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Cerrito, Chelsea

From: Kristi Smedley <smedley@cfr-services.com>
Sent: Wednesday, December 30, 2020 11:51 AM
To: Animalfood-premarket
Subject: New AGRN--Xylanase filed 
Attachments: SmedleyGRASRepresentationAuthorizationLetter.pdf

Good Morning, 

I have received confirmation that FEDEX has delivered the new Animal GRAS notice for Xylanase as filed by BioResource 
International, this morning. 

I just noted that the letter of representation was not included on the CD.   I am attaching the signed letter of 
representation.  

I apologize for that oversight.  

Kristi O. Smedley, Ph.D. 

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

Ph. 703‐590‐7337 
Cel  
Fax 703‐580‐8637 
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Part 1: Signed Statements and Certification 

1.1. GRAS Notice Submission 

BioResource International, Inc. (BRI) is hereby establishing an independent GRAS 
(Generally Recognized As Safe) conclusion in accordance with subpart E of part 570. 

 

1.2. Name and Address of Notifier 

Firm:   BioResource International, Inc. 

   4222 Emperor Blvd., Suite 460, 

   Durham, NC USA 27703 

Contact person: Dr. Jeng-Jie Wang, Sr. VP and Chief Technology Officer 

     Email: jwang@briworldwide.com 

     Phone: +1-919-993-3389 Ext. 202 

 

1.3. Name of Notified Substance 

The appropriately descriptive term for this notified substance is: endo-1,4-β-
xylanase prepared from Komagataella phaffii formerly classified as Pichia pastoris 
expressing the gene encoding xylanase from Orpinomyces sp. This specific dried 
fermentation product is an enzyme commonly known as xylanase, other 
designations include β-1,4-xylanase, endo-1,4-xylanase, β-xylanase, endo-(1→4)-β-
xylanohydrolase; endo-1,4-β-D-xylanase, β-D-xylanase.  

Chemical Name: Xylanase, endo-1,4-β  

CAS Registry Number: 9025-57-4 

E.C. Number: 3.2.1.8 

 

1.4. Intended Conditions of Use 

BioResource International’s Komagataella phaffii (P. pastoris) enzyme preparation 
(endo-1,4-β-xylanase or xylanase) is used for the hydrolysis of xylans , a component 
of hemicellulos in poultry and swine feed. 

1.5. Statutory Basis for GRAS status 

BioResource International’s GRAS determination for the intended use of xylanase 
enzyme is based on scientific procedures. 
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1.6. Premarket Exempt Status 

The intended use of xylanase is not subject to the premarket approval requirements 
of the Federal Food, Drug and Cosmetic Act based on BRI’s determination that it is 
GRAS. 

 

1.7. Data Availability 

The package provides a summary of the information utilized to support BioResource 
International’s GRAS conclusion of the notified substance. Complete data and 
information the GRAS conclusion is based upon is available to the Food and Drug 
Administration for review and copy during customary business hours at 
BioResource International, Inc. at the address above, or will be sent to FDA upon 
request. 

 

1.8. Freedom of Information Act Statement 

This GRAS notice contains confidential business information (CBI) exempt from 
disclosure under the Freedom of Information Act per 5 U.S.C. § 552(b)(4). 
Information listed in Appendix 1 through Appendix 11 are considered confidential. 

 

1.9. Certification 

To the best of our knowledge, this GRAS notice is a complete, representative, and 
balanced submission that includes all available information, known to us and 
pertinent to the evaluation of the safety and GRAS status of the intended use of 
xylanase in poultry and swine feed. 

 

 

1.10. Name, Position, and Signature of Notifier 

 

     December 29th 2020 

__________________    ________________________________ 

Dr. Jeng-Jie Wang      Date 

Sr. VP and Chief Technology Officer 

(b)(6)
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Part 2: Identity, method of manufacture, specifications, and physical or 
technical effect 

2.1. Identity of the Notified Substance 

The trade name of BRI’s Komagataella phaffii (Pichia pastoris) endo-1,4-β-xylanase 
preparation, described below, is Xylamax. The product is a low odor, water soluble powder 
with a light gray color. The carrier for the enzyme is limestone. Limestone is affirmed as 
GRAS for human food use at 21 CFR § 184.1409, and is authorized for animal feed use by 
the AAFCO, OP, Section 6 Definition 57.9.  The xylanase enzyme is extracted and purified 
after the fermentation process of a genetically modified strain of Komagataella phaffii (P. 
pastoris) expressing a xylanase from Orpinomyces. The host organism, Komagataella phaffii 
(P. pastoris), has a long history of safe industrial use to produce enzymes used in human 
and animal feed and has been routinely used as a host for recombinant enzymes. 

The Komagataella phaffii (P. pastoris) xylanase enzyme preparation that is the subject of 
this GRAS notification is an endo-1,4-β-xylanase as defined by the Nomenclature 
Committee of the International Union of Biochemistry and Molecular Biology (IUBMB). 

Systematic Name Endo-1,4-β-xylanase 

CAS Registry Number 9025-57-4 

E.C. Number 3.2.1.8 

Chemical Name Xylanase, endo-1,4-β 

Common Name β-1,4-xylanase, endo-1,4-xylanase, β-xylanase, endo-(1→4)-β-
xylanohydrolase; endo-1,4-β-D-xylanase, β-D-xylanase 

2.1.1. Enzyme Specificity 

The enzyme endo-1,4-β-xylanase is a glycosidase which hydrolyzes 1→4-β-D-xylosidic 
linkages in xylan (E.C. 3.2.1.8, CAS 9025-57-4). The endo-1,4-β-xylanase is used for partial 
or extensive hydrolysis of the polysaccharide xylan, in animal feedstuffs (such as corn, 
barley, rye, wheat, grain sorghum, triticale, oats). These xylans are key components of 
hemicellulose, the major component of plant cell walls. Xylans are a type of non-starch 
polysaccharide (NSP), found as a structural component of the cell walls of grains. NSP 
content in feed grains can represent up to one-quarter of the total dry content of poultry 
and swine feed. Xylans are the most prevalent type of NSP in poultry and swine feed grains. 
A typical plant-based feed may contain ~2.3–3.8% of xylans (Knudsen, 2014; Jaworski et 
al., 2015).  The substrate for xylanase is naturally occurring in animal feeds. 
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2.1.3. Enzyme Activity 

The main enzymatic activity of the xylanase enzyme preparation is endo-1,4-β-xylanase. 
This feed enzyme catalyzes the hydrolysis of xylosidic linkages in an arabinoxylan 
backbone (and other β-1,4-linked xylans) depolymerizing arabinoxylan into smaller 
oligosaccharides. 

Catalyzed reaction: Endohydrolysis of (1->4)-beta-D-xylosidic linkages in xylans 

Reaction product: xylose 

Site of enzyme activity: feed/digesta 

The method to analyze the activity of the xylanase enzyme is company specific and capable 
of  activity as defined by IUBMB classification (Appendix 
19).  

 
 
 
 
 
 
 

  

 
 

2.2. Identity of the Source 

2.2.1. Production Strain 

The production organism is a strain of Komagataella phaffii (Pichia pastoris)  
), which has been genetically modified by 

expression of the endo-β-1,4-xylanase gene from a strain of Orpinomyces for the production 
and secretion of xylanase enzyme. Komagataella phaffii (Pichia pastoris) was derived 
from Komagataella phaffii CBS , which is classified as a Biosafety Level 1 (BSL 1) 
microorganism by the American Type Culture Collection (ATCC) based on assessment of 
potential risk using U.S. Department of Public Health guidelines with assistance provided 
by ATCC scientific advisory committees, and is also complies with the OECD(Organization 
for Economic Co-operation and Development) criteria for Good Industrial Large-Scale 
Practice (GILSP) worldwide. It also meets the criteria for a safe production organism as 
described initially by Pariza and Foster (1983) and Later by Pariza and Johnson (2001). 

(b) (4), (b) (6)

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

(b) (4)

(b) (4)

(b) (4)
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2.2.2. Host Strain 

The host microorganism Komagataella phaffii  was derived from Komagataella phaffii 
(Pichia pastoris) BG08 by removing cytoplasmic killer plasmids using Hoechst dye 
selection. Komagataella phaffii (Pichia pastoris)  was a single colony isolated from the 
Komagataella phaffii CBS . Pichia pastoris has been reassigned to the genus 
Komagataella (Kurtzman, 2009). This change is reflected in the ATCC strain documentation 
and subsequent submissions elsewhere in the literature. The taxonomic information of 
Komagataella phaffii is as follows: 

Komagataella phaffii (Pichia pastoris) taxonomy: 

Phylum: Ascomycota 

Class:  Saccharomycetes 

Order:  Saccharomycetales 

Family: Saccharomycetaceae 

Genus:  Komagataella 

Species: (pastoris) phaffii 

Previous or another name: Pichia pastoris 

Komagataella phaffii (Pichia pastoris) has a history of safe use as an animal feed additive 
(CFR 21 Sec. 573.750 Pichia pastoris dried yeast) as well as an enzyme production strain 
see Phytase as described in AAFCO Section 6, table 30.1 Also it is a source of enzymes 
intended for human use (GRAS Notice 000204). For example, P. pastoris GS115 (ATCC® 
20864™) is identified as a nontoxigenic, non-pathogenic, histidinol dehydrogenase (HIS4 
gene) mutant derived from strain P. pastoris NRRL Y-11430 (ATCC® 76273™, also known as 
CBS ). The strain P. pastoris SMD 1168, derived from strain P. pastoris GS115, has been 
cited in GRAS Notice 000204 (FDA, 2006) for safe use in enzyme production as well as GRN 
764 (https://www.fda.gov/media/126904/download). Additionally, a soybean 
leghemoglobin protein derived from P. pastoris has been cited as safe under GRAS Notice 
000540 (FDA, 2015). Per the definitive source of yeast taxonomy (Kreger-van Rij, 1984) as 
well as a thorough literature search, there are no indications that Komagataella phaffii 
(Pichia pastoris) has been associated with animal or human illness. The use of 
Komagataella phaffii (Pichia pastoris) as a host expression should therefore pose no safety 
risks in the proposed application. Given the historical use of this strain of Komagataella 
phaffii (Pichia pastoris) in expression systems, production of toxic metabolites is not a 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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concern. Furthermore, Komagataella phaffii (Pichia pastoris) has been found to be safe by 
EFSA for enzyme products (EFSA Journal 2014; 12(5):3667; EFSA BIOHAZ Panel, 2013). A 
database literature search showed no reports of Komagataella phaffii (Pichia pastoris) as 
pathogenic, toxic, or unsafe. The Google Scholar search for Komagataella phaffii and toxic 
yielded 1040 hits, the top 5 ones are listed in the summary table below. These findings 
mainly address engineering of the Komagataella phaffii (Pichia pastoris).  In an attempt to 
provide antibacterial properties to Komagataella phaffii (Pichia pastoris), genetic 
engineering was used to introduce toxin genes so Komagataella phaffii (Pichia pastoris) 
where these toxins can be used as natural antimicrobials. In the production of Xylanase, 
BRI used a naturally occurring Komagataella phaffii (Pichia pastoris), as such this potential 
safety concern would not be an issue. Summary of search is shown in Table below. 

Database Date Keywords Hits Results (Top 5) 

PUBMED 10/31/20 Komagataella 

phaffii AND 
pathogen 

0 None 

PUBMED 10/31/20 Komagataella 

phaffii AND 
pathogenic 

4 • Production of a lyophilized ready-to-use yeast killer toxin with
possible applications in the wine and food industries.  Int J
Food Microbiol 2020; 335: 108883.

• YEASTRACT+: a portal for cross-species comparative
genomics of transcription regulation in yeasts. Nucleic Acids
Res 2020; 48(D1):D642-D649

• Evolution from covalent conjugation to non-covalent
interaction in the ubiquitin-like ATG12 system. Nat Struct Mol
Biol 2019; 26:289-296

• Biotechnological exploitation of Tetrapisispora phaffii killer
toxin: heterologous production in Komagataella phaffii (Pichia
pastoris) Appl Microbiol Biotechnol. 2017; 101(7):2931-2942.

PUBMED 10/31/20 Komagataella 

phaffii AND toxic 
12 • Safety and efficacy of fumonisin esterase from Komagataella

phaffii DSM 32159 as a feed additive for all animal species.
EFSA J. 2020;18(7):e06207

• Safety and efficacy of APSA PHYTAFEED ® 20,000 GR/L
(6-phytase) as a feed additive for pigs for fattening. EFSA J.
2020;18(1):e05979

• Safety and efficacy of APSA PHYTAFEED ® 20,000 GR/L
(6-phytase) as a feed additive for piglets (suckling and
weaned) and growing minor porcine species. EFSA J.
2019;17(11):e05894

• Safety and efficacy of APSA PHYTAFEED ® 20,000 GR/L
(6-phytase) as a feed additive for turkeys for fattening, turkeys
reared for breeding and minor poultry species. EFSA J.
2019;17(11):e05893.

• Engineered Deregulation of Expression in Yeast with
Designed Hybrid-Promoter Architectures in Coordination with
Discovered Master Regulator Transcription Factor. Adv
Biosyst. 2020; 4(4):e1900172

PUBMED 10/31/20 Komagataella 

phaffii AND 
0 None 
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unsafe 

Google 
Scholar 

12/15/20 Komagataella 

phaffii AND toxic 

1040 • Biotechnological exploitation of Tetrapisispora phaffii killer 
toxin: heterologous production in Komagataella phaffii (Pichia 
pastoris) Appl Microbiol Biotechnol. 2017 Apr;101(7):2931-
2942. 

• Modulation of acetate utilization in Komagataella phaffii by 
metabolic engineering of tolerance and 
metabolism.  Biotechnol Biofuels. 2019 Mar 21;12:61.  

• A Synthetic Malonyl-CoA Metabolic Oscillator in 
Komagataella phaffii. ACS Synth Biol. 2020 May 
15;9(5):1059-1068. 

• N-Glycosylation Engineering to Improve the Constitutive 
Expression of Rhizopus oryzae Lipase in Komagataella 
phaffii.  J Agric Food Chem. 2017 Jul 26;65(29):6009-6015. 

• Recombinant O-mannosylated protein production (PstS-1) 
from Mycobacterium tuberculosis in Pichia pastoris 
(Komagataella phaffii) as a tool to study tuberculosis infection. 
Microb Cell Fact. 2019 Jan 19;18(1):11. 

 

The original strain of , Komagataella phaffii (CBS ) has another name; strain Y-
11430, which is deposited in the collection at the Northern Regional Research Laboratories 
(NRRL). The lineage of Komagataella phaffii strain CBS , or NRRL Y-11430 is detailed 
below. The first Komagataella phaffii strains were isolated from an oak tree and a chestnut 
tree and were deposited in the collection at the Northern Regional Research Laboratories 
(NRRL). Yeast strains screened by Phillips Petroleum for growth on methanol included two 
Komagataella phaffii strains, designated NRRL Y-1603 
(Komagataella pastoris (ATCC® 28485™), and NRRL YB-4290 (NCAUR, 2006). Phillips 
Petroleum identified a Komagataella phaffii strain with improved growth characteristics. 
The strain was designated Pichia pastoris (Culture 21-1) and deposited at NRRL, as NRRL 
Y-11430 (Wegner, 1986; Patent 4617274). This strain is now available from ATCC as 
76273 (Komagataella phaffii (ATCC® 76273™)).  

2.2.3. Donor Strain 

The xylanase gene described in this submission was isolated from mixed genomic DNA of 
rumen fungi. It is not possible to recover the original donor phylogenetic information 
because the DNA extraction method has broken the links between the phylogenetic genes 

) and the xylanase gene. The best way to identify the origin of the xylanase 
gene is toblast the sequences and find the closest phylogenetic neighbor, and then judge the 
phylogenetic information from the closest neighbor’s owner organism.  

BioResource International has performed the blast of the xylanase gene and found that its 
closest neighbor was endo-1,4-beta-xylanase from Orpinomyces sp. LT-3. The sequence 
identity comparison to BRI’s xylanase was 98%. The next closest was a xylanase from 
Orpinomyces sp. PC-2, with a sequence identity comparison of 96%. The third closest was a 
xylanase from Neocallimastix patriciarum, where the sequence identity comparison 
suddenly dropped to 88%. The top 8 sequences were selected and a phylogenetic tree was 

(b) (4)

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

(b) (4)
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created (Figure 3, made with http://www.phylogeny.fr/). From the tree, it is very clear that 
BRI’s xylanase gene is close to its Orpinomyces relatives and is distant to its Neocallimastix 
counterparts. Therefore, it can be concluded that BRI’s xylanase gene is from the 
Orpinomyces genera.  

 

Figure 3. Xylanase gene phylogenic tree 

 

 

Based on BLAST sequence analysis, the isolated gene is an endo-1,4-β-xylanase from a 
strain of Orpinomyces. The phylogeny of this xylanase gene sequence is as follows: 

Phylum:  Neocallimastigomycota 

Class:  Neocallimastigomycetes 

Order:  Neocallimastigales 

Family: Neocallimastigaceae 

Genus:  Orpinomyces 

2.2.4. Expression Cassette (CONFIDENTIAL)  

 
 
 
 
 
 
 

  
. 

(b) (4)

(b) (4)

(b) (4)
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2.2.4.1. Xylanase gene amino acid sequence (CONFIDENTIAL) 

Figure 4. . 

. 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Figure 5.  
 

 

(b) (4)

(b) (4)
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2.2.4.2. Starch binding domain sequences (CONFIDENTIAL) 

 
 
 
 
 
 
 
 

  
 

. 

 

2.2.4.3. MFα signal peptide sequence (CONFIDENTIAL) 

 
 
 
 
 

  
.  

 

2.2.5. Codon-Optimized Endo-1,4-β-xylanase Expression Plasmid Construction 
(CONFIDENTIAL) 

 
 
 
 
 
 
 
 
 

. 

 

 

 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Figure 6. Fusion gene sequence (CONFIDENTIAL) 

 

 

 

 

 

(b) (4)

(b) (4)
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2.2.6. Construction of the Recombinant Production Strain (CONFIDENTIAL) 

2.2.7. Structure of Vector Remaining in the Production Strain (CONFIDENTIAL) 

 
  

 

Figure 7.  

 (CONFIDENTIAL) 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.2.10. Stability of the Introduced Genetic Sequences 

The genetic stability of the production strain was determined by Southern Blot analysis. 
The master cell bank strain was compared to the production strain isolated after four 
fermentations. DNA was prepared from these cells and the integration pattern of the 
xylanase gene examined by Southern Blot using digoxigenin-labelled SBD-xylanase gene as 
probe. The band profiles in each of the isolated samples was identical to one another 
indicating that the production strain is genetically stable. Report attached as Appendix 5.  

2.2.11. Antibiotic Resistance Gene 

. 
 

   

An antibiotic transferability assay using E. coli as the target organism was used to verify 
that no resistance determinants could be transferred to non-resistant entities. The results 
of this work indicated that there is no evidence of transferable antibiotic resistance gene 
DNA elements in xylanase product. Details of this procedure are in Appendix 4. 

2.2.12. Presence of Production Strain DNA in Finished Product 

The presence of the production strain DNA is an established specification for the 

commercial product. As part of the quality assurance program, the presence of the xylanase 

production strain DNA is tested in received lots. Three separate lots of product (Lot #s 

XY20203; XY20210; and XY20217) were tested for presence of production strain DNA in 

final product, and report is provided in Appendix 6 to confirm that no DNA was present in 

the final product. 

 

2.2.13. Spill over assessment   

Information listed in Appendix 1 and Appendix 2 was used to assess any possible 

unintended impacts the genetic material introduction may have introduced. The whole 

genome sequencing and bioinformatics were performed for Komagataella phaffii strain 

; the parent strain of the genetically modified Komagataella phaffii production strain 

(Appendix 1). The analysis showed that Komagataella phaffii strain  was not 

genetically modified and qualified as a Qualified Presumption of Safety (QPS) when used 

for enzyme production. Then, whole genome sequencing was used for taxonomic 

identification and description of genetic modification in the Komagataella phaffii 

production strain (Appendix 2). Based on this analysis, there was one genetic modification 

cassette of 10 kb in the production strain genome located in chromosome 4. The location of 

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

(b) (4)

(b) (4)
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this modification is not expected to interrupt any metabolic pathways thus not expected to 

raise any safety concerns. 

 

2.3. Method of Manufacture (CONFIDENTIAL)  

2.3.1. Raw Materials (CONFIDENTIAL) 

 
 

(b) (4)

(b) (4)

(b) (4)
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.  

2.3.2. Cell Bank Development and Maintenance (CONFIDENTIAL) 

2.3.3. Fermentation Process (CONFIDENTIAL) 

2.3.4. Recovery Process (CONFIDENTIAL) 

2.3.5. Formulation and Packaging (CONFIDENTIAL) 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.4. Composition and Specifications of the GRAS substance 

2.4.1. Quantitative Composition 

The composition of the enzyme product is as detailed in Table 1. Various commercial 
formulations exist, with a minimum enzyme activities of 150,000 XU/g. one XU (enzyme 
activity unit) is defined as the amount of enzyme needed for the release of 1 nanomole of 
reducing sugars (xylose equivalents) per second from 0.5% beechwood xylan at 50°C in 50 
mM trisodium citrate buffer pH 6.0. As international units (IU), one XU unit is 0.06 
micromole/minute. 

Table 1. Product composition 

Component CAS Number Percent (w/w) 

Calcium Carbonate (CaCO3) 1317-65-3  
 

70-90 

Xylanase, endo-1,4-β  9025-57-4 10-30 

2.4.2. Specifications 

The final xylanase enzyme product is analyzed in accordance with the general 
specifications for enzyme preparations used in food processing as established by the Joint 
FAO/WHO Expert Committee on Food Additives (JEFCA) in 2006. Specifications for the 
enzyme preparation and frequency of testing are illustrated in Table 2. Three different 
batches of endo-1,4-β-xylanase were assessed based upon these specifications and are 
summarized in Appendix 12.  

 

 

Table 2. Enzyme production specification and frequency of testing 
Property Specification Method Test Frequency 

Color Light Grey powder Visual inspection Per lot 
Uniformity No visible 

impurities 
Visual inspection 

Moisture < 3 % Loss on drying assay (BRI SAP) 
Xylanase activity ≥ 150,000 XU/g DNS reducing sugar assay (BRI SAP) 

Mold ≤103 CFU/g E-Cultural (Chromogenic Media) / 
FDA BAM Chapter 18 

Coliforms ≤10 CFU/g E-Cultural (Non-chromogenic Media) / 
VRB+MUG FDA BAM Chapter 4 Escherichia coli < 10 CFU/g 

Salmonella Not detected per 25 
g  

RT-PCR AOAC-RI 121501 

(b) (4)



27 

 

Heavy metals: Arsenic < 2 mg/kg 
ICP-MS AOAC 2013.06 

 

Annually 
Heavy metals: cadmium < 2 mg/kg 
Heavy metals: mercury < 0.5 mg/kg 

Heavy metals: lead < 10 mg/kg 
Mycotoxins: aflatoxin B1, 

B2, G1, G2 
≤ 0.5 µg/kg 

LC-MS/MS: detection in ppb (1 ppb = 
1 µg/kg) 

Mycotoxins: fumonisin B1 
and B2 

≤ 25 µg/kg 

Mycotoxins: zearalenone ≤ 30 µg/kg 
Mycotoxins: deoxynivalenol ≤ 100 µg/kg 

Mycotoxins: Ochratoxin ≤ 1 µg/kg 
Dioxins ≤ 1 ng/kg TEQ QL005: HR GC/MS – PCDD/F (EPA 

1613B October 1994) 
Dioxin & Dioxin-Like PCBs ≤ 1.5 ng/kg TEQ QL005: HR GC/MS – PCDD/F (EPA 

1613B October 1994) 
QL006: HR GC/MS – 12 WHO PCBs 

(EPA 1668 mod) 
Non-Dioxin-Like PCBs ≤ 10 µg/kg TEQ GC-HRMS 

Genetically modified 
organisms 

Absent PCR 

 

 

2.5. Intended Technical Effects and Use 

This section is specific to the requirements as provided in 21 CFR 570.230(d): 

21 CFR 570.230 (d) When necessary to Demonstrate safety, relevant data and 
information bearing on the physical or other technical effect the notified substance 
is intended to produce, including the quantity of the notified substance required to 
produce such effect. 

 
Xylanase is an enzyme that is known to hydrolyze xylans, which a component of 
hemicellulose found in most plant stuffs.  The American Association of Feed Control 
Officials Publications, Chapter 6 (section 30.1) lists a number of sources of Xylanase that 
are used to hydrolyze xylans in typical animal feedstuffs.  The xylanase that is the subject of 
the GRAS notice is intended to hydrolyze hemicelluloses which may escape digestion, hence 
permitting additional nutritional value (typically energy from carbohydrates) from feed 
ingredients that are typically used in animal feed.  The use of xylanase in feedstuffs is a 
“value-added” type use, that is it permits additional nutrition from existing feed.   Use of 
Xylanase is recommended as an additive to nutritionally complete feed. 
 
The GRAS Final Rule (81 FR 54960) provides interpretation of this regulation specific to 
animal feed ingredients in response to comment 144: “We agree that data and information 
bearing on the physical or other technical effect the notified substance is intended to 
produce are only necessary when they bear on safety.” A product like phytase would 
require data, however, the intended purpose of supplementation of Xylanase is to augment 
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normal digestion of hemicelluloses found in plant feedstuffs. As such, BioResource 
International, Inc.  has determined that the technical effect of Xylanase inclusion when fed 
to swine or poultry does not have a bearing on safety. Thus, data and information 
demonstrating the intended effect of Xylanase in the feed of poultry and swine are not 
required as part of this GRAS notice. 
We have, as supportive information, provided two published studies that address the 
intended use issue in vivo (described in section 2.5.3 and 2.5.4). However, these studies are 
only provided as support and not pivotal data, as it is not required in this GRAS notice. 

2.5.1. Mode of Action 

As noted earlier, the main reaction of endo-1,4-β-xylanase is the endohydrolysis of (1→4)-
β-D-xylosidic linkages in xylans (various 1,4-β-D-xylo-oligosaccharides).  

Non-Starch Polysaccharides (NSPs) are considered anti-nutritional factors because they 
are not well digested, bind nutrients reducing their availability and utilization, increase 
digesta viscosity which reduces absorption of nutrients, and thereby decrease animal 
performance. Soluble xylans, or xylans that are highly branched with arabinose, form a 
very thick solution which increases digesta viscosity. Endo-xylanases catalyze the endo-
hydrolysis of 1,4-β-D-xylosidic linkages in xylans. Therefore, it is hypothesized that when 
xylanase is supplemented to animal feed containing grains such as: corn, barley, rye, wheat, 
grain sorghum, triticale, and/or oats, the enzyme hydrolyzes xylosidic linkages. As the 
linkages are hydrolyzed, the chains become shorter and less viscous, and digesta viscosity 
is reduced. It has been shown that supplementation of xylanase-based feed additives, 
which degrade various NSPs in the cell wall causing a reduction in digesta viscosity, is an 
effective way to mitigate the anti-nutritive properties of NSPs in grains, as reported in 
research published by Choct (1997) and Kiarie et al. (2014).  

Results from broiler research have been shown to prove the effect of xylanase on ileal 
digesta viscosity of broilers fed a corn and soybean meal diet (Flores et al, 2017). Xylanase 
reduces digesta viscosity of animal feed containing grains (i.e. corn, soy, wheat, etc.). This 
reduction in viscosity has been shown to increase Body Weight and improve feed efficiency 
as well as nutrient utilization. The overall conclusion is that xylanase reduces ileal digesta 
viscosity, which is a target parameter in showing the functionality of xylanase. 

2.5.2. Use Levels 

This xylanase enzyme is intended for use in poultry, swine and monogastric feeds. The 

standard minimum recommended dose of the product is at 10,000 XU/Kg feed to a 

maximum of 50,000 XU/kg feed. The dosage applied in practice depends on formulation 

and ingredients. One XU activity is defined as the amount of enzyme needed for the release 

of 1 nanomole of reducing sugars (xylose equivalents) per second from 0.5% beechwood 

xylan at 50°C in 50 mM trisodium citrate buffer pH 6.0.    



29 

 

2.5.3. Utility Trial in Poultry 

In addition to the published studies with other xylanase sources, Appendix 14 is a 

published paper specific to the notified substance (Appendix 14). This study is only 

provided as supportive information. The notified substance Xylanase enzyme preparation 

at inclusion levels up to 40,000 XU/kg feed (Flores et al., 2017) in broilers raised to 42 day 

of age. Inclusion levels investigated were 10,000, 20,000, and 40,000 XU/kg feed. Results 

showed that energy digestibility was improved by xylanase inclusion with no adverse 

effects observed at 40,000 XU/kg. 

2.5.4. Utility Trial in Swine 

The notified substance, xylanase enzyme, was included in diets of nursery pigs and its 

effect was evaluated on digesta viscosity.  Historically digestive viscosity is used as a 

marker to demonstrate hemicellulose degradation.  We have provided one published study, 

as supportive information, that demonstrates that Xylanase addition to feed decreased 

digesta viscosity (P<0.02) (The detailed published manuscript is listed in Appendix 15—

Duarte et al., 2019). We note that under the GRAS notice regulations as the use Xylanase 

enzyme does not confer a safety risk, data demonstrating intended use is not required. 

2.6. Stability of Enzyme in Product and Feed 

2.6.1. Shelf-life and Stability of the Enzyme 

The company guarantees that the minimum activity as given on the label is present in the 
product at the end of the indicated shelf life provided that product is stored in the 
unopened bag and the storage temperature does not exceed 25°C (77°F). The Xylanase has 
a minimum guaranteed activity of 150,000 XU/g product when stored at recommended 
conditions. 

For the xylanase feed additive, an accelerated shelf-life stability study of the xylanase 
enzyme was completed, and the 6-months of data is available in Appendix 16. Another 
shelf-life stability study was also conducted, and 24 months of data has been reported in 
Appendix 17. In both studies, xylanase activity was determined according to analytical 
method detailed in Appendix 19. Based on the available data, it can be concluded that in the 
standard packaging, the product will maintain the declared activity for at least 24 months. 

2.6.1.1. Stability of Enzyme in Product 

Stability testing was conducted at two temperatures. The first stability testing was 
conducted on three lots of xylanase product at storage temperatures of 40°C and 75% 
humidity for 6 months (Appendix 16). The testing procedures used HDPE lined bags, which 
is the type that will be the packaging used for the marketed product as illustrated in section 
2.3.5. formulation and packaging. All three lots exhibited excellent stability under each of 
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the defined testing conditions with an average residual activity of 100%, detailed results 
are listed in Appendix 16. 

The second stability testing was conducted on xylanase product at storage temperatures of 
30°C for 24 months, details are listed in Appendix 17. The testing procedures used HDPE 
lined bags, which is the type that will be the packaging used for the marketed product as 
illustrated in section 2.3.5. formulation and packaging. Xylanase product exhibited stability 
under the defined testing conditions. Based on activity analyses over the period of 24 
months, it can be concluded that xylanase product is stable at temperature of 30°C. 
furthermore, when xylanase is stored under recommended conditions, xylanase will 
maintain declared activity of a minimum of 150,000 XU/g product for at least 24 months.  

2.6.2. Stability of Enzyme in Feed 

2.6.2.1. Stability of Enzyme in Mash Feed 

To ensure that xylanase is stable in complete feed for an extended period of time, an in-feed 
stability study was performed. Poultry feed was used to demonstrate in-feed stability. The 
in-feed mixing and stability report can be found in Appendix 18, study 1. Xylanase activity 
in feed samples were determined following analytical assay developed at BioResource 
International and details can be found in Appendix 20. Results for activity are expressed on 
basis of XU/g of feed. Stability testing was conducted on the complete feed containing 
xylanase at room storage temperatures for 6 months. Xylanase exhibited stability under the 
defined testing conditions with an average residual activity > 80%. Therefore, results 
showed that storage stability of xylanase is acceptable at 30°C. Xylanase will maintain 
minimum activity for at least 6 months when stored under recommended conditions. 

2.6.2.2. Recovery of Enzyme in Pelleted Feed 

To ensure that the xylanase enzyme can survive the pelleting process, a pelleting study was 
conducted, details are listed in Appendix 18, study 2. Poultry feed was used to demonstrate 
enzyme recovery post pelleting. Xylanase activity in both mash and pelleted feed samples 
were determined following analytical assay developed at BioResource International and 
details can be found in Appendix 20. Results for activity are expressed on basis of XU/Kg of 
feed. Feed was pelleted at 85°C. Xylanase recovery was 70%. Therefore, results showed 
that xylanase product can survive pelleting process at 85°C. 

2.6.3. Homogeneity of Product in Mash and Pelleted Feed  

Homogeneity of xylanase enzyme in mash and pelleted feed was tested in poultry feed to 

demonstrate homogeneity upon mixing. Details are listed in Appendix 18, study 2. Xylanase 

activity in both mash and pelleted feed samples were determined following analytical assay 

developed at BioResource International and details can be found in Appendix 20. Results 

for activity are expressed on basis of XU/Kg of feed. The coefficient of variation in mash 
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feed was 6% while in pelleted feed was 1.93% indicating that xylanase product can be 

mixed homogeneously with other feed ingredients.  
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Part 3: Target Animal and Human Exposures 

3.1. Target Animal 

The xylanase enzyme is to be included in feed to deliver the standard minimum 
recommended dose of the product at 10,000 XU/Kg feed (10 XU/g feed) and a maximum of 
50,000 XU/Kg feed (50 XU/g feed). The enzyme product is formulated to contain >150,000 
XU/g product, which contains approximately 18% total organic solids (TOS). The nominal 
feed consumed per day by poultry (broiler) and swine are 232.5 and 2,400 grams, 
respectively. The average body weight of poultry (broiler) and swine are 2.5 kg and 60 kg, 
respectively.  

 

Therefore, as a maximum: 

For broilers, 

If a bird is consuming 232.5 g per day and weigh 2.5 kg, then the EDI per kg BW is: 

232.5 g/2.5 kg = 93 g feed /kg BW 

Assuming 1 g of feed contains 20 XU then the EDI of xylanase/kg/day is: 

93 x 50 XU/g feed = 4650 XU/kg/day 

 

For swine,  

If a pig is consuming 2,400 g per day and weigh 60 kg, then the EDI per kg BW is: 

2,400 g/60 kg = 40 g feed /kg BW 

Assuming 1 g of feed contains 20 XU then the EDI of xylanase/kg/day is: 

40 x 50 XU/g feed = 2000 XU/kg/day 

Poultry consume the highest amount of xylanase preparation per body weight per day 
among the food-producing target animals, thus providing a worst-case dietary intake for 
xylanase preparation for all food-producing target animals. Furthermore, a study was 
published by Flores et al. (2017) and listed in Appendix 14 in which broilers were fed doses 
higher than the recommended dose and there was no negative effect on live performance, 
while energy digestibility was improved by the xylanase product inclusion at 40,000 
XU/kg, indirectly indicating that there were no safety concerns related to feeding xylanase 
in broilers.  

 

3.2. Human Exposure and Safety 

The xylanase is intended for use in animal feed only. It is not expected that humans would 
be exposed to xylanase through consumption of meat or eggs of animals that consumed 
xylanase. For safe handling, the SDS is provided (Appendix 23) and there are no adverse 
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effects on human health when xylanase is handled according to proper handling 
instructions.  

To emphasize the safety of xylanase product in relation to human food; Xylanase enzyme is 
a protein, which will be handled similar to other proteins where it will undergo digestion 
and be broken down to amino acids before being absorbed and utilized in different tissue 
parts such as eggs (ovary) and muscles. Therefore, it will not be absorbed and deposited in 
its intact form rather individual amino acids as part of amino acids pool. Enzymes are not 
expected to exert enzymatic activity in the final food (meat and/or eggs) due to a variety of 
factors related to enzyme functionality in live animals. These factors include physiological 
conditions within the body and the substrate availability. Furthermore, the quality analysis 
of the xylanase product (Appendix 12) shows absence of heavy metals, microbial or 
chemical contaminants, meaning there is no exposure thus no increased risk for humans. 
Given these conditions, it is concluded that the xylanase enzyme will not be functional in 
the final product and will not pose any safety concerns in human food.  
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Part 4: Self-Limiting Levels of Use 

Technological limitation on levels of xylanase enzyme inclusion in feed is only related to 
the economic feasibility of using the enzyme.                    
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Part 5: Experience Based on Common Use in Food Before 1958 

This does not apply. 
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Part 6: Narrative 

The information provided in the following sections is the basis for our determination of the 
general recognition as safe for the xylanase enzyme preparation. The GRAS determination 
is based upon scientific procedures; the safety evaluation in Part 6 includes an evaluation 
of the production organism, the donor strain, the introduced DNA, the enzyme, and the 
manufacturing process. Data and information cited in this notification is not generally 
available and Part 6 contains information that is exempt from disclosure under the FOIA. 

The identification and characterization of the inserted genetic material into the genetically 
modified organism is essential for the safety assessment. The methods used to develop the 
genetically modified production organism and the specific genetic modifications 
introduced into the production organism are described in Part 2. 

6.1. Safety of the Production Organism 

Production organism safety is the key consideration when assessing the probable degree of 
safety of an enzyme preparation intended for use in animal feed. Enzyme preparations that 
meet or surpass the criteria proposed by Pariza and Foster (1983) for human food should 
be safe for use in animal feed when utilized at the low levels normally employed for these 
catalysts. If the organism is nonpathogenic and nontoxigenic, then it is assumed that food 
or food ingredients produced from the organism, according to current Good Manufacturing 
Practices, is safe to consume (Pariza and Cook, 2010). A nontoxigenic organism is “one 
which does not produce injurious substances at levels that are detectable or demonstrably 
harmful under ordinary conditions of use or exposure” and nonpathogenic organism is 
“one that is very unlikely to produce disease under ordinary circumstances”. Komagataella 
phaffii (Pichia pastoris) meet these criteria for non-toxigenicity and non-pathogenicity. 
Additionally, Komagataella phaffii (Pichia pastoris) has a Qualified Presumption of Safety 
(QPS) when used for production purposes according to the European Food Safety Authority 
(EFSA BIOHAZ Panel, 2020). 

Komagataella phaffii (Pichia pastoris) has a history of safe use as an animal feed additive 
(CFR 21 Sec. 573.750 Pichia pastoris dried yeast) as well as an enzyme production strain 
(GRAS Notice 000204). Komagataella phaffii (Pichia pastoris) GS115 (ATCC® 20864™), as an 
example, is identified as a nontoxigenic, non-pathogenic, histidinol dehydrogenase (HIS4 
gene) mutant derived from strain Pichia pastoris NRRL Y-11430 (ATCC® 76273™). The 
strain Pichia pastoris SMD 1168, derived from strain Pichia pastoris GS115, has been cited 
in GRAS Notice 000204 for safe use in enzyme production. In addition, no viable production 
strain has been observed in the final product as detailed in Part 2 of this document. Also, 
BRI has repeatedly used the decision tree procedures outlined by Pariza and Johnson and is 
the basis for our safety assessment (Appendix 13). 

Furthermore, Pichia pastoris has been found to be safe by EFSA for enzyme products (EFSA 
Journal 2014; 12(5):3667; EFSA BIOHAZ Panel, 2013). 

The production strain is a genetically modified strain of Komagataella phaffii (Pichia 
pastoris) expressing a xylanase from Orpinomyces. The host organism, Komagataella phaffii 
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(Pichia pastoris) has a long history of safe industrial use for the production of enzymes 
used in human and animal feed and has been routinely used as a host for recombinant 
enzymes. Based on the information presented here it is concluded that the Komagataella 
phaffii (Pichia pastoris) production strain is considered a safe strain for the production of 
endo-1,4-β-xylanase enzyme. 

 

6.2. Safety of the Donor Organism 

The organism from which endo-1,4-β-xylanase was isolated is Orpinomyces sp., which 
belongs to the Orpinomyces genus. Orpinomyces, is an anaerobic gut fungi belong to the 
phylum Neocallimastigomycota, an early divergent basal fungal lineage. Orpinomyces are 
known to reside in the rumen, hindgut, and feces of ruminant and non-ruminant 
herbivorous mammals and reptilian herbivores.  

As detailed in Part 2, the gene was synthesized to mimic the xylanase gene from 
Orpinomyces sp. By synthesizing the xylanase gene, it is ensured that no genetic material 
(target or other DNA) from the donor organism is found in the production strain. The 
introduced DNA does not code for any known harmful or toxic substances. 

 

6.3. Safety of the endo-1,4-β-xylanase Enzyme 

The subject of this GRAS conclusion is a xylanse enzyme (EC 3.2.1.8). Enzymes, including 
xylanase, have a long history of use in human food and animal feed. Xylanases are 
ubiquitous in nature and can be found in bacteria, fungi, and plants. They have been 
studied for over 60 years and used safely in feed applications for over 20 years. The 
xylanase enzyme has a long history of use in food processing as well. A wide range of 
enzymes are used in animal feed and can be found listed in the AAFCO Official Publication 
(Official Publication Association of American Feed Control Officials Inc, 2019: Feed 
Ingredient Definitions. publication. Chapter 6). Seven different xylanase source organisms 
are listed in the official publication (Aspergillus niger, var. Aspergillus oryzae expressing a 
Thermomyces lanuginosus xylanase gene, Bacillus lentus, Bacillus subtilis, var. Humicola 
insolens, Paenibacillus lentus, Talaromyces funiculosus, Talaromyces versatilis, Trichoderma 
reesei). Thorough searches of published literature yield several safety studies with various 
xylanase enzyme preparations. All studies concluded that xylanases were safe, and no 
research has any safety concerns regarding xylanases used as feed additives. There is no 
reasonable expectation that the xylanase preparation that is the subject of this document 
would behave differently than any other xylanase preparation regarding toxicity and 
pathogenicity.  

The endo-1,4-β-xylanase enzyme preparation from Komagataella phaffii (Pichia pastoris), 
expressing the recombinant gene (xylanase) from Orpinomyces sp. was evaluated according 
to the Pariza and Johnson Decision Tree. 
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According to Pariza and Johnson (2001), enzyme proteins do not generally raise safety 
concerns. Xylanase is a protein that breaks down in the animal’s gut, just like any other 
protein, and is never released into the environment.  

Because the genetic modifications are well characterized and specific, and the incorporated 
DNA does not encode and express any known harmful or toxic substances, the enzyme 
preparation derived from genetically modified Komagataella phaffii (Pichia pastoris) is 
considered safe. 

Furthermore, BioResource International completed an extensive literature search using 
PubMed (including MEDLINE*), TOXLINE, and Google Scholar (details in Table below). Key 
words such as “xylanase”, “toxicity”, “animal consumption”, “human consumption”, “food”, 
“feed” and others, was used for the search. The literature search produced no health or 
safety issues associated with the use of the xylanase enzyme from Komagataella phaffii 
(Pichia pastoris) for the intended uses listed in 2.5.2. use levels. Table below summarizes 
the outcomes of the Google Scholar search results for literature search. 

Based on the publicly available, scientific data from the literature and additional 
supporting data generated by BRI, it has been concluded that xylanase enzyme produced 
by Komagataella phaffii (Pichia pastoris) is safe and suitable for the intended use. 

 

Authors Title Publication Volume Number Pages Year Publisher Major outcomes 

Search keywords: xylanase AND human consumption AND safety AND toxicity AND Pichia pastoris 

Kyzeková, Tamara; 
Krasňan, Vladimír; 
Rebroš, Martin;  

Pichia pastoris—
recombinant enzyme 
producent for 
environment treatment Acta Chimica Slovaca 13 1 108-118 2020 Sciendo 

Using P. pastoris 
for recombinant 
enzyme 
production to 
reduce 
environmental 
pollution 

Baghban, 
Roghayyeh; 
Farajnia, Safar; 
Ghasemi, Younes; 
Mortazavi, 
Mojtaba; 
Zarghami, 
Nosratollah; 
Samadi, Naser;  

New developments in 
Pichia pastoris expression 
system, review and 
update 

Current 
pharmaceutical 
biotechnology 19 6 451-467 2018 

Bentham 
Science 
Publishers 

Potential for 
using P. pastoris 
for the 
production of 
complex 
eukaryotic 
proteins 

Li, Cheng; Lin, 
Ying; Zheng, 
Xueyun; Yuan, 
Qingyan; Pang, 
Nuo; Liao, Xihao; 
Huang, Yuanyuan; 
Zhang, Xinying; 
Liang, Shuli;  

Recycling of a selectable 
marker with a self-
excisable plasmid in Pichia 
pastoris Scientific reports 7 1 10-Jan 2017 

Nature 
Publishing 
Group 

The use of 
vectors that 
allow selectable 
marker recycling 
and as a tool to 
engineer P. 
pastoris for high 
heterologous 
protein 
productivity 

Search keywords: xylanase AND animal consumption AND safety AND toxicity AND Pichia pastoris 

EFSA Panel on 
Additives and 
Products or 
Substances used in 
Animal Feed 
(FEEDAP); Rychen, 
Guido; Aquilina, 
Gabriele; 

Safety and efficacy of 
ENZY CARBOPLUS®(endo‐
1, 4‐beta‐xylanase and 
endo‐1, 3 (4)‐beta‐
glucanase) as a feed 
additive for avian species, 
weaned piglets and minor 
weaned porcine species 

EFSA Journal 15 12 e05097 2017 Wiley Online 
Library 

EFSA opinion on 
the safety of an 
endo xylanase 
for avian and 
porcine species 
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Azimonti, 
Giovanna; 
Bampidis, 
Vasileios; Bastos, 
Maria de Lourdes; 
Bories, Georges; 
Chesson, Andrew; 
Flachowsky, 
Gerhard; Gropp, 
Jürgen;  

Liu, Taiyu; Zhao, 
Yixin; Zhang, 
Jianguo; Zhang, 
Jining;  

Enhancement of xylanase 
expression by 
Komagataella phaffii 
through pexophagy 
inhibition 

Biotechnology & 
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6.4. Safety of the Manufacturing Process 

This section describes the safety of manufacturing process of xylanase, which follows 
standard industry practices and explained in detail in Part 2. The xylanase meets purity 
specifications for enzyme preparations as outlined in the monograph on Enzyme 
Preparations in the Food Chemicals Codex. The xylanase preparation is prepared in 
accordance with current good manufacturing practices, using ingredients that are 
acceptable for animal feed, and under conditions that ensure a controlled fermentation. 
These methods are based on generally available and accepted methods used for production 
of enzymes (See Part 2). 

 

6.5. Safety Studies 

This section describes the studies and analysis performed to evaluate the safety of the use 
of xylanase.  

A broiler performance trial was performed in which xylanase enzyme produced by 
Komagataella phaffii (Pichia pastoris) was incorporated in the feed at concentrations up to 
40,000 XU/kg feed (Flores et al., 2017). Results showed no adverse effect were observed on 
performance of broilers measured as feed intake, body weight, and mortality. Results 
indirectly show that the xylanase enzyme is safe and suitable for the intended use. Another 
trial was conducted on swine where xylanase was supplemented at 45,000 XU/kg in swine 
(Duarte et al., 2019). The published manuscript is listed in Appendix 15. Results showed 
the high inclusion level of the enzyme did not pose any safety concerns, therefore, the 
recommended use of xylanase in compound feed for poultry and swine is safe for 
consumers.  

 

6.6. Summary and Conclusions 

6.6.1. Poultry and Swine Safety Conclusion 

The production strain is derived from a safe strain line, which has been used for a 

multitude of feed enzyme production. The enzyme is produced by methods and under 
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culture conditions that ensure controlled fermentation. The presence of toxic or 

undesirable substances as well as the introduction of contaminating microorganisms is 

prevented. In addition, raw materials of food or feed grades are used in manufacturing. 

Based on these facts and information listed in the dossier, it is concluded that the resulting 

enzyme product can be safely used in poultry and swine feed without showing any adverse 

effects on the performance of live animals. 

6.6.2. Human Safety Conclusion 

The enzyme is intended for use in animal feed, it is a protein that will be broken down into 
amino acids prior to utilization by body tissues, therefore, no residues are expected to 
enter the human food chain trough consumption of eggs and meat, and there are no safety 
concerns raised in humans due to consumption of eggs and meat from animals consuming 
feed containing the xylanase product. In addition, the product has been tested for heavy 
metals, mycotoxins, microbial contamination, and DNA of production strain in final 
product, all these tests showed that these do not cause a concern in xylanase product and 
subsequently human.   

BRI has reviewed the available data and information. We are not aware of any data and/or 
information that is, or appears to be, inconsistent with our conclusion of GRAS. Based on 
this critical review and evaluation, a history of safe use of Komagataella phaffii (Pichia 
pastoris), and the limited and well-defined nature of the genetic modifications, BRI 
concludes, through scientific procedures, that the subject of this notification; endo-1,4-β-
xylanase enzyme preparation, meets the appropriate food grade specifications and is 
produced in accordance with current good manufacturing practices. Thus, it is generally 
recognized, among qualified experts, to be safe under the conditions of its intended use. 
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Part 7: Supporting data and Information 

All information indicated in the List of Appendices from Appendix 1 to Appendix 11 are 
confidential. Appendices 12 to 23 and References are generally available. 
 

List of Appendices 

Appendix 1. Whole genome sequencing -based taxonomic identification of Komagataella 

phaffii strain  (CONFIDENTIAL) 

Appendix 2. Whole genome sequencing -based taxonomic identification and description of 

genetic modifications in Komagataella phaffii  (CONFIDENTIAL) 

Appendix 3. Open Reading Frame Analysis of the Complete Fusion DNA Sequence 
(CONFIDENTIAL)  

Appendix 4. Absence of Transferable Antibiotic Resistance Gene DNA Elements in Xylanase 

Product (CONFIDENTIAL) 

Appendix 5. Gene Stability Analysis of Genetically Modified Komagataella phaffii 

Production Strain (CONFIDENTIAL) 

Appendix 6. Presence of Production Strain DNA in Xylanase Product (CONFIDENTIAL) 

Appendix 7. Raw Material Used in Fermentation and Downstream Processing 
(CONFIDENTIAL) 

Appendix 8. Cell Bank Development and Maintenance (CONFIDENTIAL) 

Appendix 9. Growth Media and Reagents (CONFIDENTIAL) 

Appendix 10. Fermentation and Downstream Processing (CONFIDENTIAL) 

Appendix 11. Formulation and Packaging (CONFIDENTIAL) 

Appendix 12. Specifications of Xylamax Product 

Appendix 13. Decision tree for endo-1,4-β-xylanase enzyme preparation from 
Komagataella phaffii  

Appendix 14. Published Utility Data in Broilers 

Appendix 15. Published Utility Data in Swine 

Appendix 16. Xylanase Shelf-Life Stability Study 1 

Appendix 17. Xylanase Shelf-Life Stability Study 2 

Appendix 18. Xylanase in-Feed Stability and Homogeneity: Study 1 and 2 

Appendix 19. Standard Analytical Procedure for xylanase in product activity 

Appendix 20. Standard Analytical Procedure for xylanase in-feed activity 

(b) (5), (b) (4)

(b) (4)

(b) (4)



43 

 

Appendix 21. Assay validation for xylanase in product activity assay 

Appendix 22. Assay validation for xylanase in-feed activity assay 

Appendix 23. Safety Data Sheet for Xylamax 
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Appendix 3. Open Reading Frame Analysis of the Complete Fusion DNA Sequence (CONFIDENTIAL) 

 

 (b) (4)

(b) (4)



77 

 

(b) (4)



78 

 

(b) (4)



79 

 

Appendix 4. Absence of Transferable Antibiotic Resistance Gene DNA Elements in Xylanase Product 

(CONFIDENTIAL) 

A. Objective 

 

 

 

B. Background 

 

 

 

 

 

 

  

 

 

 

 

          

 

  

C. Required Materials and Equipment  

  

 

  

 

  

    

   

D. Strains and plasmids 

 

   

  

E. Method 

  

 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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b
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F. Results 

 

G. Conclusion 

 

(b) (4)

(b) (4)
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Appendix 8. Cell Bank Development and Maintenance (CONFIDENTIAL) 

 

  

(b) (4)
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Appendix 9. Growth Media and Reagents (CONFIDENTIAL) 
(b) (4)
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Table 4. Carrier 
 

 

 

 

  

Name Quantity (% range) 

(b) (4)

(b) (4)
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Appendix 10. Fermentation and Downstream Processing (CONFIDENTIAL) 

 

 

 

 

 

 

Table 1.  

Ingredient % Composition Weight (kg) 

 

(b) (4)

(b) (4)

(b) (4)

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

(b) (4)
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Appendix 11. Formulation and Packaging (CONFIDENTIAL) 

 

 

 

 

 

  

(b) (4)
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Appendix 12. Specifications of Xylamax Product  

Product name Xylamax 
Raw Product Number XY-C001 XY-C002 XY-C003 

Production Date April 2019 November 2019 January 2020 
Best Before April 2021 November 2021 January 2022 

Property  

Appearance Light grey 
powder Light grey powder Light grey powder 

Moisture, % 1.5 1.4 1.5 
Xylanase activity, XU/g 151,494 163,562 168,232 

Mold, CFU/g < 103 < 103 < 103 
Coliforms, CFU/g < 10 < 10 < 10 

Escherichia coli, CFU/g < 10 < 10 < 10 

Salmonella 
Not detected per 

25 g Not detected per 25 g Not detected per 25 g 

Heavy metals: Arsenic, 
mg/kg 0.306 0.292 0.373 

 
Heavy metals: 

cadmium, mg/kg 0.388 0.360 0.381 

Heavy metals: mercury, 
mg/kg < 0.5 0.017 0.018 

Heavy metals: lead, 
mg/kg 0.215 0.218 0.295 

Mycotoxins: aflatoxin 
B1, B2, G1, G2, µg/kg < 0.5 <0.5 < 0.5 

Mycotoxins: fumonisin 
B1 and B2, µg/kg < 25 < 25 < 25 

Mycotoxins: 
zearalenone, µg/kg < 30 < 30 < 30 

Mycotoxins: 
deoxynivalenol, µg/kg < 100 < 10 < 10 

Mycotoxins: 
Ochratoxin, µg/kg < 1 < 1 < 1 

Dioxins, ng/kg TEQ 1 < 1 < 1 
Dioxin & Dioxin-Like 

PCBs, ng/kg TEQ < 1.5 < 1.5 < 1.5 

Non-Dioxin-Like PCBs, 
µg/kg TEQ < 10 < 10 < 10 

Genetically modified 
organisms Absent Absent Absent 
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Appendix 13. Decision tree for endo-1,4-β-xylanase enzyme preparation from Komagataella phaffii 

 

To assess animal and human safety of this enzyme, the decision tree from Pariza and Johnson, 2001 is 

being used as follows: 

1. Is the production strain ‘genetically modified’? 

Yes, go to 2. 

 

2. Is the production strain modified using rDNA techniques? 

Yes, go to 3. 

 

3. Issues relating to the introduced DNA (xylanase gene): 

3a. Do the expressed enzyme product(s) which are encoded by the introduced DNA have 

a history for safe use in food or feed? 

Yes, go to 3c. 

Justification: As explained in Section 2.2., this product does not have any safety 

concerns. All parts of the product have been derived from sources that have a history of 

safe use in food or feed. In general, xylanases have a long history of safe use in food 

(Pariza and Johnson, 2001) and feed (Pariza and Cook, 2010). 

 

3c. Is the test article free of transferable antibiotic resistance gene DNA? 

Yes, go to 3e. 

Justification: Based on Section 2.2.11 and Appendix 4. 

 

3e. Is all the other introduced DNA well characterized and free of attributes that would 

render it unsafe for constructing microorganisms to be used to produce feed-grade 

products? 

Yes, go to 4. 

Justification: The starch binding domain gene and peptide linkages would not render 

the microorganism unsafe for production of feed-grade products, see Section 2.2.4.2. 

 

4. Is the introduced DNA randomly integrated into the chromosome? 

No, go to 6. 

Justification: Integration events were targeted to the AOX1 loci of the Komagataella 

phaffii (Pichia pastoris) genome. 

 

5. Not applicable 

 

(b) (4)
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6. Is the production strain derived from a safe lineage, as previously demonstrated by 

repeated assessment via the evaluation procedure? 

Yes, the test article is ACCEPTED. 

Justification: Komagataella phaffii (Pichia pastoris) has a history of safe use as an animal 

feed additive (CFR 21 Sec. 573.750 Pichia pastoris dried yeast) as well as an enzyme 

production strain (GRAS Notice 000204). For example, Pichia pastoris GS115 (ATCC® 

20864™) is identified as a nontoxigenic, non-pathogenic, histidinol dehydrogenase (HIS4 

gene) mutant derived from strain Pichia pastoris NRRL Y-11430 (ATCC® 76273™, also 

known as CBS ). The strain Pichia pastoris SMD 1168, derived from strain Pichia 

pastoris GS115, has been cited in GRAS Notice 000204 (FDA, 2006) for safe use in 

enzyme production as well as GRN 764. Pichia pastoris is an FDA approved animal feed 

protein source and is approved for use in broiler feed up to 10% of the total feed (FDA, 

1993). 

 

  

(b) 
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Appendix 16. Xylanase Shelf-Life Stability Study 1 

Three different lots of xylanase were used to for this study (XLPe- I85-134, XLPe-I85-135, XLPe-I85-136). 

They were tested for a baseline activity at Month 0 using the Xylanase DNS assay method (Appendix 19). 

After baseline testing, samples of each lot were individually packaged for each time point of the study. 

Time points consisted of 1, 3, 4, and 6-month incubations. 

To resemble storage condition and material, PBOM 3 ply bleached Kraft MW 80, metallicized with 0.4 

micron Al / LDPE having a 2 mil HDPE liner bags were cut down to 6”x 6” squares and sealed on 3 sides 

to form smaller bags.  Approximately 1 kg of xylanase was placed in each bag and sealed. Total of 5 bags 

per lot were prepared so that all three lots could be tested at each of the 4 time points with 1 spare bag.  

Samples were placed in a 40°C and 75% humidity  incubator. 

Incubator was equipped with thermometer and kept within ± 2°C of the target temperature.; humidity 

was controlled ± 5% from target. At each time point, 1 sample from each lot is pulled and tested via 

analytical method described in Appendix 19 for xylanase activity determination in product.  

Table 1. Xylanase Storage at 40°C 

 
XLPe-I85-134 XLPe-I85-135 XLPe-I85-136 

Activity in XU/g; in % of initial activity XU/g % XU/g % XU/g % 

Reference (25°C) 256,400 - 264,964 - 256,601 - 

6 weeks (40°C) 93% 92% 96% 

16 weeks (40°C) 93% 95% 109% 

21 weeks (40°C) 104% 92% 96% 

27 weeks (40°C) 85% 78% 96% 

 

  

(b) (4)

(b) (4) (b) (4) (b) (4)
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Table 2. Feed Formulation (Starter Diet) 

 Diet Composition (%) 

Ingredient Name Control Xylanase 

Corn 51.18 51.18 

Soybean Meal 38.78 38.77 

DICALCIUM PHOSPHATE 2.43 2.43 

SALT, PLAIN (NaCl) 0.50 0.50 

LIMESTONE FINE  0.52 0.52 

L-LYSINE  0.06 0.06 

POULTRY FAT 5.71 5.71 

CHOLINE CHLORIDE 60 0.20 0.20 

DL-METHIONINE 0.31 0.31 

PX NCSU BR MINERAL 0.20 0.20 

PX NCSU BR VITAMIN 0.05 0.05 

SELENIUM PREMIX NCSU 0.05 0.05 

Xylanase 0.00 0.01 
Feed Mixing  

Feed is mixed in a horizontal double ribbon mixer of a capacity of 300 lbs. A-180 Ibs are mixed for each 

lot. A premix of xylanase is prepared by mixing xylanase with two pounds of either corn or wheat 

(depending on the diet) in a bench-top mixer for 2 minutes before being mixed with the rest of major 

and minor dry ingredients in the ribbon mixer. Dry ingredients (including major, minor, micro 

ingredients, and xylanase premix) are mixed for 2 minutes followed by adding wet ingredients and 

mixing for additional 3 minutes. This mixing time is selected to ensure uniformity and homogenous 

distribution of feed ingredients. 

Packaging 

Multi-wall paper with lines bags are used for packaging the finished feed. Original bag capacity is 50 lbs; 

however, bags were cut and modified to hold up to 8 lbs of finished feed. Modification of bags were 

achieved through trimming of sides and top of bags. Modified bags were used to store feed samples (8 

lbs/bag). A total of 3 lots of feed were manufactured plus control; from each lot, a total of 11 feed 

samples were collected. Collected bags were randomly labelled from 1 to 11 per lot. 

Storage 

All feed samples were stored at room temperature in on a shelving unit in an indoor storage room.  A 

digital thermometer recorded the temperature at least daily during the study.  

Sampling 

The feed samples are retrieved following randomized bags in Table 1. Each retrieved bag is opened 

completely by a razor to allow sampling of feed from 5 locations in each bag. Fifty grams of sample from 
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each location are mixed to create one composite sample per bag. The composite samples are used 

within the same day in the in-feed assay below.  

In-feed Assay 

The composite feed samples were tested following standard protocol for xylanase in-feed assay detailed 

in Appendix 20. Activity results were expressed as XU/g feed. 

Statistical Analysis 

For each lot, a linear regression was performed first using the average value at each time point.  

The model is considered acceptable if it has a RSQ greater than 0.95.  If the p-value for the slope (i.e. 

duration factor) is greater than 0.05, then it was concluded that there is no change in Xylanase activity 

during the study period.  If the p-value is less than 0.05, the projected change of activity is calculated 

using the regression equation.  

If the RSQ of the linear model is less than 0.95, a regression analysis using a quadratic or other nonlinear 

model was used.  Additional sets of samples and time points may be tested to improve the model. Once 

the RSQ is greater than 0.95, the projected change of activity is calculated using the regression equation.   

Results 

Table 3. Xylanase Stability in Feed 

Activity in XU/g; 
 in % of initial activity 

Lot 1 Lot 2 Lot 3 

Weeks XU/g % XU/g % XU/g % 

0 17.25316 100% 17.19318 100% 18.6673 100% 

2 113% 111% 100% 

4 126% 113% 105% 

6 124% 113% 111% 

8 118% 118% 108% 

10 96% 98% 82% 

12 109% 92% 86% 

20 125% 105% 84% 

24 108% 97% 86% 
 

Conclusions 

Xylanase enzyme is stable in complete feed for 6 months. 

 

(b) (4) (b) (4) (b) (4)
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Study 2:  

Summary and objectives 

The objective of this study was to determine both the homogeneity and recovery of Xylamax® when 

incorporated into mash and pelleted feed manufactured using the same Xylamax® batch, feed 

formulation, and manufacturing specifications.  

The homogeneity of Xylamax® in mash and pelleted feed was determined by calculating the coefficient 

of variation of xylanase activity in 10 independent samples of each feed form. The method used for 

determining the xylanase activity was SAP-2020 (xylanase in-feed assay, Appendix 20). 

Percent recovery of xylanase in pelleted feed was determined through comparison of xylanase in mash 

and pelleted samples.  

Test item used for homogeneity and in-feed recovery of the additive 

Table 1. Details of Xylamax 

TEST ITEM 

LOT Nº, MANUFACTURE 

& EXPIRY DATE 

ACTIVE SUBSTANCE 
EXPECTED CONCENTRATION IN 

COMPLETE FEEDINGSTUFFS 

SAFETY 

 

Xylamax® 

Lot Nº: XY20281 

Made: Oct. 9th. 2020 

Expiry: Oct. 8th, 2022 

(Appendix 1)  

endo-1,4-β-xylanase 

(≥150,000 XU/g)  
10,000 XU/kg 

See SDS 

(Appendix 23) 

 

Xylamax® was added to a standard soy/corn-based mash feed for poultry and then pelleted at 85ºC. The 

composition of the feed is listed in Table below.   

Ingredient Composition of the feed 

Ingredient   %  Ingredient %  

Corn 67.43  Choline chloride, 60% 0.20  
Soybean meal 26.55  Mineral premix 0.20  
Poultry fat 2.00  Vitamin premix 0.05  
Dicalcium Phosphate, 18.5% 1.77  L-lysine HCl 0.13  
Calcium carbonate 0.86  Selenium premix, 0.06% 0.05  
Sodium chloride 0.50  L-Threonine 0.09  
DL-Methionine 0.17     
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A total of 2000 lbs (907 kg) was mixed in a 2-ton mixer. Xylamax® was added at an inclusion rate of 70 

g/MT. The enzyme was initially mixed with 11.04 lbs (5.00 kg) of ground corn (amount of corn used is 

included in the basal diet calculations) and then mixed in a bench top mixer for 3 minutes. The premix 

was added to a 2-ton mixer for blending into the feed. The complete feed was then dispatched to a 

150hp pellet mill. 

Pelleting Parameters 

The diet was pelleted in a 150hp pellet mill . The target conditioning parameters 

was 85˚C for 30 seconds, with a production rate of ~ 4 tons per hour and a die size of 11/64” with a 1 

3/8” effective thickness. 

Experimental design 

HOMOGENEITY  

Sampling plan: Homogeneity of Xylamax® was determined by calculating the coefficient of variation of 

xylanase enzymatic activity (expressed in XU/kg) in 10 independent samples collected from a single 

batch of mash feed and 10 independent samples collected from a single batch of pelleted feed. Each 

sample was analysed in triplicate for xylanase. 

Samples (500g each) of feed was collected during manufacturing. The feed mill design allows for 

collection of mash samples as feed is dispatched from the mixer to the conditioner, thus allowing for a 

real-time estimate of homogeneity. The feed mill design also allows for collection of pelleted samples in 

real-time when the pelleted feed is dispatched from the pellet mill to the storage bins. Samples were 

collected in sterile plastic bags labelled with study ID, sample ID, and collection date.  

Once all samples were collected, they were transported to the BRI laboratory for xylanase activity 

analysis. Xylanase activity was measured as described in SAP-2020 (Appendix 20).  

Data analysis 

Homogeneity 

For homogeneity, the coefficient of variation (CV) was calculated: 

CV = standard deviation/mean x 100 

Pelleted percent recovery 

To determine thermostability of xylanase at a conditioning temperature of 85 °C, percent recovery of 

xylanase was calculated:  

(b) (4) (b) (4)
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Appendix 21. Assay validation for xylanase in product activity assay 
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Appendix 22. Assay validation for xylanase in-feed activity assay 
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Appendix 23. Safety Data Sheet of Xylamax 
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product.”  However, we note that methanol induces the production of alcohol oxidase, which is the first step in 
metabolism of methanol, and results in the production of formaldehyde and hydrogen peroxide.  Thus, there is 
potentially an inverse relationship between methanol and formaldehyde and hydrogen peroxide 
concentrations.  Thus, the notifier did not address CVM’s concerns regarding the presence of formaldehyde and 
hydrogen peroxide and other potential contaminants.  The notifier should provide information to illustrate that 
the market formulation would not contain formaldehyde and hydrogen peroxide at levels that would raise safety 
concerns.  The notifier could, for example, use information pertaining to its current good manufacturing 
practices, batch records, process control information, analytical data for formaldehyde and hydrogen peroxide in 
the final product, and/or information in the scientific literature on intracellular metabolism of formaldehyde and 
hydrogen peroxidase by yeast. 
 
We are also seeking clarification regarding our questions on the contaminant specifications.  In the amendment 
discussion on September 15, 2021, CVM requested the notifier to “address and clarify the presence of other 
potential contaminants, as appropriate,” and to clarify how those limits were established.  However, the 
amendment included a replacement “Specification Table, Table 2” which omitted following specifications from 
the original table (both copied below): fumonisins, zearalenone, deoxynivalenol, ochratoxin, dioxins, dioxin and 
dioxin-like PCBs, non-dioxin like PCBs, mercury, cadmium, and absence of genetically modified 
organisms.  Did the notifier intend to omit these specifications in the replacement Table 2 or should the original 
Table 2 with all specifications be maintained?  If the omitted specifications are no longer monitored, should 
explain why this change does not affect the notifier’s safety conclusion.  
 
In your submission dated December 29, 2020, you provided the following Specification Table, Table 2:  

 

 
 
In your submission dated October 7, 2021, you provided the following replacement Specification Table, Table 
2:  





Center for Regulatory Services, Inc. 
5200 Wolf Run Shoals Road 

Woodbridge, VA 22192-575.5 
703 590 7337 (Fax 703 580 8637) 

CFR@c-fr-scrviccs.com 

 

January 18, 2022 
 

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

 
Subject: Response to Division of Animal Feeds Concerns—December 27, 2021 

 Xylanase preparation for the use in swine and poultry feed 
AGRN 44 

  
Notifier:   BioResource International,    Inc. 

        4222 Emperor Blvd., Suite 460 
       Durham, NC USA 27703 

Dear Dr. Edwards: 
 

On behalf of BioResource International, Inc.,   I am providing clarification of issues as raised in the 
review of  animal GRAS notice for the use of Xylanase prepared from Komagataella phaffii expressing 
the gene encoding xylanase from Orpinomyces spp. for use in poultry and swine diets.  These issues 
were raised in an email of December 27, 2021. 
 
We have provided a narrative describing our response to the two issues raised, as well as the 
references that support this assessment.   
 

Should you have any questions on the filing, please contact me directly. 
 
     Sincerely, 
 
 
 
 
     Kristi O, Smedley 
     Consultant to BioResource International, Inc. 
 
 

Cc:  Rasah Qudsieh, BRI 
 

ATTACHMENTS: 
  As Described in the letter  

Kristi 
Smedley

Digitally s gned by Kr sti Smedley 
DN: cn=Kristi Smedley  o=Center for 
Regulatory Services  Inc  ou  
email=smedley@cfr services com  c=US 
Date: 2022 01 18 10:04:26 05 00



Response to FDA questions related to AGRN 44— December 27th 2021

Question #1:

FORMALDEHYDE AND HYDROGEN PEROXIDE:

The notifier should provide information to illustrate that the market formulation would not
contain formaldehyde and hydrogen peroxide at levels that would raise safety concerns.
The notifier could, for example, use information pertaining to its current good
manufacturing practices, batch records, process control information, analytical data for
formaldehyde and hydrogen peroxide in the final product, and/or information in the
scientific literature on intracellular metabolism of formaldehyde and hydrogen peroxidase
by yeast.

Response:

The methylotrophic yeast Komagataella phaffii (K. phaffii) has a tightly regulated system to
detoxify the formaldehyde and hydrogen peroxide produced when methanol is utilized during
fermentation. The metabolism of methanol in methylotrophic yeast is summarized below and
illustrated in Figure 1 [1]:
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Our assessment (above) would suggest that no formaldehyde or hydrogen peroxide would be
found in the final product. However, in a ridiculous assumption that the product would ONLY
be either formaldehyde or Hydrogen peroxide the amount of formaldehyde or hydrogen peroxide
added to the feed form this source is 0.04 pounds/ton (equivalent to 18.14 ppm).

Both formaldehyde and hydrogen peroxide are authorized feed ingredients that can be added
directly to feed. Formaldehyde is an approved food additive that is used in feed as an
antimicrobial agent to be used at the level of 5.4 pounds/ton of feed (21 CFR 573.460(b)). The
FDA has concurred with the safe use of that level approximately 1000 ppm.

Hydrogen peroxide is a GRAS General Purpose Food additive that limitation is “This substance
is generally recognized as safe when used as a bleaching agent in accordance with good
manufacturing or feeding practice” (no set limit) (21 CFR 582.1366). Again, the level of
hydrogen peroxide that would contaminate the final product would be miniscule.

Therefore, at the extremely low level of use of this Komagataella phaffii enzyme preparation and
the understanding that negligible levels of formaldehyde or hydrogen peroxide would
contaminate the final product, supports the fact there is reasonable certainty that the substances
not harmful to either the target animal or to humans consuming human food derived from food-
producing animals under the conditions of its intended use.

Question #2:

CHANGE IN SPECFICATIONS:

Did the notifier intend to omit these specifications in the replacement Table 2 or should the
original Table 2 with all specifications be maintained? If the omitted specifications are no
longer monitored, should explain why this change does not affect the notifier’s safety
conclusion.

Response:

Several batches of the product has been analyzed for multiple mycotoxins, heavy metals, Dioxins,
and microbial contaminants. These compounds were initially included in the specifications with
an overabundance of caution. For example for the Dioxin-related compounds, but there is no
real source of these compounds in the manufacturing process. The more rare mycotoxins were
found below the LOD, and the aflatoxins, are more likely to be sentinel of a possible mycotoxin
problem.

The analytical results of removed specified compounds were below detection limits, indicating
that the final product is safe and does not contain any detectable contaminants; therefore, the list
of specifications was revised to include select/representative mycotoxins, heavy metals, and
microbial contaminants to be periodically tested. Furthermore, QA/QC program control on



ingredients used in manufacturing are in place to guarantee safety and wholesomeness of the
ingredients used.

The fact that the removed originally listed specifications, are below the level of detection, and
the very low level of the product incorporated in the feed and the close tracking of similar
contaminants will assure the safety of the product.

References:

[2] Chemical Properties of Formaldehyde (CAS 50-00-0) – Cheméo:
https://www.chemeo.com/cid/44-234-3/Formaldehyde

[3] Chemical Properties of Hydrogen peroxide (CAS 7722-84-1):
https://www.chemeo.com/cid/67-803-6/Hydrogen%20peroxide
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Abstract

Yeasts combine the ease of genetic manipulation and fermentation of a microbial organism with the capability to secrete and to
modify proteins according to a general eukaryotic scheme. Yeasts thus provide attractive platforms for the production of recombi
nant proteins. Here, four important species are presented and compared: the methylotrophic Hansenula polymorpha and Pichia pas

toris, distinguished by an increasingly large track record as industrial platforms, and the dimorphic species Arxula adeninivorans and
Yarrrowia lipolytica, not yet established as industrial platforms, but demonstrating promising technological potential, as discussed in
this article.
� 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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Property Value Unit Source

IE 10.86 eV NIST Webbook

IE 10.88 eV NIST Webbook

IE 10.90 eV NIST Webbook

IE 10.88 ± 0.01 eV NIST Webbook

IE 10.87 ± 0.00 eV NIST Webbook

IE 10.87 ± 0.01 eV NIST Webbook

IE 10.88 ± 0.02 eV NIST Webbook

IE 10.87 ± 0.01 eV NIST Webbook

IE 10.88 ± 0.02 eV NIST Webbook

IE 10.88 eV NIST Webbook

IE 10.86 ± 0.02 eV NIST Webbook

IE 10.90 ± 0.03 eV NIST Webbook

IE 10.87 ± 0.01 eV NIST Webbook

IE 10.88 ± 0.01 eV NIST Webbook

IE 10.10 eV NIST Webbook

logPoct/wat -0.18 Crippen Method

Pc 6631.37 kPa Joback Method

Tboil 254.05 ± 0.50 K NIST Webbook

Tboil 253.85 ± 0.20 K NIST Webbook

Tc 436.48 K Joback Method

Tfus 156.15 ± 1.00 K NIST Webbook

Tfus 181.00 ± 4.00 K NIST Webbook

Tfus 181.00 ± 6.00 K NIST Webbook

Ttriple 155.10 ± 0.30 K NIST Webbook

Vc 0.10 m3/kg-mol Joback Method

Temperature Dependent Properties
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https://old.chemeo.com/cid/44-234-3/Formaldehyde
Generated by Cheméo on Thu, 13 Jan 2022 18:12:56 +0000.
Cheméo (https://www.chemeo.com) is the biggest free database of chemical and physical data for the
process industry.
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Latest version available from:
https://old.chemeo.com/cid/67-803-6/Hydrogen%20peroxide
Generated by Cheméo on Thu, 13 Jan 2022 18:13:59 +0000.
Cheméo (https://www.chemeo.com) is the biggest free database of chemical and physical data for the
process industry.






