April 7, 2022

Ms. Wasima Wahid

Division of Animal Feeds

Center for Veterinary Medicine
U.S. Food and Drug Administration
1225 Wilkins Avenue

Rockville

Maryland 20852

Dear Ms. Wahid,

Re: GRAS Notice for Oligosaccharides-Peptides Complex for Use in Food for Cats and Dogs [IFA-

013-146]

In October 2021, Gnubiotics Sciences SA submitted a GRAS notice for the use of oligosaccharides-
peptides complex as a source of amino acids, peptides and glycopeptides in food for cats and dogs
of all life stages at a level not to exceed 1.5% by weight of the complete feed. After an initial review
of the GRAS notice, the Food and Drug Administration (FDA) Center for Veterinary Medicine (CVM)
declined to file the GRAS notice. In January 2022, Gnubiotics Sciences SA met with the CVM to

discuss the decline to file letter.

In follow-up to the letter and meeting, Gnubiotics Sciences SA has revised the GRAS notice. The
primary modifications are summarized below:

CVM Comment

Summary of GRAS Notice Revisions

CVM asked for the relationship
between' (b) (4) and
oligosaccharides-peptides complex
to be clarified.

The section “Nomenclature” has been revised and moved
from Part 7 to precede Part 1. The Nomenclature section
states that'  (b) (4) is the experimental name for
oligosaccharides-peptides complex.

CVM asked if ' (b) (4) is present in
the starting materials.

The pharmaceutical industry has optimized the production
process to (b) (4) to extract as much as technically
feasible from hydrolyzed porcine intestinal mucosa.
Confirmation of the absence of any detectable levels of

(b) (4) in oligosaccharides-peptides complex by LC-
MS/MS is now included in Section 2.4.7 (p. 33) of the GRAS
notice.

CVM suggested that the notifier not
use the same term glycans to refer
to both free glycans and glycans
that are attached to peptides.

The terms in the original GRAS notice of “glycans
constituent of glycopeptides” or “glycans constituent
(present as glycopeptides)” have been replaced by “glycans
side chains of the glycopeptides” and “glycans side chains
(prime constituent of glycopeptides)”. Where glycans are
not in the form of glycopeptides, i.e., mammalian milk
oligosaccharides, the term “oligosaccharides” is used.




CVM Comment

Summary of GRAS Notice Revisions

CVM highlighted an inconsistency in
the mineral content vs. variation in
ash content.

The total ash content of oligosaccharides-peptides
complex is around 13% (130,000 mg/kg product). By
comparison, the mean total mineral content does not
exceed 105,394 mg/kg depending on the lot tested. We
have summed the mineral contents of the lots to show
that they fall below the total ash content. Sulfur and
sodium were measured as part of the ash content, but it is
also noted that the bisulfite content is around 2,170
mg/kg. Recognizing that sulfur and other elements will be
present as oxides and salts, the total ash content is, as
expected, slightly higher than the reported total mineral
content. See Section 2.4.6.

CVM highlighted a variation in
aerobic plate count reported in the
specifications, batch analysis and
stability studies.

The levels of microorganisms for 2 additional lots of
oligosaccharides-peptides complex are presented in the
GRAS notice confirming conformance with the product
specifications (Table 2.4). The absence of any increase in
the levels of microorganisms is noted in the stability
studies (see Section 2.6).

CVM noted that the results of the
mutagenicity and target animal
safety studies could not be assessed
until the chemical identity of the
notified substance is clear.

CVM also reminded the notifier that
it should clearly indicate whether
the substance used in the
mutagenicity and target animal
studies is the same as the notified
substance.

Throughout the GRAS notice, the test article name
“oligosaccharides-peptides complex” is in bold (including in
the toxicity summaries in the GRAS notice) to help identify
when this is the substance under discussion. Where study
reports included as appendices to the GRAS notice refer to
(b) (4) an explanation has been added to confirm that
(b) (4) is the experimental name for oligosaccharides-
peptides complex and test item is the notified substance.

Published data are also included in the GRAS notice in pigs
on protein hydrolysate of porcine intestinal mucosa, the
starting material to oligosaccharides-peptides complex.
Similarly, the term protein hydrolysate of porcine intestinal
mucosa is in bold throughout the GRAS notice to help
identify when it is the substance under discussion. The
section describing the swine studies has been revised to
more clearly explain the test article is equivalent to the
raw material, protein hydrolysate of porcine intestinal
mucosa.

All confidential within the GRAS notice is highlighted in grey. A redacted version of the GRAS notice
is also provided. Certain appendices are considered confidential and are watermarked as such
within the appendix as well as being listed as confidential in Part 7 (List of Appendices).
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NOMENCLATURE

Gnubiotics intends to market oligosaccharides-peptides complex for use in cat and dog food under the
trade name (b) (4)". Oligosaccharides-peptides complex is the product obtained from protein
hydrolysate of porcine intestinal mucosa after physical processing to selectively isolated the
glycopeptides and peptides component.

Protein hydrolysate of porcine intestinal mucosa is the product obtained from physical processing of
hydrolyzed porcine intestinal mucosa, a by-product of the| (b) (4) production process. The source
porcine intestinal mucosa is collected from pigs fit for human consumption. Physical processing is
conducted to reduce the levels (b) (4) from hydrolyzed porcine intestinal
mucosa. Protein hydrolysate of porcine intestinal mucosa is a recognized feed material in the EU and
Canada, and is often marketed under the common name dried porcine solubles (DPS).

Oligosaccharides-peptides complex contains free amino acids, peptides and glycopeptides.
Glycopeptides comprise glycans side chains which are linked by O-glycoside bonds to peptides. These
glucans side chains (prime constituent of glycopeptides) exist as a diverse range of oligosaccharides
which are generally described in terms of their “core” and “extended core” structures.

The following terminology is used within the GRAS Notice to describe the different compounds:

Oligosaccharides-peptides GRAS substance

complex Experimental name =/ (b) (4)

Trade name — (b) (4)
Protein hydrolysate of Raw material used by Gnubiotics to manufacture oligosaccharides-
porcine intestinal mucosa peptides complex

Experimental name = (b) (4)

Other common names when marketed as a feed material — porcine
solubles, dried; condensed porcine solubles (CPS) and dried porcine
solubles (DPS)

Hydrolyzed porcine intestinal | Source of protein hydrolysate of porcine intestinal mucosa obtained
mucosa as a by-product of the (b) (4) manufacturing process

Porcine intestinal mucosa Material extracted from pigs fit for human consumption at the
slaughterhouse

Gnubiotics Sciences SA
April, 2022



GRAS Notice for Oligosaccharides-Peptides Complex for Use in Food
for Cats and Dogs

PART 1. §570.225. SIGNED STATEMENTS AND CERTIFICATION

In accordance with 21 CFR §570 Subpart E consisting of §570.203 to 280, Gnubiotics Sciences SA
(hereafter referred to as “Gnubiotics”), herby informs the United States (U.S.) Food and Drug
Administration (FDA) that they are submitting a Generally Recognized As Safe (GRAS) notice for
oligosaccharides-peptides complex.

1.1 Name and Address of Organization

Gnubiotics Sciences SA
Biopole StartLab, Bat Alanine
Route de la Corniche 5

1066 Epalinges

Switzerland

1.2 Name of the Notified Substance
The notified substance is oligosaccharides-peptides complex.
13 Intended Conditions of Use

Oligosaccharides-peptides complex is intended for use as a source of amino acids, peptides and
glycopeptides in the diet of cats and dogs. It will be included in food for cats and dogs of all life stages at
a level not to exceed 1.5% by weight.

1.4 Statutory Basis for the Conclusion of GRAS Status

Pursuant to 21 CFR §570.30(a) and (b), oligosaccharides-peptides complex as manufactured by
Gnubiotics, has been concluded to have GRAS status for use as a source of amino acids, peptides and
glycopeptides in food for cats and dogs of all life stages under the conditions described in Part 1.3, on
the basis of scientific procedures.

15 Premarket Exception Status

Gnubiotics herby informs the U.S. FDA of the view that oligosaccharides-peptides complex is not
subject to the premarket approval requirements of the Federal Food, Drug and Cosmetic Act (FFDCA)
based on Gnubiotics conclusion that the notified substance is GRAS under the conditions of intended
use as described in Part 1.3 above.

1.6 Availability of Information

The data and information that serve as the basis for this GRAS notification will be made available to the
U.S. FDA for review and copying upon request during customary business hours at the offices of:

Gnubiotics Sciences SA
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PART 2. §570.230. IDENTITY, METHOD OF MANUFACTURE, SPECIFICATIONS
AND PHYSICAL OR TECHNICAL EFFECT

2.1 Identity

2.1.1 Identity of the GRAS Substance

Oligosaccharides-peptides complex is the product obtained by physical processing of protein
hydrolysate of porcine intestinal mucosa to selectively isolate the peptides and glycopeptides
components. Itis comprised of|  (b) (4) glycopeptides and peptides, (b) (4) free amino acids and
not more than| (b) (4). The ingredient is a white to yellow hygroscopic powder with a moisture
content of not more than 9%. A representative picture, including a schematic of the major components
of the ingredient, is provided in Figure 2.1.

Figure 2.1: Representative Picture of Oligosaccharides-Peptides Complex

2.1.2  Source of Oligosaccharides-Peptides Complex

The source of oligosaccharides-peptides complex is protein hydrolysate of porcine intestinal mucosa
which is currently marketed as a feed material (protein source) for pigs, poultry and fish in the European
Union (EU) (see Section 2.1.3). The porcine mucosa from which protein hydrolysate of porcine
intestinal mucosa is derived is obtained from pigs entering the food chain in the EU.

2.1.3  Regulatory Status of Protein Hydrolysate of Porcine Intestinal Mucosa (Source of
Oligosaccharides-Peptides Complex)

United States

There is currently no listing in the Association of American Control Officials (AAFCO) Official Publication
(OP) or Title 21 of the Code of Federal Regulations (21 CFR) specifically describing products derived from
hydrolyzed porcine intestinal mucosa. Notably, there is a definition for animal digest, the material
resulting from chemical and/or enzymatic hydrolysis of clean and undecomposed animal tissue, which is

Gnubiotics Sciences SA
April, 2022
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commonly used as both a source of highly digestible protein and a flavor in pet food kibble (Ingredient
Definition 9.68; AAFCO, 2021a; Purina, 2021).

European Union

Protein hydrolysate of porcine intestinal mucosa, which is the raw material used by Gnubiotics for the
production of oligosaccharides-peptides complex is a recognized feed material for use as a nutrient
source in animal food in the EU. (b) (4)

It has been listed since 2018 in the industry-maintained Feed Materials
Register and is defined as: “hydrolyzed protein from porcine intestinal mucosa. It is obtained by
enzymatic digestion from porcine mucosa. Source of animal protein” (007909-EN; EU Feed Materials
Register, 2022). Gnubiotics has also listed oligosaccharides-peptides complex in the Feed Materials
Register (008429-EN; EU Feed Materials Register, 2022).

Additionally, hydrolyzed animal protein, defined as the: “polypeptides, peptides and amino acids, and
mixtures thereof, obtained by hydrolysis of animal by-products, which can be concentrated by drying” is
a recognized feed material in the EU under Commission Regulation (EU) No 68/2013 on the Catalogue of
Feed Materials (EC, 2013; Entry 9.6.1).

Canada

In Canada, porcine solubles, dried (or dried porcine solubles, DPS) is listed in Schedule 1V, Part Il of the
Feed Regulations (Entry 5.6; CFIA, 2022) for use as a protein feed and described as: “the product
obtained after the extraction of — (b) (4) for human use from enzymatically digested porcine mucosa and
small intestines which have been heat-treated, condensed and dried with or without carrier. It shall be
labeled with guarantees for minimum % crude protein, minimum % crude fat, maximum % moisture,
maximum % crude fiber and maximum % ash. The carrier shall also be listed on the label”.

Porcine solubles, dried (or DPS) is the material described herein as protein hydrolysate of porcine
intestinal mucosa for use as the source of oligosaccharides-peptides complex. As mentioned above,
the feed material is generally utilized in the dry form for ease of handling and can be co-dried with a
carrier. Thus, in Canada there is an established history of use of the source of oligosaccharides-peptides
complex in animal feed.

2.1.4 Composition of Porcine Intestinal Mucosa

The amino acids, peptides and glycopeptides comprising oligosaccharides-peptides complex are derived
from porcine intestinal mucosa.

The main components of porcine intestinal mucosa are mucins, which are large extracellular
glycoproteins ranging in molecular weight from 0.5 to 20 MDa (Bansil and Turner, 2006). These
glycoproteins comprise around 80% glycans (a diverse range of oligosaccharide cores) and 20%
polypeptides (protein core), linked through O-glycosidic bonds. The glycans constituents of porcine
glycopeptides are primarily composed of N-acetylgalactosamine (GalNAc), N-acetylglucosamine
(GIcNAc), fucose (Fuc), galactose (Gal) and N-acetylneuraminic acid (sialic acid) along with minor

Gnubiotics Sciences SA
April, 2022
11



amounts of mannose (Man), glucose (Glc) and sulfate. In general, the glycans contain between 5 and 15
monomers displaying moderate branching and are linked by O-glycosidic bonds to the hydroxyl chains of
serine and threonine arranged in what is described as “bottle brush” configuration around the protein
core (b) (4); Brockhausen and Stanley, 2017). Any of these sugars can be the unit
directly linked to the hydroxyl residues of the amino acids but the most common modifying sugar unit in
mammalian mucins, including porcine mucins, is GalNAc resulting in O-GalNAcylation (also known as
mucin-type glycosylation). The glycans can exist as a diverse range of structures known as “cores”
(Mantle and Allen, 1981; Karlsson et al., 1997; Darula and Medzihradszky, 2018). A schematic depicting
a model of mammalian-derived mucin glycoproteins and the 4 most common glycan core structures in
porcine-derived mucin (cores 1 to 4; the 2 or 3 residues within the grey boxes represent the core glycan
structure) is presented in Figure 2.2. The diagram also highlights the diversity and branching of the
glycan cores beyond these core structures (extended core structures), although the example is for
human respiratory and colonic mucins, rather than porcine mucins specifically.

Compositional analysis of a glycoprotein isolated from porcine gastric mucosa after pepsin hydrolysis
revealed a protein content of 15% and carbohydrate content of 55% (b) (4) It was
recognized that the recovery was not 100% even after accounting for a 10% moisture content, which
was potentially due to limitations with the assay used to quantify the levels of individual
monosaccharides. The individual constituents of the glycans component were determined to be GalNAc
(55%), GIcNAc (33%), Gal (9%), Fuc (2%) and Sia (1.7%). It is reasonable to assume that the glycoproteins
of porcine intestinal mucosa display similar compositions.

Gnubiotics Sciences SA
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Figure 2.2: Representation of Mammalian-Derived Glycoprotein (Mucin) and Glycan Core Structures
(Reproduced from Brockhausen and Stanley, 2017)

VNTR = variable number tandem repeat region; a region rich in serine, threonine and proline which is highly O-
glycosylated; D-domain = a distinct structural unit identified in mucins; O-GalNAc glycans = glycans linked to the
protein core by O-GalNAcylation, which is the most common type of mammalian O-glycosylation; the 2 or 3 residues
within the gray boxes represent the characteristic glycan core structure assigned the nomenclature 1 to 4; a2/3 and
[3/4/6 represent the linkages between the sugar monomer units [a-(1,2)-, B-(1,3)-linkages etc.]; the branching and
structures beyond these cores will vary between mammalian sources, and the above extended cores are provided
only as an example and are taken from human respiratory and colonic mucins.

The monomers are represented by the established symbol nomenclature for glycans (SNFGs):

= GalNAc; = Gal; = GlcNAc; = Sia; =Fuc.

GalNAc = N-acetylgalactosamine; Gal = galactose; GIcNAc = N-acetylglucosamine; Sia = sialic acid; Fuc = fucose.

2.1.5 Hydrolysis Products of Glycoproteins from Porcine Intestinal Mucosa

Protein hydrolysate of porcine intestinal mucosa which is the source of oligosaccharides-peptides
complex, (b) (4)

Gnubiotics Sciences SA
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(0) (4

2.1.6 Composition of Protein Hydrolysate of Porcine Intestinal Mucosa

The hydrolysis products of porcine intestinal mucosa are subject to physical processing, in particular,

(b) (4), to yield protein hydrolysate of porcine
intestinal mucosa. This ingredient is marketed directly for use as a protein source in the feed of pigs,
poultry and fish in the EU, and is used as the source of oligosaccharides-peptides complex.

Protein hydrolysate of porcine intestinal mucosa intended for use as a feed ingredient is marketed on
the basis of its free amino acid and peptides content. As such, the glycopeptides content can vary
between manufacturers and lots, and is not routinely measured. (b) (4)

2.1.7 Composition of Oligosaccharides-Peptides Complex

Gnubiotics (b) (4) processes to the protein hydrolysate of porcine
intestinal mucosa in order to remove some of the low molecular weight substances (b) (4)

and increase the content of glycopeptides and
peptides. No chemical transformation occurs and the composition of the glycopeptides and peptides
components will reflect the glycoproteins of porcine intestinal mucosa.

Gnubiotics Sciences SA
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2.2 Method of Manufacture
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142/2011 on the manufacture, handling and transportation of animal by-products in the EU (EC, 2009a
and 2011). The controls in place are consistent with Regulation (EC) No 183/2005 laying down
requirements for feed hygiene in the EU (EC, 2005).

23 Product Specifications and Analytical Data for Oligosaccharides-Peptides Complex

2.3.1 Product Specifications

Appropriate feed-grade specifications have been established for oligosaccharides-peptides complex and
are presented in Table 2.3. Copies of the methods of analysis are provided in Appendices 015A to 015J.

(b) (4)

The ash content is specified not to exceed (b) (4)

Maximum limits are proposed for arsenic, lead, cadmium and mercury of 1, 1, 0.5 and 1 mg/kg,
respectively in oligosaccharides-peptides complex. These limits fall below, or are equal to, the
maximum tolerance level in complete feed suggested by AAFCO in the official guidelines for
contaminants in individual mineral feed ingredients (AAFCO, 2021b) for arsenic, lead, cadmium and
mercury of 50, 30, 0.5 and 2 mg/kg, respectively.

Acceptable feed grade microbiological criteria are established for oligosaccharides-peptides complex
which verify that appropriate feed hygiene practices were followed (total aerobic plate count, and
yeasts and molds) and the absence of contamination with pathogenic microorganisms (Sa/monella and
Escherichia colli).

All methods of analysis are internationally recognized or follow validated internal procedures.
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content from 12 to 15% (mean 13%). The moisture content did not exceed 6% in any of the batches
tested.

Gnubiotics Sciences SA
April, 2022

22















2.4.5 Composition of the Glycopeptides Component
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The identity and quantity of milk oligosaccharides (MOs) in mother’s milk from different dog breeds was
investigated by Rostami et al. (2014). Lactose, lactose-sulfate, 2 different trisaccharides composed of 3
hexose units, 3’ sialyllactose (3’SL), 6’sialyllactose (6'SL), 2’fucosyllactose (2°FL), a tetrasaccharide
composed of 2 hexoses, HexNAc and a deoxyhexose were identified in the milk samples. The
oligosaccharide present in the highest amount was 3’SL, with levels starting at around 7.5 g/L and
reducing to about 1.5 g/L over the first 10 days and 0.6 g/L for the remainder of the lactation period (40
days). In contrast, 6'SL levels reached between 0.3 and 0.6 g/L within the first few days of lactation and
either reached a maximum at day 5 of lactation or remained constant thereafter. The levels of the
different MOs varied between breeds, with for example, the tetrasaccharide only detected in the milk of
Alaskan husky breeds and not in the Labrador retriever or Schnauzer breeds. Considering that MOs are
highest early in the lactation period and reduce with time, and that the intake of milk will depend on the
breed and size of the puppy, estimating exposure to these glycan components can be challenging.
However, on a concentration basis only, assuming that the primary MOs represent at least 8 g/L of
mother’s milk in the first few days, the concentration in milk can be estimated to be in the region of
0.8% which is higher than the estimated intake of 0.3% glycopeptides from the maximum intended use
level of oligosaccharides-peptides complex (1.5% by weight) in dog food for all life stages.

In another study by Wrigglesworth et al. (2020), the oligosaccharides in canine and feline milk were
characterized. Three species, 3'SL, 6’SL and 2’FSL represented over 90% of the MOs content of canine
milk samples, but a more diverse range of compounds were detected in feline milk, with up to 16
structures present at a relative abundance of >1% of the total. Difucosyllactose, 3’SL and lacto-N-
neohexaose each represented greater than 10% of the MOs content of feline milk. The absolute values
of the MOs in canine and feline milk were not reported by the authors and these data primarily provide
evidence for the structural diversity of MOs for which the glycopeptides component of oligosaccharides-
peptides complex can be considered a biological mimic from the perspective of its nutritional value.

The oligosaccharides in mother’s milk of other feline species, the African lion and clouded leopard was
also characterized by Senda et al. (2010). Similar to studies using other mammalian sources, the primary
MOs identified included 2’FL, as well as a number of tetrasaccharides comprised of Gal, Glc, Fuc, GalNAc
and sialic acid monomers.

Taken together, these data provide supporting evidence for the functionality of the glycopeptides
component of oligosaccharides-peptides complex as a source of fermentable fiber in the diet of cats
and dogs of all life stages at levels of 0.3% in the diet (equating to 1.5% of the ingredient).

2.7.5 In Vitro Fermentation Behavior of Oligosaccharides-Peptides Complex

A study was conducted to determine the fermentation potential of Gnubiotics’ oligosaccharides-
peptides complex in an in vitro system using healthy canine and feline fecal inocula (b) (4).
The full study report is provided in Appendix 027. The oligosaccharides-peptides complex (b) (4)
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2.8 Critical Evaluation of the Utility of Oligosaccharides-Peptides Complex

Overall, oligosaccharides-peptides complex will provide a source of free amino acids (b) (4)
peptides and glycopeptides (total (b) (4) in the diet of cats and dogs of all life stages. In practice,
under the conditions of intended use, the ingredient provides a supplementary source of highly
digestible free amino acids ( (b) (4) and peptides (ca. 21%), as well as fermentable fiber in the form of
glycopeptides (ca. 20%) but will not replace other nutrients in the diet. Analysis of the composition of
oligosaccharides-peptides complex demonstrate that the ingredient will contribute to the amino acid
content of cat and dog food but will not make a significant impact relative to the primary protein
sources in the diet (e.g., meat and fish meal). A comparison of the mineral content of oligosaccharides-
peptides complex with the nutrient requirements of cats and dogs under the conditions of intended use
also indicate that the ingredient will make a significant contribution to sodium intakes by cats and dogs
but will not pose a safety concern. The structural diversity displayed by the glycans side chains linked by
O-glycosidic bonds to peptides in the glycopeptides component of oligosaccharide-peptides complex,
shares many similarities to that of MMOs and by extrapolation, is expected to play a nutritional role in
supporting digestive function in cats and dogs. The glycopeptides component was also found to be
fermented in in vitro experiments using feline and canine microbiota.

Oligosaccharides-peptides complex provides a supplementary source of nutrients alongside, rather
than as a substitute for, other protein and fermentable fiber sources in the diet. On this basis, there are
no anticipated nutritional disadvantages associated with the intended use of oligosaccharides-peptides
complex as a component in food for cats and dogs of all life stages at levels not to exceed 1.5% by
weight. Moreover, beyond the compositional value as a supplementary source of amino acid, peptides
and glycopeptides, the technical effect of oligosaccharides-peptides complex does not have any bearing
on safety and no further evaluation of utility is warranted.
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PART 3. §570.235 - TARGET ANIMAL AND HUMAN EXPOSURES

3.1 Intended Use and Use Levels in Cat and Dog Food

Oligosaccharides-peptides complex is intended for use as a source of highly digestible free amino acids
and peptides, as well as a source of fermentable fiber in the form of glycopeptides in the diet of cats
and dogs of all life stages at a level not to exceed 1.5% by weight. It can be incorporated as an
ingredient in complete cat and dog food, or may be provided in the form of a supplementary food such
as a top-dressing or treat.

The ingredient is comprised of glycopeptides and peptides ( (b) (4) and free amino acids ((b) (4)
obtained by physical processing of protein hydrolysate of porcine intestinal mucosa, which is a

recognized feed material in the EU. The glycopeptides, peptides and amino acids components are

derived from the proteolytic cleavage of the mucins (glycoproteins) of porcine intestinal mucosa.

Analytical data on 6 representative batches of oligosaccharides-peptides complex indicate that in
practice, the glycopeptides and peptides, free amino acids and ash contents are around 42%, 40% and
13%, respectively (see Section 2.3.2). Further compositional analysis indicates that the glycopeptides
and peptides components represent around 20% and 21%, respectively of oligosaccharides-peptides
complex.

Glycopeptides are composed of glycans side chains displaying a diverse range of structures, which are
linked to peptides by O-glycosidic bonds. As a consequence of their highly glycosylated nature, the
peptide chains (prime constituents of the glycopeptides component) are less susceptible to hydrolysis by
proteolytic enzymes. Thus glycopeptides are expected to remain largely intact during their passage
through the Gl tract (see Section 6.2).

3.2 Estimated Exposure by Cats and Dogs to Oligosaccharides-Peptides and Its Components

As mentioned above, oligosaccharides-peptides complex is intended for use as a source of free amino
acids, peptides and glycopeptides in the diet of cats and dogs of all life stages at a level not to exceed
1.5% by weight. Exposure by animals will be primarily as a component of the complete feed but the
ingredient may also be incorporated into treats. The estimated exposure by cats and dogs to the
components of oligosaccharides-peptides complex under the conditions of intended use are
summarized in Table 3.1.
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PART 4. §570.240. SELF-LIMITING LEVELS OF USE

The use of oligosaccharides-peptides complex is self-limiting based on its nutritional role as a
supplementary fermentable fiber source in cat and dog food. Increasing the levels beyond those
required to achieve the desired effect will result in detrimental physiological effects due to the high fiber
content of the diet and presence of indigestible bulk matter in the lower intestine.
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PART 5. §570.245. EXPERIENCE BASED ON COMMON USE IN FOOD BEFORE
1958

Not applicable.
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PART 6. §570.250. NARRATIVE

6.1 Introduction

Oligosaccharides-peptides complex is intended for use as a source of highly digestible free amino acids
and peptides, as well as a source of fermentable fiber in the form of glycopeptides in the diet of cats and
dogs of all life stages at a level not to exceed 1.5% by weight. The primary application of
oligosaccharides-peptides complex will be as an ingredient in complete cat and dog food, but the
ingredient may also be incorporated into supplementary foods such as top-dressing sachets and treats.

The ingredient is comprised of glycopeptides and peptides (b) (4) and free amino acids (b) (4)

, obtained by physical processing of protein hydrolysate of porcine intestinal mucosa, which is a
recognized feed material in the EU. The glycopeptides, peptides and amino acids components are
derived from the proteolytic cleavage of the mucins (glycoproteins) of porcine intestinal mucosa.

Analytical data on 6 representative batches of oligosaccharides-peptides complex indicate that in
practice, the glycopeptides and peptides, free amino acids and ash contents are around 42%, 40% and
13%, respectively (see Section 2.3.2). Further compositional analysis indicates that the glycopeptides
and peptides components represent around 20% and 21%, respectively of oligosaccharides-peptides
complex (see Sections 2.4.4 and 2.4.5). Greater than 99% of the species comprising oligosaccharides-
peptides complex have a molecular weight below |  (b) (4).

Glycopeptides are composed of glycans side chains displaying a diverse range of structures, which are
linked to peptides by O-glycosidic bonds. As a consequence of their highly glycosylated nature, the
peptide chains (prime constituents of the glycopeptides component) are less susceptible to hydrolysis by
proteolytic enzymes.

The safety of oligosaccharides-peptides complex is primarily based on (a) the known metabolic fate of
free amino acids, glycopeptides and peptides by cats and dogs (Section 6.2); (b) published feeding
studies in adult cats and dogs using Gnubiotics’ oligosaccharides-peptides complex (Section 6.3) and (c)
a basic battery of in vitro tests to evaluate the genotoxic potential (Section 6.4). Taken together these
data can be considered pivotal to the safety determination.

Protein hydrolysate of porcine intestinal mucosa, the raw material used by Gnubiotics for the
manufacture of oligosaccharides-peptides complex, also has an established history of use as a protein
source in animal feed in the EU and Canada (see Section 2.1.3). A number of published studies in which
animals were fed diets containing protein hydrolysate of porcine intestinal mucosa were identified in
the published literature which provide supporting evidence for the safety of the further purified
ingredient, oligosaccharides-peptides complex for cats and dogs (Section 6.5). Furthermore, MMOs are
structurally similar to the glycans side chains of the glycopeptides component of oligosaccharides-
peptides complex. Thus, the background consumption of these oligosaccharides by young cats and dogs
provides supporting evidence of the safety the glycopeptides component of oligosaccharides-peptides
for all life stages of animal (Section 6.6).

Corroborative evidence for safety is also provided by a battery of toxicity studies on individual
oligosaccharide ingredients developed as structural mimics of MMOs and which are also structurally
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similar to the glycans side chains of the glycopeptides component of oligosaccharides-peptides complex
(Section 6.7).

6.2 Absorption, Distribution, Metabolism, Excretion (ADME) of the Components of
Oligosaccharides-Peptides Complex

The ADME of each of the components of oligosaccharides-peptides complex, i.e., free amino acids,
peptides and glycopeptides is considered in turn below.

6.2.1 ADME of the Free Amino Acids and Peptides Components

(b) (4)

The full amino
acid profile of the peptides and free amino acids components of the ingredient are described above in
Sections 2.4.3 and 2.4.4.

An overview of general amino acid and peptide digestion and absorption in cats and dogs is provided
below as described by Webb (1990), Yen (2004), Gitler (1964), Matthews (1975), and Gilbert et al.
(2008). Following ingestion, the larger peptides are cleaved into smaller peptides by the enzyme pepsin,
which is activated by the increase in stomach acidity that occurs during feeding. The peptides formed by
gastric digestion are further hydrolyzed on the mucosal surface of the small intestine, by pancreatic
enzymes, such as trypsin, chymotrypsin, and carboxypeptidases. This luminal digestion produces free
amino acids, as well as small peptides and oligopeptides of more than 3 amino acids. At the intestinal
mucosal membrane, further hydrolysis of oligopeptides occurs via an array of brush border peptidases,
which break down oligopeptides into free amino acids and di- and tri-peptides.

The resultant mixture of free amino acids and small peptides is then transported into the mucosal cells
by a number of specific carrier systems for individual amino acids and di- and tri-peptides (Gilbert et al.,
2008). Individual amino acids are absorbed via sodium-dependent and independent amino acid
transporters, whereas short peptides are absorbed though a proton coupled peptide transporter
(PEPT1; Cho et al., 2013). Once absorbed, peptides may be hydrolyzed by epithelial intracellular
peptidases or, if resistant, released intact across the basolateral membrane into the circulation.
Absorbed amino acids pass into the liver, where a portion of the amino acids are taken up and used
either for catabolic reactions to yield energy or for protein synthesis. The remainder pass through into
the systemic circulation and are utilized by the peripheral tissues, especially muscle, which is the
predominant site for metabolism of branched chain amino acids (valine, leucine and isoleucine). Active
amino acid transport is prominent in the small intestine, but there is no evidence of active amino acid
absorption in the colon except during the early neonatal period (Washabau, 2013).
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In strict carnivores such as cats, a high rate of amino acid catabolism allows for a readily available source
of energy, and as such, amino acids are continuously processed to yield glucose via hepatic
gluconeogenic pathway (Rochus et al., 2013). Catabolism of amino acids occurs mainly in the liver and
kidneys, but also in muscle tissue, in a two-stage process. In the first stage the a.-amino group of an
amino acid is enzymatically removed, yielding the corresponding a-keto acid analogue of the amino acid
and ammonia. The resulting ammonia is converted to urea and transported to the kidney via the blood
for excretion. In the second stage, the a-keto acid is degraded to an intermediate of the tricarboxylic
acid pathway which results in the formation of energy in the form of adenosine triphosphate (ATP) and
carbon dioxide (Moon, 1988). Muscle is the primary site for the metabolism of valine, leucine and
isoleucine. Proteolysis in the muscle causes an increase in amino groups, the accumulation of which
would be toxic due to an increase in ammonia; however, muscle tissue lacks the enzymes to convert
ammonia to urea and instead, ammonia and glucose are metabolized to form alanine. Alanine is then
released into the general circulation and taken up by the liver, where upon transamination, it can be
converted to urea and the carbon skeleton of alanine can be used to generate glucose. Glucose can be
released into the blood stream and taken up by the muscle tissue to form alanine, in the glucose-alanine
cycle (Felig, 1973).

Cats, being true carnivores, have a higher dietary protein requirement compared to dogs and other
omnivores. The reason for higher protein requirement of the cat has been attributed to the inability to
regulate amino acids metabolizing enzymes in the liver. When most animals, including dogs, ingest a
high protein diet, the activities of amino acid catabolizing enzymes in the liver increase to metabolize
the increase ammonia generated upon catabolism of amino acids. In a study by Rogers et al. (1977), the
activity of several catabolic enzymes of amino acid metabolism in adult cats fed either a high- or low-
protein diet or fasted for five days was assessed. The results showed few changes in the hepatic enzyme
activities between the three groups of cats, with hepatic enzyme activities remaining at high levels to
reflect the high protein diet, even in fasted animals. The inability of cats to regulate the
aminotransferases and urea cycle enzymes provides a safeguard against ammonia toxicity after
ingestion of a high protein meal. Cats have specific dietary requirements for taurine and arginine, which
is a consequence of low activities of two enzymes in the synthetic pathways of these two amino acids
that have a negative multiplicative effect on the rate of synthesis (Morris, 2001; Verbrugghe et al.,
2012).

6.2.2 ADME of the Glycopeptides Component

Glycopeptides comprise glycans linked by O-glycosidic bonds to peptides. These glycans side chains of
the glycopeptides component (prime constituents) exist as a diverse range of structures in which GalNAc
is the most common modifying sugar linking the glycans to the peptide chain. (b) (4)

identified in Section 2.4.4. As a consequence of their highly
glycosylated nature, the peptide chains (prime constituents) of glycopeptides are less susceptible to
hydrolysis by proteolytic enzymes and the glycopeptides (b) (4); (b) (4
; (b) (4)). These findings support that the glycopeptides
component of oligosaccharides-peptides complex will be resistant to digestion and free to move to the
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large intestine where they can act as a substrate for microbial fermentation (Pinna and Biagi, 2014; Oba
et al., 2020a).

In mammals, endogenous mucins are generally hypothesized to serve as a major substrates for colonic
microbial populations and to play a critical role in gut health (e.g., Yamada et al., 2019; Hino et al.,
2020). As mentioned in Section 2.7.4, structurally similar O-glycans are also a component of mammalian
milk supporting the development of the Gl tract in infants and young animals (Pruss et al., 2020;
Wrigglesworth et al., 2020).

Hino et al. (2020) conducted a series of 4 experiments in rats in order to evaluate the ability of mucin
derived O-glycans to function as endogenous fiber and support large bowel SCFA production.

In an initial study, the amount of mucins entering the cecum was assessed using ileorectostomized rats
in which the terminal ileum was anastomosed to the rectum in order to directly collect ileum effluent as
feces. Wistar rats (n=12; mean bw 162 + 0.713 g) were allowed free access to a control diet and water
for 14 days. Feces were collected over the last 5 days of the experiment and analyzed for mucin and O-
linked glycans content. The mean daily excretion of feces and mucin were 1.3 £+ 0.037 gand 0.15
0.0058 g, respectively. The O-glycan content was 286 + 0.440 umol/g mucin, indicating that 43.2 umol
of O-glycans entered the cecum daily.

In a second experiment, Wistar rats (n=6/group; mean bw 183 + 1.41 g) were allowed free access to a
control diet containing 0, 6 or 12 g/kg partially purified porcine stomach mucin (PM; classified as Type Il
and containing 1% sialic acid) for 14 days. PM supplementation was achieved by partially replacing an
equal amount of corn starch in the diet. Fresh feces were collected for the last 3 days of the experiment
and the mucinase activity measured. At the end of the experiment, the rats were anesthetized and
decapitated, and the cecum collected. The cecum weight was determined and the contents were
analyzed for SCFAs, mucin content, number of total bacteria and bacterial 16S ribosomal RNA (rRNA)
genes. Fland cecum contents did not differ between animals fed diets containing PM or the control.
PM consumption was estimated to be 0, 100 or 200 mg/day in the different treatment groups,
equivalent to a PM-derived O-glycans intake of 0, 68 or 136 umol/day. Cecal concentrations of acetate
(+37%) and butyrate (+73%) were higher in rats fed the diets containing 12 g PM/kg relative to those fed
the control or diet containing 6 g PM/kg. Likewise, propionate production was higher in rats fed 12 g
PM/day compared to those fed 6 g/day. The mucin and O-glycans contents of the cecal contents did not
differ among dietary treatments groups. Crypt length in the cecal tissue also did not differ between the
groups, but the number of goblet cells was higher in rats fed the diet containing 12 g PM/kg than in
those fed the control diet. The number of total bacteria was higher in rats fed diets containing 12 g
PM/kg relative to the control or diets containing 6 g PM/kg. Feeding PM-containing diets resulted in an
increase in the number of mucin-degrading bacteria identified in the cecum.

In another experiment, Wistar rats (n=6/group; mean bw 143 * 1.19 g) were allowed free access to a
control diet containing 0, or 10 g of GIcNAc, Fuc or sialic acid/kg for 14 days. Supplementation of O-
glycan monosaccharide was performed by replacing an equal amount of cornstarch in the control diet.
At the end of the experiment the rats were anaesthetized and decapitated in order to evaluate the
weight and contents of the cecum. Cecum contents were analyzed for SCFAs, mucin content, number of
total bacteria and bacterial 16S ribosomal RNA (rRNA) genes. Fl was higher in rats fed the Fuc-
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containing diet than those fed the other diets but bw was not observed to differ among treatment
groups. Among the groups of rats fed diets containing O-linked glycan monosaccharides, only those fed
GIcNAc-containing diets resulted in the generation of higher butyrate concentrations (+68%) and
increased numbers of butyrate-producing bacteria compared to the group fed the control diet (P<0.05).
Acetate (+30%) and Propionate (+30%) were also increased in animals receiving the GIcNAc diet
compared to the control diet (P<0.05). There was an increase in the total number of bacteria in the
cecum of rats fed the GIcNAc or sialic acid-containing diets relative to those fed the control diet.

In a final experiment, Wistar rats (n=6/group; mean bw 73 + 0.74 g) were allowed free access to a
control diet containing 0, 10 g of GIcNAc, or 15 g of purified PM/kg for 29 days. Supplementation of
GIcNAc or PM was performed by replacing an equal amount of cornstarch in the diet. At the end of the
experiment, the rats were anaesthetized and decapitated in order to measure cecum weight and
contents. The cecum was analyzed for pH, organic acid contents, and immunoglobulin A (IgA) secreting
plasma cells (IgA+) and regulatory T cells. Total RNA was isolated and analyzed for inflammatory
cytokine gene expression. The cecal expression of inflammatory cytokines was reduced in rats fed diets
containing GIcNAc and PM relative to the control group, with a significant decrease (P<0.05) in the
expression of Tumor Necrosis Factor-a (-30%, -40%) and Interferon Gamma (-30%, —70%) observed.
There were no differences in the expression of tight junction—related genes among the dietary groups.
The populations of both IgA+ plasma cells and regulatory T cells were higher in rats fed the GIcNAc-
containing diet than in those fed the control diet, whereas in rats fed the PM-containing diet, only the
IgA+ plasma cell population was increased relative to those fed the control diet.

Collectively, the authors concluded that the observations from the series of experiments support the
hypothesis that mucin-derived O-glycans function as endogenous fiber that facilitates symbiosis
between the host and microbiota, via enhanced large-bowel SCFA-production. The effect can be largely
attributed to the O-glycans monosaccharides component.

Although information on the absorption of porcine mucin glycans is limited to the information
summarized above, there is a body of in vitro data pertaining to the absorption and metabolism of
components of human milk oligosaccharides (HMOs), the findings of which can be extended to the
digestion of O-glycans derived from porcine mucin glycans. Engfer et al. (2000), assessed the extent to
which HMOs fractions are hydrolyzed in the Gl tract using an in vitro digestion study with enzyme
preparations of human and porcine pancreas and intestinal brush border membranes (BBMs).
Preparations of human origin as well as from piglets and full-grown pigs were used to mimic the
conditions of both the mature and immature Gl tract. Purified individual oligosaccharides found in
HMOs were used in the studies, specifically 2’FL, 3’FL as well as a mixture of lacto-N-tetraose and lacto-
N-neotetraose, a mixture of lacto-N-fucopentaose |, I, lll, and V, and lacto-N-difucohexaose | and Il all
of which may be considered fractions of HMOs, were used as the test articles in the experiments along
with maltodextrin as a control oligosaccharide. The HMOs fractions were digested for up to 20 hours
using human pancreatic juice and also BBMs prepared from human or porcine intestinal tissue samples,
and the concentrations of starting oligosaccharides and digestion products (Glu, Fuc and sialic acid)
measured at regular intervals. Whereas the control oligosaccharide, maltodextrin was rapidly and
completely hydrolyzed under the study conditions, the HMOs fractions were resistant to pancreatic juice
and BBM hydrolases. The HMOs fractions were recovered intact after 20 hours and no hydrolysis
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6.3.5 Potential Interaction of Oligosaccharide-Peptides Complex with Dietary Vitamin B1 (Thiamine)

As mentioned in Section 2.4.6, oligosaccharides-peptides complex contains technically unavoidable
levels of sodium bisulfite which carry-over from its use for the preservation of the mucosa scraped from
the intestines of the pigs (ca. 1.5 to 2.5% by weight). The bisulfite level of a representative batch of
oligosaccharides-peptides complex was determined analytically to be 2,170 mg/kg. Oligosaccharides-
peptides complex incorporated into cat and dog food at a maximum proposed level of 1.5% by weight,
will potentially provide 32.6 mg bisulfite (or 39.8 mg sodium bisulfite)/kg complete feed.

Thiamine in food, including canned and dry pet foods, is susceptible to degradation by sodium bisulfite
used as a preservative in protein-based ingredients (Dwivedi and Arnold, 1973; Steel, 1997; Singh et al.,
2005; Morin et al., 2021). Essentially, bisulfite acts as a nucleophile causing thiamine to be cleaved into
its constituents, pyrimidine and thiazole, and therefore, irreversibly destroyed in the cat and dog food.
The relationship between the extent of thiamine destruction and sodium bisulfite content of food is
linear, with levels of 400 mg and 1,000 mg/kg expressed as sulfur dioxide (equivalent to 640 mg and
1,600 mg bisulfite/kg feed) reported to deplete the thiamine content by 55% and 95%, respectively in
meat (Dwivedi and Arnold, 1973; Singh, 2005). By comparison, the bisulfite content of pet food from
the intended use of oligosaccharides-peptides complex is approximately 33 mg/kg feed, which by
extrapolation can be estimated to destroy around 3% of the thiamine content of food and therefore, not
pose a significant safety concern to cats and dogs.
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AAFCO nutrient profiles for maintenance diets for cats and dogs establish minimum thiamine
concentrations of 5.6 mg and 2.25 mg/kg DM after processing, respectively, recognizing that up to 90%
can be destroyed during processing (AAFCO, 2021c). The cat and dog diets used in the 26-week feeding
studies were determined analytically to contain 33.7 mg thiamine hydrochloride/kg food (7% moisture),
equivalent to 28.5 mg thiamine/kg DM which were significantly higher than the minimum
concentrations recommended by AAFCO. The values reported were for the control diets which were
used to prepare all treatment diets used in the studies, and were analyzed in October 2019. The
Certificates of Analysis for the control diets are provided in Appendices 028 and 029, respectively (full
study reports; CONFIDENTIAL). Samples of the control and treatment diet containing the highest
oligosaccharides-peptides content (1.5% by weight) from the study in dogs were re-analyzed for
thiamine content in June 2021, after a period of around 18 months under uncontrolled conditions. The
Certificates of Analysis are provided in Appendices 030A and 030B. The thiamine concentrations in the
control diet and treatment diet containing 1.5% oligosaccharides-peptides complex were reported to
be 19.7 mg and 21.4 mg/kg, respectively. Thus, only natural degradation of thiamine has occurred over
the 18-month storage period with no observed differences between the control and treatment diets.
These findings corroborate the estimates above derived from the published literature, that indicate no
significant degradation of thiamine will occur in the presence of 33 mg bisulfite/kg complete feed
(Dwivedi and Arnold, 1973; Singh, 2005).

Lastly, the degradation of thiamine by bisulfite present as a minor manufacturing impurity in
oligosaccharides-peptides complex is expected to occur rapidly given the highly reactive nature of the
ion on formulation of the treatment diets. The diets were manufactured at the start of the study and
were stored in 40 |b. brown-craft bags containing a plastic liner. None of the diets were re-made during
the study and therefore, any degradation of thiamine will have impacted the cats and dogs over the 26-
weeks of feeding.

Clinical signs of thiamine deficiency are reported in the published literature to be displayed by cats
within 30 to 40-days of feeding the nutritionally inadequate diet, with clinical manifestations including
loss of balance and muscle weakness (Studdert and Labuc, 1991; Steel, 1997; Chang et al., 2017). In
dogs, the first symptoms of thiamine deficiency from nutritionally inadequate diets are usually
gastrointestinal, including loss of appetite and associated weight loss. As the symptoms progress,
neurological effects may be observed (Houston and Hullard, 1988; Studdert and Labuc, 1991; Singh,
2005). Although the effects may not be as pronounced in diets which are marginally rather than highly
deficient in thiamine, if levels of the vitamin had fallen below the requirements of the cats and dogs, it is
anticipated that some discernible changes in general behavior and health would have been observed
over the 26-week feeding period.

Taken together, it is reasonable to conclude that the levels of sodium bisulfite present in
oligosaccharides-peptides complex and which are a technically unavoidable consequence of the use of
the additive to preserve the mucosal tissue following slaughter of the pigs, do not pose a safety concern
for cats and dogs under the intended conditions of use.
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6.4 Genotoxicity Studies

The mutagenic potential of Gnubiotics’ oligosaccharides-peptides complex was evaluated in a basic
battery of in vitro assays. These bacterial reverse mutation assays and a micronucleus assay are
published (b) (4)) and the full reports are provided in Appendices 031 to 033 — CONFIDENTIAL
STUDY REPORTS.

Bacterial reverse mutation assays were conducted in accordance with OECD Guideline Test No. 471
using the treat and plate method. The first assay was conducted using Salmonella typhimurium tester
strains TA98, TA100, TA1535, and TA1537, and Escherichia coli tester strain WP2 uvrA (pKM101)
(Appendix 031 — CONFIDENTIAL STUDY REPORT). The study consisted of two phases conducted in the
presence and the absence of Aroclor 1254-induced rat liver S$9-mix. The S9-mix was included at a
concentration of 5% (v/v) in the initial mutation assay and at 10% (v/v) in the confirmatory assay. In an
initial test, concentrations of oligosaccharides-peptides complex tested were 0, 52,164, 512, 1,600, and
5,000 ug/plate, while in the second confirmatory phase, the concentrations were 0, 492, 878, 1,568,
2,800, and 5,000 pg/plate. To verify a mutagenic response observed in the second confirmatory phase
of the test in the tester strain WP2uvrA(pKM101), an additional experiment was performed using the
same concentrations as in the second phase in the presence of 10% (v/v) S9-mix. No statistically
significant increases in the number of revertants were observed in any of the tester strains treated with
oligosaccharides-peptides complex at any concentration in the initial test. In the confirmatory assay, no
increase in the number of revertants was observed in tester strains TA1535, TA1537, TA98, TA100 at any
concentration with or without S9 mix.

In tester strain WP2uvrA(pKM101) without S9 mix, oligosaccharides-peptides complex did not elicit an
increase in revertants that reached the threshold for a positive mutagenic response. However, in the
presence of S9, oligosaccharides-peptides complex elicited a concentration-dependent increase in
revertants, reaching a 2.3-fold increase at a concentration of 5,000 pg/plate. In the additional
confirmatory experiment in tester strain WP2uvrA(pKM101) in the presence of S9, no increases in
revertants were observed at any concentration. Based on the equivocal results (one positive and one
negative result) the test was considered inconclusive for tester strain WP2uvrA(pKM101).

It has been established that biological materials capable of releasing amino acids can cause increases in
the number of revertant colonies that are not related to a mutagenic mode of action, giving false
positive results in bacterial reverse mutation assays (Thompson et al., 2005). As oligosaccharides-
peptides complex fit this criterion, a “treat and wash” variation of the bacterial reverse mutation test
was also conducted with Escherichia coli tester strain WP2uvrA, with and without rat S9 mix (Appendix
032 — CONFIDENTIAL STUDY REPORT). This method was developed specifically to test peptide and
amino acid containing materials. The following concentrations of oligosaccharides-peptides complex
were tested: 0, 160, 310, 620, 1,200, 2,500, and 5,000 pg/plate. In the additional “treat and wash”
assay, oligosaccharides-peptides complex did not elicit any increases in revertants in WP2uvrA at any
concentration. As such, it can be concluded that oligosaccharides-peptides complex is not mutagenic in
the bacterial reverse mutation and the positive result with S9 mix in the first test is due to the amino
acids present in the test article and not an actual mutagenic response.
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The in vitro mammalian cell micronucleus test was conducted in (b) @) cells in accordance with
OECD Guideline test No 487 (Appendix 033 — CONFIDENTIAL STUDY REPORT). Based on a preliminary
study, in which concentrations above 2,500 pg/mL were found to adversely impact osmolality but not
affect cell viability, the concentrations of oligosaccharides-peptides complex that were selected were 0,
625, 1,250, and 2,500 pg/mL. Cells were treated with oligosaccharides-peptides complex, for 3 hours
(“short-term exposure”) in either the presence or absence of Aroclor 1254-induced rat liver S9-mix or
for 24 hours (“long-term exposure”) in the absence of S9-mix. Each treatment was coupled to an
assessment of cytotoxicity at the same dose levels. Cytotoxicity was evaluated by determining the
population doubling (PD) of cells. Micronuclei frequencies were analyzed in 1,000 mononucleated cells
per culture (total of 2,000 mononucleated cells per dose). No cytotoxicity was induced at any of the
tested dose levels, as evidenced by the absence of any statistically significant or dose-related decreases
in the PD. Oligosaccharides-peptides complex did not induce any chromosome damage, or damage to
the cell division apparatus in (b) @) cells either in the presence or absence of a rat liver S9 mixture
compared to the negative control. Likewise, oligosaccharides-peptides complex did not elicit any
statistically significant increases in the frequency of micronucleated cells at any concentration. An
incubation time of 24 hours was not found to influence genotoxicity, and the recovery period had no
impact, as no significant chromosomal damage was observed.

Oligosaccharides-peptides complex was not mutagenic in the bacterial reverse mutation test with or
without metabolic activation and did not elicit any chromosome damage or damage to the cell division
apparatus in mammalian somatic cells in vitro with or without metabolic activation. These toxicity data
provide critical evidence of the safety of oligosaccharides-peptides complex for cats and dogs over their
life span.

6.5 Studies in Swine using Protein Hydrolysate of Porcine Intestinal Mucosa

6.5.1 Overview and Identification of the Test Articles

As mentioned in Sections 2.1.2 and 2.1.3, protein hydrolysate of porcine intestinal mucosa, the raw
material in the manufacture of oligosaccharides-peptides complex, is currently marketed as a feed
material (protein source) for pigs, poultry and fish in the EU. It is generally dried for use in feed for ease
of handling and can be co-dried with a carrier. The ingredient is also recognized for use as a protein
source in Canada and is listed under Schedule 1V, Part Il of the Feed Regulations (Entry 5.6, CFIA, 2022)
under the common names “porcine solubles, dried” or “DPS".

Protein hydrolysate of porcine intestinal mucosa is of particular interest to the swine industry as a
highly digestible source of protein for weaned piglets and lactating sows. In this respect, it is a specialty
feed ingredient for use as an alternative to spray-dried plasma. A number of studies were identified in
the published literature in which swine were fed diets containing protein hydrolysate of porcine
intestinal mucosa. The ingredient was mainly fed in dried form and depending on the study, described
as spray-dried porcine intestinal hydrolysate, porcine digestible proteins, DPS, condensed porcine
solubles (CPS), dried porcine solubles or dried hydrolysate of pig intestines. Where protein hydrolysates
of porcine intestinal mucosa was co-dried with a carrier (processed or unprocessed vegetable protein or
co-products from wet milling of distillers grains, the test items were referred to as peptones. The carrier
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will generally aid mixing into the feed but will not impact the nutritional value or composition of protein
hydrolysate of porcine intestinal mucosa.

6.5.2 Compositional Comparison of Protein Hydrolysate of Porcine Intestinal Mucosa used as a Feed
Material and the Gnubiotics’ Raw Material

Protein hydrolysate of porcine intestinal mucosa is hydrolyzed porcine intestinal mucosa generated as
a by-product of the| (b) (4) manufacturing industry which has been subject to physical processing to

reduce the levels of (b) (4). Itis marketed as a source of highly digestible protein in
the form or free amino acids and peptides rather than on account of the glycopeptides content.
Depending on the (b) (4) processes employed by different manufacturers of protein

hydrolysate of porcine intestinal mucosa, the glycopeptides content may vary and will not be routinely
monitored by these manufacturers.

Gnubiotics sets its own specifications for protein hydrolysate of porcine intestinal mucosa with the
supplier to ensure a consistent product with the maximum amount of glycopeptides present for use in
the purification process to oligosaccharides-peptides complex. Thus, Gnubiotics’ raw material may be
considered compositionally equivalent to protein hydrolysate of porcine intestinal mucosa marketed as
a feed material in the EU and Canada except that it is in the liquid rather than dried form and has a
standardized glycopeptides content.

6.5.3 Relevance of Studies using Protein Hydrolysate of Porcine Intestinal Mucosa to the Assessment
of Oligosaccharides-Peptides Complex

Gnubiotics applies only physical processing techniques to protein hydrolysate of porcine intestinal
mucosa in order to selectively isolate the glycopeptides and peptides components. No chemical
modifications or exogenous substances are introduced which alter the nutritional or functional
properties. Thus, published studies in animals using protein hydrolysate of porcine intestinal mucosa
are considered pertinent to the safety evaluation of oligosaccharides-peptides complex for cats and
dogs.

The only studies identified using protein hydrolysate of porcine intestinal mucosa were in swine rather
than the target species (cats and dogs). On the basis that physiologically, pigs and dogs share many
similarities and can be expected to metabolize an ingredient rich in amino acids and peptides, and
potentially containing low levels of glycopeptides in the same way, the studies were considered
pertinent to the safety assessment. Of the studies identified, three studies evaluated digestibility, and
one study assessed intestinal function (Sections 6.5.1 and 6.5.2). Another study considered gestation,
lactation and growth (Section 6.5.3) and one study the performance of lactating sows (Section 6.5.4).
The remainder of the studies were designed primarily to evaluate growth performance in weaned
piglets rather than safety and therefore, measured only limited endpoints such as bw, Fl and feed
conversion ratio (FCR), as well as mortality (Section 6.5.5).

As mentioned above, in the studies protein hydrolysate of porcine intestinal mucosa was spray-dried or
on a carrier, and marketed commercially under various product names including spray-dried porcine
intestine hydrolysate, DPS, CPS and when on a carrier, peptone. The most common name used by the
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study authors was DPS and for consistency with the publications, the test time is referred to as DPS
rather than protein hydrolysate of porcine intestinal mucosa in the sections below.

6.5.4 Digestibility Studies

Kim et al., 2001

An experiment was conducted to determine the optimal inclusion ratio of spray-dried plasma protein
(SDPP) and DPS for maximizing growth and improving immunity in piglets weaned at 21 days of age (Kim
et al., 2001). The experiment included 150 cross bred piglets (Barrow, Landrace x Large white x Duroc;
6.01 + 0.12 kg) in a completely randomized block design. Animals were fed diets based on
corn/whey/SBM containing 0 (control), 6% SDPP, 6% SDPP + 6% DPS (S6D6), 6% SDPP + 3% DPS (S6D3),
3% SDPP + 6% DPS (S3D6) or 3% SDPP + 3% DPS (S3D3) for 3 weeks. Each treatment had 6 pens, with 5
piglets per pen. Two phase mash feeds were provided, during phase | (days 1 to 7) and phase Il (days 8
to 21). Chromium oxide was included in the feed as a digestibility marker. Animals were given ad
libitum access to feed and water and were housed in an environmentally controlled room. Body weight
and feed intake were recorded weekly to calculate average daily gain (ADG) and average daily feed
intake (ADFI) and gain-to-feed ratio (G:F). Four (4) piglets per treatment were used for a metabolic trial
to determine nutrient digestibility (dry matter, crude protein, ether extract, crude Ash, Ca and P), as well
as apparent amino acid digestibility. Blood samples were taken on day 0, 8 and 21 to determine porcine
leukocyte population (CD4 positive T lymphocyte; CD8 positive T lymphocyte; granulocyte and
monocytes). When considering the overall experimental period (days 0 to 21) piglets fed the S3D6 diet
had statistically increased ADG and ADFI (P<0.05) vs. control but no significant differences were
observed in G:F between treatments and control. The digestibility of DM and crude protein (CP) were
higher in piglets fed the S6D6 diet than control. In terms of nutrient digestibility, no differences were
observed among treatment groups (P>0.05). The apparent digestibility of amino acids over phase | and
phase Il were not significantly different to control except leucine was increased (P<0.05) in diets S6D6
and S6D3 in phase I. No correlation between the ratio of SDPP and DPS and the ratio of CD4 positive T
lymphocyte and CD8 positive T lymphocytes were observed. The inclusion of DPS at 3% in combination
with SDPP at 6% displayed better performance parameters and maintained low immunity status.
Including DPS at a higher rate of 6% did not improve performance parameters and immunity level in
weaned piglets.

Kim et al., 2000

A study to determine the ileal digestibility (ID) of amino acids and feeding values of spray dried plasma
protein SPP and DPS in early weaned piglets was conducted by Kim et al. (2000). In the digestibility trial,
12 piglets (Landrace X Yorkshire X Duroc; 5.83 + 0.51 kg and 18 days old) were housed in metabolic
cages. Animals received 3 diets based on semi purified cornstarch and lactose that contained either
23.8% SDPP, 37% DPS or a N-free diet. The SDPP and DPS diets were formulated to contain 18.5% CP
with vitamins and minerals exceeding the NRC (2012) recommendation. Four (4) piglets were assigned
to each diet to collect ileal digesta for endogenous amino acid excretions. After one day of fasting,
piglets were fitted with T-cannula in the terminal ileum and were fed a restricted amount of feed (5% of
bw/day) 3 times per day. Diets were mixed with water and fed as a wetted mash, in order to improve
feed intake. From the sixth day, digesta samples were collected for 3 days. The apparent and true ID
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values of essential amino acids (except leucine, methionine and valine) were lower (P<0.01) in DPS than
in SDPP. The average apparent ID of essential amino acids in SDPP and DPS were 75.63% and 71.30%,
respectively, and the average true ID of essential amino acids was 84.83% and 80.51% respectively.

In the 7-day feeding trial, 90 piglets (Landrace X Yorkshire X Duroc; 6.70 = 0.35 kg and 18 days old) were
allocated to 3 treatments, with 10 piglets per pen and 3 pens per treatment. Animals were housed in an
environmentally controlled room with ad libitum access to feed and water. Diets were based on
extruded corn and SBM (CSF-extrudate; 47% corn 47% SBM and 6% animal fat) and were formulated to
contain 3,500 ME/kg, 1.45% lysine, 20% dried whey, 15% milk replacer and 10% lactose. Diets were
supplemented with either 6% SDPP, 6% DPS or a combination of 3% SDPP and 3% DPS. Performance
parameters (ADG, ADFI, G:F) and apparent fecal digestibility were determined after 7 days. The ADG
and G:F ratio were improved (P<0.01) in animals fed diets containing 6% SDPP than those fed 6% DPS in
the diet. There was no difference in Fl among treatment groups. Animals that received a combination
of DPS and SDPP in the diet displayed comparable performance parameters to those fed SDPP only. The
results of this study demonstrate that protein hydrolysate of porcine intestinal mucosa provides a
highly digestible source of protein which can be utilized by early weaned piglets.

Sulabo et al., 2013

In another experiment using DPS and other protein-rich ingredients, 3 experiments were conducted by
Sulabo et al. (2013) to determine apparent ileal digestibility (AID) and standardized ileal digestibility
(SID) of CP and amino acids (AA), the concentration of digestible energy (DE) and metabolizable energy
(ME), and standardized total tract digestibility (STTD) of phosphorus in dried fermentation biomass
(DFB) and DPS products co-dried with other protein sources when fed to weanling piglets, and to
compare these values to those obtained for fish meal. The two DPS products used were PEP50 (protein
hydrolysate of porcine intestinal mucosa and dehulled soybean meal) and PEP2+ (produced by mixing
protein hydrolysate of porcine intestinal mucosa with DFB and enzymatically processed, low-antigen
SBM).

In the first experiment, 12 weanling barrows (G-Performer boars x Fertilium 25; initial bw 11.5 + 1.1 kg;
36 = 1 d of age) were equipped with a T-cannula in the distal ileum and allotted to a replicated 6 x 6
Latin square design with 6 diets and 6, 7-day periods in individual pens. Piglets were allowed 7 days to
recover from the surgery before the experiment was initiated. One diet contained SBM (42%) as the
sole source of CP and AA, 4 diets were based on SBM in combination with another protein source and
included, SBM (21%) & DFB (13%), SBM (21%) & PEP50 (19%), SBM (21%) & PEP2+ (17%), or SBM (21%)
& fish meal (16%). A nitrogen free diet (based on SBM) was used to measure basal endogenous ileal
losses of CP and AA. Animals were housed in individual pens in an environmentally controlled room and
had ad libitum access to feed and water. Piglet bw measurements were recorded at the beginning of
each period and the amount of feed supplied each day was recorded. lleal digesta samples were
collected for 8 h on day 6 and 7 and the AID of CP and AA in SBM, DFB, DPS products (PEP50 and PEP2+),
and fish meal by weanling piglets determined. The AID and SID of CP were less (P<0.05) in animals that
received diets of SBM in combination with PEP2+ and PEP 50 than in SBM only. For indispensable AA,
AID and SID of histamine, isoleucine, leucine, methionine, phenylalanine, threonine, and valine, and SID
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of arginine were least (P<0.05) in SBM & PEP2+, compared with the other ingredients. AID of arginine
and isoleucine, and SID of threonine were less (P<0.05) in SBM & PEP50 than in SBM only diets.

In the second experiment, 40 barrows (G-Performer boars x Fertilium 25; initial bw 12.8 £ 1.4 kg; 39 + 2
d of age) were allotted to 5 dietary treatment groups with 8 piglets/treatment. A basal diet containing
96.4% corn and 4 diets containing corn (80.4%) & DFB (16%), corn (73.4%) & PEP50 (23%), corn (76.4%)
& PEP2+ (20%), or corn (81.3%) & fish meal (18%) were formulated. Piglets were provided ad libitum
access to feed and water. Animals were housed in metabolism cages with slatted floors that allowed for
the total but separate collection of urine and fecal materials from each piglet. The experiment lasted 14
days. The initial 7 days were considered an adaptation period to the diet. Fecal and urine samples were
collected in the following 7 days and analyzed for gross energy (GE). Following analysis of GE values for
apparent total tract digestibility (ATTD) of energy and DE and ME were calculated. There were no
differences in ATTD of GE among treatments. The DE and ME in PEP50 (4,758 and 4,512 kcal/kg DM for
DE and ME, respectively) and DE in PEP2+ (4,935 kcal/kg DM), and ME (4,617 kcal/kg DM) were
significantly greater (P<0.05) than in control diets (corn only diets; 4014 and 3846kcal/kg DM kcal/kg DM
for DE and ME, respectively).

In experiment 3, 40 barrows (G-Performer boars x Fertilium 25; bw = 12.4 + 1.3 kg; 37 + 2 d of age) were
randomly allotted to 5 dietary treatment groups with 8 piglets/treatment. A phosphorus-free diet and 4
diets in which the sole source of phosphorus was from DFB, PEP50, PEP2+, or fish meal were
formulated. Vitamins and all minerals, except P, were included in the diets to meet or exceed
requirements (NRC, 2012). Feed was provided in a daily amount equivalent to 3 times the maintenance
energy requirement and divided into 2 daily meals. Markers included in the morning meals on days 8
and 13. Water was available at all times. Animals were housed in metabolism cages with slatted floors
that allowed for the collection of fecal materials from each piglet. The basal endogenous loss of P was
determined from piglets fed the P-free diet and ATTD and STTD of P in each diet were calculated. The
STTD of phosphorus in PEP2+ (97.6%) and PEP50 (76.2%) were greater (P<0.01) than in fish meal
(68.5%).

The AA content, concentration of DE and ME and digestibility of phosphorus was comparable between
protein hydrolysate of porcine intestinal mucosa and existing fish meal and DFB counterparts. The
results of these studies provide evidence for the utility of protein hydrolysate of porcine intestinal
mucosa as a protein source for swine.

6.5.5  Study to Investigate Intestinal Function

Gonzdlez-Solé et al., 2020

A study comprising of 2 experiments was conducted by Gonzélez-Solé et al. (2020) in which the effects
of DPS, spray-dried plasma (SDP) or a combination of both on growth performance and intestinal
function of weaned piglets was evaluated. A total of 180 male and female weaned commercial crossed
piglets [(Landrace x Large White) x Pietrain; initial bw of 7.5 + 1.15 kg] weaned at 28 days, were blocked
according to initial weight into two blocks (heavy piglets: 8.6 + 0.03 kg; light piglets: 6.4 + 0.02 kg). Each
block contained 9 pens of 10 animals and each treatment was randomly assigned with 6 pens used per
treatment. Animals received a diet based on corn/wheat with a high content of soybean ingredients
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containing 0 (control), 2% SDP or 2% DPS. SDP and DPS replaced part of the extruded soybean content
of the diet. Diets were presented in mash form. Feed and water were available ad libitum throughout
the study. Animals were weighed at days 0 and 14 and food disappearance was used to calculate ADG,
ADFl and G:F. Animal fed DPS and SDP had significantly increased (P<0.05) ADG, ADFI and improved G:F
vs. control. In the second experiment, a total of 198 male and female weaned commercial crossed
piglets [(Landrace x Large White) x Pietrain; initial bw of 5.7 + 0.60 kg] weaned at 21 days, were blocked
according to initial weight into two blocks (heavy piglets: 6.3 £ 0.02 kg; light piglets: 5.1 + 0.01 kg). Each
block contained 9 pens of 11 animals and each treatment was randomly assigned with 6 pens used per
treatment. Animals received a diet based on corn/wheat with a high content of soybean ingredients
containing 0 (control), 3% SDP or a combination 1% SDP and 2% DPS. SDP and DPS replaced part of the
extruded soybean content of the diet. Feed and water were available ad libitum throughout the study.
Animals were weighed at days 0, 7, 14 and 35 post weaning, food utilization was recorded and used to
measure parameters related to performance (ADG, ADFI and G:F). One (1) piglet per pen was
euthanized on day 14 and a portion of jejunum and ileum tissues collected where intestinal function was
assessed by quantifying the gene expression using an open array real-time PCR (polymerase chain
reaction) platform. Although a numeric difference in bw was observed at day 35, no significant
differences in ADFI, ADG or G:F were observed between animals receiving diets containing SDP or SDP-
DPS. Ten genes in jejunum and five in ileum samples were differentially expressed among treatments
(P<0.05). The highest expression was found in the animals fed diets containing SDP + DPS. These genes
are involved in the barrier function of intestinal cells, the immune response, mucosal nutrient transport,
digestion and metabolism of oxidation products. The combination of SDP + DPS upregulated genes
related to the intestinal function without affecting growth performance. The underlying mechanisms
that produced these effects are still unknown; however these effects were not considered adverse and
support the ability of these protein ingredients to support digestive function in swine.

6.5.6  Gestation, Lactation and Growth Study

Figueroa et al., 2016

In a study by Figueroa et al. (2016) researchers evaluated whether DPS, when included in a diet free of
dairy products and lactose may maintain the performance of weaned piglets, compared with animals
fed diets containing significant amounts of whey and lactose (experiment 1) and whether pre- and post-
natal exposure to DPS via the maternal diet may improve feed intake and performance of weaned
piglets fed a diet containing DPS (experiment 2). In experiment 1, 2 different cereal-based diets were
designed (meeting the NRC (2012) standards) and offered to piglets after weaning. Diets including
lactose (lactose+) were given pre-starter diets (days O to 14) containing 142 g/kg sweet milk whey and
starter diets (days 15-33) with 50 g/kg of sweet milk whey. The lactose-free group was offered an
isoenergetic diet with 20 g/kg of DPS and 300 g/kg wheat in both the pre-starter and starter periods.
Both diets were offered in mash form. A total of 240 piglets (Pietrain x [Large White x Landrace],
average initial bw of 7.9 + 1.2 kg and weaned at 28 days) were distributed into 4 blocks according to
their bw (light: 6.1 + 0.58 kg; middle-light: 7.6 £ 0.36 kg; middle-heavy: 8.5 + 0.24 kg; and heavy: 9.4
0.25 kg). Within each block, piglets were randomly distributed into 6 pens of 10 animals and balanced
for bw. Pens were randomly assigned to 2 treatment groups according to a balanced distribution. Half
of the pens (12 pens, 3 pens of each weight block) were fed ad libitum the lactose+ diet, and the rest of
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the pens (n = 12) were fed the lactose-free diet during the whole period (33 days). Performance
parameters (ADFI, ADG, and G:F) were measured on days 0, 7, 14, 21, 28, and 33 after weaning. Despite
the preference in diet there was no difference in performance parameters between the two groups. In
a sub-experiment choice and 1-feeder tests were performed in another group of animals (n=72) to
evaluate the preference and acceptance for both diets. The lactose+ diet was preferred (P=0.039) to the
lactose free diet as assessed by a 30 minute choice test. More of the lactose+ diet (P=0.001) was
consumed than the lactose free diet in a 1-feeder test. In experiment 2, 240 animals were obtained
from 26 sows (n = 13/treatment) that, during late gestation (14 days) and lactation (28 days), were fed
an isoenergetic diet without DPS inclusion (n=120) or containing 20 g/kg of DPS (n=120). After weaning,
all piglets received a feed containing 20 g/kg of DPS in the pre-starter and starter diets. Feed intake and
body weight were measured weekly (days 0, 7, 14, 21, 28, and 33 after weaning) to calculate the ADFI,
ADG, and G:F. Piglets coming from sows provided diets supplemented with 20 g/kg of DPS during late
gestation and lactation had a tendency to display higher ADFI (P=0.077) and higher ADG (P=0.062)
during the starter phase (15 to 33 days after weaning) than piglets coming from control sows.

6.5.7 Study in Lactating Sows

Johnston et al., 2003

A study conducted to determine the voluntary feed intake and performance of lactating Yorkshire x
Landrace sows fed diets containing DPS was performed by Johnston et al. (2003). The experiment was
conducted at 2 research centers wherein 119 lactating sows (n=66 and 53) were assigned to 3 diets
during lactation. Sows were housed in confinement farrowing rooms on about day 110 of gestation.
Animals were fed corn and SBM based diets formulated to contain 0.9% total lysine and included either
0 (control), 1.5% or 3% DPS. Animals were assigned to dietary treatments based on parity and expected
farrowing date at each center. Sows received 2.04 kg daily of the control diet from entry to the
farrowing room until farrowing. On the day of farrowing, feed offered to sows was switched to the
appropriate dietary treatment. Sows were provided ad libitum access to the designated experimental
diet throughout lactation. The amount of feed was adjusted daily to ensure that sows had continuous
access to feed without accumulation at feeding stations. Unconsumed feed was weighed on days 9 and
18 postpartum and at weaning. Performance was measured by feed intake and sow weight.
Additionally, sow back fat depth was determined on farrowing and weaning. Number and weight of
individual piglets were recorded at birth while, total litter weight and number of piglets per litter were
recorded on days 9 and 18 of lactation and at weaning. Dietary intake of DPS tended to increase
(P<0.10) the amount of food consumed from day 0 through to weaning. Including DPS in the diet
increased ADFI over the entire lactation period (6.03, 6.53, and 6.30 kg) for sows fed 0, 1.5, and 3.0%
DPS, respectively. No significant effect of DPS on bw or backfat depth of the sow were noted. Litter size
and weight on day 18 of lactation were not affected by concentration of DPS in the diet. DPS in the diet
had no effect on milk production of sows and daily litter weight gain was 2.15, 2.10, and 2.00 kg for sows
assigned to 0, 1.5, and 3.0% DPS-containing diets, respectively. There were no significant interactions
between dietary treatments and research center or dietary treatments and farrowing group, suggesting
that the effects of diet were consistent at both research centers and across farrowing groups. Overall,
the DPS-containing diets were well-tolerated by lactating sows and tended to increase the ADFI of
lactating sows.
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6.5.8 Dietary Feeding Studies in Weaned Piglets

Nine (9) studies were identified in which the impact of DPS as a component of the diet on the
performance of weaned piglets was evaluated. These studies are summarized in Table 6.7. Overall, the
studies indicate that protein hydrolysate of porcine intestinal mucosa (spray-dried or on a carrier) may
be incorporated into the diet of weaned piglets at levels ranging from 1 to 6% for a duration of 28 or 35
days without any adverse effects on performance.
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6.5.9 Overall Conclusions from the Studies in Swine

Collectively, a number of studies were identified in swine in which protein hydrolysate of porcine
intestinal mucosa (spray-dried or on a carrier, and commercially often referred to as DPS) was
demonstrated to be a highly digestible form of protein, which was not associated with any adverse
effects on performance of growing, lactating and reproducing sows. The levels of inclusion of protein
hydrolysate of porcine intestinal mucosa varied but were generally between 1 to 6% in feeding studies
conducted in pigs. Assuming that protein hydrolysate of porcine intestinal mucosa is incorporated into
the diet of swine at 3% DM, on a bw basis the intakes can be estimated for each category of animal as
follows:

e For a weaned piglet with a FI of 0.88 kg DM/day and bw of 20 kg — 2.6 g/kg bw/day
e For a grower/finisher pig with a Fl of 2.20 kg DM and bw of 60 kg — 2.2 g/kg bw/day
e For alactating sow with a Fl of 5.28 kg DM and bw of 175 kg — 1.8 g/kg bw/day

By comparison, the estimated intake of oligosaccharides-peptides complex by cats and dogs can be
estimated by taking the mean bw and Fl of the animals in the 26-week feeding studies above and an
inclusion level of 1.5% in the diet (see Section 6.4):

e For acat with a Fl of 0.06 kg DM/day and bw of 4.6 kg — 0.2 g/kg bw/day
e For a medium (e.g., beagle) dog with a Fl of 0.16 kg DM/day and bw of 7.7 kg — 0.3 g/kg bw/day

Thus, the exposure by growing, lactating and reproducing pigs to protein hydrolysate of porcine
intestinal mucosa on a bw basis is approximately 10-fold higher than the anticipated intakes by cats and
dogs to oligosaccharides-peptides complex under the maximum intended use level of 1.5% in the diet.

A similar calculation can be performed for kittens and puppies based on the dietary recommendations
of commercial dry kitten and puppy food by brands such as PURINA®:

e For a kitten with a FI of 0.07 kg DM/day and bw of 1.3 kg — 0.8 g/kg bw/day
e Fora puppy (small breed) with a Fl of 0.054 kg DM/day and a bw of 1.4 kg — 0.6 g/kg bw/day

Thus, the exposure by growing pigs to protein hydrolysate of porcine intestinal mucosa on a bw basis is
approximately 3 to 4-fold higher than the anticipated intakes by kittens and puppies to
oligosaccharides-peptides complex under the maximum intended use level of 1.5% in the diet.

It is challenging to estimate the likely exposure by swine to the glycopeptides component of
oligosaccharides-peptides complex on the basis these levels are not routinely measured and will be
significantly lower in protein hydrolysate of porcine intestinal mucosa. However, it is reasonable to
assume that there may be some exposure from products derived from manufacturing plants where the
glycopeptides component is carried over at similar levels to that of the supplier of protein hydrolysate
of porcine intestinal mucosa to Gnubiotics. Thus, these data provide supporting evidence for the
safety of the source (protein hydrolysate of porcine intestinal mucosa) and in particular the free amino

5 https://www.walmart.com/ip/Purina-Kitten-Chow-Nurture-Dry-Kitten-Food-Muscle-Brain-Development-Chicken-
Recipe-14-1b-Bag/21623785 and https://www.walmart.com/ip/Purina-ONE-Natural-High-Protein-Dry-Puppy-Food-
Plus-Healthy-Puppy-Formula-8-lb-Bag/10448981
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acids and peptides components of oligosaccharides-peptides complex for all life stages of cats and
dogs.

Gnubiotics applies a number of physical purification processes to the protein hydrolysate of porcine
intestinal mucosa in order to remove some of the low molecular weight substances (b) (4)

, and increase the content of glycopeptides and
peptides. No chemical transformation occurs and the composition of the glycopeptides and peptides
components will reflect the glycoproteins of porcine intestinal mucosa. Thus, the studies in swine using
the less pure source material, protein hydrolysate of porcine intestinal mucosa, can be extrapolated to
support the safety of oligosaccharides-peptides complex.

6.6 Studies using MMOs with Structural Similarity to the Glycan Component of Oligosaccharides-
Peptides Complex

As mentioned in Section 6.2.2, the glycopeptides component, which represents around 20% of
oligosaccharides-peptides complex, will be resistant to hydrolysis by proteolytic enzymes in the Gl tract
but will be subject to microbial fermentation in the large intestine. The glycans side chains (prime
constituent) of the glycopeptides component display similar structural diversity as MMOs and numerous
studies have been conducted supporting the safety of these ingredients. Similar to other
oligosaccharides, these MMOs are not metabolized or absorbed until being fermented in the large
intestine.

6.6.1 MOs in Feline and Canine Milk

As mentioned in Section 2.7, feline and canine milk contain structurally diverse oligosaccharides, which
are known to play an important nutritional role as fermentable polysaccharides in the development of
digestive function by young animals. The glycans side chains (prime constituent) of the glycopeptides
component in oligosaccharides-peptides complex exhibit similar structural diversity and in this respect
may be considered biological mimics of these feline and canine MOs. On the basis of their structural
similarities, the exposure by young cats and dogs to MOs in feline and canine milk provides supporting
evidence for the tolerability to the target animals of the glycans side chains which are linked through O-
glycosidic bonds to peptides in the glycopeptides component of oligosaccharides-peptides complex.

Estimating the exposure by puppies to MOs is challenging on the basis that (1) MO concentrations are
highest in the early lactation period and reduce with time, and (2) the intake of milk will depend on the
breed and size of the puppy. Rostami et al. (2014) conducted an investigation into the levels of
individual MOs in canine milk at various time points over the lactation period. The results of the
experiments are described in Section 2.7 and indicate that the concentration of the major individual
MOs in canine milk is at least 8 g/L (0.8%) in the first few days of lactation. By comparison, under the
conditions of intended use, oligosaccharides-peptides complex will provide around 0.3% glycopeptides
to dogs of all life stages, which is approximately 2.5 times lower than the levels of MOs in canine milk of
newborn puppies. Given the similarities in the structure of glycans from MOs and as side chains in
glycopeptides as well as their function as fermentable fibers, it is reasonable to assume that the
glycopeptides component of oligosaccharides-peptides complex will be well-tolerated by cats and dogs
under the conditions of intended use.
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6.6.2 Toxicological Studies on Individual Mimics of Milk Oligosaccharides

A number of individual oligosaccharides have been developed for use as ingredients in human infant
formula intended to act as mimics for HMOs. On the basis that these individual oligosaccharides are
structurally-related to the glycans side chains (prime constituent) of glycopeptides derived from porcine
intestinal mucosa, toxicological information on these ingredients may be considered relevant to the
assessment of the safety of oligosaccharides-peptides complex for use in cat and dog food.

Structural Comparisons of Glycans

A comparison the components comprising the glycans of glycopeptides in oligosaccharides-peptides
complex and the individual HMOs mimics produced for use as ingredients in human infant formula is
provided in Table 6.8. As previously noted (see Sections 2.7 and 2.8), there are many structural
similarities between these individual HMOs mimics and the glycans (as glycopeptides) in
oligosaccharides-peptides complex.
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U.S. FDA, 20153, b and 2019). Notably, although the primary use is in infant formula, there is also
interest the use of these oligosaccharides in food supplements for young children (EFSA, 2015b). The
HMOs mimics evaluated in the toxicity studies were 3’-sialyllactose (Kim et al., 2018), 6’-sialyllactose
(Gurung et al., 2018), 2’ -fucosyllactose (Coulet et al., 2014), Lacto-N-neotetraose (Coulett et al., 2013)
or HMO mixtures (Parschat et al., 2020) and lacto-N-fucopentaose | and 2’ -fucosyllactose (Phipps et al.,
2020). The available short-term and subchronic toxicity studies are summarized in Table 6.9 and
genotoxicity data in Table 6.10. Considering that the majority of these studies were conducted to assess
the safety for inclusion in human infant milk formula the HMOs mimics were administered by gavage,
starting at postnatal day 7 (PND 7).

Short-Term and Subchronic Toxicology Data

Overall, no adverse effects were observed in the short-term and subchronic toxicity studies. The No-
Observed-Adverse-Effect-Levels (NOAELs) derived from 90-day oral toxicity studies in rats conducted in
accordance with Good Laboratory Practice (GLP) and OECD 408 guidelines were the highest doses
tested. These doses were generally 5,000 mg of the HMOs mimic/kg bw/day. By comparison, it is
estimated that oligosaccharides-peptides complex contains in the region of 20% glycopeptides of which
the glycans represents around 10% (see Section 2.4.3). The estimated intakes of glycopeptides by cats
and dogs can be estimated by taking the mean bw and Fl of the animals in the 26-week feeding studies
above (see Section 6.4) and an inclusion level of 0.03% in the diet (based on 1.5% oligosaccharides-
peptides complex inclusion level):

e Foracat with a Fl of 0.06 kg DM/day and bw of 4.6 kg — 40 mg/kg bw/day
e For a medium (e.g., beagle) dog with a Fl of 0.16 kg DM/day and bw of 7.7 kg — 60 mg/kg
bw/day

Thus, the exposure by adult cat and dogs to the glycopeptides component is 125 and 83-fold lower,
respectively, than the NOAELs derived from the toxicity data in rats.

Similarly, the estimated intakes of glycopeptides by kittens and puppies can estimated based on
recommended feeding practices of food manufacturers such as Purina:

e For a 12-week old kitten with a Fl of 0.07 kg DM/day and bw of 1.3 kg — 160 mg/kg bw/day
e For a 12-week old puppy (small breed) with a Fl of 0.054 kg and bw of 1.4 kg — 100 mg/kg
bw/day

Thus the exposure by kittens and puppies (small breed) to the glycopeptides component of
oligosaccharides peptides component is 31 and 50-fold lower, respectively, than the NOAELs derived
from the toxicity data in rats. Thus, although the exposure by kittens and puppies is higher than for
adult animals, a significant margin of safety is still achieved relative to the derived NOAELs.

Notably, there was also one study conducted in Beagle dogs in which the highest use level of 2,000
mg/kg bw/day was well-tolerated when delivered by gavage (Kim et al., 2018).
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Genotoxicity Studies

Negative findings were reported in bacterial reverse mutation and mouse lymphoma assays using the
individual HMOs mimics. Likewise, the HMOs mimics were observed not be mutagenic or clastogenic as
measured in vitro using the chromosome aberration assay or in vivo as assessed by the micronucleus
test from mouse bone marrow cells. These findings further support the lifetime exposure by cats and
dogs to the glycopeptides component of oligosaccharides-peptides complex under the conditions of
intended use.

6.6.3  Overall Conclusions of the Toxicological Information on Individual HMOs Mimics

Taken together, the body of available toxicological information provides corroborative evidence that the
glycans side chains (prime constituent) of the glycopeptides component of oligosaccharides-peptides
complex will not be associated with any safety concerns under the conditions of intended use in food
for cats and dogs of all life stages at levels not to exceed 1.5% by weight, equating to approximately
0.3% glycopeptides.
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6.7 Summary and Basis for the GRAS Conclusion

Gnubiotics intended to market oligosaccharides-peptides complex as a source free amino acids,
peptides and glycopeptides for all life stages of cats and dogs at levels not to exceed 1.5% by weight in
the diet. The primary application of oligosaccharides-peptides complex will be as an ingredient in
complete cat and dog food, but the ingredient may also be incorporated into supplementary foods such
as top-dressing sachets and treats.

The ingredient is manufactured from protein hydrolysate of porcine intestinal mucosa obtained from
pigs fit for human consumption. The raw material is a recognized feed material in the EU and is
marketed for use as a source of protein for pigs, poultry and fish.

One of the primary components of porcine intestinal mucosa are mucins, which are large extracellular
glycoproteins responsible for the viscous, gel-like properties of mucus. They are highly glycosylated,
comprising around 80% oligosaccharides which are linked by O-glycosidic bonds to the hydroxyl chains
of serine and threonine in the protein core. The oligosaccharides are known as glycans, display
moderate branching and exist as a diverse range of core structures which are common to mammalian
mucins but also MMOs. Proteolytic digestion of mucins results in the formation of glycopeptides,
peptides and free amino acids. Physical processing techniques are applied to hydrolyzed porcine
intestinal mucosa in order to first reduce the (b) (4), generating the raw
material used by Gnubiotics and referred to as protein hydrolysate of porcine intestinal mucosa.
Gnubiotics applies only physical separation processes to protein hydrolysate of porcine intestinal
mucosa to selectively isolate the glycopeptides and peptides component to yield oligosaccharides-
peptides complex (the GRAS substance). The commercial manufacturing process will be conducted in
accordance with cGMP, and a HACCP plan in place. The manufacturer will comply with the
requirements for importing feed into the U.S. laid down by the FSMA including the FSVP, and the
Bioterrorism Act (2002).

The resultant oligosaccharides-peptides complex comprises free amino acids (b) (4) well as
glycopeptides and peptides (b) (4) Appropriate feed-grade specifications have been established
for the product which sets well-defined ranges for the key compositional parameters, as well as criteria
to control the levels of heavy metal contaminants and microorganisms. The results of analysis of 6
representatively lots of oligosaccharides-peptides complex demonstrate compliance with the proposed
compositional and contaminant specifications.

A shelf-life of 20 months is proposed for oligosaccharides-peptides complex when stored unopened in
the original packaging under cool and dry conditions. Stability data are provided for 3 representative
batches of oligosaccharides-peptides complex under accelerated and real-time conditions which
provide support for the proposed shelf-life. Considering that the moisture content will be controlled in
the commercial batches and that the levels of microorganisms will meet acceptable criteria after
manufacture, spoilage by growth of microorganisms is not expected over the proposed shelf-life of the
product.

Analytical data on 6 representative batches of oligosaccharides-peptides complex indicate that in
practice, glycopeptides and peptides, free amino acids and ash contents are around 42%, 40% and 13%,
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respectively. Further compositional analysis indicates that the glycopeptides and peptides components
represent around 20% and 21%, respectively of oligosaccharides-peptides complex.

Glycopeptides are comprised of glycans linked via O-glycosidic bonds to peptides. The glycans side
chains of the glycopeptides component exist as a diverse range of structures and their steric properties
render the peptides less susceptible to hydrolysis by proteolytic enzymes. Thus, the glycopeptides
component is expected to remain largely intact during their passage through the Gl tract.

Nutritionally, oligosaccharides-peptides complex provides a source of highly digestible free amino acids

(b) (4) and peptides (ca. 21%), as well as a source of fermentable fiber in the form of glycopeptides
(ca. 20%). The contribution of oligosaccharides-peptides complex to the nutrient recommendations
laid down by AAFCO for cats and dogs of all life stages is estimated to be relatively low compared to the
major protein and fermentable fiber sources in the diet. Thus, oligosaccharides-peptides complex will
provide a supplementary source of nutrients alongside, rather than as a substitute for, other ingredients
in the diet. In vitro modelling of the fermentation characteristics of the peptides and glycopeptides
component of oligosaccharides-peptides complex confirms that the product acts as a source of
fermentable fiber and is associated with SCFA production. Overall, under the conditions of intended use
in cat and dog food, there are no anticipated nutritional disadvantages associated with
oligosaccharides-peptides complex. Moreover, beyond the compositional value as a supplementary
amino acid, peptides and oligosaccharides (as glycopeptides) source, the technical effect of
oligosaccharides-peptides complex does not have any bearing on safety.

The safety of oligosaccharides-peptides complex is primarily based on (a) the known metabolic fate of
free amino acids, glycopeptides and peptides by cats and dogs; (b) published feeding studies in adult
cats and dogs using Gnubiotics’ oligosaccharides-peptides complex; and (c) a basic battery of in vitro
tests to evaluate the genotoxic potential of the ingredient. Taken together, these data are considered
pivotal to the safety determination. Safety is further corroborated through studies in swine conducted
on the raw material, protein hydrolysate of porcine intestinal mucosa, marketed as a spray-dried
products that may be co-dried with a carrier. The common name for the ingredient in studies identified
in the published literature is DPS, the nomenclature used to describe protein hydrolysate of porcine
intestinal mucosa in Schedules 1V, Part Il of the Feed Regulations in Canada. Moreover, a battery of
toxicity studies is available using individual glycans designed as MMO mimics and which have similar
structures to the glycans side chains (prime constituent) of the glycopeptides component of
oligosaccharide-peptides complex. These data in swine and rats provide additional information on
juvenile and reproducing animals, and support the extrapolation of the body of evidence on safety to all
life stages of cats and dogs.

Available published ADME data confirm that the free amino acids and peptides components of
oligosaccharides-peptides complex will act as a readily available source of protein for cats and dogs.
Studies on porcine intestinal mucins and related individual mimics of HMOs which are structurally
related to the glycans side chains of glycopeptides, also corroborates that the glycopeptides component
will remain intact on ingestion and act as a source of fermentable fiber in cats and dogs.

Conventional 2-day palatability studies in cats and dogs indicate that inclusion of 1% oligosaccharides-
peptides complex in the diet was well-accepted by the animals. These studies were followed by 26-
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week feeding studies in which adult cats and dogs were fed diets containing oligosaccharides-peptides
complex at 0, 0.5, 1 and 1.5% by weight in the diet. The performance of the animals was acceptable for
the duration of the study and the diets were reported to be highly digestible. There were no treatment-
related effects on microbiota or on routine blood and hematology parameters over the 26-week period.
In particular, no interaction was observed between oligosaccharides-peptides complex and thiamine;
there were no clinical signs of thiamine deficiency over the 26-week feeding period and no differences in
levels of the vitamin between the control and treatment diet containing 1.5% oligosaccharides-peptides
complex after 18 months of storage. Therefore, it may be concluded that under the experimental
conditions of the studies, oligosaccharide-peptides complex was well-tolerated by adult cats and dogs at
levels of up to 1.5% in the diet. The results of in vitro genotoxicity testing confirm that oligosaccharides-
peptides complex is not mutagenic and supports the lifetime feeding of the ingredient to cats and dogs.

Additionally, protein hydrolysate of porcine intestinal mucosa, the source material used in the
manufacture of oligosaccharides-peptides complex, has a history of use as a protein source for animals
in the EU and Canada. Protein hydrolysate of porcine intestinal mucosa is generally dried for ease of
handling and mixing into feed, and may be co-dried with a carrier. In particular, protein hydrolysate of
porcine intestinal mucosa of interest as an alternative source of highly digestible protein to spray-dried
plasma products in the diets of weaned piglets and lactating sows. A number of studies were identified
in the published literature in which swine were fed diets containing protein hydrolysate of porcine
intestinal mucosa (often referred to by the alternative name, DPS). The results of the studies indicated
that protein hydrolysate of porcine intestinal mucosa was a readily available form of protein and was
not associated with any adverse effects on performance of growing, lactating and reproducing sows.
The levels of inclusion of protein hydrolysate of porcine intestinal mucosa in the swine diets used in the
studies varied but were generally between 1 to 6%. Assuming that protein hydrolysate of porcine
intestinal mucosa is incorporated into the diet of swine at 3% DM, on a body weight basis the intakes
were estimated to range from 1.8 to 2.6 g/kg bw/day for weaned piglets, grower/finisher pigs and
lactating sows. By comparison, the estimated intakes by adult cats and dogs to oligosaccharides-
peptides complex was estimated to be in the region of 0.2 and 0.3 g/kg bw/day which provides a margin
of safety of around 10. The estimated intakes by kittens and puppies to oligosaccharides-peptides
complex was estimated to be in the region of 0.8 and 0.6 g/kg bw/day which provides a margin of safety
of around 3 to 4. Thus, studies conducted using protein hydrolysate of porcine intestinal mucosa in
weaned piglets and sows support the tolerability of the higher purity oligosaccharides-peptides
complex to cats and dogs of all life stages under the conditions of intended use.

The glycopeptides component comprises glycans side chains which are linked by O-glycosidic bonds to
peptides. These glycans side chains (prime constituents) of the glycopeptides component
ofoligosaccharides-peptides complex are known to exhibit a diverse range of oligosaccharides. A
battery of toxicology studies are available on individual oligosaccharides designed as HMO mimics and
structurally similar to the glycans side chains (prime constituent) of glycopeptides in oligosaccharides-
peptides complex which corroborates the safety of this group of compounds. NOAELs of 5,000 mg/kg
bw/day, the highest dose tested, were derived for the group of compounds from a series of 90-day
repeated dose oral toxicity studies in rats conducted using individual HMOs. By comparison, intakes of
oligosaccharides-peptides complex by cats and dogs under the conditions of intended use was
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estimated to lead to an exposure of 40 and 80 mg/kg bw/day of the glycopeptides component,
respectively. Thus, the exposure by adult cat and dogs to the glycopeptides component is 125- and 83-
fold lower than the NOAEL derived from the toxicity data in rats. Exposure by kittens and puppies to the
glycopeptides component was estimated to be 31- and 50-fold lower than the NOAEL derived from the
toxicity data in rats. Notably, a study in Beagle dogs was conducted in which the highest use level of
2,000 mg/kg bw/day was well-tolerated when delivered by gavage. The results of in vitro genotoxicity
testing on these individual HMOs also confirms that these structural units are not associated with any
mutagenicity.

Following critical evaluation of the data and information summarized above, it can be concluded that
oligosaccharides-peptides complex produced by Gnubiotics using suitable feed-grade materials in
accordance with cGMP and meeting appropriate feed-grade specifications, is safe and suitable for use as
a source of free amino acids, peptides and glycopeptides in food for all life stages of cats and dogs at
levels not to exceed 1.5% by weight in the diet. It is further concluded that oligosaccharides-peptides
complex is GRAS for use in cat and dog food based on scientific procedures.
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7.2 List of Abbreviations

AA Amino Acid

AAFCO Association of American Feed Control Officials
ADFI Average Daily Feed Intake

ADG Average Daily Gain

ADME Absorption, Distribution, Metabolism, Excretion
AID Apparent lleal Digestibility

ASFV African Swine Fever Virus

ATP Adenosine Triphosphate

ATTD Apparent Total Tract Digestibility
BBMs Brush Border Membranes

BBMV Brush Border Membrane Vesicles
BCFAs Branched-Chain Fatty Acids

BCS Body Condition Score

bw Body Weight

cGMP current Good Manufacturing Practices
CFIA Canadian Food Inspection Agency
CFU Colony Forming Units

CMO Contract Manufacturing Organization
CcpP Crude Protein

CPS Condensed Porcine Solubles

CRP C-Reactive Protein

Da Daltons

DE Digestible Energy

DFB Dried Fermentation Biomass

DM Dry Matter

DPS Dried Porcine Solubles

DW Dry Weight

EC European Commission

EU European Union

FCR Feed Conversion Ratio

FDA Food and Drug Administration
FEDIAF European Pet Food Manufacturers Association
FFDCA Federal Food, Drug and Cosmetic Act
FI Feed Intake

FL Fucosyllactose

FOS Fructooligosaccharides

FSMA Food Safety Modernization Act

Fuc Fucose

Gal Galactose

GalNAc N-acetylgalactosamine

GE Gross Energy

G:F Gain-to-Feed Ratio

Gl Gastrointestinal

Glc Glucose
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GIlcNACc

GLP

GMP

GRAS
HACCP
HexNAc
HMOs
HPAEC-PAD

ICP-MS
ID

IgA

IgE

IL-6

ISO

W
LC-MS/MS
Man
ME
MMOs
MOs
ND
NEN
NOAELs
NR
O-GalNAcylation
OECD
opP

PCA
PCBs
PCDD
PCDF
PD

Ph. Eur.
PM
prEN
RH
SBM
SCFAs
SD
SDAP
SDBC
SDP
SDPP
SEM

Sia
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N-acetylglucosamine

Good Laboratory Practice

Good Manufacturing Practice

Generally Recognized As Safe

Hazard Analysis and Critical Control Point
N-acetylhexosamine

Human Milk Oligosaccharides

High Performance Anion-Exchange Chromatography with Pulsed Amperometric

Detection

Inductively Coupled Plasma-Mass Spectrometry
lleal Digestibility

Immunoglobulin A

Immunoglobulin E

Interleukin-6

International Standardization Organization
Initial Weight

Liquid Chromatography-Tandem Mass Spectrometry
Mannose

Metabolizable Energy

Mammalian Milk Oligosaccharides

Milk Oligosaccharides

Not Detected

Royal Netherlands Standardization Institute
No-Observed-Adverse-Effect-Levels

Not Reported

O-glycosylation between the protein/peptide core and N-acetylgalactosamine

Organization for Economic Co-operation and Development

Official Publication

Principal Component Analysis
Polychlorinated Biphenyls
Polychlorinated-P-Dioxins
Polychlorinated Dibenzofurans
Population Doubling

European Pharmacopoeia
Porcine stomach Mucin
Provisional European Standard
Relative Humidity

Soybean Meal

Short-Chain Fatty Acids
Standard Deviation

Spray Dried Animal Plasma
Spray-Dried Blood Cells
Spray-Dried Plasma
Spray-Dried Plasma Protein
Standard Error of the Mean
Sialic Acid
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SID Standardized lleal Digestibility

SMFM Select Menhaden Fish Meal

SNFGs Symbol Nomenclature For Glycans

STTD Standardized Total Tract Digestibility

TEQ Toxic Equivalence

TNFa Tumor Necrosis Factor-Alpha

TVB-N Total Volatile Base Nitrogen

TSE Transmissible Spongiform Encephalopathies
u.s. United States

VNTR Variable Number Tandem Repeat

WHO World Health Organization

Note: Every abbreviation in the text is defined in full the first time and the abbreviation provided in
parenthesis. From then onwards, only the abbreviation is given in the text.
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