifoation of e sontent oF appearance of tis dogument |e undaw ful
ang may by wied to the ‘ot the faw. Uniess ottverwics ctated ihe resudis snown in Mic fost report refer onty io the sampisis) tected.
FOP-I2FZ(3) |#:

Page 125 of 151



GRAS Notice — Weissella cibaria
OraPharm 3/11/2022

Gluten — Lot CI11-0117N

rl'est Report (Reference) no. F6901011LF-CTSAYFN21-31119 Issued Date 2021. 08. 12 Page 1 of 1

ORAPHARM INC.

905-ho 9-16, yeonmujang 5-gil
seongdong-gu, seoul

korea

The following sample(s) was/were submitted and identified by/on behalf of the client as -

This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"

SGS File No. «  AYFN21-31119
Product Name :  Weissella cibaria CMU
item No./Lot No. : MFG 20210215, EXP 2023.02.14, Lot No. CH1-0117N
Test Period : 2021.08.04 1o 2021.08.12
Purpose of Test Report:  Reference
Test Resuits
Test ltems Unit Test Method LOG Results
Allergen Gluten ma'kg Veratox for Gliadin RS Allergen, 5 <50
MNeogen No. 8510

NOTE: (1) Not detected = < LOQ, g/100g = %({w/w), - = No regulation, ** = Qualitative analysis (No Unit)
(2} LOQ = Limit Of Quantitation
{3) The test results are imited to the requested product{sample name, item no.),
and the sample don’t have food Labeling information of Korea reguiation.
(4) This test report is not related to Keorea Laboratory Accreditation and KS Q ISQ/EC 17025,
(5) Verify for authenticity and validity in web site - hitps://eecloud sgs.com/index aspx
(6) This test report cannot be used for public relations, advertising or litigating purposes without
the prior consent of our company and not be used for different purpose .
*** End of Report ***

Conadles
Technical Manager / SGS KOREA

Thiz geoument ke ikeuea by the Company cubjeot 1o e Ceneral CondRions of Jervios printed overieal. avallable on requect of Rl s S8 St TIERE R0 C ook L Rl
ang, for sisetronie This it i by the mﬁ-ﬂln #is Genaral Conctions of Ssrvice printed cvereat, -nmuw-mw!w-w--

nSEL Wy S EEE S Ea a2 a o iUn s R - OU puTer: . & grawn ta ihe of Babisy, ang ol inerein. Any halder of this
mnnmmmnmmmmmmm-mdmnnw-mmommmhmm&ﬂm;mnatw.mcm%
wale respeneiity 5 ic i Cllent and this a0 net mnhl from all trer rights ang unger the Tnis

cannol be reproduced extepd in full, withcut pricr wittten aporoval of the fergersy of fale®oation of e confent of sppesrance of thic Socument i undam il
2ac offenders may Be procesuled o the fullest sxtent of the law. Ummmmﬂwmuﬁi Encem in fule test enly to the L tsctea.
FOF-32-F21(3) 230, &7, Man i
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Appendix 5.3 W. cibaria CMU Lot CI11-0366N
Milk and Soy — Lot CI11-0366N
ITeSt Report (Reference)no. F690101/LF-CTSAYFN21-31121 Issued Date 2021.08.12 Page ! of 1
ORAPHARM INC.
905-ho 9-16, yeonmujang 5-gil
seongdong-gu, seoul
korea
The following sample(s) was/were submitted and identified by/on behalf of the client as:-
This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"
SGS File No - AYFN21-31121
Product Name : Weissella cibaria CMU
ltem No./Lot No. : MFG 2021.02.15, EXP 2023.02.14, Lot No. C111-0366N
Testing Period : 2021.08.04 1 2021.08.12
Purpose of Test Report @ Reference
Test Results
Test ltem Unit Method MDL Result
Milk ngful In-house method(FQW-25-12) 1 Detected
Soybean nglul Korea Food Code 1 Not Detected
Note) (1) = Qualitative analysis (No Unit)
(2) The test results are limited to the requested product{sample name, item no.), and the sample don’t
have food Labeling information of Korea requlation.
(3) This test report 1s not related to Korea Laboratory Accreditation and KS Q ISONEC 17025
(4) Venify for authenticity and validity in web site : https.//eecloud.sgs.com/index.aspx
(5) This test report cannot be used for public relations, advertising or lifigating purposes without the prior
consent of our company and not be used for different purpose .
*** End of Report***
Conpdlen
Technical Manager | SGS KOREA
Thic document it iccued By the Company cubjest ic s Generai Condiiont of Sarvine printed cverieal availabie on requect of o Sl e S06 oo mn TeNE a3 CaEGDE SRt
and. for This i6 Lued By Bhe ooty cubjeol tn Me Deneral Conavlient of Bervice printed cverieat, avaiabie o0 FeQUET OF SO0SEREIN
LR RN AE R Gar ATl g e oAl - Slesianga Attention |x grawn to the Bmitstion of Aatfifty, Ingemnifertion and jurisdistion Euss defined thersin, Any nolcer of thig
it s agwised st herecn refisols the Company's indings at the Sme of &5 intervendion oniy and within ive lmits of Client's Insirustions, I any. The Company's
cale recponcRany iv to s Cilsnt ana this cosument dost aot exonerate partiec to 2 rancaation from sxeroating asi their rights and wnael Thic nt
sannol bé reprodused sxcepl i full, without prior wittten spproves of the Company . Any unsuthorized alteration. Rergery or falcMoalon of the sontenl of appesrancs of this Sosument it unlseful
and oMeAdert May Bé Droteauled Lo the Aullect saten! of Ihe lbw Unises stherwics etated (P feciaits e5ow In thie thel Feport reler afify 16 the SampIBiel tected.

FOP32F2(3) =, 2
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Gluten — Lot CI11-0366N

SGS

rl'est Report (Reference) no. Fe901011F-CTSAYFN21-31122 Issued Date 2021. 08 12 Page 1 of 1
ORAPHARM INC.
905-ho 9-16, yeonmujang 5-gil
seongdong-gu, seoul
korea
The following sample{s) was/were submitted and identified bylon behalf of the chient as-
This report is not related to the Ministry of Feod and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"
SGS File No. : AYFEN21-31122
Product Name :  Waeissella cibaria CMU
ftem No./Lot No. : MFG 2021.02 15, EXP 2023.02.14, Lot No. C111-0366N
Test Period : 2021.08.04 to 2021.08.12
Purpose of Test Report:  Reference
Test Results
Test ltems Unit Test Method LoQ Results
Allergen Gluten mg/kg Veratox for Gliadin RS Allergen, 5 <50
Neogen No, 8510

NOTE: (1) Not detected =< LOQ, g/100g = %(w/w), - = No regulation, ** = Qualitative analysis (No Unit)
(2) LOQ = Linut Of Quantitation
(3) The test results are himited to the requested product(sample name. item no.)
and the sample don’t have food Labeling information of Korea regulation
(4) This test report is not related to Korea Laboratory Accreditation and KS Q ISO/IEC 17025.
(5) Verify for authenticity and validity in web site : https://eecloud.sgs.com/index.aspx
(6) This test report cannot be used for public relations, advertising or litigating purposes without
the prior consent of our company and not be used for different purpose .
*** End of Report ***

Technical Manager /| SGS KOREA
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Appendix 6 Representative Pesticide Testing Reports

Appendix 6.1 W. cibaria CMU Lot CI11-0116N
Appendix 6.2 W. cibaria CMU Lot CI11-0117N

Appendix 6.3 W. cibaria CMU Lot Cl11-0366N
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Appendix 6.1 W. cibaria CMU Lot CI11-0116N

Test Report (Reference)no. F60101/LF CTSAYFN21.31117 Issued Date : 2021. 08. 12 Page 10f2

ORAPHARM INC.

505-ho 5-16 yeonmujang 5-gil
secngdong-gu,seoul

korea

The fallowing sample(s) was/were submitted and identified by/on behalf of the client as-
This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"™

SGS File No. T AYFN21-31117

Product Name * Weissella cibana CMU

Item No./Lot No. : MFG 2021.02.15, EXP 2023.02.14, Lot No. CIT11-0116N
Testing Period 12021.08.04 - 2021.08.10

Purpose of Test Report * Reference

Test ltems : Pesticide 245. For the tems, please refer to following page(s)
Test Method : Analysis of hazardous substances in agricultural, GC and LC
Test Results 1245 Not Detected

Notes 1) Not detected = <LOQ (0.0 1mg/kg). LOQ= Limit of quantitation
2) The test results are imited to the requested product(sample name, item no_).
and the sample don't have food Labeling information of Korea regulation..
3) This test report is not related to Korea Laboratory Accreditation and KS Q ISOIEC 17025..
4) Venfy for authenticity and validity in web site | hitps://eecloud sgs.com/index aspx
5) This test report cannot be used for public relations, advertising or litigating purposes without the
prior consent of our company and not be used for different purpose .

r

Kwangsoo Jeon

Technical Manager /| SGS KOREA
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Test Report (Reference)no. F690101/LF-CTSAYFN21.31117 Issued Date - 2021. 08. 12
SGS File No. : AYFN21-31117
Product Name + Weissella cibaria CMU

Page 2 of 2

Acetamiprid, Acrinathrin, Alachlor, Aldicarb, Aldrin, Amisulbrom, Anilofos, Azinphos-methyl, Azoxystrobin, Bendiocarb,
Benthiavalicarb-isopropyl. Benzoximate, BHC, Bifenox, Bifenthrin, Biteranol, Boscalid, Bromobutide, Bromopropylate, Buprofezin,
Butachlor, Cadusafos, Captan, Carbaryl{NAC), Carbendazim, Carbofuran, Carbophencthion, Chinomethionat{ Oxythioguinox),
Chilorantraniliprole, Chlordane, Chlorfenapyr, Chiorfenvinphos, Chlomfiuazuron, Chlorobenzilate, Chlorothalonil, Chlorpropham,
Chlorpyrifos, Chiompyrifos-methyl, Chromafenozide, Clofentezine, Clothianidin, Cyazofamid, Cyflufenamid, Cyfluthrin (beta),
Cyhalofop-butyl, Cyhalothrin-lambda, Cymoxanil, Cypermethrin, Cyproconazole, Cyprodinil, DDT, Deltamethnn, Diazinon,
Dichlofluanid, Dichlorvos/DDVE, Diclofop-methyl, Dicloran, Dicofol, Diethofencarb, Difenoconazole, Difiubenzuron, Dimepiperate,
Dimethenamid, Dimethoate, Dimethomorph(E.Z), Dimethylvinphos(Z), Diniconazole, Diphenamid, Diphenyiamine, Disulfoton,
Dithiopyr, Diuron, Edifenphos, Endosulfan (alpha, bata sulfate), Endrin{dieldnn), EPN, Esprocarb, Ethaboxam, Ethalfiuralin,
Ethicfencarh, Ethion, Ethoprophos, Etoxazole, Etofenprox, Etndiazole, Etnmifos, Fenamidone, Fenamiphos, Fenarimol,
Fenazaquin, Fenbuconazole, Fenitrothion : MEP, Fenobucarb, Fenothiocarb, Fenoxanil, Fenpropathrin, Fenpyroximate, Fenthion :
MPP, Fenvalerate, Ferimzone, Fipronil, Fluacrypynm, Flubendiamide, Flucythrinate, Fludioxonil, Flufenoxuron, Flumioxazine,
Fluopicolide, Fluguinconazole, Flusilazole, Flutolanil, Folpet, Forchlorfenuron, Fosthiazate, Fthalide, Furathiocarh, Halfenprox,
Heptachlor, Heptachlor epoxide, Hexaconazole, Hexaflumuron, Hexythiazox, Imazalil, Imibenconazole, Imidacloprid, Indanofan,
Indoxacarb, Iprobenfos/IBP, Iprodione, Iprovalicarb, Isofenphos, Isoprocarh - MIPC, Isoprothiolane, Kresoxim-methyl, Lufenuron,
Malathion, Mandipropamid, Mecarbam, Mefenacet, Mepanipyrim, Mepronil, Metalaxyl, Metamifop, Metconazole,
Methabenzthiazuron, Methidathion, Methiocarb, Methomyl, Methoxychlor, Methoxyfenozide, Metobromuron, Metolachlor,
Metolcarh, Metribuzin, Mevinphos, Molinate, Myclobutanil, Napropamide, Novaluron, Nuarimol, Ofurace, Oxadiazon, Oxamyl,
Oxaziclomefon, Oxyfiuorfen, Paclobutrazole, Parathion, Parathion-methyl, Penconazole, Pencycuron, Pendimethalin,
Pentoxazone, Permethrin, Phenthoate:PAP, Phorate, Phosalone, Phosphamidone, Piperophos, Pirimicarb, Pinmiphos-ethyl,
Pinmiphos-methyl, Probenazole, Prochioraz, Procymidone, Profencfos, Prometryn, Propanil, Propiconazole, Propoxur, Prothiofos,
Pyraclofos, Pyraclostrobin, Pyrazophos, Pyribenzoxim, Pynbuticarb, Pyridaben, Pyndalyl, Pyridaphenthion, Pyrimethanil,
Pyrimidifen, Pyriminobac-methyl(E.Z), Pyriproxyfen, Pyroquilon, Quinoclamine, Quintozene(pentachloroaniline, Methyl
pentachiorophenyl sulfide), Silaflucfen, Simazine, Simeconazole, Simetryn, Spirodiclofen, Spiromesifen, Tebuconazole,
Tebufenozide, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Terbufos, Terbuthylazine, Terbutryn, Tetraconazole,
Tetradifon, Thiabendazole, Thiacloprid, Thiamethoxam, Thiazopyr, Thifluzamide, Thiobencarb, Thiodicarb, Thiophanate-methyl,
Tiadinil, Tolclofos-methyl, Tolylfiuanid, Tralomethrin, Triadimefon, Triadimenol, Triazophos, Tricyclazole, Trifloxystrobin,
Triflumizole, Triflumuron, Trifluralin, Uniconazole, Vinclozolin, Zoxamide

“** End of Report ***
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Appendix 6.2 W. cibaria CMU Lot CI11-0117N

Test Report (Reference)no. F690101/LF CTSAYFN21.31120 Issued Date : 2021.08. 12 Page 1 of 2

ORAPHARM INC.

505-ho 9-18,yeonmujang 5-gil
seongdong-gu,seoul

korea

The following sample(s) wasiwere submitted and identified by/on behalf of the client as:-
This report is not refated to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION [N THE FOOD
AND DRUG INDUSTRY"

SGS File No. ¢ AYFN21-31120

Product Name * Weissella cibaria CMU

ttem No./Lot No. ¢ MFG 2021.02.15, EXP 2023.02.14, Lot No. CI11-0117N
Testing Period 12021.08.04 - 2021.08.10

Purpose of Test Report * Reference

Test ltems * Pesticide 245 For the tems, please refer to following pagsis)
Test Method : Analysis of hazardous substances in agricultural, GC and LC
Test Results 1245 Not Detected

Notes 1} Not detected = <LOQ (0.0 1mg/kg), LOC= Limit of quantitation

2) The test results are limited to the requested product{sample name, itemino.),
and the sample don't have food Labeling information of Korea regulation.

3) This test report is not related to Korea Laboratory Accreditation and KS Q ISO/EC 17025..

4} Verify for authenticity and validity in web site : https://eecloud.sgs.com/index.aspx.

5) This test report cannot be used for public relations, advertising or litigating purposes without the
prior consent of our company and not be used for different purpose .

HKweangsoo Jeon

Technical Manager /| SGS KOREA
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OraPharm 3/11/2022
Test Report (Reference)no. F630101/LF-CTSAYFN21-31120 Issued Date : 2021.08. 12 Page 2 of 2
SGS File No. : AYFN21-31120
Product Name : Weissella cibaria CMU

Acetamipnd, Acrinathrin, Alachlor, Aldicarb, Aldrin, Amisulbrom, Anilofos, Azinphos-methyl, Azoxystrobin, Bendiocarb,
Benthiavalicarb-isopropyl, Benzoximate, BHC, Bifenox, Bifenthrin, Biteranol, Boscalid, Bromobutide, Bromopropylate, Buprofezin,
Butachlor, Cadusafos, Captan, Carbaryi(NAC), Carbendazim, Carbofuran, Carbophenathion, Chinomethionat{Oxythioquinox),
Chlorantraniliprole, Chlordane, Chiorfenapyr, Chiorfenvinphos, Chlorfluazuron, Chiorobenzilate, Chlorothalonil, Chlorpropham,
Chlorpyrifos, Chiorpyrifos-methyl, Chromafenozide, Clofentezine, Clothianidin, Cyazofamid, Cyflufenamid, Cyfiuthrin (beta),
Cyhalofop-butyl, Cyhalothrin-lambda, Cymoxanil, Cypermethrin, Cyproconazole, Cyprodinil, DDT, Deltamethrin, Diazinon,
Dichlofiuanid, Dichlorvos/DDVP, Diclofop-methyl, Dicloran, Dicofol, Diethofencarb, Difenoconazole, Difiubenzuron, Dimepiperate,
Dimethenamid, Dimethoate, Dimethomorph(E,Z), Dimethyivinphos(Z), Diniconazole, Diphenamid, Diphenytamine, Disulfoton,
Dithiopyr, Diuron, Edifenphos, Endosulfan (alpha, bata sulfate), Endrin(dieldrin), EPN, Esprocarb, Ethaboxam, Ethaifiuralin,
Ethiofencarh, Ethion, Ethoprophos, Etoxazole, Etofenprox, Etndiazole, Etrimfos, Fenamidone, Fenamiphos, Fenanmol,
Fenazaquin, Fenbuconazole, Fenitrothion : MEP, Fenobucarb, Fenothiocarh, Fenoxanil, Fenpropathnn, Fenpyroximate, Fenthion -
MPP, Fenvalerate, Ferimzone, Fipronil, Fluacrypynm, Flubendiamide, Flucythrinate, Fludioxonil, Flufenoxuron, Flumioxazine,
Fluopicolide, Fluquinconazole, Flusilazole, Flutolanil, Folpet, Forchlorfenuron, Fosthiazate, Fthalide, Furathiocarb, Halfenprox,
Heptachlor, Heptachlor epoxide, Hexaconazole, Hexaflumuron, Hexythiazox, Imazalil, Imibenconazole, Imidacloprid, Indanofan,
Indoxacarb, Iprobenfos/IBP, Iprodione, Iprovalicarh, Isofenphos, Isoprocarb : MIPC, Isoprothiolane, Kresoxim-methyl, Lufenuron,
Malathion, Mandipropamid, Mecarbam, Mefenacet, Mepanipyrim, Mepronil, Metalaxyi, Metamifop, Metconazole,
Methabenzthiazuron, Methidathion, Methiocarb, Methomyl, Methoxychior, Methoxyfenozide, Metobromuron, Metolachlor,
Metolcarb, Metribuzin, Mevinphos, Molinate, Myclobutanil, Napropamide, Novaluron, Nuarimol, Ofurace, Oxadiazon, Oxanyl,
Oxaziclomefon, Oxyfluorfen, Paclobutrazole, Parathion, Parathion-methyl, Penconazole, Pencycuron, Pendimethalin,
Pentoxazone, Permethrin, Phenthoate:PAP, Phorate, Phosalone, Phosphamidone, Piperophos, Pirimicarb, Pinmiphos-ethyl,
Pirimiphos-methyl, Frobenazole, Prochloraz, Procymidone, Profencfos, Prometryn, Propanil, Propiconazole, Propoxur, Prothiofos,
Pyraclofos, Pyraclostrobin, Pyrazophos, Pyribenzoxim, Pyributicarb, Pyndaben, Pyndalyi, Pyridaphenthion, Pyrimethanil,
Pyrimidifen, Pyriminobac-methyl(E,Z), Pyriproxyfen, Pyroquilon, Quinoclamine, Quintozene(pentachloroaniline, Methyl
pentachlorophenyl sulfide), Silaflucfen, Simazine, Simeconazole, Simetryn, Spirodiciofen, Spiromesifen, Tehuconazole,
Tebufenozide, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Terbufos, Terbuthylazine, Terbutryn, Tetraconazole,
Tetradifon, Thiabendazole, Thiaclopnd, Thiamethoxam, Thiazopyr, Thifluzamide, Thiohencarb, Thiodicarb, Thiophanate-methyl,
Tiadinil, Tolclofos-methyl, Tolyifluanid, Tralomethrin, Triadimefon, Triadimenol, Triazophos, Tricyclazole, Trifloxystrobin,
Triflumizole, Triflumuron, Trifluralin, Uniconazole, Vinclozolin, Zoxamide

*** End of Report ***

Thic dooument G Isgued Dby fthe Company cubjest o Itc Gensral Conditions of Servies printed cverisaf. avallable on request or aocsecsible  at
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Appendix 6.3 W. cibaria CMU Lot CI11-0366N

’Test Report (Reference)no. F630101/LF CTSAYFN21.31123 Issued Date - 2021. 08. 12 Page 10f2

ORAPHARM INC,

905-ho 9-16_yeonmujang 5-gil
seongdong-gu,seoul

korea

The following sample(s) was/were submitted and identified by/on behalf of the client as-
This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY”

SGS File No. T AYFMN21-31123

Product Name * Weissella cibaria CMU

Item No./Lot No. : MFG 2021.02.15, EXP 2023.02.14, Lot No. CI11-0366N
Testing Period :2021.08.04 - 2021.08.10

Purpose of Test Report * Reference

Test ltems : Pesticide 245. For the tems, please refer to following page(s)
Test Method : Analysis of hazardous substances in agricultural, GC and LC
Test Results $ 245 Not Detected

Notes 1} Not detected =<LOQ (0.01mg/kg), LOC= Limit of quantitation

2) The test results are imited to the requested product{sample name, item no. ).
and the sample don't have food Labeling information of Korea regulation

3) This test report is not related to Korea Laboratory Accreditation and KS Q ISONEC 17025

4) Verify for authenticity and validity in web site - https://eecloud sgs.com/index aspx.

5) This test report cannot be used for public relations, advertising or litigating purposes without the
prior consent of our company and not be used for differant purpose .

Kwangsoo Jean

Technical Manager | SGS KOREA
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dzouments. Thls dosument cannst be regrodooed except In full, withcui prior writhn approval of e Ay forgery or facicstion of the oconten! or appearance
of {MiE dooumant i wnizwful and ofenders may be prosesuted 10 1he fulest sxtent of the lsw_ Uniscs atherwics clated the mm--mumumdwmh--w-(llhm

FQP-32-F2(3) =, 6

3% Korea Co. Ltd

by O e 0T GRoun (DOl CEndrae b Sy e

GRAS ASSOCIATES, LLC Page 134 of 151



GRAS Notice — Weissella cibaria

OraPharm 3/11/2022
Test Report (Reference)no. F630101/LF-CTSAYFN21-31123 Issued Date : 2021.08. 12 Page 2 of 2
SGS File No. : AYFN21-31123
Product Name : Weissella cibaria CMU

Acetamipnd, Acrinathrin, Alachlor, Aldicarb, Aldrin, Amisulbrom, Anilofos, Azinphos-methyl, Azoxystrobin, Bendiocarb,
Benthiavalicarb-isopropyl, Benzoximate, BHC, Bifenox, Bifenthrin, Biteranol, Boscalid, Bromobutide, Bromopropylate, Buprofezin,
Butachlor, Cadusafos, Captan, Carbaryl(NAC), Carbendazim, Carbofuran, Carbophenothion, Chinomethionat{Oxythioguinox),
Chlorantraniliprole, Chiordane, Chlorfenapyr, Chiorfenvinphos, Chiorfluazuron, Chiorobenzilate, Chlorothalonil, Chlorpropham,
Chilorpyrifos, Chlompyrifos-methyl, Chromafenozide, Clofentezine, Clothianidin, Cyazofamid, Cyflufenamid, Cyfiuthrin (beta),
Cyhalofop-butyl, Cyhalothrin-lambda, Cymoxanil, Cypermethrin, Cyproconazole, Cyprodinil, DDT, Deltamethnn, Diazinon,
Dichlofiuanid, Dichlorves/DDVP, Diclofop-methyd, Dicloran, Dicofol, Diethofencarb, Difenoconazole, Difiubenzuron, Dimepiperate,
Dimethenamid, Dimethoate, Dimethomomh(E,Z), Dimethylvinphos(Z), Diniconazole, Diphenamid, Diphenylamine, Disulfoton,
Dithiopyr, Diuron, Edifenphos, Endosulfan (alpha, bata sulfate), Endrin(dieldrin), EPN, Esprocarb, Ethaboxam, Ethalfiuralin,
Ethicfencarh, Ethion, Ethoprophos, Etoxazole, Etofenprox, Etridiazole, Etnmfos, Fenamidone, Fenamiphos, Fenarimol,
Fenazaquin, Fenbuconazole, Fenitrothion : MEP, Fenobucarh, Fenothiocarb, Fenoxanil, Fenpropathrin, Fenpyroximate, Fenthion :
MPP, Fenvalerate, Ferimzone, Fipronil, Fluacrypynm, Flubendiamide, Flucythrinate, Fludioxonil, Flufenoxuron, Flumioxazine,
Flucpicolide, Fluquinconazole, Flusilazole, Flutolanil, Folpet, Forchiorfenuron, Fosthiazate, Fthalide, Furathiocarb, Halfenprox,
Heptachlor, Heptachlor epoxide, Hexaconazole, Hexaflumuron, Hexythiazox, Imazalil, Imibenconazole, Imidacloprid, Indanofan,
Indoxacarb, lprobenfos/IBP, Iprodione, Iprovalicarb, Isofenphos, Isoprocarb : MIPC, Isoprothiolane, Kresoxim-methyl, Lufenuron,
Malathion, Mandipropamid, Mecarbam, Mefenacet, Mepanipyrim, Mepronil, Metalaxyl, Metamifop, Metconazole,
Methabenzthiazuron, Methidathion, Methiocarb, Methomyl, Methoxychlor, Methoxyfenozide, Metobromuron, Metolachlor,
Metolcarb, Metribuzin, Mevinphos, Molinate, Myclobutanil, Napropamide, Novaluron, Nuarimel, Ofurace, Oxadiazon, Oxamyl,
Oxazicdlomefon, Oxyfluorfen, Paclohutrazole, Parathion, Parathion-methyl, Penconazole, Pencycuron, Pendimethalin,
Pentoxazone, Permethrin, Phenthoate:PAP, Phorate, Phosalone, Phosphamidone, Piperophos, Pirimicarb, Piimiphos-ethyl,
Pirimiphos-methyl, Probenazole, Prochioraz, Procymidone, Profenofos, Prometryn, Propanil, Propiconazole, Propoxur, Prothiofos,
Pyraclofos, Pyraclostrobin, Pyrazophos, Pyribenzoxim, Pyributicarh, Pyridaben, Pyridalyl, Pyridaphenthion, Pyrimethanil,
Pynimidifen, Pyriminobac-methyl(E,Z), Pyriproxyfen, Pyroquilon, Quinoclamine, Quintozene(pentachloroaniline, Methyl
pentachlorophenyl sulfide), Silaflucfen, Simazine, Simeconazole, Simetryn, Spirodiclofen, Spiromesifen, Tehuconazole,
Tebufenozide, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Terbufos, Terbuthylazine, Terbutryn, Tetraconazole,
Tetradifon, Thiabendazole, Thiacloprid, Thiamethoxam, Thiazopyr, Thifluzamide, Thiohencarb, Thiodicarb, Thiophanate-methyl,
Tiadinil, Tolclofos-methyl, Tolylfiuanid, Tralomethrin, Triadimefon, Triadimenol, Triazophos, Tricyclazole, Trifloxystrobin,
Triflumizole, Triflumuron, Trifluralin, Uniconazole, Vinclozolin, Zoxamide

*** End of Report ***

Thic dooumesnt & Iscued by fhe Company cubjest o lte General Conditlons of Servies printed overleal, avaliable on regqusst or aocessible  at
chitp: iwww . GgE oomisn Terme-2nd-Condittons aspx* _and, for This t It lezued by ihe Company cublect fo He OGeneral Condiions of Zervioe prinded overieaf. avallabls on
mquect or acosssibie at LD ] Aftention Jc  drawn to  the EmHation of llabdlity, and leguss  defined
therein. Any holder of thic dosument ic adviced that Information contained herson reflectc the Company's fnaings at the time of o Indervention only and within the limits of Cuent's Inctructions,
M any. The Company's ol recponciblity % to e Cllent and thic doowment doec not sxonerate parties to 2 tramcaction from exercicing all their rights and cbilgations under the ftrancaction

dosuments. Thic decument canmct be reproduced exoept In full, without prior writisn of the . Any torgery or fakcification of the oontent or appearance
of thic e unlawful ang may be 10 the fuliest sxtent of the law. Unless otherwics ctated the recultc chown in thic tect report refer andy to the cample(c) tected
FQP-32F2 (3) 307, 67, Malgeunnze-gll, Uwang-sl, Gyeanggh-ta, Koes #16071

253 Korea Co Ltd, | #+52 *3 /31 B22 3500 1+82 (070 4332 1653 Iitplaav SOeQrup T
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Appendix 7 Intake Analysis — Food Codes
Food Codes Utilized for Intake Analysis of W. cibaria CMU
Food code | Main food description | WWEIA Category description
Yogurts
11400000 Yogurt, NFS Yogurt, regular
11400010 Yogurt, Greek, NS as to type of milk or flavor Yogurt, Greek
11410000 Yogurt, NS as to type of milk or flavor Yogurt, regular
11411010 Yogurt, NS as to type of milk, plain Yogurt, regular
11411100 Yogurt, whole milk, plain Yogurt, regular
11411200 Yogurt, low fat milk, plain Yogurt, regular
11411300 Yogurt, nonfat milk, plain Yogurt, regular
11411390 Yogurt, Greek, NS as to type of milk, plain Yogurt, Greek
11411400 Yogurt, Greek, whole milk, plain Yogurt, Greek
11411410 Yogurt, Greek, low fat milk, plain Yogurt, Greek
11411420 Yogurt, Greek, nonfat milk, plain Yogurt, Greek
11430000 Yogurt, NS as to type of milk, fruit Yogurt, regular
11431000 Yogurt, whole milk, fruit Yogurt, regular
11432000 Yogurt, low fat milk, fruit Yogurt, regular
11433000 Yogurt, nonfat milk, fruit Yogurt, regular
11433990 Yogurt, Greek, NS as to type of milk, fruit Yogurt, Greek
11434000 Yogurt, Greek, whole milk, fruit Yogurt, Greek
11434010 Yogurt, Greek, low fat milk, fruit Yogurt, Greek
11434020 Yogurt, Greek, nonfat milk, fruit Yogurt, Greek
11434090 Yogurt, NS as to type of milk, flavors other than fruit Yogurt, regular
11434100 Yogurt, whole milk, flavors other than fruit Yogurt, regular
11434200 Yogurt, low fat milk, flavors other than fruit Yogurt, regular
11434300 Yogurt, nonfat milk, flavors other than fruit Yogurt, regular
11435000 Yogurt, Greek, NS as to type of milk, flavors other than fruit | Yogurt, Greek
11435010 Yogurt, Greek, whole milk, flavors other than fruit Yogurt, Greek
11435020 Yogurt, Greek, low fat milk, flavors other than fruit Yogurt, Greek
11435030 Yogurt, Greek, nonfat milk, flavors other than fruit Yogurt, Greek
11435100 Yogurt, Greek, with oats Yogurt, Greek
11436000 Yogurt, liquid Yogurt, regular
11440010 Chipotle dip, yogurt based Dips, gravies, other sauces
11440020 Dill dip, yogurt based Dips, gravies, other sauces
11440030 Onion dip, yogurt based Dips, gravies, other sauces
11440040 Ranch dip, yogurt based Dips, gravies, other sauces
11440050 Spinach dip, yogurt based Dips, gravies, other sauces
11440060 Tzatziki dip Dips, gravies, other sauces
11440070 Vegetable dip, yogurt based Dips, gravies, other sauces
11446000 Yogurt parfait, low fat, with fruit Yogurt, regular
11480010 Yogurt, whole milk, baby food Baby food: yogurt
Yogurt, whole milk, baby food, with fruit and multigrain
11480020 cereal puree, NFS Baby food: yogurt
Yogurt, whole milk, baby food, with fruit and multigrain
11480030 cereal puree, plus iron Baby food: yogurt
Yogurt, whole milk, baby food, with fruit and multigrain
11480040 cereal puree, plus DHA Baby food: yogurt

GRAS ASSOCIATES, LLC

Page 136 of 151




GRAS Notice — Weissella cibaria

OraPharm 3/11/2022
67250100 Banana juice with lowfat yogurt, baby food Baby food: yogurt
67250150 Mixed fruit juice with lowfat yogurt, baby food Baby food: yogurt
67404300 Blueberry yogurt dessert, baby food, strained Baby food: yogurt
67404500 Mixed fruit yogurt dessert, baby food, strained Baby food: yogurt
67404070 Apple yogurt dessert, baby food, strained Baby food: yogurt
67408500 Banana yogurt dessert, baby food, strained Baby food: yogurt
67413700 Peach yogurt dessert, baby food, strained Baby food: yogurt
67430500 Yogurt and fruit snack, baby food Baby food: yogurt
67413700 Peach yogurt dessert, baby food, strained Baby food: yogurt
67430500 Yogurt and fruit snack, baby food Baby food: yogurt
41420380 Yogurt, soy Processed soy products
42401100 Yogurt, coconut milk Yogurt, regular

Frozen Desserts

11459990 Frozen yogurt, NFS Ice cream and frozen dairy desserts
11460000 Frozen yogurt, vanilla Ice cream and frozen dairy desserts
11460100 Frozen yogurt, chocolate Ice cream and frozen dairy desserts
11460500 Frozen yogurt, soft serve, vanilla Ice cream and frozen dairy desserts
11460510 Frozen yogurt, soft serve, chocolate Ice cream and frozen dairy desserts
11461200 Frozen yogurt sandwich Ice cream and frozen dairy desserts
11461210 Frozen yogurt bar, vanilla Ice cream and frozen dairy desserts
11461220 Frozen yogurt bar, chocolate Ice cream and frozen dairy desserts
11461250 Frozen yogurt cone, chocolate Ice cream and frozen dairy desserts
11461260 Frozen yogurt cone, vanilla Ice cream and frozen dairy desserts
11461300 Frozen yogurt cone, vanilla, waffle cone Ice cream and frozen dairy desserts
11461320 Frozen yogurt cone, chocolate, waffle cone Ice cream and frozen dairy desserts
13110000 Ice cream, NFS Ice cream and frozen dairy desserts
13110100 Ice cream, vanilla Ice cream and frozen dairy desserts
13110102 Ice cream, vanilla, with additional ingredients Ice cream and frozen dairy desserts
13110110 Ice cream, chocolate Ice cream and frozen dairy desserts
13110112 Ice cream, chocolate, with additional ingredients Ice cream and frozen dairy desserts
13110200 Ice cream, soft serve, vanilla Ice cream and frozen dairy desserts
13110210 Ice cream, soft serve, chocolate Ice cream and frozen dairy desserts
13110460 Gelato, vanilla Ice cream and frozen dairy desserts
13110470 Gelato, chocolate Ice cream and frozen dairy desserts
13120050 Ice cream bar, vanilla Ice cream and frozen dairy desserts
13120100 Ice cream bar, vanilla, chocolate coated Ice cream and frozen dairy desserts
13120110 Ice cream candy bar Ice cream and frozen dairy desserts
13120140 Ice cream bar, chocolate Ice cream and frozen dairy desserts
13120500 Ice cream sandwich, vanilla Ice cream and frozen dairy desserts
13120510 Ice cream sandwich, chocolate Ice cream and frozen dairy desserts
13120550 Ice cream cookie sandwich Ice cream and frozen dairy desserts
13120730 Ice cream cone, scooped, vanilla Ice cream and frozen dairy desserts
13120735 Ice cream cone, scooped, vanilla, waffle cone Ice cream and frozen dairy desserts
13120740 Ice cream cone, NFS Ice cream and frozen dairy desserts
13120770 Ice cream cone, scooped, chocolate Ice cream and frozen dairy desserts
13120775 Ice cream cone, scooped, chocolate, waffle cone Ice cream and frozen dairy desserts
13120782 Ice cream cone, soft serve, vanilla Ice cream and frozen dairy desserts
13120784 Ice cream cone, soft serve, chocolate Ice cream and frozen dairy desserts
13120786 Ice cream cone, soft serve, vanilla, waffle cone Ice cream and frozen dairy desserts
13120788 Ice cream cone, soft serve, chocolate, waffle cone Ice cream and frozen dairy desserts
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13120790 Ice cream cone, vanilla, prepackaged Ice cream and frozen dairy desserts
13120792 Ice cream cone, chocolate, prepackaged Ice cream and frozen dairy desserts
13121000 Ice cream sundae, NFS Ice cream and frozen dairy desserts
13121100 Ice cream sundae, fruit topping Ice cream and frozen dairy desserts
13121120 Banana split Ice cream and frozen dairy desserts
13121300 Ice cream sundae, hot fudge topping Ice cream and frozen dairy desserts
13121400 Ice cream sundae, caramel topping Ice cream and frozen dairy desserts
13126000 Ice cream, fried Ice cream and frozen dairy desserts
13130100 Light ice cream, NFS Ice cream and frozen dairy desserts
13130300 Light ice cream, vanilla Ice cream and frozen dairy desserts
13130310 Light ice cream, chocolate Ice cream and frozen dairy desserts
13130700 Soft serve, blended with candy or cookies, from fast food Ice cream and frozen dairy desserts
13135000 Light ice cream sandwich, vanilla Ice cream and frozen dairy desserts
13135010 Light ice cream sandwich, chocolate Ice cream and frozen dairy desserts
13140000 Light ice cream bar, vanilla Ice cream and frozen dairy desserts
13140100 Light ice cream bar, vanilla, chocolate coated Ice cream and frozen dairy desserts
13140115 Light ice cream bar, chocolate Ice cream and frozen dairy desserts
13140700 Creamsicle Ice cream and frozen dairy desserts
13140710 Creamsicle, light Ice cream and frozen dairy desserts
13140900 Fudgesicle Ice cream and frozen dairy desserts
13142100 Light ice cream cone, vanilla, prepackaged Ice cream and frozen dairy desserts
13142110 Light ice cream cone, chocolate, prepackaged Ice cream and frozen dairy desserts
13150000 Sherbet, all flavors Ice cream and frozen dairy desserts
13161600 Fudgesicle, light Ice cream and frozen dairy desserts
63420105 Frozen fruit juice bar Gelatins, ices, sorbets
63420205 Frozen fruit juice bar, no sugar added Gelatins, ices, sorbets
63430150 Sorbet Gelatins, ices, sorbets
91501010 Gelatin dessert Gelatins, ices, sorbets
91501020 Gelatin dessert with fruit Gelatins, ices, sorbets
91501100 Gelatin salad with vegetables Gelatins, ices, sorbets
91511010 Gelatin dessert, sugar free Gelatins, ices, sorbets
91511020 Gelatin dessert, sugar free, with fruit Gelatins, ices, sorbets
91520100 Yokan Gelatins, ices, sorbets
91601000 Italian Ice Gelatins, ices, sorbets
91601010 Italian Ice, no sugar added Gelatins, ices, sorbets
91610900 Popsicle, NFS Gelatins, ices, sorbets
91611000 Popsicle Gelatins, ices, sorbets
91611100 Popsicle, no sugar added Gelatins, ices, sorbets
91612000 Freezer pop Gelatins, ices, sorbets
91621000 Snow cone Gelatins, ices, sorbets
91621050 Snow cone, no sugar added Gelatins, ices, sorbets

Hard Candy, Mints, Chewing Gum

91745020 Hard candy Candy not containing chocolate
91770020 Dietetic or low calorie hard candy Candy not containing chocolate
91770050 Dietetic or low calorie mints Candy not containing chocolate
91800100 Chewing gum, NFS Candy not containing chocolate
91801000 Chewing gum, regular Candy not containing chocolate
91802000 Chewing gum, sugar free Candy not containing chocolate
91770000 Dietetic or low calorie candy, NFS Candy not containing chocolate
91745020 Hard candy Candy not containing chocolate
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Appendix 8 Effects of W. cibaria CMU on the Growth of Lactobacilli Over
Time
h o] 8 24 h Q £ 24
La only .87 7.87 2.08 We CMU anly 2.91 2.06 8.23
Mixed La 5.62 7.60 8.30 La mixed 5.34 9.03 7.30
LTonly 6.30 8.29 9.67 LT mixed 5.45 8.94 7.00
Mixed LT 6,28 8,26 2.20 Lr mixed 545 2.08 7.04
Lt anly 5.26 8.14 8.82
Mixed Lr o.48 7.85 8.20

La, Lactobacifius acidophilus ATCC 4356, LT, Lactobaciius fermentum ATCC 14931, Lr, Lactobacilius reuter KCTC 3594; We CMU, Weissella cibaria CMU
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Appendix 9 Center for Genomic Epidemiology — VirulenceFinder 2.0 Results

Center for Genomic Epidemiology Center for Genomic Epidemiology |
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Appendix 10 Biogenic Amine Analysis
Appendix 10.1 W. cibaria CMU Lot CI11-0116N
Appendix 10.2 W. cibaria CMU Lot CI11-0117N

Appendix 10.3 W. cibaria CMU Lot CI11-0366N
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Appendix 10.1 W. cibaria CMU Lot CI11-0116N
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Test Report (Reference) no. F690101/LF-CTSAYFN21-43146 Issued Date 2021. 10.29 Page 10f 1
ORAPHARM INC.

905-ho 9-16, Yeonmujang 5-gil
Seongdong-gu, Seoul
Republic of Korea

The following sample(s) was/were submitted and identified by/on behalf of the client as:-

This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"

SGS File No. . AYFN21-43146
Product Name :  Weissella cibaria CMU
Item No./Lot No. :  MFG:2021.02.15, EXP:2023.02 14 Lot NO: CI11-0116N
Test Period : 2021.10.21 o 2021.10.28
Purpose of Test Report : Reference
Test Results
Test Items Unit Test Method LoQ Results
Histamine mg'kg iKorea Food Code, HPLC/PDA 5 Not Detected

NOTE: (1) Not detected = < LOQ, g/100g = %(w/w), - = No regulation, ** = Qualitative analysis (No Unit)
(2) LOG = Limit Of Quantitation
(3) The test results are limited to the requested product(sample name, item no.),
and the sample don’t have food Labeling information of Korea regulation.
(4) This test report is not related to Korea Laboratory Accreditation and KS Q ISO/IEC 17025.
(5) Verify for authenticity and validity in web site : hitps//eecloud.sgs.com/index aspx.
{6) This test report cannot be used for public relations, advertising or litigating purposes without
the prior consent of our company and not be used for different purpose .
*** End of Report ***

Jungsub Shim
Technical Manager /| SGS KOREA

n-ummmuwmcmw subjeot to AT General Cara®ione of Barvies printesd overieal, avaRabis on regusct of sssecaible 31 L B
ana, for nmun"- mmua nunﬂmmmmmnmnmmumlwmn

L a i Aftention iu grawm fo the of Baniy, and BTUSE daNinad thersin. Any Roldsr of ais
dobiment it adviced 1mmmmwmumumwwummuummammmmuuuem # any. The [
&ola responciity Is 1o M Clisnt ang thic daex ot parties tc ¥ tram a1 thar rights and under g This
samnal be reprodused axsept In full, withoul prier willten 3poraval of the Company. Any unsidborized altersiion. forgery or faleiMastion of Bhe content o sppearanas of thic Sosument le wniawhl
ang offenders may be provecuted to the fullect sutent of the Low. Unkess stharwice ciated the resutts chown In his Sect repart refer oniy to the sampis|s) testen.
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Appendix 10.2 W. cibaria CMU Lot CI11-0117N
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Test Report (Reference) no. F690101/LF-CTSAYFN21.43147 Issued Date 2021. 1029 Page 10of 1
ORAPHARM INC.

905-ho 9-16, Yeonmujang 5-gil
Seongdong-gu, Seoul
Republic of Korea

The following sample(s) was/were submitted and identified by/on behalf of the client as:-

This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOCD
AND DRUG INDUSTRY"

SGS File No. : AYFN21-43147
Product Name + Weissella cibana CMU
Item No./Lot No. : MFG:2021.02.15, EXP:2023.02 14 Lot NO: CI11-0117N
Test Period ;o 202110021 o 2021.10.28
Purpose of Test Report : Reference
Test Results
Test ltems Unit Test Method LOQ Results
Histamine mgkg Korea Food Code, HPLG/PDA 5 Not Detected

NOTE: (1) Not detected == LOQ, g/100g = %{w/w), - = No regulation, ** = Qualitative analysis (No Unit)
(2) LOQ = Limit Of Quantitation
(3) The test results are imited to the requested product(sample name, tem no.),
and the sample don't have food Labeling information of Korea regulation.
4) This test report i1s not related to Korea Laboratory Accreditation and KS Q 1SO/JIEC 17025.
5) Venfy for authenticity and validity in web site : hitps-//feecloud sgs.com/index.aspx.
(6) This test report cannot be used for public relations, advertising or litigating purposes without
the prier consent of our company and not be used for different purpose .
** End of Report ™™

Jungsub Shim
Technical Manager / SGS KOREA

Thic dooument Ic lssusd by the Company cubjeot fo Bt General CondRlont of ersioes prinied overieal, avallable an requect or acescelble af “SHp Wy s0c 2omies Terme 2nd Condllions aepe -
and, for slegdronio This dooument Ic Iscusd by the Company subjeot fo fs General Conditions of 3ervice printed overieal, avalizbbe on reguest or 2ooecsiin af

“hipg e pae o amsnfermeand gonditlo ng darme a-doo gmant- Attention is drawn o the of Babilty, and juriedistion iesuss defined therein. Any holder of this
dosumert Io adviced ihat information sontadned keteon rafieots the Company's findinge at ihe time of Mo imtervention cndy and within the iImits of Clisnt's Inchactione, If any. The Company's
saole responsiliifty Is fo He Cllent and this document doss not sxonerate parties fo 2 francacticn from exercising ali thedr rights and undor Ehe br . This

sanmot b+ reproduced sxcept in full, whout pricr written approval of the Company. Any unauthorized atteration, forgery or talcifioation of the aontent or appearancs of this dosument o unlawhl
and offsnsers may be proceouted to the hallsst sxtent of the law. Uniscc otherwics ciated the recuits chown in Bhic test report refer only to the cample{s) tectsd.
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Appendix 10.3 W. cibaria CMU Lot CI11-0366N
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’Test Report (Reference) No. Fs90101/LF-CTSAYFN21-43148 Issued Date 2021. 10.29 Page 1 0of 1
ORAPHARM INC.

905-ho 9-16, Yeonmujang 5-gil
Seongdong-gu, Seoul
Republic of Korea

The following sample(s) wasi/were submitted and identified by/on behalf of the client as=-

This report is not related to the Ministry of Food and Drug Safety "ACT ON TESTING AND INSPECTION IN THE FOOD
AND DRUG INDUSTRY"

SGS File No. . AYFN21-431438
Product Name + Weissella cibana CMU
ftem No./Lot No. : MFG:2021.05.20, EXP:2023.05.19 Lot NO: CI11-0366N
Test Period ;o 2021.10.21 to  2021.10.28
Purpose of Test Report : Reference
Test Results
Test ltems Unit Test Method LOGQ Results
Histamine mg'kg Korea Food Code, HPLC/PDA 5 Not Detected

NOTE: (1) Not detected = = LOQ, g/100g = %(w/w), - = No regulation, ** = Qualitative analysis (No Unit)
(2) LOQ = Limit Of Quantitation
(3) The test results are limited to the requested product{sample name, item no.),
and the sample don’t have food Labeling information of Korea regulation.
(4) This test report is not related to Korea Laboratory Accreditation and KS Q ISO/IEC 17025.
(5) Venfy for authenticity and validity in web site : hitps:/feecloud.sgs.com/index.aspx.
(6] This test report cannot be used for public relations, advertising or litigating purposes without
the prior consent of our company and not be used for different purpose.
*** End of Report ***

Jungsub Shim
Technical Manager / SGS KOREA

This dogument Ic Issusd by the Company cubjeot to fs General Congdions of Servies prinied overieal, avallable on request or ascessibie af _Oipnes SoE 20m e TaImEng-C oo llloNE SRR
ang, for slesronio This dooument Ic lccusd by the Company cubject to s General Concitions of $ervics printed owsrisat, avakbls on requact or soosceible at

=hips reww pgenomienAerme and-oongibong e s dongnante Atbeniion ic draen fo the of Babilfy, 4 Juricdiztion keusc delined thersin. Any holder of thic
dosument Is adwised {hat information contained herson refieots the Company’s findings at the Hime of B& Intervention cniy and within the limits of Glient's instructbans, I any. The Company's
wale responsilfy |s fo ik Client and thic dons not partios foa from exevedcing all their rights and wnder the tr . This i
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Appendix 11 GRAS Associates Expert Panel Report

The Generally Recognized as Safe (GRAS) Status of the Proposed Uses of W. cibaria CMU
Foreword

An independent panel of experts (“Expert Panel”) was convened by GRAS Associates, LLC on behalf
of their client, OraPharm, Inc., to evaluate the safety and Generally Recognized as Safe (GRAS)
status of OraPharm’s proposed food uses of Weissella cibaria strain CMU (W. cibaria CMU). The
members of this Expert Panel® are qualified to serve in this capacity by virtue of their scientific
training and experience in the safety of food and food ingredients.

GRAS Associates and OraPharm, Inc., ensured that all reasonable efforts were made to identify and
select a balanced Expert Panel with expertise in food safety, toxicology, and nutrition. The Expert
Panel was selected and convened in accordance with the Food and Drug Administration (FDA)’s
guidance for industry on "Best Practices for Convening a GRAS Panel"6, Efforts were placed on
identifying conflicts of interest or relevant “appearance issues” that could potentially bias the outcome
of the deliberations of the Expert Panel and no such conflicts of interest or "appearance issues" were
identified. The Expert Panel members received a reasonable honorarium as compensation for their
time; the honoraria provided to the Expert Panel members were not contingent upon the outcome of
their deliberations.

Discussion

OraPharm’s W. cibaria CMU is intended to provide a dietary source of W. cibaria CMU as a food
ingredient in selected conventional foods including yogurt, frozen desserts (dairy, ices, sorbets and
sherbets) and mixes, hard candy and chewing gum with an intended use level of 1 x 108 CFU per
serving throughout the shelf life of the products. OraPharm suggests that the initial addition level of
W. cibaria CMU in the products may be as high as 8.0 x 10° CFU per serving to allow for loss of
viability over time and the intended use levels may vary by food category. Use in hard candy and
chewing gum would require the highest overage while use in frozen desserts and yogurt would likely
be 5.0 x 108 CFU and 2.0 x 108 CFU per serving, respectively.

OraPharm has calculated the estimated daily intake using the proposed intended use levels and food
intake of those foods as reported by National Health and Nutrition Examination Survey (NHANES)

2017-2018 survey. From this calculation, the “all ages” 90" percentile estimated intake for W. cibaria
CMU was determined to be 397 mg/day. Using the specification of not less than 1x10° CFU per gram,

15 All three panelists have extensive technical backgrounds in the evaluation of food ingredient safety and in participating in deliberations of GRAS Expert Panels. Dr.
Dziwenka holds a Doctor of Veterinary Medicine degree from the University of Saskatchewan and is a Diplomate with the American Board of Toxicology. She has
over 24 years’ experience as a practicing veterinarian and 20 years of experience in research, preclinical regulatory toxicology, and safety evaluation of food and
animal feed additives and GRAS dossier preparation. R. Martin holds a Ph.D. in Chemistry with over 38 years of experience evaluating safety of food ingredients
within FDA. Dr. Falk holds a PhD in Biochemistry from Cornell University. He is an independent consultant with over 20 years of experience in reviewing food safety
issues, GRAS reviews, and new dietary ingredient notifications at the Life Science Research Office (LSRO) and LSRO Solutions.

16 Available at; https:/www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRequlatoryInformation/ucm583856.htm (Accessed February 28, 2022)
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the EDI in terms of CFU per day is 3.97 x 108. On a body weight basis, intake is 6.24 mg/kg bw/day,
or 6.24 x 10° CFU/kg bw/day. These high intake scenarios are unlikely in that they assume that all of
the foods consumed contain W. cibaria CMU at the highest amount.

The complete genome for OraPharm’s W. cibaria CMU has been sequenced and deposited in
GenBank under accession number CP013936. The Expert Panel reviewed the detailed
characterization information provided including information on the initial source, taxonomy and
identify information. Identify information provided included information on genomic characterization,
16S rRNA alignment, average nucleotide identity, phenotypic characterization and strain specific
identification analysis. The Expert Panel also reviewed the detailed manufacturing process section of
the GRAS dossier including a review of the raw ingredients used and the specifications OraPharm
has set for its W. cibaria CMU. OraPharm has set physical and chemical parameter specifications for
its W. cibaria CMU and has shown that the manufacturing process can produce a consistent product
by supplying the results from the analysis of five non-consecutive lots. OraPharm has also supplied
documentation that the substances used in the manufacturing process are fit for the intended
purpose.

The Expert Panel considered several issues regarding the safety of OraPharm’s W. cibaria CMU.
Bacteria in the Weissella genus are commonly found in fermented foods. OraPharm’s W. cibaria
CMU is registered as a safe raw material by the Korea Food and Drug Administration under code

number A C} 00680017 and is found in several products in Korea. According to OraPharm, the

available commercialized products provide a daily intake of W. cibaria CMU of 1 x 10° CFU to 2.4 x
101° CFU per day in tablet or sachet form, and to date, they state that no reports of adverse reactions
from distribution and sales have been received. W. cibaria CMU has been assessed for antibiotic
resistance using antibiotic susceptibility testing and genomic assessment for antibiotic resistance
genes. W. cibaria CMU has also been evaluated for its ability to produce antimicrobial substances
which are important in human or veterinary medicine and that it will not alter the normal microflora in
the organism consuming the W. cibaria CMU. The result of the testing demonstrates that W. cibaria
CMU will not have a negative impact on the normal flora. OraPharm assessed the virulence of its W.
cibaria CMU, the results of which did not raise any concerns with the Expert Panel. OraPharm also
performed analyses of three representative samples of W. cibaria CMU for the ability to produce
biogenic amines, using three methods and no biogenic amines were identified. The Expert Panel
reviewed additional safety assessments conducted for W. cibaria CMU as outlined in the dossier and
the Panel had no concerns regarding the safety information in the dossier.

The Expert Panel also reviewed the results of GLP compliant studies conducted with W. cibaria CMU
including multiple GLP compliant studies for genotoxicity (OECD Guideline studies 471, 473 and 474)
and an OECD Guideline 408 90-day repeat dose study in rats. The Panel concurs with OraPharm’s

17 See http://www.foodsafetykorea.go.kr/foodcode/01 03.jsp?idx=12135. Accessed February 28,2022.
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conclusions that the NOAEL from the repeat dose study was the highest dose tested (5000 mg/kg
bw/day) and that there was no evidence of mutagenicity or clastogenicity.

The Expert Panel considered the published animal studies and clinical trials as key evidence. The
Expert Panel considers NOAELSs derived from animal studies are not limiting and that human data
from clinical studies and commercially available products should be taken into consideration when
setting safe intake limits. The Expert Panel reviewed the results of six randomized, double-blinded,
placebo-controlled clinical trials administering 8 x 10" to 1 x 10° CFU W. cibaria CMU daily for 4 to 8
weeks for a total of 322 patient-days exposure without the report of adverse events. It is also aware
that various products containing W. cibaria CMU have been sold since 2017 and that no adverse
events were reported after sale of over 189,000 units of products providing a daily intake of 1 x 10°
CFU to 2.4 x 10%° CFU.

Conclusion

A compelling case can be made that scientific consensus exists regarding the safety of OraPharm’s
W. cibaria CMU which is intended to provide a dietary source of W. cibaria CMU as a food ingredient
in selected conventional foods. The Expert Panel concludes that there is sufficient evidence to
support the safety of OraPharm’s W. cibaria CMU given the following conditions:

e W. cibaria CMU continues to meet the designated specifications;

e The proposed intended use and use levels do not change; and

e W. cibaria CMU continues to be produced in accordance with Current Good Manufacturing
Practices

The Expert Panel has critically reviewed the information provided by OraPharm, Inc., as well as
publicly available published information obtained from peer-reviewed journals as well as other
assessments by well-respected international regulatory bodies.

The Expert Panel unanimously concludes that the proposed uses of OraPharm’s W. cibaria CMU,
manufactured under CGMP standards, meets the FDA definition of safety in that there is “reasonable
certainty of no harm under the intended conditions of use” as described herein, and that OraPharm’s
W. cibaria CMU is generally recognized as safe (GRAS).

It is also our opinion that other qualified and competent scientists reviewing the same publicly
available toxicological and safety information would reach the same conclusion. Therefore, we have
also concluded that OraPharm’s W. cibaria CMU, when used as described in this dossier, is GRAS
based on scientific procedures.

[Signatures on the following page]
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Margitta Dziwenka, DVM, DABT

Chair
Robert Martin, PhD Michael Falk, PhD
END
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