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Application to Amend the Australia and New Zealand Food 
Standards Code to Allow for the Use of Soy Leghemoglobin  

GENERAL REQUIREMENTS 

This section is completed in accordance with Chapter 3.1 (General Requirements for Applications) of the 
Food Standards Australia New Zealand Application Handbook (FSANZ, 2019). 

1. Applicant Details 

Contact Information 

Applicant: Impossible Foods Inc.  

Name of Contact Person:  

Mailing address: 400 Saginaw Drive 
Redwood City, CA  
94063  USA 

Telephone:  

Email address: 

Nature of Applicant’s Business 

Impossible Foods Inc. (Impossible Foods) started in 2011 with the goal of producing delicious and 
sustainable plant-based alternatives to meat, fish, and dairy foods.  The first product to be 
commercialised by the company was the Impossible™ Burger, a ground beef analogue product 
containing soy leghemoglobin derived from Pichia pastoris (P. pastoris).  Impossible Foods developed 
soy leghemoglobin as a heme-containing ingredient that will impart meat-like characteristics to meat 
analogue products, such as meatballs, sausage, or as fillings in buns and dumplings.  

2. Purpose of the Application 

Impossible Foods is submitting this application to amend the Australia New Zealand Food Standards 
Code (referred to hereafter as the Code) to allow for the use of soy leghemoglobin derived from 
P. pastoris as a component in meat analogue products (such as the Impossible™ Burger) that will be 
marketed in Australia/New Zealand.  Soy leghemoglobin is intended for addition to meat analogue 
products to provide the nutrition (i.e., source of iron), flavour, and aroma of their traditional animal-
derived counterpart. 

Soy leghemoglobin is naturally present in the root nodules of the soybean plant (Glycine max) 
(O’Brian et al., 1987).  As detailed in this application, the P. pastoris production strain contains 
modifications allowing it to express soy leghemoglobin.  Following fermentation, the cells are lysed, and 
the soy leghemoglobin is concentrated by physical means.  The soy leghemoglobin is delivered in a liquid 
preparation (LegH Prep) that is standardised to contain up to 9% soy leghemoglobin on a wet weight 
basis and a soy leghemoglobin protein purity of at least 65%.  The remainder of the protein fraction in 
the LegH Prep is accounted for by residual proteins from the P. pastoris production strain.  Small 
amounts of residual Pichia DNA (about 300 mg/L) may also be present in the LegH Prep.   
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Impossible Foods intends to use soy leghemoglobin only as a component within their meat analogue 
products, at levels delivering not more than 0.8% soy leghemoglobin.  The meat analogue products 
containing soy leghemoglobin will be marketed in retail outlets such as grocery stores and restaurants in 
Australia/New Zealand.  The soy leghemoglobin derived from P. pastoris will not be made available for 
purchase and use by other food manufacturers, nor will it be sold directly to consumers.  

The soy leghemoglobin produced by Impossible Foods is considered to meet the definition of a “non-
traditional food”, as defined in Standard 1.5.1 of the Code, on the basis that it is a “substance, where 
that substance, or the source from which it is derived, does not have a history of human consumption as 
a food in Australia or New Zealand”.  It is also considered to meet the definition of a novel food as 
defined in the Code, given that it is a non-traditional food requiring an assessment of the public health 
and safety considerations.  Furthermore, since the soy leghemoglobin is produced by fermentation with 
genetically modified P. pastoris, and that residual protein and DNA from the source organism remain in 
the final ingredient, consideration needs to be given to the provisions within Standard 1.5.2 for 
“food produced using gene technology”, which are defined to mean “a food which has been derived or 
developed from an organism which has been modified by gene technology”, with “gene technology” 
defined further as “recombinant DNA techniques that alter the heritable genetic material of living cells 
or organisms”.  It is the view of Impossible Foods that the following Schedules in the Code will need to 
be amended to allow for the use of soy leghemoglobin derived from P. pastoris in the meat analogue 
products that will be marketed in Australia/New Zealand:   

 Schedule 3  Identity and purity 

 Schedule 25  Permitted novel foods 

 Schedule 26  Food produced using gene technology 

In addition to soy leghemoglobin, the meat analogue products marketed by Impossible Foods may 
contain various vitamins and minerals.  As such, the provisions in Schedule 17 of the Code pertaining to 
vitamins and minerals in “analogues derived from legumes”, including “analogues of meat, where no 
less than 12% of the energy value of the food is derived from protein, and the food contains 5 g protein 
per serve of the food” may also require amendments to allow for the presence of these substances in 
meat analogue products containing soy leghemoglobin.  

3. Justification for the Application  

3.1 Regulatory Impact Information 

3.1.1 Costs and Benefits of Application 

a) Impact on the Consumer 

The approval of soy leghemoglobin produced by Impossible Foods, and the introduction of meat 
analogue products containing soy leghemoglobin, will provide consumers with more choices for plant-
based food products in the Australia/New Zealand marketplace.  Consumers (both meat-eaters and 
vegetarians alike) who seek out plant-based alternatives will have the option to purchase meat analogue 
products that are designed to mimic the nutrition (i.e., provide a source of iron), flavour, and aroma of 
the animal-derived counterpart.  Soy leghemoglobin is a key ingredient that is responsible for some of 
these attributes.  Consumers will benefit from having access to a nutritious and flavourful alternative to 
foods derived from animals, with a much-reduced environmental impact.   
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The proposed amendments will not place any additional economic costs to the consumers.  Consumers 
are free to choose between purchasing meat analogue products containing soy leghemoglobin, or 
comparator products of other plant-based meat analogue products on the market.   

b) Impact on the Industry  

The approval of Impossible Foods’ soy leghemoglobin, and introduction of meat analogue products 
containing this ingredient, is not expected to negatively impact the industry.  Meat analogue products 
are already available for purchase in Australia/New Zealand, and they are targeted towards individuals 
who seek out such products for various reasons of personal preference (e.g., health, ethical, religious, 
environmental).  The introduction of meat analogue products containing soy leghemoglobin will 
promote culinary innovations within Australia/New Zealand and may benefit the local retailers (grocery 
stores, restaurants) who carries such products.   

c) Impact on the Government 

The approval of Impossible Foods’ soy leghemoglobin in Australia/New Zealand, and the subsequent 
marketing of meat analogue products containing this ingredient, is not expected to have any negative 
impact on government agencies (e.g., increased regulatory costs).  A shift toward the increased 
consumption of plant-based protein sources in the diet may be beneficial for the environment and for 
public health.   

3.2 Impact on International Trade 

Meat analogue products containing soy leghemoglobin derived from P. pastoris are already being 
marketed in the United States (U.S.), Singapore, Hong Kong, and Macao, and Impossible Foods is 
currently in the process of obtaining market authorisation in other jurisdictions.  Approval of Impossible 
Foods’ soy leghemoglobin for use in meat analogue products in Australia/New Zealand will promote 
international trade and reduce technical barriers to trade, while continuing to protect public health and 
safety. 

4. Information to Support the Application  

This application is prepared in accordance with the relevant sections within the Food Standards 
Australia New Zealand Application Handbook (from 01 March 2016), including the following: 

 Chapter 3.1 General requirements for applications  

 Chapter 3.5 Guidelines for applications for new foods 

o Guideline 3.5.1  Foods produced using gene technology 
o Guideline 3.5.2  Novel foods 

 Chapter 3.3 Guidelines for applications for substances added to food 

o Guideline 3.3.3  Substances used for a nutritive purpose 

Information is provided in this application to enable the objectives specified in Section 18 of the Food 
Standards Australia New Zealand (FSANZ) Act, which includes: 

 The protection of public health and safety; 
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 The provision of adequate information relating to food to enable consumers to make informed 
choices; and  

 The prevention of misleading or deceptive conduct. 

Literature Search Strategy 

To identify publications relevant to the safety of the soy leghemoglobin and P. pastoris published since 
Impossible Foods first notified the U.S. Food and Drug Administration (FDA) of their conclusion that their 
soy leghemoglobin is Generally Recognized as Safe (GRAS), a comprehensive search of the published 
scientific literature was conducted for the period spanning from 2016 through May 2019 using the 
electronic search tool, ProQuest Dialog™.  The databases searched included: Adis Clinical Trials Insight, 
AGRICOLA, AGRIS, Allied & Complementary Medicine™, BIOSIS® Toxicology, BIOSIS Previews®, CAB 
ABSTRACTS, Embase®, Foodline®: SCIENCE, FSTA®, MEDLINE®, NTIS: National Technical Information 
Service, and ToxFile®. 

As detailed in Section C, no published studies were identified that suggested allergic, toxic or adverse 
health effects related to consumption of soy leghemoglobin or P. pastoris proteins. 

5. Assessment Procedure 

Impossible Foods considers the Major Procedure (Subdivision F of the FSANZ Act) to be the most 
appropriate assessment procedure for this application.   

6. Confidential Commercial Information (CCI) 

Confidential commercial information, in relation to food, is defined in Subsection 4(1) of the FSANZ Act 
as meaning: 

 A trade secret relating to food; or 

 Any other information relating to food that has a commercial value that would be, or could 
reasonably be expected to be, destroyed or diminished if the information were disclosed. 

Impossible Foods requests the information contained within the following appendices be considered 
confidential commercial information:   

 Appendix III  Details of the Manufacturing Process 

 Appendix IV  Internal Methods of Analysis 

The information contained within these appendices is not publicly available and release of these data 
would be at a commercial disadvantage to Impossible Foods.  The company has invested considerable 
capital to develop the production organism and to optimise the production process for their soy 
leghemoglobin.  A non-confidential description of the production organism and the manufacturing 
process employed is provided in Section B.4.  Impossible Foods has also invested in the development 
and validation of the methods of analyses for the soy leghemoglobin.  The types of techniques that are 
used to detect and quantify soy leghemoglobin within the LegH Prep are named in Table B.6.1-1, and a 
non-confidential description of the method of analysis for detecting soy leghemoglobin in finished food 
products (e.g., meat analogues) is provided in Section B.7.   



OFFICIAL 
  

 
OFFICIAL  

Impossible Foods Inc. 
12 July 2019 8 

7. Other Confidential Information 

Impossible Foods requests that the information contained in Appendices III (Details of Production Strain 
and Manufacturing) and IV (Internal Methods of Analysis) remain confidential.  These Appendices 
contain Confidential Commercial Information, as justified in Point 6 above.  No other confidential 
information is included in this application. 

8. Exclusive Capturable Commercial Benefit (ECCB) 

As mentioned, Impossible Foods will not sell their soy leghemoglobin ingredient to other food 
manufacturers, or directly to consumers for use in foods.  The soy leghemoglobin will be used only as an 
ingredient in meat analogue products that are manufactured by Impossible Foods, and only the finished 
meat analogue products containing the soy leghemoglobin will be sold in Australia/New Zealand.   

Thus, it is anticipated that this application would confer Exclusive Capturable Commercial Benefit (ECCB) 
in accordance with Section 8 of the FSANZ Act, which states: 

“An exclusive, capturable commercial benefit is conferred upon a person who applies for the 
development of a food regulatory measure or the variation of food regulatory measure under 
Section 22 if: 

(a) the applicant can be identified as a person or body that may derive a financial gain from the 
coming into effect of the draft standard to draft variation of the standard that would be 
prepared in relation to the application; and  

(b) any other unrelated persons or bodies, including unrelated commercial entities, would 
require the agreement of the applicant in order to benefit financially from the approval of 
the application”. 

9. International and Other National Standards 

There are no Codex Alimentarius Commission standards that are relevant to Impossible Foods’ soy 
leghemoglobin for use in meat analogue products.  In the U.S., Impossible Foods’ soy leghemoglobin has 
GRAS status for uses in ground beef analogue products, at levels of not more than 0.8% soy 
leghemoglobin.  The GRAS status of soy leghemoglobin was notified to the offices of the U.S. FDA and 
filed by the Agency without questions under GRAS Notice number (GRN) 737 (U.S. FDA, 2018a).  
Impossible Foods intends on expanding the uses of soy leghemoglobin in the U.S. to include other meat 
analogue products (i.e., pork analogues); under the proposed uses, soy leghemoglobin would be added 
to beef analogue products at up to 0.45%, and to pork analogue products at up to 0.25%. 

In August 2018, the Agri-Food & Veterinary Authority (AVA) of Singapore1 concluded that they have no 
objections to the use of Impossible Foods’ soy leghemoglobin as a food additive/ingredient, and 
permission to begin commercial sales of products containing the ingredient was granted at that time.  
On 27 February 2019, soy leghemoglobin was included into the List of Other Food Additives/Ingredients 
that are Permitted Under the Singapore Food Regulations (SFA, 2019), which specifies that: “Soy 
leghemoglobin derived from genetically modified Pichia pastoris may be used in plant-based meat 
analogues at levels up to 0.45% w/w”. 

                                                           
1 The Agri-Food & Veterinary Authority of Singapore has been recently restructured, with the food-related services now being 

under the purview of the Singapore Food Agency (SFA) (effective 1 April 2019).  
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Based on the U.S. FDA’s “no questions” response letter to the GRAS Notice for soy leghemoglobin, and 
the acceptance of the Singapore AVA for its use as a food additive/ingredient, soy leghemoglobin is 
considered to meet the food regulatory requirements in Hong Kong and it has been in commerce there.  
By extension, products containing soy leghemoglobin have also been distributed into Macao.   

10. Statutory Declaration 

A signed Statutory Declaration is provided in Appendix I. 

11. Checklist 

A completed checklist relating to the information required for submission with this application is 
provided in Appendix II.  
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A. EXCLUSIVE USE OF NOVEL FOODS 

This section is completed in accordance with Section A of Guideline 3.5.2 – Novel foods – of the Food 
Standards Australia New Zealand Application Handbook (FSANZ, 2019), which states the following 
information are to be provided: 

 A statement as to whether the application is seeking exclusive permission for the novel food.  If 
exclusive permission is sought, the application must include details of the following: 

o The specific class of food; and 

o The brand of the food, including the name the food will be marketed under (if known). 

Impossible Foods is not seeking exclusive permission to market their soy leghemoglobin for 15 months, 
should it be approved by FSANZ as a novel food.   
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B.1 Information on the Type of Novel Food 

Impossible Foods obtains soy leghemoglobin by the submerged fermentation of a P. pastoris strain that 
has been genetically modified to express this protein.  Following fermentation, the cells are lysed, then 
physical separation techniques are applied to remove insoluble materials and concentrate the soy 
leghemoglobin.  The resulting liquid concentrate (LegH Prep) is a mixture containing the soy 
leghemoglobin, residual P. pastoris (yeast) proteins, and added stabilisers (e.g., sodium ascorbate and 
sodium chloride).  

Of the major novel food categories listed in Section 3.5.2 – Novel Foods – of the Food Standards 
Australia New Zealand Application Handbook (FSANZ, 2019), the soy leghemoglobin produced by 
Impossible Foods is most appropriately classified as: 

 Food ingredients derived from a new source 

B.2 Information on the Purpose of Adding a Novel Food Ingredient to Food 

Impossible Foods intends to use soy leghemoglobin as a component within their meat analogue 
products.  These products are largely intended for consumption by the general population (age 2 years 
and older).  The primary purpose of adding soy leghemoglobin to meat analogue products is to mimic 
the flavour and aroma of the animal-derived counterpart.  In addition, soy leghemoglobin has nutritive 
value as a source of iron, being analogous to the role of myoglobin as an iron source in red meat.  Once 
cooked and digested, both soy leghemoglobin and animal-based myoglobin release identical heme B 
molecules into the digestive system (see Section C.2).  Studies using cell models of iron bioavailability 
have shown that the bioavailability of iron in soy leghemoglobin is equivalent to that of bovine 
myoglobin when in a food-like substrate (Proulx and Reddy, 2006).  Unlike conventional red meat 
analogue products (i.e., veggie or soy burgers) that typically provide only non-haem iron, the addition of 
soy leghemoglobin to meat analogue products specifically, will provide levels of haem iron that are 
comparable to those present in an equivalent serving of red meat.  A further discussion of the 
nutritional impact of soy leghemoglobin is provided in Section E.  

Thus, the addition of soy leghemoglobin to meat analogue products will enhance both the flavour and 
the nutritional profile of those products.  These products offer the juicy, meaty taste that meat-eaters 
crave, and they also appeal to vegetarians and vegans since it is made without animal products. 

B.3 Information on the Physical and Chemical Properties  

B.3.1 Common or Usual Name 

Soy leghemoglobin2 (UniProtKB/Swiss-Prot #: P02236, Genelnfo Identifier [GI] 126241) is the principal 
component of LegH Prep.  An appropriate common or usual name to identify this ingredient in food 
products is “soy leghemoglobin”.  The label of food products sold by Impossible Foods containing soy 
leghemoglobin will disclose an allergen warning, (i.e., “Contains Soy”), and Impossible Foods will provide 
training materials and information to restaurants who purchase the product indicating it is a soy-protein 
based product.   

                                                           
2 In this application, the terms “soy leghemoglobin” and “soy Ieghemoglobin protein” are used interchangeably to refer to the 

characterizing component in the LegH Prep. 
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B.3.2 Identity of Soy Leghemoglobin  

Soy leghemoglobin is a small 16 kDa holoprotein (protein + heme cofactor) expressed within the 
nitrogen-fixing root nodule of the soybean plant (Glycine max), and it exists in symbiotic relationship 
with heme producing bacteria within the root nodules (O’Brian et al., 1987).  The soybean nodule 
contains 4 major species of leghemoglobin (Lba, Lbc1, Lbc2, and Lbc3) (Fuchsman and Appleby, 1979), 
along with several minor components that are post-translationally modified forms of the major species 
(Whittaker et al., 1981).  The 4 major soy leghemoglobin species are encoded by closely related genes, 
and the protein sequence differ by only a few amino acids (Brisson and Verma, 1982). 

Soy leghemoglobin c2, which is encoded by the LGB2 gene3 in the soybean plant, is expressed during 
fermentation with a genetically modified P. pastoris production strain developed by Impossible Foods.  
The resulting LegH Prep that is produced is specified to contain up to 9% soy leghemoglobin on a wet 
weight basis.  At least 65% (w/w) of the total proteins in the LegH Prep is accounted for by soy 
leghemoglobin; the remainder represents residual yeast proteins from the P. pastoris production strain.  

Of note, the LGB2 gene encoding for leghemoglobin c2 in the soybean plant (Glycine max) was 
synthesised and codon-optimised for expression in P. pastoris.  The amino acid sequence of soy 
leghemoglobin c2 expressed by the genetically modified P. pastoris is identical to that of the naturally 
occurring soy leghemoglobin c2, as indicated below.  

Amino Acid Sequence for Leghemoglobin c2 in Glycine max (Soybean) 
NCBI Reference Sequence: NP_001235248.2 (145 aa) 
    1 MGAFTEKQEA LVSSSFEAFK ANIPQYSVVF YTSILEKAPA AKDLFSFLSN GVDPSNPKLT 
  61 GHAEKLFGLV RDSAGQLKAN GTVVADAALG SIHAQKAITD PQFVVVKEAL LKTIKEAVGD 
121 KWSDELSSAW EVAYDELAAA IKKAF 

B.4 Manufacturing Process  

B.4.1 Overview 

LegH Prep is manufactured by Impossible Foods in compliance with current Good Manufacturing 
Practices (cGMP).  A schematic overview of the manufacturing process is presented in Figure B.4.1-1 
below.  All materials used in the production of LegH Prep are standard ingredients used in the 
food/enzyme industry and are suitable for their intended use.  These materials are food-grade or high-
quality chemical- and pharmaceutical-grade obtained from approved suppliers.  The process used to 
isolate soy leghemoglobin from a well-characterised fermentation medium complies with the Enzyme 
Technical Association’s guidelines for microbially derived recombinant proteins (Enzyme Technical 
Association, 2005; Taylor and Baumert, 2013). 

A full description of the manufacturing process is provided in Appendix III [CONFIDENTIAL], which 
includes proprietary information on the raw materials and processing aids, and details of the 
development and characterisation of the production strain.  A non-confidential description of the 
P. pastoris production strain and its construction is presented in Sections B.4.2 and B.4.3 below.  This is 
followed by a non-confidential summary of the fermentation and recovery steps in Section B.4.4.  A 
description of the quality control measures is provided in Section B.4.5. 

                                                           
3 May be alternatively denoted as the LBC2 gene. 
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B.4.2.2 Donor Organisms 

Initially, the P. pastoris MXY0291 production strain was used by Impossible Foods to produce their soy 
leghemoglobin.  Details of the MXY0291 production strain have been summarised in the U.S. GRAS 
Notice submitted for soy leghemoglobin, which was issued a “no questions” response from the U.S. FDA 
(GRN 737 – U.S. FDA, 2018a).  The only heterologous donor gene introduced to the production strain is 
the LGB2 gene encoding leghemoglobin from the soybean plant (Glycine max), which was synthesised 
and codon-optimised for expression in P. pastoris.  Other changes introduced into the production strain 
include an upregulation of the native heme biosynthesis pathway and some transcriptional machinery of 
the Pichia genome.  Additionally, Mxr1, a transcriptional activator of the native P. pastoris alcohol 
oxidase promoter (pAOX1), is overexpressed.  Impossible Foods has since further optimised the 
MXY0291 strain for the production of soy leghemoglobin; the details of these optimisations are 
provided in Appendix III [CONFIDENTIAL].  These additional modifications are minor and do not affect 
the safety profile of the LegH Prep.  

The only recombinant DNA in the MXY0291 or the optimised MXY0541 production strain that is not 
already native to P. pastoris is the LGB2 gene encoding for soy leghemoglobin.  However, as mentioned, 
the LGB2 gene is generated by Impossible Foods through DNA synthesis, which ensures that only the 
leghemoglobin protein from the soybean plant is expressed.  

B.4.2.3 Recipient (Host) Organism  

The P. pastoris production strain is constructed from the recipient strain Bg11 (internally referenced as 
MXY0051) using a series of genetic transformations.  The recipient strain is purchased from 
BioGrammatics Inc. (Carlsbad, CA) and represents a safe strain lineage with a long history of use in 
production of food enzymes (see Section B.4.2.4).  As indicated in Figure B.4.2.3-1, the P. pastoris 
recipient strain Bg11 and its precursor Bg10 are derived from the well-characterised strain Y-11430, 
which is deposited in the collection at the Northern Regional Research Laboratories (NRRL).  The lineage 
of P. pastoris strain NRRL Y-11430 is discussed in brief below.  A detailed description of the strain lineage 
of NRRL Y-11430 is presented in a GRAS Notice that has been submitted to the U.S. FDA (GRN 204 – 
U.S. FDA, 2006).  

The first P. pastoris strains were isolated from an oak tree and a chestnut tree and were deposited in the 
collection at the NRRL4 (see Figure B.4.2.3-1, and www.biogrammatics.com).  Yeast strains screened by 
Phillips Petroleum for growth on methanol included 2 P. pastoris strains, designated NRRL Y-1603 
(American Type Culture Collection [ATCC] accession 28485) (ATCC, 2016a) and NRRL YB-4290 
(NCAUR, 2019).  Phillips Petroleum identified a P. pastoris strain with improved growth characteristics.  
The strain was designated 21-1 and deposited at NRRL, as NRRL Y-11430 (Wegner, 1986).  This strain is 
now available from ATCC as 76273 (ATCC, 2016b).  No records are available confirming that NRRL Y-1603 
or NRRL YB-4290 is the progenitor of NRRL Y-11430, but it seems likely that 1 of them is the progenitor 
strain (Madden, 2014).  NRRL Y-11430 was the progenitor strain for GS115, a histidine auxotrophic 
mutant (his4-) (Cregg et al., 1985), a common P. pastoris strain provided in commercial kits by 
Invitrogen Corporation, and widely used as the parental strain of many biotechnology products.  
Additionally, the GS115-derived strain SMD1168 is used for the GRAS approved production of BD16449 
Phospholipase C (GRN 204 – U.S. FDA, 2006).  Like GS115, the BioGrammatics, Inc. strain, Bg10 is also a 
derivative of NRRL Y-11430, and genomic sequencing data performed by BioGrammatics, Inc. confirm 
the similarity of NRRL Y-11430, Bg10 and GS115 (Figure B.4.2.3-1).  Additional taxonomic history of 

                                                           
4 The NRRL collection is now known as the Agriculture Research Service Culture Collection and is at the Microbial Genomics and 

Bioprocessing Research Unit (MGB) of the National Center for Agricultural Utilization Research (NCAUR) in Peoria, IL. 
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these strains is available in a 2009 manuscript by C. Kurtzman (Kurtzman, 2009) and on the 
BioGrammatics, Inc. webpage (biogrammatics.com).  

BioGrammatics, Inc. further developed the NRRL-Y-11430 strain to remove the native P. pastoris 
plasmids.  Polymerase chain reaction (PCR) primers unique to the plasmids were used to screen multiple 
single colony isolates for the presence of the plasmids.  One isolate without plasmids was selected to 
become the wild-type BioGrammatics, Inc. strain, Bg10.  Genomic sequence from Bg10 indicates the 
plasmids are no longer present, and, benchmarks the similarity of Bg10 with NRRL-Y11430, as well as 
with GS115.  Like NRRL Y-11430 and GS115, Bg10 does not contain antibiotic-resistance genes.  

P. pastoris is a methylotrophic yeast that is capable of using methanol as sole carbon source.  Alcohol 
oxidase 1 (Aox1) is the primary enzyme responsible for methanol metabolism, and strains lacking this 
enzyme have a reduced rate of methanol utilisation and are therefore preferred in industrial 
fermentations due to decreased heat generation and rate of oxygen consumption.  BioGrammatics, Inc. 
deleted the gene encoding for Aox1 from Bg10 using homologous recombination to generate a strain 
that grows more slowly on methanol-containing induction media.  The antibiotic resistance gene and 
background vector sequences used during homologous recombination were subsequently removed to 
generate a clean, antibiotic resistance gene-free Bg11 strain (Figure B.4.2.3-1), which was purchased by 
Impossible Foods for the construction of their production strain.  

Figure B.4.2.3-1  Strain Lineage of Recipient Strain Bg11 (MXY0051) 

 

B.4.2.4 History of Use  

As mentioned, the soy leghemoglobin produced by Impossible Foods is expressed intracellularly within 
the P. pastoris production strain, and isolation of the protein requires cell lysis, which is then followed 
by physical separation methods.  Some residual amounts of the P. pastoris production strain, including 
residual protein (representing up to 35% of the total protein) and DNA (approximately 300 mg/L), 
remains in the final LegH Prep.   
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A comprehensive discussion on the safety of the production strain developed by Impossible Foods to 
produce their soy leghemoglobin is presented in Section C of this application.  In brief, the P. pastoris 
production strain is derived from a strain lineage (NRRL YB-11430) that is well-characterised and has a 
long history of safe use in the manufacture of various food enzymes and pharmaceutical agents 
(Cereghino and Cregg, 2000; see Section C.5.1).  Pichia is non-pathogenic and non-toxigenic (see 
Section C.5.2), and P. pastoris has been granted Qualified Presumption of Safety (QPS) status by the 
European Food Safety Authority when used for enzyme production (EFSA, 2017).  Moreover, all of the 
recombinant DNA that are introduced into the production strain are native to P. pastoris, with the 
exception of the gene encoding for leghemoglobin in the soybean plant (Glycine max), which is obtained 
through DNA synthesis.  

Given the long history of safe use for this strain lineage, no safety concerns are anticipated from the use 
of the P. pastoris production strain in the manufacture of Impossible Foods’ soy leghemoglobin 
ingredient.  

B.4.2.5 Antibiotic Resistance 

The production strain does not contain any antibiotic resistance genes (see Appendix III 
[CONFIDENTIAL]).  Moreover, the final stages of processing for the LegH Prep includes a heat treatment 
step to ensure that no viable P. pastoris production strain remains.   

B.4.3 Nature of the Genetic Modifications  

B.4.3.1 Overview 

To enable the expression of soy leghemoglobin, a series of transformations involving different 
expression constructs was applied to the Bg11 recipient strain (internally referenced as MXY0051) to 
generate the P. pastoris production strain.  A schematic of the different transformation steps, along with 
the intermediate strains generated, is presented in Figure B.4.3.1-1.  A non-confidential description of 
each step used to obtain the MXY0291 production strain, as detailed in GRN 737, is provided in 
Sections B.4.3.2 to B.4.3.4.  Impossible Foods has since introduced several minor modifications to 
further optimised the MXY0291 strain for the production of soy leghemoglobin.  A non-confidential 
description of the modifications made and the construction of the optimised MXY0541 production strain 
are described in Section B.4.3.5.   

Figure B.4.3.1-1  Construction of the Pichia pastoris Production Strain MXY0541  
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B.4.3.2 Construction of MXY0213: Strain Overexpressing the Heme Biosynthesis Pathway  

To increase the intracellular concentration of heme to generate sufficient heme bound soy 
leghemoglobin protein, the heme biosynthetic pathway of Bg11 was upregulated.  Heme biosynthesis is 
the result of an 8-step pathway, each catalysed by a distinct, highly conserved enzyme (see 
Figure B.4.3.2-1).  Genes encoding all 8 enzymes of the Pichia heme biosynthesis pathway were 
amplified from the Pichia genome and cloned into 2 plasmids: pMX349 and pMX346.  The 2 plasmids 
were linearized using restriction enzyme (Pme1) digestion and sequentially transformed into the 
recipient strain Bg11 leading to integration of the entire cassette expressing the sets of heme enzymes 
in the genome.  Following each round of transformation, the integrated antibiotic resistance genes 
flanked by lox restriction sites were removed from the strain using cre-lox recombination.  This resulted 
in MXY0213, a stable strain that contained extra copies of the native Pichia heme biosynthesis enzymes 
under extra copies of the native pAOX1 promoter. 

Figure B.4.3.2-1 The Highly Conserved Pathway for Heme Biosynthesis 

 

Note: Enzymes catalysing each step are shown on the right in italics. 

B.4.3.3 Construction of MXY0260: Strain Overexpressing Mxr1 and the Heme Biosynthesis Pathway  

Mxr1 is a transcriptional activator of the pAOX1.  This promoter has been demonstrated to produce high 
levels of recombinant proteins by P. pastoris strains when cultivated on glycerol as a carbon source and 
methanol as an inducer of pAOX1 (Cereghino and Cregg, 2000).  The presence of Mxr1 leads to 
improved production of the recombinant soy leghemoglobin protein.  A linear cassette of DNA 
containing the modified P. pastoris MXR1 gene under the control of pAOX1 promoter and AOX1 
terminator (AOX1TT) was introduced into MXY0213 by co-transformation using an empty plasmid vector 
containing 2 antibiotic resistance genes.   
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Due to the cloning strategy, the overexpressed Mxr1 protein contains 6 extra amino acids on its N-
terminus compared to the native P. pastoris Mxr1.  Mass spectrometry analysis demonstrates that 
neither the modified Mxr1 protein nor the native Mxr1 protein is detectable in the final LegH Prep (see 
Appendix III [CONFIDENTIAL]).  The pAOX1-MXR1-AOX1ter DNA cassette and an empty plasmid vector 
containing an antibiotic resistance gene were co-transformed into MXY0213.  This enabled selection of 
transformants containing the empty vector, which were then screened by colony PCR for integration of 
the cassette at the pAOX1 locus.  Transformants containing the desired MXR1 integration were 
subsequently cured of the empty vector and confirmation of plasmid loss was demonstrated by 
screening for antibiotic sensitivity and PCR (see Appendix III [CONFIDENTIAL]).  The resulting strain was 
MXY0260, the parent to the production strain MXY0291.  

B.4.3.4 Construction of MXY0291: Production Strain Overexpressing Soy Leghemoglobin  

The LGB2 gene encoding for leghemoglobin in the soybean plant (Glycine max) was synthesised and 
codon-optimised for expression in P. pastoris.  A linear cassette of pAOX1-LGB2-AOX1ter was PCR 
amplified and introduced into MXY0260 by co-transformation as described above.  Quantitative 
polymerase chain reaction (qPCR) and protein expression assays identified the production strain, 
MXY0291, which contains 16 copies of the recombinant LGB2 gene.  As described above, antibiotic 
sensitivity and PCR were used to demonstrate effective curing of the plasmid following co-
transformation.  

B.4.3.5 Construction of MXY0541: Optimised Production Strain Overexpressing Soy Leghemoglobin  

In an effort to further increase production of leghemoglobin, additional copies of LGB2 were introduced.  
Optimisations to the heme biosynthesis pathway were also made. Details of these modifications are 
described in Appendix III [CONFIDENTIAL].   

B.4.3.6 Molecular Characterisation of the Genetic Modifications  

The genome of the MXY0291 production strain initially developed by Impossible Foods has been well-
characterised and completely sequenced, and it is confirmed to contain the following sequences in 
addition to the background P. pastoris DNA: 

 Sixteen copies of pAOX1-LGB2-AOX1ter  

 One copy of pAOX1-MXR1-AOX1ter  

 One copy of a portion of pMX349 (no antibiotic resistance genes, no origin of replication)  

 Two to three copies of a portion of pMX346 (no antibiotic resistance genes, no origin of 
replication)  

The additional genetic changes that have been introduced into MXY0291 to generate the current 
optimised production strain (MXY0541) have been verified by standard PCR and quantitative PCR based 
methods (see Appendix III [CONFIDENTIAL]).  Moreover, the genome of MXY0541 has been completely 
sequenced and been confirmed to contain the following additional changes: 

 Several copies of a CPG oxidase cassette  

 Additional copies of the LGB2 gene  
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B.4.3.7 Stability of the Genetic Changes 

All changes introduced into both the initial (MXY0291) and current (MXY0541) production strains are 
stably integrated in the genome and confirmed to be present after >150 to 200 generations of growth 
on non-selective growth media.  No plasmid sequences are present in the production strain.   

B.4.4 Fermentation and Recovery Processes for the LegH Prep  

Soy leghemoglobin is expressed during submerged fed-batch fermentation using the P. pastoris 
production strain.  Frozen cell banks of the P. pastoris production organism, maintained at -80°C in 
20% v/v glycerol, are used as the source inoculum for production of the LegH Prep.  The master cell bank 
is stored at multiple locations.  Working cell banks are prepared from the master cell bank and are 
tested for microbial purity, specific growth rate, and soy leghemoglobin yield prior to production 
fermentation.  The fermentation broth is periodically analysed microscopically to ensure culture purity.  
Process parameters including pH, temperature, agitation, dissolved oxygen, methanol concentration and 
glycerol concentration are routinely monitored throughout fermentation.  Fermentations that incur 
microbial contamination and/or other process deviations that affect safety and/or quality are sterilised 
by steam in place and discarded. 

Once fermentation is complete, the P. pastoris cells in the fermentation broth are lysed by suitable 
processes such as bead mill mechanical shearing or high-pressure homogenisation.  Insoluble material 
within the lysate is removed by suitable processes such as centrifugation.  Ultrafiltration or other 
suitable processes are used to concentrate soy leghemoglobin.  Heat treatment is then used to remove 
the remote potential for growth of any possible P. pastoris cells remaining.  The resulting concentrated 
sample is formulated with suitable stabilisers (e.g., sodium ascorbate and sodium chloride), and stored 
as a frozen liquid. 

B.4.5 Quality Controls 

LegH Prep is manufactured in accordance with cGMP.  The manufacturing process employs in-process 
controls to ensure the purity of the final product and minimise the amount of potential impurities to the 
level that is technically feasible.   

Impossible Foods tests the fermentation broth to ensure the absence of microbiological contaminants 
specified in Section B.6 (i.e., Salmonella, Listeria monocytogenes, and Escherichia coli [E. coli] O157:H7).  
In addition, the final product from every LegH Prep production run is tested for these microbiological 
parameters.  Failure to comply with the specifications outlined in Section B.6, would result in the batch 
being evaluated and/or discarded (in the case of the presence of a pathogen), the execution of 
additional sanitisation standard operating procedures in compliance with Impossible Foods’ internal 
food-safety standards, and a root cause analysis. 

B.5 Information on the Impurity Profile 

Impossible Foods has established acceptable limits for heavy metal and microbiological contaminants in 
the specifications for their LegH Prep (see Section B.6).  Additionally, in accordance with the 
recommendations for safety evaluation by the International Food Biotechnology Committee 
(IFBC, 1990a), Impossible Foods has demonstrated that viable colonies of the P. pastoris production 
strain are not detected in the LegH Prep, supporting the effectiveness of the process controls for 
removal and/or inactivation of the production organism. 
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B.7 Analytical Detection Method 

Soy leghemoglobin is measured in samples via a UPLC-based assay developed and validated by 
Impossible Foods.  The UPLC method detects and quantitates the amount of soy leghemoglobin in a 
liquid sample (LegH Prep) and on extracts of the Impossible Foods meat analogue (burger) product.  
Details of the confidential analytical method is provided in Appendix IV [CONFIDENTIAL]. 
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C.1 Approach of the Safety Assessment  

The safety assessment of Impossible Foods’ LegH Prep, as described herein, has been conducted in 
accordance with the general principles outlined in the Food Standards Australia New Zealand 
Application Handbook (FSANZ, 2019), and the Guideline for the Conduct of Food Safety Assessment of 
Foods Produced Using Recombinant-DNA Microorganisms from the CODEX Alimentarius (CAC/GL 46-
2003 - Codex Alimentarius, 2003).   

The 2-tier testing strategy for the safety evaluation of protein products of biotechnology developed by 
International Life Sciences Institute (ILSI) was applied as a tool for part of the safety assessment process 
(Delaney et al., 2008; Hammond et al., 2013).  The Tier I step involves hazard characterisation of the 
protein and includes consideration of biological function, mode of action or intended use application of 
the protein, assessment of the history of safe use, a comparison of the amino acid sequence of the 
protein to other known proteins (i.e., allergens and toxins).  In instances where information from the 
Tier I assessment are sufficiently robust to characterise the hazard of the protein, safety of the protein 
may be supported without the need for further evaluation through traditional toxicological testing 
paradigms.  Where gaps or safety concerns are identified at the Tier I stage, Tier II testing may involve 
toxicological studies or other hypothesis-based testing strategies to answer specific safety related 
questions.  

An outline of the 2-tier safety assessment approach as it applies to the LegH Prep is presented in 
Figure C.1-1.  As part of the Tier I assessment, Impossible Foods noted that leghemoglobin is derived 
from soybeans (Glycine max), a donor organism that has a safe history of consumption and is not known 
to produce protein toxins.  The structure function of soy leghemoglobin is well-characterised and based 
on its structural homology to other heme proteins consumed in the diet (e.g., myoglobin), it can 
therefore be concluded that the protein would not display undesirable biological activities that are of 
concern for use as a food ingredient.  Bioinformatic evaluations did not identify soy leghemoglobin as 
homologous to any protein within available databases of known and putative allergens and toxins.  
In vitro studies also have demonstrated that soy leghemoglobin is susceptible to pepsin-based digestion 
(Jin et al., 2018).  Limitations or data-gaps identified in the Tier I safety assessment included the fact that 
soy leghemoglobin does not have a direct history of consumption as the protein is expressed exclusively 
in the root nodule of the plant.  Although this data-gap was not considered substantive as it applied to 
the safety assessment, a series of preclinical toxicity studies were conducted as part of the Tier II 
assessment process to provide corroborating information on the safety conclusions derived from Tier I.  
These included repeated-dose toxicology testing in Sprague-Dawley rats and a battery of in vitro 
genotoxicity studies involving LegH Prep, which contain soy leghemoglobin as the characterizing 
component (Fraser et al., 2018).  The results of these studies confirm that the LegH Prep is innocuous as 
no evidence of toxicity or risk of genotoxicity was observed.  The no-observed-adverse-effect level 
(NOAEL) from a 28-day feeding study in rats was derived as 1,536 mg LegH Prep dry solids/kg body 
weight/day, the highest dose tested in the study, which corresponded to 750 mg soy leghemoglobin/kg 
body weight/day (Fraser et al., 2018).  Protein toxins, as a structural class, can be defined as acute toxins 
(Pariza and Foster, 1983; Delaney et al., 2008; Hammond et al., 2013), and therefore the results of a 
short-term toxicity study, in conjunction with findings from the Tier I assessment, are sufficient to 
support that soy leghemoglobin (and the LegH Prep in which it is delivered) do not represent a safety 
hazard for food use. 

The safety assessment also included a comprehensive evaluation of the safety of the production 
organism, and potential fermentation products derived thereof that may be transferred to the 
LegH Prep.  As the LegH Prep is a protein preparation, the safety assessment approach for food enzymes 
produced from traditional practices and from techniques of modern biotechnology was considered a 
relevant tool for the safety evaluation process.  The safety assessment of food enzymes involves a 
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decision tree approach that places emphasis on independent hazard characterisation of the enzyme and 
the production strain lineage.  The safety of non-enzyme constituents originating from the fermentation 
process (i.e., the production organism) can be supported through an understanding of the safety of the 
strain lineage.  Where a production organism has an established history of safe use in the production of 
food enzymes, and where these enzyme preparations have been the subject of previous safety 
evaluations, safety conclusions on the strain lineage can be extended to enzymes produced from 
modified progenitors of the lineage provided that specific questions on the nature of the genetic 
modifications are addressed (e.g., the genetic modifications do not introduce unknown pleiotropic 
effects, absence of potentially transferable antibiotic resistance genes).  A similar approach to the safety 
assessment of genetically modified products has been accepted by the European Food Safety Authority 
(EFSA), who has stated that:  

“In the case Genetically Modified Microorganisms (GMM) for which the species of the recipient 
strain qualifies for the QPS status, and for which the genetically modified state does not give rise 
to safety concerns, the QPS approach can be extended to genetically modified production 
strains” (EFSA, 2018, 2019).   

Therefore, toxicological studies would not be required if the GMM production strain is derived from a 
strain lineage with QPS status, and if the genetic modification raises no safety concerns. 

Impossible Foods notes that the P. pastoris production strain is derived from a species with QPS status 
(EFSA, 2017) and from a strain lineage (NRRL YB-11430) that is well-characterised and represents a 
progenitor of several derivatives that have a long-history of use in the manufacture of food enzymes and 
pharmaceutical agents (Cereghino and Cregg, 2000).  In fact, all P. pastoris strains are derivatives of 
NRRL-Y 11430 (Northern Regional Research Laboratories, Peoria, Ill.) (Cregg, 2018).  Numerous 
recombinant protein preparations from this lineage have been the subject of toxicological evaluations 
confirming that the strain lineage does not produce natural protein toxins or other secondary 
metabolites that are of toxicological concern when cultivated under conventional fermentation 
conditions used for protein production.  For example, phospholipase C produced from a recombinant 
strain of P. pastoris has been the subject of formal safety evaluations under the GRAS procedure 
(GRN 204), which was without evidence of toxicity in toxicological evaluations (Ciofalo et al., 2006).  
Other enzyme preparations from the NRRL YB-11430 also have been the subject of repeat-dose 
toxicological evaluations without evidence of toxicity (Zhu et al., 2012; Driss et al., 2014).  Impossible 
Foods is not aware of any published evidence that this strain lineage contains the biosynthetic capacity 
to produce undesirable substances provided the genetic transformations are well-characterised.  
Impossible Foods notes that their production strain does not contain antibiotic resistance genes, and the 
only foreign DNA inserted into the organism is a gene encoding for the synthesis of soy leghemoglobin; 
therefore, none of the genetic transformations would be expected to produce pleiotropic effects of 
safety concern.  Impossible Foods’ soy leghemoglobin is expressed intracellularly within P. pastoris and 
isolation of the protein preparation involves cell lysis and physical separation methods; these 
production processes are virtually identical to the production processes that are applied for food 
enzymes.  Accordingly, the available data and information characterizing the safety of NRRL YB-11430, in 
particular repeated-dose toxicology studies that have been conducted with enzyme preparations 
obtained from this strain lineage, support the conclusion that the strain lineage is a safe and suitable 
expression system for production of protein preparations used in food.  Therefore, this history of safe 
use for the strain lineage can be extended to the production strain developed by Impossible Foods for 
the production of soy leghemoglobin.  
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Figure C.1-1 Safety Assessment Approach for LegH Prep 

 

Based on the hazard characterisation of the recombinantly expressed protein (soy leghemoglobin), the 
Pichia proteins, and the production strain (Figure C.1-1), the LegH Prep can be concluded safe and 
suitable for use in ground meat analogue products marketed in Australia/New Zealand.  Detailed 
description of the data and information supporting the aforementioned safety assessment are 
presented in Sections C.2 to C.6 below. 

C.2 History of Safe Consumption and Functions of Heme Proteins 

Haemoglobin proteins are found in most organisms, including bacteria, protozoa, fungi, plants and 
animals (Hardison, 1998).  Heme proteins are classified as globin/non-globin and symbiotic/non-
symbiotic.  Haemoglobin, myoglobin, and leghemoglobin are examples of globin proteins.  Cytochrome 
oxidases, hemocyanins, and methemalbumin are examples of non-globin heme proteins (Everse, 2004; 
Jokipii-Lukkari et al., 2009).  Plant haemoglobins are classified according to function as symbiotic or non-
symbiotic (Gupta et al., 2011).  Symbiotic haemoglobins are found predominantly in leguminous plant 
species.  The most studied symbiotic haemoglobins are the leghemoglobins of nitrogen-fixing legumes 
where they facilitate oxygen diffusion within root tissues.  Non-symbiotic haemoglobins have been 
identified in a wide range of legume and nonlegume plants.  The highest expression levels for 
nonsymbiotic plant haemoglobin are observed in metabolically active or stressed tissue (Anderson et al., 
1996). 

Soy has been shown to express 3 haemoglobin proteins: symbiotic, nonsymbiotic, and truncated 
(Lee et al., 2004).  The proteins share a common evolutionary origin (Vinogradov et al., 2007) and, based 
on structural studies and homology modelling, share a common 3-dimensional structure involving an 
alpha helical globin-fold wrapped around a heme B molecule (Ellis et al., 1997) (Appendix VI).  The 
members of this protein family are all involved in selective transport, storage or buffering of oxygen 
levels in cells and tissues (Vinogradov and Moens, 2008).  The shared and well-characterised physiology 
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of these proteins strongly supports the inference that the shared 3-dimensional structure of these 
globin proteins evolved to bind oxygen.  

Symbiotic haemoglobins, found predominantly in legume species, function in the nitrogen fixation 
process in concert with the bacterium Rhizobium where they facilitate oxygen diffusion within host 
tissues.  Symbiotic plant haemoglobins, which evolved from non-symbiotic haemoglobins (Wajcman and 
Kiger, 2002; Gupta et al., 2011), are commonly referred to as leghemoglobins.  Leghemoglobins’ 
structure and their oxygen binding mechanism are similar to those of animal muscle myoglobin proteins 
(Hargrove et al., 1997).  The primary sequence of soy leghemoglobin is not homologous to the primary 
sequences of mammalian myoglobins.  However, the primary sequence of soy leghemoglobin does not 
contain significant homology to any known allergens or toxins, and therefore does not present a known 
safety concern (see Section C.6). 

Non-symbiotic plant haemoglobins from soy, barley, rice, corn, and mung beans are widely consumed in 
the diet.  Anderson et al. (1996) demonstrated that the nonsymbiotic haemoglobin in soy was expressed 
in various plant tissues including stems, shoots, cotyledon, leaves, and root hair.  These soy tissues are 
commonly consumed in the diet in the form of soybean sprouts.  Sprouted barley, which is widely used 
in the beverage industry (malted barley) and in the baking industry (malted barley flour), has been 
shown to express haemoglobin 1 day after imbibition (Duff et al., 1998).  Non-symbiotic haemoglobins 
are expressed in the rice embryo as well as in the coleoptiles and seminal root of sprouted rice, which is 
consumed as part of the diet as well (Lira-Ruan et al., 2011).  Non-symbiotic haemoglobin is expressed in 
corn seedlings and may provide a good source of bioavailable heme in mature corn seeds 
(Bodnar, 2011).  Impossible Foods has detected non-symbiotic haemoglobin in mung bean sprouts by 
mass spectrometry.  The 3-dimensional structure of soy leghemoglobin is highly similar to the non-
symbiotic haemoglobins of corn, rice, and barley (Appendix VI).  Although there are no crystal structures 
for non-symbiotic haemoglobins from soy or mung beans, based on the highly similar structures of non-
symbiotic haemoglobins from corn, rice and barley to each other and to soy leghemoglobin, 
Impossible Foods expects that they (soy and mung) are likewise structurally similar.  

Thus, haemoglobin proteins of plant and animal sources are widely consumed in the human diet and 
represent a highly bioavailable source of dietary iron for human nutrition.  Proulx and Reddy 
demonstrated that soy leghemoglobin and bovine haemoglobin showed similar iron bioavailability 
within a food matrix, both of which were higher than free iron (Proulx and Reddy, 2006).  Furthermore, 
plant-derived haemoglobins are already prevalent in our food system through malted grain products 
and sprouted seeds, grains, rice and beans (pulses) (Anderson et al., 1996; Duff et al., 1998; Lira-Ruan et 
al., 2011).  

The heme B moiety plays a central role in oxygen binding, and the structure of the globin protein serves 
to isolate the heme from other molecules by creating a small binding pocket inaccessible to most other 
molecules (Ellis et al., I 997).  Thus, heme B-containing globin proteins remain largely inert so long as the 
3-dimensional structure is maintained.  When globin proteins are heated, as in cooking, or exposed to a 
low pH environment, as in the human stomach, the protein unfolds, and the heme B molecule is 
released (Appendix VI).  Impossible Foods has shown that heme B, released when myoglobin is heated 
to cooking temperature, plays a major role in generating the flavours and aromas characteristic of 
cooked meat (see Appendix VI).   

The abundant consumption of heme B is widespread in humans and other animals, as heme proteins are 
abundant in animal tissues consumed as meat and are also present in the leaves and other routinely 
consumed parts of plants.  Thus, there is overwhelming evidence that heme B-containing proteins, 
which are functionally equivalent to Impossible Foods’ soy leghemoglobin, have been safely consumed 
throughout human history. 
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There is no evidence that any of the globin subfamily that contains the plant haemoglobins have any 
biochemical activities other than the binding of oxygen (O2) or the structurally similar carbon dioxide 
(CO2), nitrous oxide (NO), and carbon monoxide (CO).  The 3-dimensional structure of leghemoglobin 
contains no additional active sites to distinguish it from widely consumed heme proteins, nor is there 
any biochemical or physiological evidence that this protein has any enzymatic activity or other function 
outside of controlled binding to oxygen.  

Thus, there is no evidence to suggest that soy leghemoglobin in food will behave any differently from 
the myriad of other functionally equivalent and widely consumed globin proteins in the human diet.  
However, due to a lack of widespread human consumption, Impossible Foods has used rigorous 
scientific procedures to evaluate soy leghemoglobin for potential toxicity or allergenicity, with results 
confirming that soy leghemoglobin (and the LegH Prep in which it is delivered) is non-toxic and poses 
negligible risk of allergenicity. 

C.3 Absorption, Distribution, Metabolism and Excretion (ADME) 

As discussed by Delaney et al. (2008), proteins that are unstable to the gastrointestinal system will not 
retain their functional attributes and therefore are of lower inherent risk to exhibit safety concerns 
following ingestion. 

Detailed discussion of the in vitro digestibility of the LegH Prep is presented in Section C.6.3.  In brief, 
soy leghemoglobin and Pichia proteins present within LegH Prep were shown to be readily digested by 
pepsin at pH 2.  There are no compositional elements in LegH Prep that warrant further characterisation 
of the absorption, distribution, metabolism and excretion (ADME) profile of the ingredient.   

C.4 Toxicological Data  

Impossible Foods’ LegH Prep has been the subject of comprehensive toxicological assessment, including 
28-day oral toxicity studies conducted in rats, an in vitro bacterial reverse mutation assay, and an in vitro 
mammalian chromosome aberration test in human lymphocytes.  These studies have been reviewed by 
various qualified scientific experts and by the U.S. FDA as part of the voluntary GRAS Notification 
procedure (GRN 737 – U.S. FDA, 2018a).  These data were also published in a peer-reviewed publication 
(Fraser et al., 2018), and the full study reports of these toxicological studies are provided in 
Appendix VII.   

Although the LegH Prep employed in these studies were produced using the initial MXY0291 production 
strain, their results are considered to be applicable to the LegH Prep produced by the current optimised 
MXY0541 strain on the basis that: (i) the composition of the LegH Prep produced by either strains are 
comparable and meets the same defined specifications; (ii) MXY0541 is a derivative of the MXY0291 
strain; (iii) the DNA sequence encoding for the soy leghemoglobin and accordingly, the expressed 
protein, are identical in both strains (see Appendix III [CONFIDENTIAL]); and (iv) the additional 
modifications made to MXY0541 involve the incorporation of genes that are native to P. pastoris; they 
are only intended to optimise the production of soy leghemoglobin, and no unintended protein 
products are expected in the final LegH Prep (see Appendix III [CONFIDENTIAL]).  
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Experimental observations included ophthalmologic evaluations, clinical observations, body weights, 
food consumption, clinical pathology including blood chemistry, haematology, coagulation, and 
urinalysis, gross necropsy, organ weights, and histopathology. 

There were no mortalities, clinical observations, ophthalmology, body weight, body weight gain, food 
consumption, or food efficiency changes attributable to the administration of the test article.  
Additionally, there were no test article-related changes in haematology, serum chemistry or urinalysis 
parameters for males or female rats.  Changes in coagulation parameters were limited to a non-dose-
dependent increase in activated partial thromboplastin time in mid- and high-dose males.  Since this 
finding was small in magnitude, with no corresponding pathological or clinical findings, it was not 
considered to be toxicologically relevant. 

There were no test article-related differences in organ weights between test groups.  Further no test 
article-related effects were reported during necropsy, macroscopic, or histopathological examinations in 
the male and female animals, with a single exception of an increased incidence in the metestrus stage of 
the oestrous cycle in the low- and high-dose groups.  As discussed in detail below, the control and 
treated animals used in this study all had distributions of oestrous cycle stages that deviated 
significantly from published reports, suggesting the possibility of a sampling artefact unrelated to the 
administration of the test article.  A follow-up study described below in Section C.4.1.3 demonstrated 
that the observed distributions were very likely due to sampling and assessing oestrous cycle 
distribution on a single day, rather using a longitudinal study that would assess the totality of the 
oestrous cycle and is not indicative of an adverse health effect. 

Due to the oestrous cycle distributions reported in the control group as well as the test animals in the 
28-day oral toxicity study, Impossible Foods elected to carry out a more extensive and rigorous 
longitudinal study focusing on the effects of the LegH Prep on the oestrous cycle of a larger group of 
female rats.  The results of this study, described below, provide strong evidence that the oestrous cycle 
distribution of a group of rats on a given day commonly deviates greatly from their distribution over 
time, and provides a highly unreliable picture of oestrous cycle function. 

C.4.1.3 28-Day Investigative Study in Rats with 14-Day Oestrous Cycle Pre-Screen (Study 44856) 

To directly address the oestrous cycle distributions observed in the 28-day oral toxicity study, a non-GLP 
investigative 28-day dietary study was conducted in rats with a focus on oestrous cyclicity (Product 
Safety Labs, Dayton, NJ) (Fraser et al., 2018).  The full study report is provided in Appendix VII.  The 
study design included a 14-day oestrous cycle pre-screen to ensure that only animals with regular 
cyclicity advanced to the test article-dosing phase.  The oestrous cycle was monitored daily for the last 
14 days of the 28-day dosing period, which is consistent with OECD Test Guideline No. 421 for oestrous 
cycle evaluation (OECD, 2016a).  At study termination, the reproductive organs were evaluated 
macroscopically and microscopically. 

Groups of 15 female CRL Sprague-Dawley CD® IGS rats were administered freeze-dried LegH Prep5 
(containing soy leghemoglobin, Pichia proteins, and other components) in the diet at doses of 0 
(control), 512, 1,024, and 1,536 mg/kg body weight/day.  These doses were selected to correspond to 0, 
250, 500, and 750 mg/kg body weight/day of soy leghemoglobin in the control, low-dose, mid-dose, and 
high-dose groups, respectively.  The control group received unformulated feed.  To maintain target 
dietary dose levels throughout the study, concentrations in the test diets were calculated based on the 
most recent group body weight and food consumption data.  

                                                           
5 The same batch of LegH Prep (PP-PGM2-16-088-301) used in the 28-day oral toxicity study (Study 43166) was used in the 28-

day investigative study with 14-day estrous cycle pre-screen (Study 44856). 
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Prior to the 28-day dosing phase, oestrous was determined daily for 14 days, by vaginal lavage, to 
ensure that each animal had an average oestrous cycle length that was consistent with the published 
literature.  Oestrous was also determined daily for the last 14 days of the 28-day dosing period to detect 
any changes in average oestrous cycle length as a result of LegH Prep consumption.  By monitoring the 
oestrous cycle over time in each rat, the study avoided the sampling artefact of the previous study.  The 
oestrous cycle was not monitored for the first 14-days of the dosing period to avoid over-manipulating 
the animals.  Additional experimental observations included clinical observations, body weights, food 
consumption, gross necropsy, reproductive organ weights (uterus and ovaries with oviducts), and 
histopathology on reproductive organs (vagina, cervix, uterus, ovaries, and oviducts). 

During the 14-day pre-dosing period, there was no significant change in average oestrous cycle length 
between groups, and all animals showed regular oestrous cyclicity.  Therefore, all animals were 
advanced to the 28-day dosing phase.  During the dosing phase, there were no clinical observations 
attributable to the administration of LegH Prep.  There were no changes in body weight, rate of body 
weight gain, food consumption, and food efficiency attributable to LegH Prep administration.  The mean 
number of oestrous cycles for female rats in the low- to high-dose groups were comparable to the 
control group throughout the study.  There were no macroscopic and microscopic observations or organ 
weight changes attributed to the LegH Prep administration.  Therefore, under the conditions of this 
study and based on the toxicological endpoints evaluated, administration of LegH Prep at doses up to 
1,536 mg/kg body weight/day total dry solids (corresponding to 750 mg/kg body weight/day of soy 
leghemoglobin) did not cause any effect in oestrous cyclicity or reproductive organ pathology of female 
Sprague Dawley rats. 

The results from Study 44856 fully address the potential concerns raised by Study 43166 and 
demonstrate that LegH Prep does not affect the female rat oestrous cycle.  Each point is discussed 
below in greater detail. 

Despite intrinsically normal oestrous cycles, the distribution of oestrous cycle stages on any given day 
can often be extremely deviant from the within-rat distribution over time (Figure C.4.1.3-1).  Indeed, 
had the animals been analysed by necropsy on Day 18 of the dosing period, one would have drawn a 
completely different conclusion regarding the test article effect on oestrous cycle than had the necropsy 
been performed on Day 21.  Thus, to avoid sampling artefacts, proper evaluation of the effect of a test 
substance on the oestrous cycle requires an extended longitudinal observation as performed in this 
study, in which no test article-dependent effect on the female oestrous cycle length or progression was 
reported. 

Figure C.4.1.3-1 Number of Rats in the Oestrus Phase of the Oestrous Cycle on Each Day 
(Study 44856) 
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In summary, in Study 44856, Dr. Regan and Product Safety Labs concluded that there was no test 
substance-related effect on reproductive macroscopic or microscopic observations, reproductive organ 
weights, or oestrous cyclicity. 

C.4.1.4 Pathology Peer Review on 28-Day GLP Dietary Toxicity Study in Rats (Study 43166) 

Because no test article-related effects on the female oestrous cycle were seen in Study 44856, 
Impossible Foods commissioned a pathology peer review on the reproductive organs from Study 43166.  
The review pathologist (Dr. Regan) received and evaluated histological slides for the cervix, ovaries, 
oviducts, uterus and vagina, along with the corresponding macroscopic and microscopic finding noted 
by the study pathologist.  Both the study pathologist and review pathologist met and performed an in-
person slide review in June 2017 and reached a consensus evaluation that is reflected in the pathology 
report for Study 43166.  Both pathologists were in agreement on the oestrous cycle staging; however, 
the presence of old and recent corpora lutea suggests that the animals were cycling normally.  
Moreover, Study 44856 clearly illustrates that that there is no test article-dependent effect on oestrous 
cyclicity.  In summary, although the study pathologist for Study 43166 initially reported a possible 
change in the oestrous cycle, following peer review, a consensus was reached that there were no test 
article-dependent effects on the female oestrous cycle and reproductive organs. 

C.4.1.5 No-Observed-Adverse-Effect Level 

In the 28-day GLP dietary toxicity study in rats (Study 43166), there were no test article-related adverse 
effects observed in the male or female animals at the maximum dose tested.  Therefore, the NOAEL for 
administration of LegH Prep solids in the diet of male and female Sprague Dawley rats was the 
maximum dose tested, 1,536 mg/kg body weight/day, which corresponds to 750 mg/kg body 
weight/day of soy leghemoglobin.   

C.4.2 Mutagenicity/Genotoxicity 

The genotoxic potential of LegH Prep (Batch No. PP-PGM2-16-015-101) (containing soy leghemoglobin, 
Pichia proteins, and other components) was evaluated in a bacterial reverse mutation assay and an 
in vitro mammalian chromosome aberration test in human lymphocytes.  The studies were conducted in 
accordance with OECD Testing Guideline Nos. 471 and No. 473, respectively, as well as the OECD 
Principles of GLP (as revised in 1997) (OECD, 1997, 1998, 2016b).  These studies used the standard liquid 
formulation of LegH Prep since, unlike the animal feeding studies, freeze drying was not required for 
test article administration. 

C.4.2.1 Bacterial Reverse Mutation Assay 

A bacterial reverse mutation test was conducted to evaluate the mutagenic potential of LegH Prep 
(Fraser et al., 2018).  The full study report is provided in Appendix VII.  LegH Prep was tested up to a 
maximum concentration of 74,000 μg/plate, which corresponded to a maximum soy leghemoglobin 
concentration of 5,000 μg/plate, in Salmonella typhimurium (S. typhimurium) TA1535, TA1537, TA98, 
TA100, and E. coli WP2 uvrA.  The main test was conducted using the plate incorporation method, both 
in the presence and absence of metabolic activation (S9), and the confirmation test was conducted 
using the pre-incubation method.  No signs of precipitation or contamination were reported in any of 
the strains.  Further, for both the main test and the confirmation test, no signs of toxicity were reported 
in any test strains in the presence or absence of S9.  Based on the results of this study, LegH Prep is non-
mutagenic at concentrations up to 74,000 μg/plate. 
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C.4.2.2 In Vitro Mammalian Chromosome Aberration Test in Human Lymphocytes 

An in vitro chromosome aberration assay was conducted to investigate the potential of soy 
leghemoglobin and LegH Prep to induce structural chromosome aberrations in human lymphocytes 
(Fraser et al., 2018).  The full study report is provided in Appendix VII.  The treatment interval was 
4 hours without and with metabolic activation (Experiment I) and 24 hours without metabolic activation 
(Experiment II).  Tests were performed in duplicate cultures, and 150 metaphases per culture were 
scored for structural chromosomal aberrations.  The metaphases were prepared 24 hours after start of 
treatment with the test item. 

In Experiment I, test concentrations of soy leghemoglobin were 500, 1,000, 2,500, or 5,000 μg/mL. 
In Experiment II, test concentrations of soy leghemoglobin were 100, 200, 500, or 1,000 μg/mL.  In 
Experiment II, precipitation occurred at concentrations 500 μg/mL and higher during the fixation of the 
cells.  In contrast to Experiment I, in Experiment II (long-term treatment), the test item was not removed 
by repeated washing steps, as the treatment period is stopped by the fixation step directly.  When the 
cells were spread on the object slides, the precipitation appeared as a greenish lacquer coat, visible by 
eye and with the aid of an inverted microscope.  The evaluation of aberration rates was not affected. 

In each experiment, percent relative mitotic index was measured for each soy leghemoglobin 
concentration.  A relative mitotic index greater than 45% is required to accurately measure chromosome 
aberrations.  In Experiment I, without metabolic activation, the decrease below 70% relative mitotic 
index was seen at concentrations of 1,000 μg/mL (69%), 2,500 μg/mL (56%), and 5,000 μg/mL (54%).  In 
Experiment I, with metabolic activation, no decrease below 70% relative mitotic index was observed.  As 
noted by OECD Guideline No. 473 (OECD, 2016b), mitotic index is an indirect measurement of toxicity 
that can be influenced by a number of factors such as time and cell cycle disruption, and additional data 
such as cell cycle delay is often helpful in assessing toxicity.  In the current experiments, cell cycle delay 
was assessed in the cell proliferation using the Bromodeoxyuridine (BrdU) technique.  No biologically 
significant decrease in proliferation was noted in Experiment I, and the levels of the mitotic index 
remained above the 45% required to accurately assess chromosomal aberrations.  Further, as noted in 
the study report, the cytotoxicity is likely even lower than shown in Experiment I without metabolic 
activation, as there appeared to be a detoxification in the Experiment I with metabolic activation. 

In Experiment II, without metabolic activation, cytotoxic effects regarding the mitotic index were 
reported at concentrations of 500 μg/mL (69%), 1,000 μg/mL (53%), 2,000 μg/mL (26%), 3,000 μg/mL 
(13%), 4,000 μg/mL (38%), and 5,000 μg/mL (42%). 

In Experiments I and II, no biologically relevant increase in the frequencies of polyploid cells was 
reported at concentrations up to 5,000 μg/mL.  In Experiment I, no biologically relevant decreases of the 
proliferation index were reported at concentrations up to 5,000 μg/mL.  In Experiment II, the values of 
the proliferation index of the negative controls were 1.56.  The proliferation index of the 500 and 
1,000 μg/mL groups were 1.23 and 1.12.  Decreases in the proliferation index of 79% at 500 μg/mL and 
72% at 1,000 μg/mL were observed.  These decreases were not a consequence of chromosome 
aberrations. 

In Experiments I and II, no biologically or statistically significant increase of the aberration rates was 
reported after treatment with LegH Prep containing soy leghemoglobin compared to the solvent control 
cultures.  The x2 Test for trend was performed to test whether there was a concentration-related 
increase in chromosomal aberrations.  No statistically significant increase was reported in all 
experimental conditions.  Ethyl methanesulfonate (EMS) (400 or 900 μg/mL) and cyclophosphamide 
(CPA) (7.5 μg/mL) were used as positive controls and induced distinct and biologically relevant increases 
in cells with structural chromosomal aberrations, thus proving the efficiency of the test system to 
indicate potential clastogenic effects. 
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Under the conditions of these studies, it was concluded that LegH Prep did not induce structural 
chromosomal aberrations in human lymphocyte cells.  Therefore, LegH Prep is considered to be non-
clastogenic in this chromosome aberration test. 

C.5 Safety of the Production Organism 

C.5.1 Origins and History of Use 

As discussed, soy leghemoglobin is produced in the well-characterised expression host P. pastoris 
(Cereghino and Cregg, 2000).  Pichia is non-pathogenic and non-toxigenic.  Pichia belongs to the same 
family of yeast (Saccharomycetaceae) as several yeast genera widely used in food: Saccharomyces, 
Torula, Yarrowia, Dekkera, and Brettanomyces.  Brettanomyces, a yeast traditionally used in brewing 
Belgian beers, belongs to the same sub-family of yeast as Pichia (the Pichiaceae).  Yeast extract (from 
Saccharomyces cerevisiae [S. cerevisiae] and Torula) is frequently directly consumed in substantial 
quantities in human diets.  Impossible Foods’ genetically modified Pichia production strain complies 
with the OECD criteria for Good Industrial Large Scale Practice (GILSP) microorganisms (OECD, 1992).  It 
also meets the criteria for a safe production microorganism as described by Pariza and Foster, Pariza and 
Johnson, and several expert groups (Pariza and Foster, 1983; Berkowitz and Maryanski, 1989; IFBC, 
1990b; SCF, 1992; OECD, 1993; FAO/WHO, 1996; Jonas et al., 1996; Pariza and Johnson, 2001).  
Furthermore, the production strain is derived from a strain lineage considered to meet EFSA’s QPS 
status when used for enzyme production (EFSA, 2017).   

Pichia has been used to express recombinant proteins for use in human food (e.g., phospholipase C 
[GRN 204 – U.S. FDA, 2006]) and U.S. FDA-approved therapeutics.  Moreover, the American Association 
of Feed Control Officials has approved the E. coli enzyme phytase derived from the fermentation of 
recombinant P. pastoris for use in animal feed (AAFCO, 2019).  EFSA has approved the use of phytase 
produced from the fermentation of recombinant Komagataella pastoris (formerly named as 
Pichia pastoris) for use in animal feed (EFSA, 2016).  P. pastoris is also the host used for production of 
nitrate reductase (The Nitrate Elimination Co. Lake Linden, MI), an enzyme used for treatment of 
potable water.  P. pastoris itself has been approved by the U.S. FDA as an animal feed protein source 
allowed in broiler feed up to 10% of the total feed (FDA 21 CFR Part 573, 1993) (U.S. FDA, 1993).   

As such, Impossible Foods’ P. pastoris production strain is derived from a strain lineage with a long 
history of safe use.  All genetic modifications made to generate the production strain are well-
characterised by full genome sequencing and conform to the guidelines for generating safe production 
strains for the recombinant production of food ingredients (Olempska-Beer et al., 2006).  LegH Prep 
does not contain any viable production organism or antibiotic resistance genes.  Impossible Foods has 
been able to isolate detectable amounts of Pichia DNA from the final LegH Prep solution, and it has 
determined that about 300 mg of Pichia DNA will be present in about 1 L of LegH Prep. Impossible Foods 
has used mass spectrometry to identify the P. pastoris proteins that are present in LegH Prep at ≥1% of 
the total protein fraction.  As described below in Section C.6, the sequence of each protein was analysed 
to ensure that the Pichia proteins present in LegH Prep do not contain significant homology to known 
allergens.  All of the identified co-purifying proteins have highly conserved orthologues in yeast species 
used in food, such as S. cerevisiae. 
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C.5.2 Information on the Pathogenicity and Toxicity of the Production Microorganism 

According to the definitive source of yeast taxonomy, as well as a thorough literature search, there are 
no indications that P. pastoris has been associated with animal or human illness.   

P. pastoris does not produce active toxins (Pariza and Johnson, 2001).  P. pastoris has been placed in the 
Biosafety Level 1 (BSL-1) class by the ATCC organisation, indicating Pichia is a well-characterised agent 
not known to cause disease in healthy human adults, and to be of minimal hazard to laboratory 
personnel and the environment (CDC, 1999).  Toxicity studies done in support of the above-referenced 
P. pastoris-approved animal feed also demonstrated that P. pastoris is neither pathogenic nor toxigenic 
(FDA 21 CFR Part 573 – U.S. FDA, 1993).  Moreover, systemic toxicity and genotoxicity testing performed 
on LegH Prep demonstrate that the residual Pichia proteins and cellular components present in LegH 
Prep are non-toxic. 

The use of P. pastoris in the production of a phospholipase C enzyme preparation for use as a de-
gumming agent for vegetable oils was concluded to be GRAS for use by Diversa Corporation in 2006.  
This conclusion was notified to the U.S. FDA in June 2006 (GRN 204 – U.S. FDA, 2006), and the Agency 
responded with a “no questions” letter.  Pivotal data that supported the safety of using P. pastoris in the 
production of a phospholipase C enzyme preparation included a 90-day gavage toxicity study conducted 
in Sprague Dawley rats (20 animals/sex/group) administered the enzyme preparation at doses of 0, 500, 
1,000, or 2,000 mg/kg body weight/day.  The investigators concluded, and the U.S. FDA agreed, that the 
NOAEL for this study was 2,000 mg/kg body weight/day, the highest dose study.  Although the 
phospholipase C enzyme preparation was a secreted product from P. pastoris compared to the 
lysing/extraction of LegH Prep, the data support that the host microorganism, P. pastoris does not 
impart metabolites that would be a safety concern. 

The safety and probiotic properties of live P. pastoris has been evaluated in several animal models that 
support that this strain is not toxic or pathogenic.  Studies conducted in chicks support that P. pastoris is 
safe for use in feed as a probiotic and can increase feed efficiency compared to untreated control feeds 
(Gil de los Santos et al., 2012, 2018).  In another publication, França et al. (2015) administered live 
P. pastoris X-33 strain to male BALB/c mice to evaluate persistence and susceptibility of the microbe to 
digestive processes, as well as safety and antibacterial properties against S. typhimurium inoculations.  
In the persistence investigation, live P. pastoris (~7 log CFU/animal) were administered by gavage and 
faeces were collected for 72 hours.  In the safety and antibacterial investigation, the microbe was 
administered to groups of 10 or 15 male mice by either gavage or in the diet for 20 days and compared 
to control groups receiving Saccharomyces boulardii (S. boulardii).  After 20 days of dosing, 5 animals per 
group were euthanised to evaluate safety and subjected to histopathologic evaluations (intestine, liver, 
spleens), while the remainder of the animals were challenged with a 5 log CFU/mouse dose of 
S. typhimurium.  Survival was measured 10-days post-challenge dose. 

Following acute oral dosing, 76.8% of P. pastoris was reported to survive the gastrointestinal tract and 
live counts were measured in the fresh faeces at 24 hours (6.84 log CFU/g), 48 hours (2.87 log CFU/g), 
but no growth was observed in faeces collected at 72 hours post-dosing.  These data support that 
although P. pastoris may survive digestive processes, it does not appear to persist or grow in the 
gastrointestinal tract.  In the repeated-dose study, no clinical signs of toxicity were observed, and 
histopathologic evaluations did not reveal any signs of toxicity.  Survival after S. typhimurium challenge 
was statistically significantly improved in the 2 groups receiving P. pastoris (gavage and diet) and no 
S. typhimurium was detected in faeces or translocated into the liver or spleen compared to untreated 
animals and decreased levels of live bacteria were detected in the intestines compared to controls.  

Overall, the available evidence supports that P. pastoris is non-toxigenic and non-pathogenic.  It should 
also be noted that no viable P. pastoris production strain remains in the final LegH Prep ingredient.  
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C.6 Allergenicity  

C.6.1 Approach for the Assessment of Potential Allergenicity  

The potential allergenicity of soy leghemoglobin as well as the Pichia proteins present in LegH Prep were 
assessed in the same manner as used for the novel proteins expressed in genetically engineered foods.  
The Codex Alimentarius Commission developed an assessment scheme for the analysis of the potential 
allergenicity of proteins derived from biotechnology (Codex Alimentarius, 2009).  This assessment is a 
multi-factorial approach which includes assessing the source of the protein for allergenicity, the 
sequence homology of the protein to known allergens, resistance to pepsin degradation and, if there is a 
high suspicion of allergenicity, specific serum screening.  This analysis provides a likelihood of allergenic 
response by considering the totality of the evidence.  Several prominent organisations support this 
approach: the 1996 Allergy and Immunology Institute of the International Life Sciences Institute and 
International Food Biotechnology Council (ILSI-IFBC) decision tree, the 1996 Food and Agriculture 
Organization of the United Nations/World Health Organization (FAO/WHO) consultation on 
biotechnology and food safety, the 2000 FAO/WHO consultation on food derived from biotechnology, 
the 2001 FAO/WHO consultation on allergenicity assessment of genetically-modified foods, the 2002 
Codex ad hoc task force on safety assessment of biotechnology, and the 2003 Codex Alimentarius 
Commission guidelines to assess the allergenicity of genetically modified crops (FAO/WHO, 1996, 2000, 
2001; Metcalfe et al., 1996; Codex Alimentarius, 2002, 2009). 

Initially, the P. pastoris MXY0291 production strain was used by Impossible Foods to produce their soy 
leghemoglobin.  As detailed in the GRAS Notice submitted to the U.S. FDA (GRN 737 – U.S. FDA, 2018a), 
Impossible Foods had enlisted Dr. Richard E. Goodman, research professor at the Food Allergy Research 
and Resource Program (FARRP) of the University of Nebraska, to assess the potential allergenicity and 
toxicity of soy leghemoglobin and the P. pastoris proteins present in LegH Prep at ≥1% of the total 
protein fraction, consistent with the Codex recommendations.  Approximately 17 P. pastoris proteins 
were found to be present in LegH Prep at ≥1% of the total protein fraction.  These proteins are 
consistent from batch to batch and were identified by Impossible Foods using mass spectrometry.  The 
multifactorial approach employed by Dr. Goodman, which included a comprehensive literature search, 
sequence homology, and pepsin digestion assessments, is widely used in the food industry to assess the 
allergenic potential of new proteins (Fuchs et al., 1993; Noteborn et al., 1995; Harrison et al., 1996; 
Reed et al., 1996; Hashimoto et al., 1999; Momma et al., 1999; Hileman et al., 2006; Goodman et al., 
2007; Moran et al., 2014).  A summary of Dr. Goodman's evaluation of the LegH Prep is provided in 
Appendix VIII.  The comprehensive literature search conducted by Dr. Goodman (see Appendix IX-a, 
Appendix IX-b), and as updated by Impossible Foods for this submission, did not identify any published 
literature to suggest that consumption of soy leghemoglobin or residual P. pastoris proteins would be 
associated with allergic, toxic or adverse health effects.  As part of the evaluation for LegH Prep 
produced using the initial MXY0291 production strain, Dr. Goodman also performed bioinformatic 
searches for sequence homology, and a full pepsin digestion study, the results of which are provided in 
Appendix IX and X.  These data were also published by Goodman and colleagues in a peer-reviewed 
publication in 2018 (Jin et al., 2018).   

Impossible Foods has since introduced a few additional minor modifications to the P. pastoris MXY0291 
production strain to further optimise for the expression of soy leghemoglobin, which resulted in the 
current MXY0541 strain.  The residual proteins in LegH Prep produced by MXY0541 are largely the same 
as those previously identified in the LegH Prep produced by the initial MXY0291 strain, or otherwise 
represent proteins that are native to the P. pastoris production organism (see Appendix III 
[CONFIDENTIAL]).  As such, the LegH Prep produced by the optimised MXY0541 strain is similarly not 
anticipated to pose any significant risk of allergy or toxicity to consumers.  This is supported by 
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additional bioinformatic analysis conducted on the LegH Prep produced using the optimised MXY0541 
strain.   

Overall, based on a weight-of-evidence approach, it was concluded that consumption of soy 
leghemoglobin, as well as the residual P. pastoris proteins present in Impossible Foods’ LegH Prep, raise 
no health or safety concern as they do not pose any significant risk of allergy or toxicity to consumers.  
An overview of the data and information supporting the assessment for allergenicity is presented in 
Sections C.6.2 to C.6.5 that follow. 

C.6.2 Bioinformatic Searches for Sequence Homology  

Dr. Goodman's assessment determined if the amino acid sequence of soy leghemoglobin or the 
P. pastoris proteins in LegH Prep contained sufficient similarity with any known allergen or toxin to 
suggest possible cross-reactivity.  Soy leghemoglobin and P. pastoris protein sequences were compared 
to the Allergen Online Database (version 16, January 2016; www.allergenonline.org – FARRP, 2016).  
Additionally, the sequences of soy leghemoglobin and P. pastoris proteins were searched against the 
entries in the National Center for Biotechnology Information (NCBI)-Entrez database, first without any 
keyword selection, and again with keywords “allergen”, “toxin” or “toxic”.  Soy leghemoglobin protein 
did not produce significant (>35%) homology to known allergens or toxins (see Appendix IX-a and Jin et 
al., 2018). 

All of the residual P. pastoris proteins remaining in the LegH Prep have homologs that are ubiquitous in 
nature.  A search of the NCBI database for sequences related to each of these residual proteins, using 
BLASTP without keyword limits, identified good alignments with related proteins from many moulds and 
yeasts.  These alignments included S. cerevisiae and Saccharomyces bayanus, which are commonly used 
in making wine, bread, and beer, and S. boulardii, which is widely used as a probiotic (Moyad, 2008; Liu 
et al., 2016; Muñoz-Bernal et al., 2016).  The long history of consumption of these close homologs of the 
residual P. pastoris proteins, with no reports of allergenicity or toxicity, offers strong general evidence 
for their safety in food (Appendix IX-b).  

Bioinformatics searches with the 17 most abundant residual P. pastoris proteins found in the LegH Prep 
produced by the original MXY0291 strain, identified a few related protein sequences with sufficient 
similarity to exceed the Codex suggestion for potential cross reactivity (>35%) (Table C.6.2-1).  However, 
the sequence-related putative allergens identified in this search were not potent, common allergens, 
nor were any of them known to be allergenic when ingested.  Moreover, comparison of the same P. 
pastoris proteins with all proteins in the NCBI Protein database identified far more significant matches 
to proteins found in commonly consumed fungi, including baker's yeast (Saccharomyces species).  
Similar results were obtained in the updated search conducted on the 11 most abundant residual P. 
pastoris proteins that were identified in the LegH Prep produced by the current optimised MXY0541 
strain (Table C.6.2-2).   

While a number of organisms with known toxicity (e.g., Bacillus sp., Enterococcus faecalis, Streptomyces 
sp., Clostridium sp.) contained proteins with sequences similar to those of the P. pastoris proteins of 
interest, these proteins were ubiquitous and highly conserved across diverse species and are not 
themselves known or suspected to be toxic.  A comparison of the sequence-related proteins from toxin-
producing species with proteins from diverse non-toxic species revealed far more closely related 
proteins from sources that are known to be safe and non-toxic (Appendix IX-b).  
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C.6.4 Assessment of Potential Soy and Legume Cross-Reactivity 

C.6.4.1 Soy Cross-Reactivity 

It is the expert opinion of Dr. Steven L. Taylor, co-founder and co-director of the FARRP at the University 
of Nebraska, that Impossible Foods does not need to perform experiments to demonstrate that LegH 
Prep does not cross-react with soy-allergic individuals (Appendix VIII).  Although soybeans are 
acknowledged as a commonly allergenic food, soy allergy appears to occur almost exclusively in young 
infants, and while 0.4% of children are allergic to soy, the large majority of them outgrow it by the age 
of 10 (Savage et al., 2010).  Dr. Taylor indicated that given the limited size of adult population of soy-
allergic individuals, it would be difficult to acquire enough subjects to perform an oral challenge study, 
and that it would be difficult to even identify a sufficient number of well-characterised soy-allergic 
subjects to be sources of blood serum for serum immunoglobin E (IgE)-binding studies (Appendix VIII).  It 
should also be highlighted that soy leghemoglobin is not identified among the known soybean allergens, 
nor is it detectably present in the edible soybean seeds.  Leghemoglobin is natively expressed in the root 
of the soybean plant, whereas the major soy allergens (Gly m 4, Gly m 5, and Gly m 6) are located in the 
soybean seed.  These allergens are completely absent from LegH Prep, which is produced by P. pastoris 
genetically engineered to express only soy leghemoglobin.  This physical separation, as well as the lack 
of sequence homology to known soy allergens, indicates that soy leghemoglobin is highly unlikely to 
elicit a reaction in a soy-allergic consumer. 

Additionally, soy leghemoglobin was evaluated to determine if this protein had the potential to become 
a novel food allergen.  In accordance with the consensus recommendations of the Codex Alimentarius 
Commission, it is the opinion of Dr. Taylor that sequence homology and pepsin digest analyses are the 
most predictive methods known to date to assess allergenicity of novel proteins.  Therefore, besides 
these 2 tests, there are no additional tests that Impossible Foods could perform that would strengthen 
the evidence against potential allergenicity of soy leghemoglobin. 

Even so, Impossible Foods will notify consumers by labelling their products containing soy 
leghemoglobin with the statement, “Contains Soy”.  In addition to the allergen statement on the 
business to business labelling, Impossible Foods will provide training materials and information about 
the product to restaurants who purchase the product, indicating it is a soy-protein based product.  
Because Impossible Foods will identify the potential allergen on its label, there is no necessity to prove 
that soy-allergic individuals will not react to soy leghemoglobin. 

C.6.4.2 Legume Cross-Reactivity 

Clinical cross-reactivity among various foods from the legume family is rare (Bernhisel-Broadbent and 
Sampson, 1989).  In the largest study reported to date, in 793 persistent peanut-allergic subjects, 9.5% 
were considered allergic to other legumes by oral challenge including 48 to soy, 19 to pea, 7 to lentil, 
4 to chickpea, and 3 to green bean (Neuman-Sunshine et al., 2012).  Based upon the prevalence and 
severity of peanut allergy, potential cross-reactions between soy leghemoglobin and peanut allergens is 
the key area of potential concern.  The various peanut allergens are very well identified and 
characterised.  No significant sequence homology exists between soy leghemoglobin and any of the 
peanut allergens (see Section C.6.2).  Moreover, soy leghemoglobin is found in the root of the soybean 
plant and bears no structural resemblance or sequence homology to these seed storage proteins which 
are found in the peanut kernel.  It is the expert opinion of Dr. Taylor that Impossible Foods does not 
need to perform experiments to demonstrate that LegH Prep does not cross-react with legume-allergic 
individuals (Appendix VIII).  
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C.6.5 Assessment of Potential Cross-Reactivity with Meat Allergic Individuals  

Tick-bite induced allergy to mammalian meat (e.g., meat, pork) and organs (e.g., liver, kidney) has been 
reported in the U.S., Europe, Australia and parts of Asia (Steinke et al., 2015).  However, the allergic 
reaction is due to an IgE antibody response to the oligosaccharide galactose-alpha-1,3-galactose (α-gal), 
which is located on glycoproteins and glycolipids in non-primate mammalian meat and organs 
(Commins et al., 2016).  The allergic reaction is not caused by myoglobin, and therefore consumers with 
α-gal specific IgE antibodies will not cross-react with soy leghemoglobin.  

Impossible Foods is aware of only a single case of meat allergy linked to bovine myoglobin (Fuentes et 
al., 2004), although implication of bovine myoglobin in this case has been disputed (Fiocchi et al., 2005).  
The reactions reported in this patient were specific to bovine myoglobin, and not porcine myoglobin, 
suggesting that this is not a general allergy to oxygen-binding globin proteins, but rather a specific 
response to a bovine-derived protein.  Given the widespread consumption of meats containing oxygen-
binding globins at concentrations comparable to those proposed for use of the soy leghemoglobin, the 
low incidence of meat allergies in general (and the cause of those few reactions is predominantly due to 
bovine serum albumin sensitivities), and only a single reported case of myoglobin allergy, this argues 
that these proteins as a class have low allergenicity. 

C.7 Safety Assessment Reports Prepared by International Agencies or Other 
National Government Agencies 

C.7.1 United States 

Impossible Foods’ soy leghemoglobin has GRAS status for use as a flavouring and nutrient source of iron 
in ground beef analogue products at a level of not more than 0.8% soy leghemoglobin.  The GRAS status 
of soy leghemoglobin was first notified to the U.S. FDA in 2014 by Impossible Foods.  The Notice was 
subsequently withdrawn without prejudice by Impossible Foods, and the U.S. FDA ceased evaluation of 
the Notice on 10 November 2015 (GRN 540 – Impossible Foods Inc., 2014; U.S. FDA, 2015).  An updated 
GRAS Notification containing published results on toxicological testing conducted with LegH Prep was 
submitted by Impossible Foods to the U.S. FDA in 2018 and was filed without questions from the Agency 
under GRN 737 (Impossible Foods Inc., 2018; U.S. FDA, 2018a). 

Impossible Foods intends on expanding the uses of soy leghemoglobin beyond ground beef analogue 
applications in the U.S.  The consumption analysis, as described in Section D, support the use of soy 
leghemoglobin in other types of meat analogue products (i.e., pork analogues) at the intended levels of 
use. 

C.7.2 Singapore 

Impossible Foods has received no objection on the use of soy leghemoglobin from genetically modified 
P. pastoris for use in plant-based meat analogues from the Agri-Food & Veterinary Authority of 
Singapore in August 2018.  Soy leghemoglobin is listed in the List of Other Food Additives/Ingredients 
that are Permitted Under the Singapore Food Regulations (SFA, 2019), which specifies that: “Soy 
leghemoglobin derived from genetically modified Pichia pastoris may be used in plant-based meat 
analogues at levels up to 0.45% w/w”.  This level is consistent with the estimated amount used in the 
proposed food categories for the consumption analysis described in Section D. 
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C.7.3 Hong Kong and Macao 

The soy leghemoglobin is considered to meet the food regulatory requirements in Hong Kong, and by 
extension in Macao, on the basis that the GRAS Notice for soy leghemoglobin was filed without 
questions from the U.S. FDA (U.S. FDA, 2018b), and that Singapore AVA has accepted its use as a food 
additive/ingredient (SFA, 2019).   

C.7.4 Marketing History 

The safety of LegH Prep for human consumption is further supported by the fact that over 20-million 
1/4-pound servings of meat analogue products containing the LegH Prep ingredient have been sold in 
the U.S. since June 2016.  In addition to over 9,000 restaurants in the U.S., at least 300 restaurants in 
Hong Kong, Macao, and Singapore also serve meat analogue products containing soy leghemoglobin 
without evidence or reports of any safety issues concerning soy leghemoglobin, indicating that meat 
analogue products containing LegH Prep are well tolerated.   

C.8 Summary 

Overall, the safety of LegH Prep for its intended conditions of use in meat analogue products can be 
supported based on the following:  

1. LegH Prep, manufactured by Impossible Foods, is produced in a consistent and reliable manner 
under cGMP, is well-characterised and meets food grade specifications, and is free of 
undesirable substances; 

2. Meat analogue products produced by Impossible Foods will not contain soy leghemoglobin at 
levels exceeding 0.8%, which is comparable to the myoglobin content of red meat (0.8 to 1.8%);  

3. Soy leghemoglobin is produced using a safe and non-toxicogenic strain lineage of P. pastoris, a 
strain lineage that has been the subject of previous premarket safety evaluations; 

4. Genetic modifications applied to the host organism are well-characterised and do not impart 
unexpected pleiotropic effects to the organism;  

5. The identity of soy leghemoglobin is well defined, and the structure of the protein is 
homologous to heme proteins with a long history of safe consumption;      

6. Amino acid sequence of soy leghemoglobin is not homologous to known or putative allergens 
and toxins; and  

7. Safety is corroborated by the results of preclinical toxicological tests demonstrating that LegH 
Prep is without evidence of toxicity or mutagenicity/genotoxicity.  
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D.1 Proposed Use and Use Level  

LegH Prep, a mixture containing soy leghemoglobin, Pichia (yeast) proteins, and stabilisers (e.g., sodium 
chloride and sodium ascorbate), is intended to be used in plant-based meat analogue products to 
provide the nutrition (i.e., a source of iron), flavour, and aroma of their traditional animal-derived 
counterpart.  The characterizing component in the LegH Prep that is responsible for imparting these 
characteristics is soy leghemoglobin.  The meat analogue products produced by Impossible Foods will 
contain soy leghemoglobin at levels up to 0.8%, which is comparable to the myoglobin content of red 
meat (0.8 to 1.8%) (Texas A&M Institute, 2019).  The addition of the LegH Prep to meat analogue 
products is self-limiting due to unacceptable organoleptic properties that would occur at higher use 
levels.   

Impossible Foods’ soy leghemoglobin will be marketed exclusively as a component of a finished product 
in Australia/New Zealand.  These products are largely intended for consumption by the general 
population (age 2 years and older).  The meat analogue products containing soy leghemoglobin will be 
marketed in retail avenues such as grocery store outlets and restaurants.  Soy leghemoglobin itself will 
not be marketed as an ingredient for general purchase and food use by other manufacturers, nor will it 
be sold directly to consumers.   

D.2 Estimated Intake from Proposed Food Uses  

D.2.1 Assessment Using U.S. Food Consumption Data 

Estimation of soy leghemoglobin consumption has been previously conducted using the average daily 
intakes for beef in the U.S., based on the consumption data obtained from the National Health and 
Nutrition Examination Survey (NHANES) conducted in 2007-2008 (Bowman et al., 2013).  Details of the 
assessment are available in the GRAS notice submitted for soy leghemoglobin (GRN 737).  Impossible 
Foods now intends to also use soy leghemoglobin in simulated meat products marketed as pork 
alternatives (i.e., pork analogues); therefore, an updated exposure assessment was conducted.  
Although soy leghemoglobin is proposed for addition to meat analogues at levels of not more than 0.8% 
in the finished product, in practice, the soy leghemoglobin will be added only at levels that would be 
needed to recreate the flavour and aroma contributed by heme proteins (myoglobin) of their animal-
derived counterparts.  For instance, to obtain flavouring profiles that are representative of beef and 
pork products, soy leghemoglobin is added at use levels of 0.45% in beef analogue products and 0.25% 
in pork analogue products.   

Utilizing food consumption records available in the 2013-2014 and 2015-2016 cycles of the NHANES, the 
Estimated Daily Intake (EDI) of soy leghemoglobin under the expanded conditions of use was derived for 
beef analogue as well as pork analogue products.  The dietary recall component of the NHANES is 
referred to as What We Eat In America (WWEIA).  This continuous survey is a complex multistage 
probability sample designed to be representative of the U.S. population.  The NHANES datasets provide 
nationally representative nutrition and health data and prevalence estimates for nutrition and health 
status measures in the U.S.   

The Food and Nutrient Database for Dietary Studies (FNDDS) contains food composition data for food 
codes in the NHANES (i.e., breaks down food codes by ingredients).  This database, in combination with 
the Food Patterns Ingredients Database (FPID)6, also developed by the U.S. Department of Agriculture 
(USDA), was used to identify NHANES food codes representative of meat products or mixed dishes 
containing meat products, to capture the consumption of meat products by the U.S. population.  

                                                           
6 Database is part of the Food Patterns Equivalents Database (FPED). 
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D.4 Market Share Data 

The addition of soy leghemoglobin to meat analogue products is intended to provide the nutrition (i.e., a 
source of iron), flavour, and aroma of its animal-derived counterpart.  It is anticipated that meat 
analogue products containing soy leghemoglobin will be consumed by individuals who seek out such 
products for various reasons (e.g., health, ethical, religious).  Meat analogue products containing soy 
leghemoglobin is unlikely to have 100% of the market share.  The ingredient will only be used in 
products manufactured by Impossible Foods, and it will not be sold to other food manufacturers.  It is 
unlikely that meat analogue products containing soy leghemoglobin will fully replace other meat 
analogue products or conventional animal-derived meat products to obtain 100% market share.    
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E.1 Information to Demonstrate that the Use of Soy Leghemoglobin will not 
Cause a Nutritional Imbalance in the Diet 

E.1.1 Bioavailability and Intake of Iron 

As detailed in Section C.2, soy leghemoglobin is a symbiotic heme protein that is naturally present in the 
root nodule of the soybean plant.  Although this part of the plant (and soy leghemoglobin itself) is not 
widely consumed in the human diet, it is structurally similar to other heme B-containing proteins that 
have been safely consumed (e.g., animal myoglobins and non-symbiotic plant haemoglobins; see 
Section C.2 and Appendix VI).  The high bioavailability of the haem iron component of soy 
leghemoglobin makes it suitable for enhancing the dietary profile of many processed foods (Carpenter 
and Mahoney, 1992).  Impossible Foods has conducted experiments to demonstrate that soy 
leghemoglobin will denature at high temperatures (as applied during cooking), and at low pH (as in the 
human stomach) to release the iron-containing heme B molecule (see Appendix VI).  Additionally, Proulx 
and Reddy (2006) reported that purified soy leghemoglobin and bovine haemoglobin exhibited similar 
iron bioavailability within a food matrix, both of which were higher than free iron.  Therefore, once 
cooked and digested, the soy leghemoglobin produced by Impossible Foods will serve as a dietary 
source of iron, analogous to the role of animal-based myoglobin as an iron source in meat.  

Soy leghemoglobin is proposed for use at levels of not more than 0.8% in meat analogue products 
produced by Impossible Foods, which is comparable to the myoglobin content of meat (0.8 to 1.8%) 
(Texas A&M Institute, 2019).  These meat analogue products contain both heme and non-haem iron; the 
haem iron is contributed by the soy leghemoglobin, while the non-haem iron is provided by the other 
ingredients (primarily soy protein concentrate) used to formulate the meat analogue products.  As an 
example, the estimated amount of haem and non-haem iron that would be provided in a single serving 
(113 g) of a representative meat analogue product containing soy leghemoglobin (i.e., the Impossible™ 
Burger) can be compared to the amount provided by an equivalent amount of ground beef.  This 
comparison is presented in Table E.1.1-1.  

Although the Impossible™ Burger contains higher amounts of total iron as an equivalent serving of 
ground meat (80% lean meat, 20% fat), the amount of haem iron present is nearly the same at 
approximately 2 mg per serving (Table E.1.1-1).  The amount of non-haem iron in the Impossible™ 
Burger (2.4 mg per serving) is also comparable to the amount of iron (2.7 g) that would be provided by a 
113 g serving of a conventional veggie/soy burger (USDA, 2019).  As such, the amount of iron 
contributed by soy leghemoglobin, and when it is formulated into meat analogue products, are within 
the ranges of iron that has been reported in the food products that it is meant to replace.  It is also 
notable that the amount of total iron provided per serving of the Impossible™ Burger (4.2 mg) is well 
below the upper levels of intake derived for iron by the National Health and Medical Research Council 
(NHMRC) during their evaluation  of the Nutrient Reference Values for Australia and New Zealand, 
which ranges from 20 mg/day (children 1 to 3 years of age) to 45 mg/day (adolescents age 14 to 18 
years, and adults 19+ years [including during pregnancy and lactation]) (NHMRC, 2006).   
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E.2 Information to Demonstrate that the Addition of the Novel Food 
Ingredient Will Not Create a Significant Negative Public Health Impact 

As described in Section C, the safety of soy leghemoglobin, the LegH Prep, and the P. pastoris 
production strain has been rigorously assessed through scientific procedures, in accordance with the 
general principles outlined in the Food Standards Australia New Zealand Application Handbook 
(FSANZ, 2019), and the Guideline for the Conduct of Food Safety Assessment of Foods Produced Using 
Recombinant-DNA Microorganisms from the CODEX Alimentarius (CAC/GL 46-2003 – Codex 
Alimentarius, 2003).     

Furthermore, as described in Section E.1 above, the addition of soy leghemoglobin to meat analogue 
products are not expected to have any negative impact on the bioavailability or intakes of nutrients 
from the diet.  Instead, the approval of soy leghemoglobin in Australia/New Zealand will give consumers 
access to more choices of nutritious and flavourful plant-based protein products.  
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F.1 Information to Demonstrate Consumer Awareness and Understanding of 
the Novel Food Ingredient 

Consumers select plant-based protein products for various reasons of personal preference (e.g., health, 
ethical, religious, environmental).  As noted in a report titled, The Evolution of Plant Protein – Assessing 
consumer response, jointly prepared by the Ministry of Primary Industries (MPI) of New Zealand and 
Plant & Food Research9, consumers have become more aware of the long term impacts of food 
production, and the shift in consumer preferences has led to a new wave of innovative meat and dairy 
substitutes aimed to reduce the reliance on animal-based production systems for protein (MPI, 2018a).  
In conjunction with this report, the MPI also released 3 market insight reports, including one titled, 
The Impossible Burger – Consumer Insights, which summarises the results of a case study conducted by 
the MPI on the Impossible™ Burger (MPI, 2018b).  As part of their research, the MPI surveyed residents 
in California and analysed social media and online data.  One finding from this case study is that people 
who have tried the Impossible™ Burger like it most for its environmental credentials (“they’re good for 
the environment”). 

The meat analogue products manufactured by Impossible Foods is promoted as being capable of 
delivering all of the “flavour, aroma, and meatiness of meat from animals”, despite being composed of 
plant-derived components.  The products are largely marketed towards meat-eating consumers 
(“flexitarians”), who are looking for more ethical and environmentally friendly alternative meat products 
without compromising on attributes such as the taste and texture.  Impossible Foods makes it widely 
known that soy leghemoglobin is the key ingredient in their meat analogue products that is responsible 
for imparting the nutrition (i.e., source of iron), flavour, and aroma of its traditional animal-derived 
counterpart.  This includes educational information about the soy leghemoglobin ingredient that is 
available on Impossible Foods’ webpage10.  

F.2 Information on Actual/Potential Behaviour of Consumers in Response to 
the Novel Food Ingredient 

To date, over 20-million 1/4-pound servings of meat analogue products containing soy leghemoglobin 
have been sold in the U.S. since June 2016.  In addition to over 9,000 restaurants in the U.S., at least 300 
restaurants in Hong Kong, Macao, and Singapore also serve soy leghemoglobin containing meat 
analogue products (such as burgers, meatballs, sausages, or as fillings in buns and dumplings, etc.).   

The MPI reported in their case study on the Impossible™ Burger that consumers are most likely to be in 
their 30s or 40s, with access to higher disposable income, living in a large city with ready access to the 
product (MPI, 2018b).  Less than 2% of respondents surveyed have tried the Impossible™ Burger, and of 
those who have tried it, 30% reported that they will eat them regularly (MPI, 2018b). 

                                                           
9 Plant & Food Research is a New Zealand-based Crown Research Institute providing research and development that adds value 

to fruit, vegetable, arable and seafood food products.  
10 Available at: https://impossiblefoods.com/heme/. 
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F.3 Information to Demonstrate that the Novel Food Ingredient Will Not 
Adversely Affect Any Population Groups 

As outlined in Section C, the safety of soy leghemoglobin, the LegH Prep, and the P. pastoris production 
strain is well established, and there is no evidence to suggest that the ingredient would pose any 
allergenicity concerns.  Accordingly, the meat analogue products containing soy leghemoglobin is 
considered to be suitable for consumption by the general population.   

Although soybeans are acknowledged as a commonly allergenic food, it is highly unlikely that soy 
leghemoglobin will elicit a reaction in a soy-allergic consumer, as described in depth in Section C.6.  
Nevertheless, the label of food products sold by Impossible Foods containing soy leghemoglobin will 
disclose an allergen warning (i.e., “Contains Soy”), and Impossible Foods will provide training materials 
and information to restaurants who purchase the product indicating it is a soy-protein based product.    

The meat analogue products containing soy leghemoglobin are not a suitable alternative for individuals 
with haemochromatosis, since the content of haem iron in these products is close to that in meat (see 
Section D.1).  Moreover, the meat analogue products manufactured by Impossible Foods contain 
additional non-haem iron contributed by the other ingredients present (i.e., soy protein concentrate).    
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