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GRAS Notice for beta-Lactoglobulin Produced from
Aspergillus oryzae

PART1 §170.225 SIGNED STATEMENTS AND CERTIFICATION

In accordance with Title 21 of the Code of Federal Regulations (CFR) §170 Subpart E consisting of §170.203
through 170.285, Imagindairy Ltd. (“Imagindairy”) hereby informs the United States (U.S.) Food and Drug
Administration (FDA) that the intended uses of beta-lactoglobulin, as manufactured by Imagindairy, in
various conventional food and beverage products as described in Section 1.3 below, are not subject to the
premarket approval requirements of the Federal Food, Drug, and Cosmetic Act based on Imagindairy’s view
that these notified uses of B-lactoglobulin are Generally Recognized as Safe (GRAS). In addition, as a
responsible official of Imagindairy, the undersigned hereby certifies that all data and information presented
in this GRAS Notice represent a complete and balanced submission that is representative of the generally
available literature. Imagindairy considered all unfavorable as well as favorable information that is publicly
available and/or known to Imagindairy and that is pertinent to the evaluation of the safety and GRAS status
of B-lactoglobulin as a food ingredient for addition to various conventional food and beverage products, as
described herein.

Signed,

May 11, 2023

Tomer Gold Date
VP Research & Development

Imagindairy Ltd.

Email: RA@imagindairy.com

Cell: +972-54-3314033

1.1 Name and Address of Notifier
Imagindairy Ltd.

Nahum Het St 7, Tirat Carmel
3508504, Israel

1.2 Common Name of Notified Substance
B-Lactoglobulin, BLG

Non-Animal Whey Protein

Imagindairy Ltd.
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1.3 Conditions of Use

Imagindairy’s B-lactoglobulin produced via fermentation of A. oryzae is intended to be used as a non-animal
protein source in foods and beverages that currently use protein from milk or plants. Food categories and
use levels for which Imagindairy’s B-lactoglobulin is intended for use are provided in Table 1.3-1 below.

The ingredient is not intended for use in infant formula, and the proposed food categories do not
include food uses that are subject to the oversight by the U.S. Department of Agriculture (USDA) and its
Food Safety Inspection Service (i.e., meat and poultry or meat and poultry containing foods).

Table 1.3-1

Food Category

Nutritional Products

Dairy and Dairy-
based Products

Sugar-based
Products

Dressings

Baked Goods

Egg Products

Imagindairy Ltd.
11 May 2023

Food Uses and Use Levels of B-Lactoglobulin Produced via Fermentation of

Aspergillus oryzae

Food Use

Meal replacements and supplements

Powdered nutritional beverages

Nutritional bars

Electrolyte-type sports drinks

Performance nutritional beverages, high protein

Fluid milk, powdered milk, flavored milk, milk-based drinks and drink mixes
(e.g., dairy smoothies, hot chocolate from mix), milk substitutes

Cream, half & half, cream cheese, cheese spread, whipped cream
Yogurt and fermented milk products

Spreads, dips

Cream substitutes

Frozen dairy desserts and mixes

Cheese used primarily as ingredients (e.g. ricotta cheese)
Semi-hard cheese (e.g., feta, Camembert, brie)

Desserts and Mousses

Confections (including chocolate confections)

Coatings and fillings

Cookies and brownies, crackers, popcorn, potato chips, tortilla chips, hard
pretzels/snack mix

Doughnuts, toaster pastries, muffins

Salad dressings

Minor main entrée sauces (e.g., Alfredo sauce, white sauce, cheese sauce)
French toast, crepes, pancakes, bagels, scones, biscuits, croissants

Breads & rolls, English muffins, pizza crust

Egg substitutes

Maximum B-Lactoglobulin
Use Levels

15%
25%
35%
6%
25%
6%

15%
8%

10%
15%
10%
15%
25%
5%

10%
10%
5%

10%
5%
6%
10%
10%
10%



1.4 Basis for GRAS

Pursuant to 21 CFR § 170.30 (a)(b) (U.S. FDA, 2022a), Imagindairy has concluded that the intended uses of
B-Lactoglobulin from A. oryzae as described herein are GRAS on the basis of scientific procedures.

1.5 Availability of Information

The data and information that serve as the basis for this GRAS Notice will be sent to the U.S. FDA upon
request or will be available for review and copying at reasonable times at the offices of:

Imagindairy Ltd.
Nahum Het St 7, Tirat Carmel
3508504, Israel

Should the U.S. FDA have any questions or additional information requests regarding this GRAS Notice,
Imagindairy will supply these data and information upon request.

1.6 Freedom of Information Act, 5 U.S.C. 552

It is Imagindairy’s view that all data and information presented in Parts 2 through 7 of this GRAS Notice do
not contain any trade secret, commercial, or financial information that is privileged or confidential;
therefore, all data and information presented herein are not exempted from the Freedom of Information
Act, Title 5 of the United States Code 552 (5 U.S.C. 552).

Imagindairy Ltd.
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PART2  §170.230 IDENTITY, METHOD OF MANUFACTURE,
SPECIFICATIONS, AND PHYSICAL OR TECHNICAL EFFECT

2.1 Identity

B-Lactoglobulin is the major whey protein component in bovine milk and is a common ingredient in many
foods (Barbiroli et al., 2022). It is usually present in milk at concentrations of 2 to 3 g/L, making up roughly
9% of the total protein content of bovine milk (Kontopidis et al., 2004). Imagindairy’s B-lactoglobulin is a
highly purified protein (285% of total protein) produced by fermentation of the fungal strain

Aspergillus oryzae, a common production organism for the industrial production of food enzymes. The final
product is a white to off-white to yellowish powder.

Table 2.1-1 Chemical Identity of B-Lactoglobulin
Common Name B-lactoglobulin

Common Abbreviation BLG, B-Lg, b-Lg, B-LG

Trade Name N/A

Molecular Formula N/A

Molecular Weight 36.6 kDa (dimer); 18.3 kDa (monomer)
CAS Registry Number 9045-23-2

CAS Name B-Lactoglobulin

IUPAC Name N/A

IUPAC Abbreviations N/A

Other Abbreviations N/A

CAS = Chemical Abstracts Service; IUPAC = International Union of Pure and Applied Chemistry; N/A = not applicable.

2.2 Manufacturing

2.2.1 Description of the Production Microorganism

2.2.1.1 Host Strain

A. oryzae strain RIB40, a filamentous fungus, is used as a base strain in the construction of the production
strain of B-lactoglobulin (strain Ao_st0002). A. oryzae is a Biosafety Level 1 organism, as classified by the
American Type Culture Collection, and has a long-history of safe use in the production of food enzymes
(Barbesgaard et al., 1992). The production strain A. oryzae Ao_st0002 was constructed from the recipient
host strain A. oryzae Ao_st0044. The recipient host strain A. oryzae Ao_st0044 was constructed from the
base strain A. oryzae RIB40 by deletion of the endogenous orotidine-5'-monophosphate decarboxylase gene
(pyrG) and LigD. Deletion of pyrG results in an uracil auxotrophic Strain Ao_st0044 as the gene pyrG is an
established homolog to URA3 in Saccharomyces cerevisiae. Therefore, uracil is used as a selection marker
for Strain Ao_st0044 . The A. oryzae strain RIB40 has been deposited in an international culture collection,
World Data Centre for Microorganisms (WDCM), as WDCM 139 and was obtained from a previous collection
of microorganisms in 2019. According to the record, the original isolation of the strain from horsebean
(otherwise known as “fava bean”), collected in Kyoto, Japan, was reported in 1950 by Murakami et al.
(1950) and deposited into the collection in 1973. Hence the strain was collected, isolated, and deposited
prior to the Convention on Biological Diversity (CBD, 1993) and its Nagoya Protocol on Access to Genetic
Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on
Biological Diversity (CBD, 2011) and is not under the regulations based on these international agreements.

Imagindairy Ltd.
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2.2.1.2 Construction of the Production Strain

Imagindairy employs genetic modification practices that are commonly used and well defined in order to
obtain both a pure product and optimize expression of B-lactoglobulin. A. oryzae is frequently used as a
production organism because of its characterized secretion capacity, genetic tractability, and fast growth.

The Ao_st0002 production strain is constructed by transformation of 2 or more expression cassettes to the
recipient strain Ao_st0044. The expression cassette consists of a nucleic acid sequence of the
B-lactoglobulin gene from the domestic cow (Bos taurus) fused to a secretion signal flanked by a promoter
and a terminator sequence. The fusion of the secretion signal was designed with the addition of a cleavage
site, removing the secretion signal with no trace of the signal or the cleavage site. Thus, the resulting
amino acid sequence is identical to the bovine B-lactoglobulin isoform B protein. The nucleic acid sequence
of B-lactoglobulin was optimized to induce maximal levels of expression without changing the native
amino acid sequence of the protein. The expression cassette also contains the coding sequence of the
Aspergillus niger orotidine-5'-monophosphate decarboxylase gene (pyrA) homolog of the A. oryzae pyrG
(GenBank: X96734.2). pyrA is utilized to regain the uracil production used as a selection marker from the
pyrG deleted auxotrophic Ao_st0044 strain. In addition, the expression cassette contains a series of

well characterized transcriptional elements such as promoters, terminators, and transcription factors to
promote the expression of the B-lactoglobulin gene from endogenous elements of non-toxigenic relative
species or synthetic sources.

No antibiotic selection markers or origin of replication sequences were used in the construction process of
the production strain Ao_st0002 or the recipient host strain Ao_st0044.

2.2.1.3 Genomic Stability of the Production Strain

Imagindairy is currently conducting a multi-generational genomic stability study of its production strain.
Genomic stability is being assessed by growing the fungi from spores of the production strain on solid media
plates until the production of new spores. Spores of Ao_st0002 were collected (representing a

new generation of the fungi) and placed on a fresh solid media plate to grow. Genomic DNA was isolated
from the spores and copy number of the B-lactoglobulin gene was evaluated by quantitative polymerase
chain reaction (gPCR). The copy-number of the B-lactoglobulin gene in the fifth generation was evaluated
and compared to the copy-number of the mother strain (generation 0) by the gPCR delta-delta (2247
method (Livak and Schmittgen, 2001). The results show a consistent copy-number of the B-lactoglobulin
gene after 5 generations of the fungi with RQ = 1.109 + 0.031 (normalized relative quantity), establishing a
genetic stability of Ao_st0002 production strain for 5 generations.

2.2.2  Description of the Production Process

Imagindairy’s commercial B-lactoglobulin is manufactured in compliance with current Good Manufacturing
Practice (cGMP) and Hazard Analysis and Critical Control Points. All materials (raw materials, processing
aids, filtration aids, and pH adjusters) are of a purity and quality suitable for their intended use; they are
food grade and/or GRAS, or high-quality chemical or pharmaceutical grades (e.g. United States
Pharmacopeia, National Formulary, or American Chemical Society grades) from approved suppliers.

Manufacturing Process

Imagindairy’s B-lactoglobulin is manufactured by precision fermentation of genetically modified species of
A. oryzae without expression induction by solvents such as methanol. A flow chart describing the process is

Imagindairy Ltd.
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depicted in Figure 2.2.2-1 below. The fermentation process begins with the insertion of spore suspension
stock vial seed into the seed fermentation stage to increase biomass amount. At the end of the seed
fermentation stage, the culture is transferred to the main fermentation stage to produce B-lactoglobulin.
Following the fermentation stage, the biomass is separated from the broth. The harvest then undergoes a
series of purification steps: pH, conductivity, and temperature adjustment (optional); centrifugation and/or
filtration to remove impurities; concentration and dialysis using ultrafiltration/diafiltration; sterile filtration;
and spray drying. The final product is a white to off-white to yellowish powder consisting of 260% total
protein, of which B-lactoglobulin is not less than 85%.

Figure 2.2.2-1 Flow Chart of the Manufacturing Process of B-Lactoglobulin via Fermentation of
Aspergillus oryzae

Seed Fermentation Main Fermentation Biomass Separation
By
UF/DF Centrifugation / Y
. . Temperature
filtration .
adjustment
Sterile filtration Spray Drying

DF = diafiltration; UF = ultrafiltration.

2.3 Product Specifications and Batch Analyses
2.3.1 Specifications

The product specifications for Imagindairy’s B-lactoglobulin produced via the fermentation of A. oryzae,
including compositional, heavy metals, and microbial parameters, are presented in Table 2.3.1-1.

Table 2.3.1-1 Product Specifications for B-Lactoglobulin Produced via Fermentation of
Aspergillus oryzae

Parameter Specification Method

pH 6to8 AOAC 981.12

Composition

Protein (Dumas/Kjeldahl) (%) NLT 60 AOAC 986.06 (mod.), 992.15 (mod.), or 991.20

Imagindairy Ltd.
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Table 2.3.1-1 Product Specifications for B-Lactoglobulin Produced via Fermentation of
Aspergillus oryzae

Parameter Specification Method

B-Lactoglobulin as % of protein (%) NLT 85 SEC-HPLC/In-house method

Moisture (%) NMT 10 AOAC 926.08, AOAC 927.05

Ash (%) NMT 10 AOAC 945.46

Fat (%) NMT 5 AOAC 989.05

Total carbohydrates (%) NMT 30 21 CFR — Calculation

Heavy Metals

Lead (ppm) NMT 0.1 AOAC 2011.19, 993.14, and 2015.01 (mod.)
Arsenic (ppm) NMT 0.1 AOAC 2011.19, 993.14, and 2015.01 (mod.)
Mercury (ppm) NMT 0.1 AOAC 2011.19, 993.14, and 2015.01 (mod.)
Cadmium (ppm) NMT 0.1 AOAC 2011.19, 993.14, and 2015.01 (mod.)
Microbiology

Total plate count (CFU/g) NMT 10,000 AOAC 966.23

Yeast (CFU/g) NMT 100 FDA BAM Chapter 18 mod.

Mold (CFU/g) NMT 100 FDA BAM Chapter 18 mod.

Coliforms (CFU/g) NMT 10 FDA BAM Chapter 4/AOAC 991.14
Escherichia coli (CFU/g) NMT 10 AOAC991.14

Salmonella (CFU/g) Absentin 25 g AOACRI-121501

AOAC = Association of Official Analytical Collaboration; BAM = Bacteriological Analytical Manual; CFR = Code of Federal
Regulations; CFU = colony-forming units; FDA = Food and Drug Administration; mod. = modified; NLT = not less than; NMT = not
more than; ppm = parts per million; SEC-HPLC = size exclusion high-performance liquid chromatography.

2.3.2  Batch Analysis
Data from the batch analysis of 3 non-consecutive lots of B-lactoglobulin produced via fermentation of
A. oryzae have been provided in Tables 2.3.2-1 and 2.3.2-2 below and demonstrate that the manufacturing

process described in Section 2.2 produces a consistent product that meets the established specifications.

Chemical Analysis

Table 2.3.2-1 Summary of the Chemical Product Analysis for 3 Lots of B-Lactoglobulin

Parameter Specification Manufacturing Manufacturing Manufacturing
Lot ID51 Lot ID55 Lot AO035

pH 6to8 7.10 7.52 7.76

Composition

Protein (%) (Dumas/Kjeldahl) NLT 60 63.55 65.09 63.9

B-Lactoglobulin as % of protein (%) NLT 85 95.9 96.5 98 .0

Moisture (%) NMT 10 8.04 6.59 9.25

Ash (%) NMT 10 4.88 3.15 3.62

Fat (%) NMT 5 0.19 0.23 0.14

Total carbohydrates (%) (calculated) NMT 30 23.34 24.94 23.09

Heavy Metals

Lead (ppm) NMT 0.1 0.022 0.014 0.10

Arsenic (ppm) NMT 0.1 0.019 0.032 <0.01

Imagindairy Ltd.
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Table 2.3.2-1 Summary of the Chemical Product Analysis for 3 Lots of B-Lactoglobulin

Parameter Specification Manufacturing Manufacturing Manufacturing
Lot ID51 Lot ID55 Lot AO035

Mercury (ppm) NMT 0.1 <0.005 <0.005 <0.005

Cadmium (ppm) NMT 0.1 <0.005 <0.005 <0.005

NLT = not less than; NMT = not more than; ppm = parts per million.
Microbiological Analysis

Table 2.3.2-2 Summary of the Microbiological Analysis for 3 Lots of B-Lactoglobulin

Parameter Specification Manufacturing Manufacturing Manufacturing
Lot ID51 Lot ID55 Lot AO035

Total plate count (CFU/g) NMT 10,000 <10 10 <250 CFU/mL*
Yeast (CFU/g) NMT 100 <10 <10 <10

Mold (CFU/g) NMT 100 10 <10 <10

Listeria monocytogenes** Absentin25g Not detected Not detected Not detected
Coliforms (CFU/g) NMT 10 <10 <10 <10
Escherichia coli (CFU/g) NMT 10 <10 <10 <10
Salmonella (CFU/g) Absentin25g Not detected Not detected Not detected

AOAC = Association of Official Analytical Collaboration; CFU = colony-forming units; NLT = not less than; NMT = not more than;
SMEDP = Standard Methods for the Examination of Dairy Products.

* Tested using SMEDP 6.040 method.

** Test using AOAC-RI 080901.

2.3.2.1 Additional Analyses

Data from the batch analysis of 3 non-consecutive lots of Imagindairy’s B-lactoglobulin produced via

fermentation of A. oryzae demonstrate that various mycotoxins and aflatoxins are not produced during the

manufacture of B-lactoglobulin (see Table 2.3.2.1-1).

Table 2.3.2.1-1  Summary of Aflatoxin Analyses for 3 Lots of B-Lactoglobulin

Parameter Method Manufacturing Manufacturing Manufacturing
Lot ID51 Lot ID55 Lot AO35

Aflatoxins

Aflatoxin HPLC (ug/kg) HPLC [LOQ=1.00] <1.00 <1.00 <1.00

Aflatoxin B1 (ug/kg) HPLC [LOQ=0.25] <0.25 <0.25 <0.25

Aflatoxin B2 (ug/kg) HPLC [LOQ=0.25] <0.25 <0.25 <0.25

Aflatoxin G1 (ug/kg) HPLC [LOQ=0.25] <0.25 <0.25 <0.25

Aflatoxin G2 (pg/kg) HPLC [LOQ=0.25] <0.25 <0.25 <0.25

Ochratoxin A (ug/kg) HPLC [LOQ=1.00] <1.00 <1.00 <1.00

Other Toxins

Zearalenone (ug/kg) MP 2415 rev 1 2021; Not detected Not detected Not detected
[LOD = 10]

Tricotecen (ug/kg) MP 2415 rev 1 2021 Not detected Not detected Not detected

Deoxynivalenol (ug/kg) MP 2415 rev 1 2021 Not detected Not detected Not detected
[LOD = 20]

Toxin HT2 (ug/kg) MP 2415 rev 1 2021; Not detected Not detected Not detected

Imagindairy Ltd.
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Table 2.3.2.1-1  Summary of Aflatoxin Analyses for 3 Lots of B-Lactoglobulin

Parameter Method Manufacturing Manufacturing Manufacturing
Lot ID51 Lot ID55 Lot AO35
[LOD = 5]
Toxin T2 (ug/kg) MP 2415 rev 1 2021; Not detected Not detected Not detected
[LOD = 2.5]
Sum of toxin T2 <10 <10 <10

and HT2 (ug/kg)

HPLC = high-performance liquid chromatography; LOD = limit of detection; NLT = not less than; NMT = not more than; LOQ = limit
of quantitation.

2.3.3  Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis Analysis

As shown in Figure 2.3.3-1, Manufacturing Lots AO35, ID51, and ID55 of -lactoglobulin powder originating
from A. oryzae fermentation (Lanes 1 to 3, respectively) were analyzed by sodium dodecyl! sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) and compared to a bovine -lactoglobulin standard (Lane 5).

For the SDS-PAGE analysis, B-lactoglobulin powders were dissolved in 2 to 4 mg/mL of Milli-Q water. The
samples were then diluted in loading dye (Sigma, Cat No. $3401) with addition of B-mercaptoethanol as a
reducing agent (Sigma-Aldrich, M3148), and heated to 95°C for 5 minutes. Next, 20 ug of AO35, ID51 and
ID55 recombinant and bovine standard B-lactoglobulin (Sigma Aldrich) were loaded on Tris-glycine
polyacrylamide gel. The run was then conducted at constant volts, stained with Coomassie for 30 minutes,
and de-stained overnight. Results indicate that the produced B-lactoglobulin protein from A. oryzae is the
same size as pure bovine B-lactoglobulin.

Imagindairy Ltd.
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Figure 2.3.3-1 Coomassie Blue-Stained Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis
Analysis of the Recombinant B-Lactoglobulin

] 2 3 4 o

kDa

180

100
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60
45

35 <« PB-lactoglobulin
Dimer

25
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10

Note: Lot AO35 (Lane 1), Lot ID51 (Lane 2), Lot ID55 (Lane 3), Protein Marker PM2500 (Lane 4), bovine B-lactoglobulin standard
(Sigma-Aldrich) (Lane 5). 20 pg of recombinant and standard B-lactoglobulin were loaded. Molecular weights are 18.3 and 36.6 kDa
for B-lactoglobulin monomer and dimer, respectively.

2.3.4  Size Exclusion High-Performance Liquid Chromatography Analysis

Manufacturing Lots AO35, ID51, and ID55 of 3-lactoglobulin powder produced by fermentation of

A. oryzae Ao_st0002 were analyzed by size exclusion high-performance liquid chromatography (SEC-HPLC),
which has been validated for its intended purpose, to assess its purity. The samples were analyzed by
Waters BEH SEC column using a ThermoScientific HPLC device with an absorption detector. The results show
2.0, 4.1, and 3.5% impurities of total protein for Manufacturing Lots AO35, ID51, and ID55, respectively.

A representative chromatogram of Manufacturing Lot ID51 and bovine B-lactoglobulin standard
(Sigma-Aldrich) is depicted in Figure 2.3.4-1 below.

Imagindairy Ltd.
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Figure 2.3.4-1

Imagindairy Ltd.
11 May 2023

Representative Chromatogram of the Recombinant B-Lactoglobulin Lot ID51 (blue) and
the Bovine B-Lactoglobulin Standard (Sigma-Aldrich) (black) Using Size Exclusion
High-Performance Liquid Chromatography
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PART 3  §170.235 DIETARY EXPOSURE

3.1 History of Use in Food/Current Regulatory Status

B-Lactoglobulin was the subject of a favorable European Food Safety Authority (EFSA) safety review as a
novel food pursuant to Regulation (EU) 2015/2283 (EFSA, 2022). The novel food (=290% w/w dry matter
protein), with B-lactoglobulin as the primary component (290% of total protein), was found to be safe at
levels up to 25 g/100 g in isotonic and sports drinks, whey powder, probiotic milk-like drinks, and foods for
special medical purposes (FSMP) (EFSA, 2022). In the U.S., B-lactoglobulin has been concluded to be GRAS at
use levels up to 35% in conventional foods and has been the subject of 3 GRAS Notices (GRNs 863, 1005,
and 1056 — U.S. FDA, 2020, 2022b,c). Of the 3, GRN 863 received a “no questions” letter from the U.S. FDA,
while GRN 1005 withdrawn by the notifier, and GRN 1056 is pending FDA review.

3.2 Intended Use of B-Lactoglobulin and Levels of Use in Food and Beverages

Imagindairy’s B-lactoglobulin produced via fermentation of A. oryzae is intended to be used as a non-animal
protein source in foods that currently use protein from milk or plants. The intended use will be entirely
substitutional with other B-lactoglobulin ingredients currently on the market, and its intended uses, use
levels, and estimated cumulative daily intake will be incorporated by reference from GRN 1056, p. 15-21
(Remilk Ltd., 2022; U.S. FDA, 2022c). Examples of the typical food uses and use levels of Imagindairy’s
B-lactoglobulin, as well as the use levels from previous B-lactoglobulin GRAS Notices, are summarized in
Table 3.2-1.

Table 3.2-1 Food Uses and Use Levels of B-Lactoglobulin Produced via Fermentation of
Aspergillus oryzae

Food Category Food Use Use Level Specified in  Use Level Specified in  Use Level Specified for
GRN 863 GRN 1056 Imagindairy’s
(U.S. FDA, 2020) (U.S. FDA, 2022c) B-Lactoglobulin
Nutritional Products Meal replacements and 5to 15% 15% 15%
supplements
Powdered nutritional 10 to 25% 25% 25%
beverages
Nutritional bars 5t035% 35% 35%
Sports beverages 5to0 20% - -
Electrolyte-type sports - 6% 6%
drinks
Performance nutritional - 25% 25%

beverages, high protein

Imagindairy Ltd.
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Table 3.2-1

Food Category

Dairy and Dairy-based

Products

Sugar-based Products

Dressings

Imagindairy Ltd.

11 May 2023

Food Use

Milk products (including
beverages, and coffee
creamer)

Fluid milk, powdered milk,
flavored milk, milk-based
drinks and drink mixes
(e.g., dairy smoothies, hot
chocolate from mix), milk
substitutes

Cream, half & half, cream
cheese, cheese spread,
whipped cream

Yogurt and fermented milk
products

Spreads, dips, and cream
substitutes

Spreads, dips
Cream substitutes

Frozen dairy desserts and
mixes

Cheese used primarily as
ingredients (e.g. ricotta
cheese)

Semi-hard cheese
(e.g., feta, Camembert,
brie)

Desserts and Mousses

Confections (including
chocolate confections)
Coatings and Fillings
Snack Foods

Cookies and brownies,
crackers, popcorn, potato
chips, tortilla chips, hard
pretzels/snack mix

Doughnuts, toaster
pastries, muffins

Salad Dressings

Minor main entrée sauces
(e.g., Alfredo sauce, white
sauce, cheese sauce)

Use Level Specified in

GRN 863
(U.S. FDA, 2020)

1to 15%

1to 5%

1to 5%

1to 10%

<5%
1to 10%

1to 10%
1to 10%

<5%

Use Level Specified in

GRN 1056
(U.S. FDA, 2022¢)

6%

15%

8%

10%
15%

Ice cream, frozen
yogurt

8%

15%

25%

5%
10%

10%

5%

10%

Creamy salad
dressings 5%

6%

Food Uses and Use Levels of B-Lactoglobulin Produced via Fermentation of
Aspergillus oryzae

Use Level Specified for
Imagindairy’s
B-Lactoglobulin

6%

15%

8%

10%
15%
10%

15%

25%

5%

10%

10%

5%

10%

5%

6%
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Table 3.2-1 Food Uses and Use Levels of B-Lactoglobulin Produced via Fermentation of
Aspergillus oryzae

Food Category Food Use Use Level Specified in  Use Level Specified in  Use Level Specified for
GRN 863 GRN 1056 Imagindairy’s
(U.S. FDA, 2020) (U.S. FDA, 2022c) B-Lactoglobulin

Baked Goods French toast, crepes, - 10% 10%

pancakes, bagels, scones,
biscuits, croissants

Breads & rolls, English - 10% 10%
muffins, pizza crust
Egg Products Egg substitutes - 10% 10%

GRN = GRAS Notice.

3.3 Estimated Intake of B-Lactoglobulin

3.3.1 Intake Estimates for B-Lactoglobulin

The intended use and use levels of Imagindairy’s B-lactoglobulin will be entirely substitutional with other
B-lactoglobulin preparations currently on the market; therefore, the cumulative estimated daily intake will
be incorporated by reference from GRN 1056, p. 15-21 (Remilk Ltd., 2022; U.S. FDA, 2022c). Estimates of
the intended intake of B-lactoglobulin were developed from food consumption records collected in the
What We Eat in America component of the National Health and Nutrition Examination Surveys conducted in
2015-2016 and 2017-2018 (USDA, 2019, 2022; CDC, 2020a,b, 2022a,b). The maximum use level of
B-lactoglobulin across applicable food categories was used to calculate the 2-day average intake estimates
of B-lactoglobulin at the mean and 90" percentile of intake from proposed uses outlined in Table 3.2-1. In
summary, both the per capita and per user cumulative mean intake of B-lactoglobulin in the population
ages 2 years and older was 31.0 g/day, while the cumulative 90™" percentile intake was 56.4 g/day. The
estimated dietary intakes are highly conservative, as the maximum intended use level is assumed for all
foods in each use category, and it is assumed that consumers are selecting products containing B-
lactoglobulin at all consumption events.

B-lactoglobulin produced by Imagindairy is chemically identical to B-lactoglobulin present within traditional
whey protein in terms of its nutrition and safety; thus, B-lactoglobulin products can be used in place of
traditional whey protein or other protein products currently on the market. All uses of B-lactoglobulin will
be entirely substitutional with other B-lactoglobulin-containing milk protein preparations (e.g., whey
protein isolates, concentrates) currently on the market; therefore, the intended uses of Imagindairy’s B-
lactoglobulin will not increase the overall intake of B-lactoglobulin or dietary protein.

Imagindairy Ltd.
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PART4  §170.240 SELF-LIMITING LEVELS OF USE

No known self-limiting levels of use are associated with B-lactoglobulin.

Imagindairy Ltd.
11 May 2023
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PART 5

Not applicable.

Imagindairy Ltd.
11 May 2023

§170.245 EXPERIENCE BASED ON COMMON USE IN FOOD
BEFORE 1958
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PART6  §170.250 NARRATIVE AND SAFETY INFORMATION

6.1 Introduction

The safety evaluation of Imagindairy’s B-lactoglobulin was conducted using scientific procedures and
included hazard characterization of the production organism A. oryzae, and the B-lactoglobulin
fermentation product. The safety of the production organism is reviewed in Sections 6.2 and 6.3, and data
and information characterizing the safety of B-lactoglobulin are described in Section 6.4.

6.2 Safety of the Parental Organism

The safety and low risk associated with the commercial use of A. oryzae has long been well established
(U.S. EPA, 1997), and A. oryzae has been consumed for centuries as part of fermented foods such as miso
and sake (Allwood et al., 2021). Globally, the production organism, A. oryzae, has a long history of safe use
in food production. The food enzymes produced by A. oryzae include amylases, aminopeptidases,
aspariginases, glucanases, glucose oxidases, laccases, lactases, lipases, phospholipase, pectinesterases,
phytase, proteases, and xylanases (Amfep, 2015; U.S. FDA, 2018; FSANZ, 2022; Health Canada, 2023). In the
U.S., A. oryzae has primarily been used as a production organism to derive many enzymes (GRNs 8, 10, 34,
43, 75,90, 103, 106, 113, 122, 142, 201, 811, 979, and 982 — U.S. FDA, 2023). In France, A. oryzae is listed as
an authorized source of various enzyme preparations (Article Annexe | C of Arrété du 19 octobre 2006 relatif
a I'emploi d’auxiliaires technologiques dans la fabrication de certaines denrées alimentaires [JORF, 2006]).
A. oryzae is included in the Danish List of Microbial Cultures notified to the Danish Veterinary and Food
Administration (Danish Veterinary and Food Administration, 2016) as a notified microbial culture applied
and is permitted for use in food. A. oryzae has also been notified to EFSA 51 times for its intentional direct
use or its use as a source of food and feed additives, food enzymes, and plant protection products, and it is
included in the Union list of novel foods (EU, 2017). Lastly, powdered A. oryzae grown with added minerals
(calcium, iron, zinc, chromium, selenium, copper, magnesium, manganese, molybdenum, or combinations
thereof) has been concluded GRAS and received a “no questions” letter from the U.S. FDA for use in
conventional foods such as breakfast cereals, pastas, processed fruit and vegetable juices, soups, and
nutritional drinks, at a level that provides 25% of the daily value for each mineral in the product, up to

250 mg powder per serving (GRN 829 — U.S. FDA, 2019).

A. oryzae is not considered to be pathogenic to humans and its long history of use indicates it is not a safety
concern (Barbesgaard et al., 1992; He et al., 2019).

6.3 Safety of the Production Strain

Imagindairy employs genetic modification practices that are commonly used and well defined in order to
obtain both a pure product and optimize expression of B-lactoglobulin. A. oryzae is frequently used as a
production organisms because of its characterized secretion capacity, genetic tractability, and fast growth.
No antibiotic selection markers or origin of replication sequences are used in the construction process of
the production strain or the recipient host strain. Data from a multi-generational genomic stability study
show a consistent copy-number of the B-lactoglobulin gene after 5 generations of the fungi establishing the
genetic stability of the production strain. Additionally, Imagindairy provided data from the batch analysis of
3 non-consecutive lots of B-lactoglobulin demonstrating that various mycotoxins and aflatoxins produced by
related Aspergillus spp. are not produced by the production organism. Taken together, it can be concluded
that the production strain is safe for use in the production of Imagindairy’s B-lactoglobulin.

Imagindairy Ltd.
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6.4 Safety of B-Lactoglobulin

B-Lactoglobulin from bovine milk is a small protein with a molecular mass of approximately 18.3 kDa
(Barbiroli et al., 2022). B-Lactoglobulin has been reported to be relatively pepsin-resistant in the stomach
and has fast gastric emptying. Both in vitro and in vivo data have shown that B-lactoglobulin is rapidly
digested in the intestine, which leads to the absorption of amino acids in the proximal intestine (Mahé et
al., 1995, 1996; Rieu et al., 2007; Farnfield et al., 2009; Sanchén et al., 2018).

B-Lactoglobulin was the subject of a favorable EFSA safety review as a novel food pursuant to

Regulation (EU) 2015/2283. The novel food (290% w/w dry matter protein), with B-lactoglobulin as the
primary component (290% of total protein), was found to be safe at levels up to 25 g/100 g in isotonic and
sports drinks, whey powder, probiotic milk-like drinks, and FSMP (EFSA, 2022). In the U.S., B-lactoglobulin
has been concluded to be GRAS at use levels up to 35% in conventional foods and has been the subject of

3 GRAS Notices (GRNs 863, 1005, and 1056 — U.S. FDA, 2020, 2022b,c). Of the 3, GRN 863 received a

“no questions” letter from the U.S. FDA, while GRN 1005 withdrawn by the notifier and GRN 1056 is
pending FDA review. Lastly, a bovine B-lactoglobulin preparation (Arla Foods Inc., Lacprodan® BLG; total
protein content 286%; B-lactoglobulin >90%) has been shown to be not genotoxic and showed no toxicity at
up to doses of 1,000 mg/kg body weight/day, the highest dose tested, in a 90-day rodent subchronic toxicity
study (Dybdahl et al., 2021).

Traditional whey protein has a long history of safe use and its safety has been affirmed through many
scientific reviews. The safety discussions and GRAS conclusions of whey protein are directly applicable to
the GRAS conclusion of B-lactoglobulin since B-lactoglobulin is a component of whey protein4. Whey
protein concentrate is GRAS affirmed in 21 CFR §184.1979(c) (U.S. FDA, 2022d). The regulation states that
whey protein concentrate is the substance obtained by the removal of sufficient nonprotein constituents
from whey so that the finished dry product contains not less than 25% total protein. Additionally, “whey
protein” has been the subject of 2 GRAS Notices (GRNs 37 and 633) that received “no questions” letters
from the U.S. FDA, while “concentrated milk proteins” has been the subject of GRN 504, which also received
a “no questions” letter from the Agency (U.S. FDA, 2000, 2014, 2016). In general, these safety evaluations
followed the same basic principle summarized in GRN 504:

Due to the long history of human consumption of milk, milk and milk proteins pose little
toxicological concern to humans or animals. With the exception of certain sensitive
populations (e.g., milk-allergic and lactose-intolerant individuals), we are not aware of
adverse effects associated with consumption of concentrated milk proteins.

As was the case in the previous GRAS Notices, Imagindairy’s B-lactoglobulin is identical to the
B-lactoglobulin found in cow’s milk; therefore, the previous conclusions of the safety of B-lactoglobulin are
of direct relevance to the safe use of Imagindairy’s B-lactoglobulin as a food ingredient. Based on a
literature search in April 2023, Imagindairy did not identify any new information to suggest that
B-lactoglobulin is unsafe for use as a food ingredient. Imagindairy is aware that there exist sensitive
consumers who are allergic to milk proteins such as B-lactoglobulin; however, consumption of milk-derived
ingredients or B-lactoglobulin is not associated with any other adverse effects and does not pose any
additional safety concerns besides its allergenic potential. Taken together, there is reasonable certainty that
the use of Imagindairy’s B-lactoglobulinis safe for consumption, and Imagindairy concludes its B-
lactoglobulin is GRAS for its intended uses and use levels.
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6.4.1 Toxicological Studies of Other B-Lactoglobulins

Toxicological studies on other preparations of B-lactoglobulin can be used as corroborative evidence
supporting the safety of Imagindairy’s B-lactoglobulin. The safety of a bovine B-lactoglobulin preparation by
Arla Foods (Lacprodan® BLG; total protein content 286%; [B-lactoglobulin >90%) was evaluated by a bacterial
reverse mutation assay, an in vitro micronucleus assay, a 14-day repeated dose rodent toxicity study, and a
90-day repeated dose rodent subchronic toxicity study (Dybdahl et al., 2021).

In an Organisation for Economic Co-operation and Development (OECD)-compliant assay, a bacterial reverse
mutation assay was performed using 2 independent experiments (standard plate incorporation and
pre-incubation) in Salmonella Typhimurium strains TA98, TA100, TA1535, and TA1537 and

Escherichia coli WP2 uvrA with and without metabolic activation (OECD 471 — Bacterial Reverse Mutation
Assay). The test article was then tested at 31.6, 100, 316, 2,500, and 5,000 pg/plate. No precipitation or
cytotoxic effects were observed in any of the experiments with and without S9 mix. In conclusion,
Lacprodan® BLG was not mutagenic under the conditions tested.

An OECD-compliant in vitro micronucleus assay was used to assess the clastogenic potential of

Lacprodan® BLG in in cultured human peripheral blood lymphocytes (OECD 487 — In Vitro Mammalian Cell
Micronucleus Test). Concentrations ranging from 125 to 2,000 pg/mL of B-lactoglobulin were used, with and
without metabolic activation, in 2 experiments (4-hour short-term exposure and 44-hour long-term
exposure). No precipitation or cytotoxic effects were observed in any of the experiments, with or without
metabolic activation. There were no statistically significant increases of cells with micronuclei after
Lacprodan® BLG exposure, with the exception of the 1,500 pg/mL test concentration in the short-term
experiment without S9 mix. This result was not considered biologically relevant, as there was no dose-
dependent relationship, and the increase was within the historical range of negative controls. In conclusion,
Lacprodan® BLG was not clastogenic in human lymphocytes under the conditions tested.

In a preliminary 14-day repeat dose rodent study, male and female Wistar rats were provided

Lacprodan® BLG by oral gavage at dose levels of 0, 100, 300, and 1,000 mg/kg body weight per day at an
application volume of 5 mL/kg body weight (OECD 407 — Repeated Dose 28-day Oral Toxicity Study in
Rodents). No mortality or clinical signs were observed in the study. There were no test article—related
changes in body weight and food consumption during the exposure period. Exposure to the test item had
no toxicologically relevant effect on hematology or clinical biochemistry parameters. Exposure to
Lacprodan® BLG up to 1,000 mg/kg body weight per day was well tolerated and did not result in any adverse
effects.
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An OECD-compliant 90-day subchronic toxicity study in 80 Wistar rats (40 males and 40 females)

was performed in which groups of animals received 0, 100, 300, or 1,000 mg Lacprodan® BLG/kg

body weight/day at an application volume of 5 mL/kg body weight by oral gavage (OECD 408 — Repeated
Dose 90-Day Oral Toxicity Study in Rodents). Clinical condition, functional observations, body weight,

food consumption, fertility, hematology, clinical biochemistry, urinalysis, pathology, organ weight, and
histopathology were evaluated as part of this study. There was no effect on body weight or food intake
between control and B-lactoglobulin—exposed rats. There were no mortalities, ophthalmoscopic, or
functional changes observed during the study. There were no changes on male and female fertility
parameters related to exposure of Lacprodan® BLG. There were no test article-related changes in
hematology, coagulation, clinical chemistries, hormones, urinalysis, or absolute or relative organ weight. All
inter-group differences from controls were minor, lacked a dose-related response, or were limited to 1 sex
and were therefore attributed to normal biological variation. Some macroscopic findings such as abnormal
content in urinary bladder (1 high-dose male), enlarged mesenterial lymph nodes (1 high-dose male),
fluid-filled uterus (1 low-dose female), and white focus in lung (1 control) were observed but were not
considered test article-related, as they were observations commonly seen in rats of same strain and age
and only occurred randomly. There were no test article-related histopathological microscopic findings
observed. It was concluded that the no-observed-adverse-effect level (NOAEL) under the study conditions
was 1,000 mg/kg body weight/day, the highest dose tested.

In conclusion, a bovine B-lactoglobulin preparation (Arla Foods Inc., Lacprodan® BLG; total protein content
>86%; B-lactoglobulin >90%) was not mutagenic or genotoxic, and was without evidence of toxicity in a 90-
day subchronic rodent feeding study where a NOAEL value of 1,000 mg/kg body weight/day, the highest
dose tested, was determined (Dybdahl et al., 2021).

6.5 Allergenicity

Bovine milk has been identified as a major food allergen in the U.S. and around the world. B-Lactoglobulin
has been recognized as a major allergic component of cow’s milk with over 50% of milk allergic patients
generating specific immunoglobulin E antibodies to B-lactoglobulin (Chatchatee et al., 2001; Geiselhart et
al., 2021). Therefore, consumption of a product with Imagindairy’s B-lactoglobulin may elicit a milk protein
allergic response. All products containing Imagindairy’s B-lactoglobulin will indicate and inform consumers
that the product contains a milk allergen and will comply with all food allergen labeling requirements.
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Imagindairy has provided a report by Dr. Richard Goodman and the Food Allergy and Resource Program at
the University of Nebraska-Lincoln evaluating the potential additional allergenicity of its B-lactoglobulin
produced by A. oryzae (see Appendix A). To confirm that the B-lactoglobulin does not contain residual
amino acid sequences similar to known allergens that could potentially produce an allergenic response,
Imagindairy produced 3 batches of the B-lactoglobulin product, and samples were evaluated using

liquid chromatography with tandem mass spectrometry at the Weizmann Institute of Science

(Rehovot, Israel). Dr. Goodman conducted a bioinformatic evaluation of the identified minor proteins using
AllergenOnline database version 21 (available at http://www.allergenonline.org; updated 14 February 2021)
and National Center for Biotechnology Information (NCBI) Protein database. Comparisons in AllergenOnline
used a sliding 80—amino acid window looking for minimum identity matches of 35% or more. Additional
searches were made with the NCBI Protein database using Protein Basic Local Alignment Search Tool
(BLASTP) and looking for long alignments of >35% identity. The relative abundance of reported proteins
considered possibly important was >1/1,000 of the total protein content. A literature search on the allergic
potential of A. oryzae conducted by Dr. Goodman concluded that there was little evidence from the
scientific literature that proteins from Aspergillus were responsible for food allergy. Bioinformatic
evaluation resulted in no identity matches that were of high similarity to known allergens and of high
abundance. It was concluded that the Imagindairy’s B-lactoglobulin produced from A. oryzae does not pose
a risk of food allergy due to residual A. oryzae proteins.
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6.6

GRAS Conclusion

Imagindairy Ltd. has concluded that B-lactoglobulin produced by fermentation of Aspergillus oryzae is
Generally Recognized as Safe (GRAS), on the basis of scientific procedures, for use in food and beverage
products based on the following:

Imagindairy’s preparation contains highly purified B-lactoglobulin identical to
bovine B-lactoglobulin.

B-lactoglobulin will be manufactured under cGMP and consistently meets food-grade specifications
that control for identity as well as microbial and heavy metal contaminants.

A. oryzae, has consistently been concluded safe as a production organism in food manufacturing,
with no evidence of pathogenic or toxigenic concerns. .

The intended uses and use levels of B-lactoglobulin in conventional foods and beverages will be
entirely substitutional with other bovine B-lactoglobulin preparations that have been concluded to
be GRAS and received “no question” letters from the U.S. FDA (GRN 863 — U.S. FDA, 2020).

B-lactoglobulin has many similarities to milk whey protein, which has been GRAS affirmed and is the
subject of several GRAS Notices that have received “no question” letters from the U.S. FDA

(GRN 37, 504, and 633 — U.S. FDA, 2000, 2014, 2016).

Milk and milk protein have a long safe history of use as foods.

Data from other B-lactoglobulin preparations support the safety of B-lactoglobulin. f-Lactoglobulin
was not genotoxic, was well tolerated, and exhibited no adverse effects in a subchronic toxicity

study (Dybdahl et al., 2021).

The evidence supporting Imagindairy’s B-lactoglobulin produced from the fermentation of A. oryzae
does not pose an increased allergenic risk.

All products containing B-lactoglobulin will comply with all food allergen labeling requirements.

B-Lactoglobulin therefore can be marketed and sold for its intended purposes in the U.S. without the
promulgation of a food additive regulation under 21 CFR §170.3 (U.S. FDA, 2022e).
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