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Food and Drug Administration

5001 Campus Drive

College Park, MD 20740

Subject: GRAS Notification —
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General Foods

To Whom It May Concern,

On behalf of Runke Bioengineering (Fujian) Co., Ltd. (Runke Bioengineering), we are
submitting a GRAS notification for docosahexaenoic acid (DHA)-rich oil as a food ingredient.
The enclosed document provides the notice of a claim that a food ingredient, the DHA-rich oil,
described in the enclosed notification is exempt from the premarket approval requirement of the
Federal Food, Drug, and Cosmetic Act because it has been determined to be Generally Recognized
as Safe (GRAS), based on scientific procedures, as a food ingredient. We believe that this
determination and notification are in compliance with Pursuant to 21 C.F.R. Part 170, subpart E.

Please feel free to contact me if additional information or clarification is needed as you
proceed with the review. We would appreciate your kind attention to this matter.

Sincerely,

September 5, 2023

Susan Cho, Ph.D.
Susanschol@yahoo.com
Lead Expert Panel Member for Runke Bioengineering Biotechnology, Co., Ltd
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PART 1. SIGNED STATEMENTS AND A CERTIFICATION

1. A. Submission of GRAS Notice
Pursuant to 21 Code of Federal Regulations (CFR) Part 170, subpart E, Runke
Bioengineering (Fujian) Co., Ltd. (hereinafter referred to as ‘Runke Bioengineering’) submits a
Generally Recognized as Safe (GRAS) notice and claims that the use of docosahexaenoic acid
(DHA)-rich oil in foods, as described in Parts 2 through 7 of this GRAS notice, is not subject to
premarket approval requirements of the Federal Food, Drug, and Cosmetic (FD&C) Act based
on its conclusion that the substance is GRAS under the conditions of its intended use.

1.B. Name and Address of the Notifier

Contact: Sunny Tsali

Company: Runke Bioengineering (Fujian) Co., Ltd.

Address: West of No. 552 Rd., Jindu Industrial Clusters Zone, Zhao'an, Zhangzhou, Fujian
Province 363500, China

Tel: +86-754-86309891

E-mail: wangyinan@runke.com.cn or sales@runke.com.cn

1.C. Common or Trade Name
Docosahexaenoic acid-rich oil, DHA-rich oil, docosahexaenoic acid-rich algal oil,
DHA-rich algal oil, DHA algal oil, or DHA oil.

1.D. Applicable Conditions of Use of the Notified Substance

1.D.1. Foods in Which the Substance is to be Used
(1) Selected conventional foods

Runke Bioengineering intends for DHA-rich oil to be used in food categories currently
listed in 21 CFR 184.1472(a)(3), except in egg, meat, poultry, and fish products (Table 1). These
are the same food categories found in the GRAS natifications for algal oil derived from
Schizochytrium sp. (GRNs 000137 and 000732) for which the Food and Drug Administration
(FDA) did not raise any questions as to the safety when the intended uses included the food
categories identified for menhaden oil. The only difference is that Runke Bioengineering does
not intend to use its DHA-rich oil in egg, meat, poultry, and fish products.

(2) Infant formulas

Runke Bioengineering intends for the DHA-rich oil, produced from Schizochytrium sp.,
to be used as a food ingredient in cow milk-, goat milk-, soy-, amino acid-, extensively
hydrolyzed protein-based, exempt and non-exempt formula for pre-term and/or low birth weight
infants, and term infants in combination with a safe and suitable source of arachidonic acid
(ARA). Runke Bioengineering’s DHA-rich oil will be added to ready-to-drink or powder forms
of infant formulas from which reconstituted infant formulas can be prepared. Exempt infant

7
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formula refers to formulas for pre-term infants only and does not include use in other exempt
formulas (e.g., hypoallergenic formulas, formulas for inborn errors of metabolism.

1.D.2. Levels of Use in Such Foods
Selected Conventional Foods

As shown in Table 1, Runke Bioengineering intends for the DHA-rich oil (containing
>35% DHA) to be used in the same food categories as those listed in GRN 000137 (future
intended use levels listed on pages 22-23; stamped page 27-28), GRN 000732 (pages 4-5), GRN
000933 (page 7), GRN 000934 (page 25) and GRN 001008 (page 24), and in 21 CFR
184.1472(a)(3) (menhaden oil), except in egg, meat, poultry, and fish products, at maximum use
levels that are 28.57% of those specified in 21 CFR 184.1472(a)(3), which was finalized in 2005
(FDA, 2005). Runke Bioengineering intends for the DHA-rich oil will be used as the sole added
source of DHA in any given food category, or if blended with a source of EPA, the total dietary
exposure to DHA will be not more than 1.5 g/person/day (g/p/d) and not more than 3.0 g/p/d of
DHA and EPA combined.

Table 1. Maximum Intended Use Levels of DHA-Rich Oil from Schizochytrium sp.?

Food category Maximum use levels, %
Menhaden oil
184.1472(a)(3) Current notice

Baked goods and baking mixes (1) 5.0 1.43

Cereals (4) 4.0 1.14

Cheese products (5) 5.0 1.43

Chewing gum (6) 3.0 0.86

Condiments (8) 5.0 1.43

Confections and frostings (9) 5.0 1.43

Dairy products analog (10) 5.0 1.43

Fats and oils (12) (not including infant formula) 12.0 3.43

Frozen dairy products (20) 5.0 1.43

Gelatins and puddings (22) 1.0 0.286

Gravies and sauces (24) 5.0 1.43

Hard candy (25) 10.0 2.86

Jams and jellies (28) 7.0 2.00

Milk products (31) 5.0 1.43

Nonalcoholic beverages (3) 0.5 0.143

Nut products (32) 5.0 1.43

Pastas (23) 2.0 0.57

Plant protein products (33) 5.0 1.43

Processed fruit juices (35) 1.0 0.286

Processed vegetable juices (36) 1.0 0.286

Snack foods (37) 5.0 1.43

Soft candy (38) 4.0 1.14

Soup mixes (40) 3.0 0.86
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Sugar substitutes (42) 10.0 2.86
Sweet sauces, toppings, and syrups (43) 5.0 1.43
White granulated sugar (41) 4.0 1.14

The food categories correspond to those listed in 21 CFR 170.3(n). The number in parenthesis following
each food category is the paragraph listing that food category in 21 CFR 170.3(n).

Intended use has been adopted from GRNs 137 and 732 with the exception of meat, poultry, and fish
products.

Infant Formula

Runke Bioengineering’s DHA-rich oil may be used at a maximum of 0.5% of total
dietary fat as DHA. This level corresponds to 1.43% of total dietary fat providing 28-39 mg
DHA/kg bw/day (or 80 to 111 mg DHA-rich oil/kg bw/day) in term infants and 39 mg/kg
bw/day (or 111 mg DHA-rich oil/kg bw/day) in pre-term low-birth, very low-, and extremely
low-birth weight infants (ages from birth to 12 months) with a safe and suitable source of ARA,
because Runke Bioengineering’s DHA-rich oil has >35% DHA. The ratio of DHA to ARA
would range from 1:1 to 1:2. The intended use level is similar to all other approved uses for
incorporation of DHA-rich oil in infant formula (GRN 000553 - stamped page 12 or page 6;
GRN 000677 - page 6; GRN 000731 - page 5; GRN 000776 - page 3; GRN 000777 - page 3;
GRN 933-page 8; GRN 000934-pages 24-25; GRN 001008- pages 1, 25, and amendment dated
November 3, 2021- pages 12-14 ). Runke Bioengineering’s DHA-rich oil will be added to
ready-to-drink or powder forms of infant formulas from which reconstituted infant formulas can
be prepared. The use in exempt infant formulas is for formulas for pre-term infants only, not for
other exempt formulas (e.g., hypoallergenic formulas, formulas for inborn errors of metabolism).

1.D.3. Purpose for Which the Substance is Used
The substance will be used as an ingredient in selected foods and in non-exempt and
exempt infant formulas.

DHA-rich oil is a free flowing, yellow oil. The use of DHA-rich oil in the
above-described food categories may also incidentally contribute its own color to the product. Its
intended use would thus fall outside the definition of "color additive,” in accordance with 21
CFR 70.3(f), "Substances capable of imparting a color to a container for foods----are not color
additives unless the customary or reasonably foreseeable handling or use of the container may
reasonably be expected to result in the transmittal of the color to the contents of the package or
any part thereof. Food ingredients...which contribute their own natural color when mixed with

other foods are not regarded as color additives....".

1.D.4. Description of the Population Expected to Consume the Substance

Selected general food applications: The population expected to consume the substance
consists of members of the general population (aged 1 year or older) who consume at least one of
the products described above.
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Infant formula applications: Infants consuming formula (pre-term and/or low birth weight
infants as well as full-term infants).

1.E. Basis for the GRAS Determination
This GRAS conclusion is based on scientific procedures in accordance with 21 CFR
170.30(a) and 170.30(b).

1.F. Availability of Information

The data and information that are the basis for this GRAS conclusion will be made
available to FDA upon request by contacting Susan Tsai at Runke Bioengineering at the address
above. The data and information will be made available to FDA in a form in accordance with that
requested under 21 CFR 170.225(c)(7)(ii)(A) or 21 CFR 170.225(c)(7)(ii)(B).

1.G. Availability of Freedom of Information Act Exemption
None of the data and information in Parts 2 through 7 of this GRAS notice are exempt
from disclosure under the Freedom of Information Act, 5 United States Code (U.S.C.) §8552.

1.H. Certification

We certify that, to the best of our knowledge, our GRAS notice is a complete,
representative, and balanced submission that includes unfavorable information, as well as
favorable information, known to us and pertinent to the evaluation of the safety and GRAS status
of the use of the substance.

1.1. Name, Position/Title of Responsible Person Who Signs Dossier, and Signature

\J

Name: Sunny Tsali Date: August 31, 2023
Title: Export Manager

Address correspondence to

Susan S. Cho, Ph.D.

Lead Expert Panel Member

AceOne RS, Inc.

5903 Hampton Forest Way

Fairfax, VA 22030

Tel: +1-301-875-6454

scho@aceoners.com or Susanschol@yahoo.com
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1.J. Food Safety and Inspection Service/United States Department of Agriculture (USDA)

Statement
Runke Bioengineering does not intend to add DHA-rich oil to any meat and/or poultry

products that come under USDA jurisdiction. Therefore, 21 CFR 170.270 does not apply.
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PART 2. IDENTITY, MANUFACTURING, SPECIFICATIONS, AND TECHNICAL
EFFECTS OF DHA

2.A.1. Identity of the Notified Substance
2.A.1.1. Common Name

Docosahexaenoic acid-rich oil, DHA-rich oil, docosahexaenoic acid-rich algal oil,
DHA-rich algal oil, DHA algal oil, DHA oil.

2.A.1.2. Chemical Names
Its systematic name is all-cis-docosa-4,7,10,13,16,19-hexa-enoic acid, and its shorthand
name is 22:6(n-3).

Chemical Identity of Ingredients
DHA-rich oil is all-cis-4,7,10,13,16,19-docosahexaenoic acid (22:6) (Figure 1) esterified

to glycerol. There are a number of common or usual names for oils extracted from closely related
microalgae including but not limited to:

DHA Algal Qil

DHA Oil

DHA-rich Qil

DHA-rich Algal Oil

Oil from the micro-algae Schizochytrium sp.

Docosahexaenoic acid-rich single-cell oil

DHA single cell oil

2.A.1.3. CAS Registry Number

There is no chemical abstract service (CAS) number assigned for DHA-rich oil; however,
DHA is assigned the CAS number 6217-54-5. Triglycerides (TGs) are assigned the CAS number
68424-59-9.

2.A.1.4. Empirical Formula
Molecular formula of DHA, C22H3202

2.A.1.5. Molecular Weight
DHA, 328.488

2.A.1.6. Structural Formula

Figure 1 shows the structure of DHA. DHA is a long chain, polyunsaturated fatty acid, with
empirical formula C22Hz20.. The complete name is 4,7,10,13,16,19-docosahexaenoic acid. The
numbers indicate the number of carbon atoms in the molecule (22), the number of double bonds
(6), and the number of carbon atoms from the methyl terminus to the first double bond (3).

12
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Figure 1. Structure of docosahexaenoic acid (DHA)

2.A.1.7. Physical Properties
Density of DHA, 0.943 g/cm?®

2.A.1.8. Background

DHA is a long-chain polyunsaturated fatty acids (LCPUFAS) that is a primary structural
component of the human brain, retina, and other tissues. DHA’s structure is a 22-carbon chain
carboxylic acid with six cis-double bonds; the first double bond is located at the third carbon
from the omega end (methyl terminus). Thus, it is classified as an omega-3 fatty acid. It can be
synthesized from alpha-linolenic acid or obtained directly from maternal milk, algal oil, or fish
oil.

Runke Bioengineering’s DHA-rich oil is derived from the heterotrophic fermentation of
the marine alga, Schizochytrium sp. strain FJRK-SCH3.

2.A.2. Potential Toxicants in the Source of the Notified Substance

Potential toxicants have not been identified in Runke Bioengineering’s DHA-rich oil.
Runke Bioengineering’s DHA-rich oil is >35.0% pure with an average of 42%. The Certificates
of Analysis (COAs) for DHA-rich oil are presented in Appendix A.

Shellfish Poison
No amnesic shellfish poison (domoic acid) was found in Runke Bioengineering’s
DHA-rich oil (Table 2; Appendix A).

Because the manufacturing process involves the fermentation of glucose with yeast
extracts and mineral sources by Schizochytrium sp. and does not employ any organic solvents, it
is not expected to have any significant amounts of dioxins and furans, polychlorinated biphenyls
(PCBs), polycyclic aromatic hydrocarbons (PAHSs), or organic solvent residues in the finished
DHA-rich oil (Appendix A).

During industrial refining, monochloropropanediols (MCPDs) and glycidyl esters are
processing contaminants that can form in edible oils: the oils are heated at very high

temperatures to remove unwanted tastes, colors, or odors via acid-mediated hydrolysis and the

13
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use of chlorinated solutions, including municipal water. Concerns regarding contamination of
infant formula by MCPDs and glycidyl esters have been addressed by the European Food Safety
Authority (EFSA) Panel on Contaminants in the Food Chain (EFSA, 2016). Due to the fact that
the DHA-rich oil is not derived from vegetable sources and because there is no acid hydrolysis
step or use of chlorinated solutions in their production, it is not expected to have significant
amounts of MCPD and glycidyl esters in the DHA-rich oils. Analysis of 3 batches showed that
the concentrations of MCPDs (2- and 3-MCPD; both free and ester forms) and glycidyl esters
were near or below detection levels in the Runke Bioengineering’s DHA-rich oil. Details are
presented in Appendix A. In addition, Mioso et al. (2014) reported that Schizochytrium sp. did
not produce any toxins. The bacterial endotoxin content is lower than the limit of quantitation
(<0.109 EU/g) (Appendix A).

Overall, it is not expected to have a safety risk associated with potential contaminants
such as shellfish poison, MCPD, glycidy! esters, and bacterial endotoxins.

Table 2. Analytical Results for Potential Contaminants

Limit of 11024713 | 11027715 | 11030717 | Methods of

Quantitation Analysis
Domoic Acid*, <1.0 <10 <1.0 <1.0 Eurofins internal
mg/kg* validated method
2-MCPD, mg/kg 0.1 <0.10 <0.10 <0.10 AOCS Cd
3-MCPD, mg/kg 0.1 0.14 0.14 0.14 29b-13
Glycidol, mg/kg 0.1 <0.10 <0.10 <0.10
Bacterial <0.109 <0.109 <0.109 USP 43<85>
endotoxins, EU/g

*Analyzed by validated Eurofins’ internal methods.
Abbreviations: AOCS, American Oil Chemists” Society; MCPD, monochloropropanediol; USP, United
States Pharmacopeia.

2.A.3. Particle Size
DHA-rich oil — Not applicable.

2.B. Method of Manufacture

DHA-Rich Oil Manufacturing Process

DHA-rich oil is a yellow to light, orange-colored oil derived from the heterotrophically
grown marine alga, Schizochytrium sp., intended for use as a food ingredient. The
Schizochytrium sp. FIRK-SCH3 is grown in a pure culture heterotrophic fermentation process,
recovered from the fermentation broth. The resulting oil is subjected to centrifugation to separate
cells from the oil. The crude oil is subsequently refined using processes and techniques common
in the edible oil refining industry including alkali treatment, decolorizing, winterization, and

14
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deodorization. Filtration is the last refining step after the addition of safe and suitable
antioxidants to ensure stability. The product is packaged in airtight containers.

a. Fermentation

An oil rich in polyunsaturated fatty acids (PUFAS) is produced by a heterotrophic
fermentation process with a single cell marine, micro-algae of the genus Schizochytrium sp.
(FIRK-SCHB3). This organism can be grown to a high cell density using a carbon-based substrate.
Fermentation medium is composed of baker’s yeast extract, glucose, corn syrup powder,
sunflower seed oil, magnesium sulfate, potassium dihydrogen phosphate, calcium chloride, and
sodium hydroxide. Operating parameters, such as temperature, aeration, agitation, and pH, are
controlled throughout the process to ensure that results, in terms of cell growth and oil
production, are reproducible.

b. Separation
Cells (biomass) from the liquid fermentation medium are separated from crude DHA-rich
oil via centrifugation.

c. Refining

The crude oil is subsequently refined using processes and techniques common in the
edible oil refining industry including alkali treatment (sodium hydroxide and sodium sulfate),
decolorizing (activated carbon and activated clay), winterization, and deodorization (steaming at
high temperature under vacuum). Filtration is the last refining step after the addition of safe
and suitable antioxidants (vitamin E and ascorbyl palmitate) to ensure stability. The product is
packaged in airtight containers. Figure 2 presents manufacturing process of DHA-rich oil.

DHA-rich oil is produced in accordance with Hazard Analysis Critical Control Point
(HACCP) and current Good Manufacturing Practices (cGMP). All raw materials and processing
aids used in the fermentation and manufacturing processes are food grade. Fermentation
processing includes the sterilization of growth media and all vessels/containers/fermenters used
to grow cells. The fermentation is carried out in the absence of light under axenic conditions.
Organic solvents are not used in the manufacturing process. All these steps provide conditions
that minimize the risk of contamination with foreign microorganisms. All processing aids and
ingredients meet Food Chemicals Codex (FCC) and/or food grade specifications.

Critical control points are monitored to detect insufficient controls on the process (such
as incorrect pH, temperature ranges, insufficient fatty acid composition, etc.). If any of the
control characteristics fail to meet internal specifications, the fermentation is terminated, and the
batch is rejected. Contamination checks also are conducted in the seed and production
fermenters. All finished batches of DHA-rich oil undergo rigorous quality assurance testing to
meet product specifications prior to release.
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DHA (Docosahexaenoic Acid) Oil Manufacturing Process

Stored in a cool, dry

| Receiving and inspection of raw ingredients |<—

warehouse and prevented
from insects, rodents, etc.

R

v

Storage |

Sterilize the prepared medium by
steaming.

Control pressure: 0.11~0.12 Mpa

Temperature: 120~122 °C

Raw ingredients: Glucose, Yeast
extract paste, Corn syrup powder,
Sunflower seed oil, Magnesium
sulfate, Potassium dihydrogen
phosphate, Calcium chloride,
Sodium hydroxide

v
| Medium preparation
v

—>| Medium sterilization |

| Fermentation cultivation |

Use the water for production to dissolve the raw
ingredients including glucose, yeast extract paste,
corn syrup powder, sunflower seed oil, magnesium
sulfate, potassium dihydrogen phosphate, calcium
chloride, and sodium hydroxide for fermentation.

Sterilization time: 15~30 min +
_,| Pretreatment |
At the end of ¥

fermentation cultivation,

the algae cells are broken
to separate DHA oil out.

Auxiliary for caustic

| Separation and extraction

v
—»  Caustic refining |
v

| Decolorizing

refining (sodium
hydroxide, sodium sulfate)
to degum and deacidify the
crude oil

Remove saturated fatty acid by
freezing to get DHA oil liquid
at room temperature.
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E, ascorbyl palmitate) to
protect the oil

Test the final product as per
the quality standard and
place into warehouse when

v
Winterizing |

Under high temperature and high vacuum, steam is
introduced for stripping and deodorization to
remove odorous substances

Strains (add Schizochytrium
sp. FJIRK-SCH3 to a sterilized
medium for fermentation
cultivation)

| Use a centrifuge to separate the oil, culture
fluid and cells from oil and water to extract
DHA crude oil.

Activated carbon and activated clay are used
for adsorption and decolorization to control
the color of the oil.

Filter before packaging to remove insoluble

it is qualified.
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\ 4
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A Inner package

| Packing |<— cleaning and
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\ 4
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Figure 2. Manufacturing Flow Diagram of DHA-Rich Oil

16

Acceptance and storage
of packing materials




DHA-Rich Qil (Runke Bioengineering)

Tables 3 and 4 present the regulatory status of raw materials used in fermentation and

processing aids.

Table 3. Raw Materials

Ingredient

| Regulatory status

Fermentation medium

Baker’s yeast extract

21 CFR 184.1983

Glucose

21 CFR 168.121
21 CFR 168.110

Corn syrup (powder)

21 CFR 184.1865

Sunflower seed oil

GRAS per 21 CFR 170.30

Magnesium sulfate (heptahydrate)

21 CFR 184.1443

Potassium dihydrogen phosphate

No CFR citation for intended use*

21 CFR 184.1193
21 CFR 184.1763

Calcium chloride

Sodium hydroxide
Auxiliary for caustic refining

Sodium hydroxide

Sodium sulfate
Antioxidants

Tocopherols 21 CFR 182.3890

Ascorbyl palmitate 21 CFR 182.3149

*CFR, Code of Federal Regulations

21 CFR 184.1763
21 CFR 186.1797

Table 4. Processing Aids
Processing Aids
Decolorization agent
Bentonite - Activated clay
Activated carbon
Activated carbon — Unpublished GRAS
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=FoodSubstances&id=ACTIVATED
CARBON.

| Regulatory status

21 CFR 184.1155
Unpublished GRAS

The production method (algal fermentation) is similar to those described by other
companies whose production methods for DHA-rich oil that received ‘no objections’ letters from
the FDA (GRN 000137 - FDA, 2004; GRN 000553- FDA, 2015; GRN 000677 - FDA, 2017;
GRN 000731/000732 - FDA, 2018a, 2018b; GRN 000776/000777 - FDA, 2018c, 2018d; GRN
000836 -FDA 2019a; GRN 000843-FDA 2019b; GRN 000844-FDA 2019c; GRN 000862-FDA
2020a; GRN 000933 - FDA 2020b; GRN 000934 -FDA 2021; GRN 001008-FDA 2022) for use
in both exempt pre-term and non-exempt term infant formulas and/or in selected conventional
foods in the United States. DHA-rich algal oil ingredients are derived from the heterotrophic
fermentation of the marine alga, a non-toxigenic and non-pathogenic strain of Schizochytrium sp.
Based on the morphology and 18S ribosomal ribonucleic acid (rRNA) gene sequence analysis,
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Institute of Microbiology Chinese Academy of Sciences (IMCAS) identified Runke
Bioengineering’s strain FIRK-SCH3 as Schizochytrium sp. (Appendix B).

Characterization of the Production Microorganism

DHA-rich oil is produced through a multi-step fermentation and refining process using a
non-pathogenic, non-toxigenic, non-genetically modified, wild type marine microalgae,
Schizochytrium sp. FJRK-SCH3. The production organism has been authenticated by
morphological and ribosomal deoxyribonucleic acid (rDNA)18S sequence.

Schizochytrium sp. is a thraustochytrid and a member of the Chromista kingdom
(Stramenopilia) which includes the golden algae, diatoms, yellow-green algae, haptophyte and
cryptophyte algae, and oomycetes. Schizochytrium sp. microorganisms are widespread and are
commonly found in marine environments throughout the world. The literature indicates that
thraustochytrids, especially those of the genus Schizochytrium sp., are regularly consumed as
food by a wide range of invertebrates. Based on existing published and unpublished scientific
data, there have never been any reports of toxic compounds produced by these microorganisms.
There are no reports of this organism producing toxic chemicals nor is it pathogenic. Field tests
confirmed the widespread occurrence of thraustochytrids in a typical marine food chain.
Consumption by man of thraustochytrids, especially those of the genus Schizochytrium sp., is
primarily through consumption of mussels and clams. Indirect consumption, through the marine
food chain (fish and shellfish), is more widespread. Strain identification report is shown in
Appendix B. Bluegreen algae and dinoflagellates produce most of the toxic compounds produced
by microalgae. Schizochytrium sp. is in a separate kingdom from both types of microalgae. As
stated in Part 2.A.2., samples of oil from the micro-algae Schizochytrium sp. FJRK-SCH3 have
been analyzed for algal toxin domoic acid (Appendix A). Chemical analysis of the finished
DHA-rich oil ingredient confirmed the absence of common shellfish toxin, domoic acid. The
taxonomic classification of Schizochytrium sp. is presented in Table 5.

Table 5. Taxonomic Classification of Schizochytrium sp.

Class Scientific Classification
Kingdom Chromista

Subkingdom Harosa

Phylum Bigyra

Subphylum Sagenista

Class Labyrinthulea

Order Thraustochytrida

Family Thraustochytriaceae

Genus Schizochytrium sp.

Strain Schizochytrium sp. FJRK-SCH3
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2.C. Specifications and Composition
Product specifications for the DHA-rich oil are set for DHA content, acid value, free fatty

acids, trans-fatty acids, unsaponifiable content, peroxide value, p-anisidine value, moisture, and
heavy metals (arsenic, cadmium, mercury, and lead) (Table 6). Physical and chemical tests
applied to the QC characterization of the oil are mostly adapted from American Oil Chemist’s
Society (AOCS), Association of Official Analytical Chemists (AOAC), or the Official Methods
and Recommended Practices of International Standardization Organization (I1SO).

Table 6 presents the specifications of Runke Bioengineering’s DHA-rich oil in
comparison with those described in GRNs 137 (page 21, stamped page 26), 553 (pages 17-18,
stamped pages 23-24), 677 (page 15), 731 (page 18), and 933 (pages 17-18). The specifications
of Runke Bioengineering’s DHA-rich oil were also compared with the Food Chemicals Codex
(FCC) standards for DHA-rich oils derived from Schizochytrium sp. and from Crypthecodinium
cohnii. The bioequivalence of two algal sources of DHA-rich oils was established when
administered in a blend with ARA oil to preweaning farm piglets and human infants
(Fedorova-Dahms et al., 2014; Yeiser et al., 2016). Thus, it is reasonable to compare the
specifications and fatty acid profiles of Runke Bioengineering’s DHA-rich oil with FCC
standards for DHA-rich oils derived from the two algal sources (FCC, 13" edition, 2022).

Table 7 summarizes the analytical values for Runke Bioengineering’s DHA-rich oil.
Three lots of DHA-rich oil were subjected to analytical testing for a wide variety of parameters.
These data demonstrate a reproducible and representative process capable of meeting the
proposed product specifications. Analytical parameters included DHA, acid value, free fatty
acids, trans-fatty acids, unsaponifiable content, peroxide value, p-anisidine value, moisture, and
heavy metals to ensure that Runke Bioengineering’s DHA-rich oil meets the specifications.

The DHA content is comparable to those described in previous GRAS notices derived
from Schizochytrium sp. sources. The DHA specification for Runke Bioengineering’s DHA-rich
oil meets the FCC specifications for DHA-rich oils: 30-40% and 35-47% DHA for DHA-rich
oils derived from Schizochytrium sp. and from Crypthecodinium cohnii, respectively. The
specification for free fatty acid (as % oleic acid), unsaponifiable matter, peroxide value, and
p-anisidine value meet or exceed the FCC standards.

Fatty Acid Composition

The identified components present in DHA-rich oil have a demonstrated history of safe
consumption. The lipid fraction of Schizochytrium sp. algae is comprised mainly of fatty acids
and sterols. Fatty acids (Tables 8 and 9) are found esterified to glycerol (tri- and
diacylglycerides).

Tables 8 and 9 show the fatty acid profile of Runke Bioengineering’s DHA-rich oil and
its comparison with those described in GRNs 000137 (page 24, stamped page 29), 000553 (pages
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18-20, stamped pages 24 -26), 000677 (page 20), 000731 (pages 20-21), and 000933 (pages
20-23). The fatty acid profile of DHA-rich oil is substantially equivalent to DHA-rich oils
previously concluded to be GRAS (GRNs 000137, 000677, 000731, and 000933); palmitic acid
and DPA (n-6) are the predominant fatty acids next to DHA (Tables 8 and 9).

The analytical values for docosapentaenoic acid (DPA) are comparable between the
subject of this GRAS notice (10-15%) and FCCs for algal DHA oil derived from Schizochytrium
sp. (10.5-16.5%). The eicosapentaenoic acid (EPA) content of Runke Bioengineering’s
DHA-rich oil is comparable to the FCC specifications for the DHA oil from Schizochytrium sp.
and from C. cohnii (Runke Bioengineering vs. FCCschizochytrium sp. VS. FCCc. comnii: DPA [n-6],11.9
vs.10.5-16.5 vs. <0.1%; EPA, 0.42 vs.1.3-3.9 vs. <0.1%).

The specifications for Runke Bioengineering’s DHA-rich oil do not include
dihomo-y-linolenic acid (DGLA; a 20-carbon o—6 fatty acid) and ARA that are not present in
large quantities. Compared to the specifications listed in the FCC monograph for algal oil, the
levels of DGLA and ARA in Runke Bioengineering’s DHA-rich oil are below the FCC
specifications for corresponding fatty acids (Runke Bioengineering vs. FCCschizochytrium sp.:
DGLA, 0.25 vs. 1.7-2.8%; ARA, 0.21 vs. 0.6-1.3 %). Thus, the resulting exposure to DGLA,
ARA, EPA, and DPA in the finished product will be less than oils that comply with the FCC
specifications.

Overall, it is concluded that the major fatty acid profile of Runke Bioengineering’s
DHA-rich oil is comparable to those described in the above-mentioned GRAS notices and FCC
specifications and that the presence of DGLA, ARA, EPA, and DPA in the Runke
Bioengineering’s DHA-rich oil (smaller amounts compared to FCC grade algal oil) would not
impact the safety of the oil.
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Table 6. Specifications of DHA-Rich Qil

Parameter Current | GRN GRN GRN GRN GRN FCC* FCCY | Methods of Analysis
notice | 1372 553° 677" 731 933 for the Current Notice

DHA, % >35 |[32-45"| >35 >35 >45° >36° 30-40" | 35-47" | AOAC 996.06 mod.

>30 >35

Acid value, mg <0.8 <0.5 <0.5 <05 <0.8 NS AOCS Cd 3d-63

potassium hydroxide

(KOH)/g

Free fatty acid, as % <0.4 <0.4 <0.1 <0.4 <0.4 <0.4 | AOCS Cd 3d-63

oleic acid

Trans fatty acids, <1.0 <2.0 <3.5 <2.0 <1.0 <1.0 NS AOCS 996.06 mod.

relative area %

Unsaponifiable matter, <35 <4.5 <3.5 <3.5 <1.0 <3.0 <4.5 <3.5 | AOCS Ca 6a-40

%

Peroxide value, <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 | AOCS Cd 8b-90:2017

meq/kg

Moisture (direct <0.1 <0.1 <0.02 <0.05 <0.1 <0.1 NS AOCS Ca 2c-25

drying method), wt%

Lead, ppm <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 | BSEN ISO 17294-2 2016

Arsenic, ppm <0.1 <0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 | mod.

Cadmium, ppm <0.1 <0.1 <0.1 <0.1

Mercury, ppm <0.04 <0.2 <0.04 <0.1 <0.01 <0.04 <0.1 <0.1 | BS EN 13806:2002

p-Anisidine value NS <20.0 AOCS Cd 18-90

Total oxidation value NS <26

Docosapentaenoic NS 10-20 10.5-16.5 0-0.1 | AOAC 996.06 mod.

acid (DPA, n-6), %

Arachidonic acid NS 0.6-1.3 AOAC 996.06 mod.

(ARA), %

Eicosapentaenoic NS <10 1.3-3.9 0-0.1 | AOAC 996.06 mod.

acid (EPA), %

AOAC = Association of Official Analytical Chemists; AOCS = American Oil Chemist’s Society; BS-EN = British adoption of a European (EN)
standard; mod=modifications; meq = milliequivalents; NS = not specified.

aDHA-rich oil derived from Schizochytrium sp. for selected general food applications;

bDHA-rich oil derived from Schizochytrium sp. for infant formula applications;

°FCC specifications for DHA oil derived from Schizochytrium sp.;
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dFCC specifications for DHA oil derived from Crypthecodinium cohnii.
¢ wt% (Eurofins’ COAs have reported the DHA content in wt%);
frelative area%.
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Table 7. Summary of Analytical Values for Runke Bioengineering’s DHA-Rich Oil*

Analytical Values

Parameter 11024713 11027715 11030717 LOQ Mean
DHA, wt% 43.01 41.71 42.76 0.02 42.49
Acid value, mg KOH/g 0.23 0.37 0.21 0.05 0.27
Free fatty acids as oleic acid, % 0.12 0.19 0.11 0.01 0.14
Free fatty acids, % 0.08 0.10 0.08 0.01 0.09
Total trans fatty acids, % 0.25 0.22 0.26 0.02 0.24
Unsaponifiable matter, % 1.19 1.28 1.33 0.05 1.27
Peroxide value, meg/kg 0.36 0.48 0.24 0.05 0.36
p-Anisidine value 8.8 7.8 9.6 1 8.7
Moisture and volatiles, % <0.01 <0.01 <0.01 0.01 <0.01
Protein, ug/g <25 <25 <25 <25 <25
Diglycerides, % 3.9 4.7 3.7 1 4.1
Glycerol, % 2.8 2.9 2.7 1 2.8
Monoglycerides, % 2.2 3.2 1.8 1 2.4
Triglycerides, % 94.2 92.1 94.5 1 93.6
Mercury, mg/kg <0.005 <0.005 <0.005 0.005 <0.005
Lead, mg/kg <0.05 <0.05 <0.05 0.05 <0.05
Arsenic, mg/kg <0.005 <0.005 <0.005 0.005 <0.005
Cadmium, mg/kg <0.005 <0.005 <0.005 0.005 <0.005

*Samples were taken from 3 non-consecutive batches. LOQ = limit of quantitation.

23




DHA-Rich Qil (Runke Bioengineering)

Table 8. Fatty Acid Profile and Glyceride Composition of Runke Bioengineering’s DHA-Rich

Qil

Parameters, wt% Lot number

11024713 11027715 11030717 Mean
C16:4 (Hexadecatetraenoic acid) <0.02 <0.02 <0.02 <0.02
C10:0 (Capric acid) <0.02 <0.02 <0.02 <0.02
C11:0 (Undecanoic acid) <0.02 <0.02 <0.02 <0.02
C12:0 (Lauric acid) 0.04 0.03 0.04 0.04
C14:0 (Myristic acid) 0.31 0.29 0.36 0.32
C14:1 (Myristoleic acid) <0.02 <0.02 <0.02 <0.02
C15:0 (Pentadecanoic acid) 0.05 0.04 0.06 0.05
C15:1 (Pentadecenoic acid) <0.02 <0.02 <0.02 <0.02
C16:0 (Palmitic acid) 15.93 15.53 16.36 15.94
C16:1 Omega 7 0.09 0.08 0.09 0.09
C16:1 Total (Palmitoleic acid + isomers) 0.26 0.23 0.26 0.25
C16:2 (Hexadecadienoic acid) <0.02 <0.02 <0.02 <0.02
C16:3 (Hexadecatrienoic acid) <0.02 <0.02 <0.02 <0.02
C17:0 (Margaric acid) 0.06 0.05 0.06 0.06
C17:1 (Heptadecenoic acid) <0.02 <0.02 <0.02 <0.02
C18:0 (Stearic acid) 1.35 1.32 1.33 1.33
C18:1 (Vaccenic acid) 0.17 0.15 0.16 0.16
C18:1 Omega 9 (Oleic acid) 3.88 4.05 3.54 3.82
C18:1 Total (Oleic acid + isomers) 4.09 4.24 3.75 4.03
C18:2 Omega 6 (Linoleic acid) 8.24 9.13 7.50 8.29
C18:2 Total (Linoleic acid + isomers) 8.46 9.32 7.81 8.53
C18:3 Omega 3 (Alpha linolenic acid) 0.12 0.13 0.12 0.12
C18:3 Omega 6 (Gamma linolenic acid) 0.13 0.11 0.14 0.13
C18:3 Total (Linolenic acid + isomers) 0.25 0.25 0.26 0.25
C18:4 Omega 3 (Octadecatetraenoic acid) 0.19 0.19 0.21 0.20
C18:4 Total (Octadecatetraenoic acid) 0.19 0.19 0.21 0.20
C20:0 (Arachidic acid) 0.24 0.21 0.24 0.23
C20:1 Omega 9 (Gondoic acid or 0.02 0.03 0.03 0.03
11-eicosenoic acid)
C20:1 Total (Gondoic acid + isomers) 0.04 0.05 0.06 0.05
C20:2 Omega 6 <0.02 <0.02 0.03 <0.02
C20:2 Total (Eicosadienoic acid) <0.02 <0.02 0.03 <0.02
C20:3 Omega 3 <0.02 <0.02 <0.02 <0.02
C20:3 Omega 6 (DGLA) 0.26 0.20 0.28 0.25
C20:3 Total (Eicosatrienoic acid) 0.26 0.20 0.28 0.25
C20:4 Omega 3 0.61 0.52 0.62 0.58
C20:4 Omega 6 (ARA) 0.19 0.22 0.23 0.21
C20:4 total (Eicosatetraenoic acid) 0.80 0.73 0.85 0.79
C20:5 Omega 3 (EPA) 0.42 0.46 0.37 0.42
C21:5 Omega 3 (Heneicosapentaenoic <0.02 <0.02 <0.02 <0.02

acid)
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C22:0 (Behenic acid) 0.22 0.20 0.24 0.22
C22:1 Omega 9 (Erucic acid) 0.28 0.21 0.35 0.28
C22:1 Total (Erucic acid + isomers) 0.28 0.21 0.35 0.28
C22:2 Docosadienoic Omega 6 <0.02 <0.02 <0.02 <0.02
C22:3 Docosatrienoic, Omega 3 0.16 0.12 0.17 0.15
C22:4 Docosatetraenoic Omega 6 <0.02 <0.02 0.02 0.02
C22:5 Docosapentaenoic Omega 3 0.08 0.07 0.08 0.08
C22:5 Docosapentaenoic Omega 6 12.31 10.60 12.60 11.84
C22:5 Total Docosapentaenoic acid (DPA) 12.40 10.68 12.68 11.92
C22:6 Docosahexaenoic Omega 3 43.01 41.71 42.76 42.49
C24:0 (Lignoceric acid) 0.13 0.11 0.13 0.12
C24:1 Omega 9 (Nervonic acid) <0.02 <0.02 <0.02 <0.02
C24:1 Total (Nervonic acid + isomers) 0.10 0.04 0.07 0.07
C4:0 (Butyric acid) <0.02 <0.02 <0.02 <0.02
C6:0 (Caproic acid) <0.02 <0.02 <0.02 <0.02
C8:0 (Caprylic acid) <0.02 <0.02 <0.02 <0.02
Total Fat as Triglycerides 92.85 89.86 92.47 91.73
Total Fatty Acids 89.13 86.26 88.77 88.05
Glycerides composition
Diglycerides 3.9 4.7 3.7 4.1
Glycerol 2.8 2.9 2.7 2.8
Monoglycerides 2.2 3.2 1.8 2.4
Triglycerides 94.2 92.1 94.5 93.6

LOQ: 0.02% for individual fatty acids and 0.1 wt% for total fat as triglycerides.
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Table 9. Comparison of Fatty Acid Profiles of DHA-Rich Oils (wt% Unless Noted Otherwise)

Current | GRN GRN GRN GRN GRN Fcce® | FccY”

notice | 1372 553" 677°" | 731° 933
DHA (Docosahexaenoic acid) specifications | >35 32-45 >35 >35 >45 >36 35-40; 35-47,

>30 >35
Actual content, % 42.5 35.0 43.3 40.22 50.7 38.87
Fatty Acid Profile, g/100g
C 6:0 (Caproic acid) <0.02 <0.02
C 8:0 (Caprylic acid) <0.02 <0.02 <0.02
C 10:0 (Capric acid) <0.02 <0.02 <0.02
C 12:0 (Lauric acid) 0.04 0.4 <0.10 0.91 0.10 0.08
C 14:0 (Myristic acid) 0.32 10.11 1.18 11.87 0.82 1.29
C 14:1 (Myristoleic acid) <0.02 <0.10 <0.10 <0.02 <0.12
C 15:0 (Pentadecanoic acid) 0.05 0.24 0.52 0.06 1.05
C 15:1 (Pentadecenoic acid) <0.02 0.07 <0.02
C 16:0 (Palmitic acid) 15.94 23.68 13.78 25.43 20.96 26.20
C 16:1 (Palmitoleic acid) 0.09 1.76 <0.10 3.42 0.51 0.19
C 17:0 (Margaric acid or Heptadecanoic acid) | 0.06 <0.10 <0.12 0.08 0.84
C 18:0 (Stearic acid) 1.33 0.45 1.65 0.82 1.30 1.12
C 18:1 (Oleic acid) 3.82 NA 4.77 0.27 1.83
C 18:1n7 (Vaccenic acid) 0.16 Trace-1.3 | 0.26 0.51
6

C 18:2n6 (Linoleic acid) 8.29 2.01 <0.33 <0.02 3.85 NA 0-1.0
C 18:3n3 (alpha-Linolenic acid) 0.12 <0.10 NA 0.14 0.48
C 18:3n6 (gamma-Linolenic acid) 0.13 NA 0.23 0.09 0.12
C 20:0 (Arachidic acid) 0.23 0.32 <0.10 0.29 0.20
C 20:1 (Eicosenoic acid) <0.06 <0.02 <0.03
C 20:2n6 (Eicosodienoic acid) <0.02 0.13 <0.02 <0.03
C 20:3n3 (Eicosatrienoic acid) <0.02 <0.1 1.34 <0.03
C 20:3n6 (homo-gamma-Linolenic acid) 0.25 <0.1 <0.11 0.21 0.19 1.7-2.8 0-0.1
C 20:4n6 (Arachidonic acid; ARA) 0.21 0.94 0.69 0.70 0.15 1.01 0.6-1.3
C 20:5n3 (Eicosapentaenoic acid; EPA) 0.42 2.63 6.23 1.18 0.70 0.31 1.3-3.9 0-0.1
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C 21:0 (Heneicosanoic acid) 0.04

C 22:0 (Behenic acid) 0.22 <0.10 0.15 0.12

C 22:1n9 (Erucic acid) 0.28 <0.02

C 22:2n6 (Docosadienoic acid) <0.02 0.53 <0.02 <0.02

C 22-5n3 (Docosapentaenoic acid) 0.08 0.76 0.11 0.08

C 22-5n6 (Docosapentaenoic acid; DPA) 11.84 13.5 2.53 7.81 10.33 8.76 10.5-16.5 | 0-0.1
C 23:0 (Tricosanoic acid) <0.02

C 24:0 (Lignoceric acid) 0.12 <0.10 0.15 <0.054

C 24:1 (Nervonic acid) <0.02 0.41 <0.02

NA= not available; 2DHA-rich oil derived from Schizochytrium sp. for selected general food application; "DHA-rich oil derived from
Schizochytrium sp. for infant formula application; °FCC specifications for DHA oil derived from Schizochytrium sp.; “FCC specifications for DHA

oil derived from Crypthecodinium cohnii.
*Fatty acid contents were reported as relative area%.
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Microbiology
Analysis of 3 non-consecutive batches showed that Escherichia coli (absent in 25 g),

Cronobacter sp. (absent in 10 g), and Salmonella (absent in 25 g) are not present in Runke
Bioengineering’s DHA-rich oil (Table 10). Total aerobic plate counts, yeast, molds, and
Enterobacteriaceae counts are below the detection limit (<10 cfu/g). COAs are presented in
Appendix A.

Table 10. Microbial Counts of Runke Bioengineering’s DHA-rich oil

Lot number Method of
11024713 11027715 11030717 Analysis
Aerobic plate counts, <10 <10 <10 US FDA BAM Ch
cfu/g 3, Jan 2001
Yeast, cfu/g <10 <10 <10 US FDA BAM Ch
Molds, cfu/g <10 <10 <10 18, April 2001
Escherichia coli/25g | Absentin259g | Absentin25g | Absentin25¢g | ISO 16649-3:2015
Cronobacter sp./10 g ND ND ND ISO 22964:2017
Salmonella/25 g Absentin25g | Absentin259g | Absentin25g | US FDA BAM Ch
5, April 2001

Enterobacteiaceae, <10 <10 <10 ISO 21528-2-2017
cfu/g

BAM, Bacteriological Analytical Manual; Ch, chapter; ND, not detected.

Sterols

As stated in GRN 000137 (stamped page 14), the lipid fraction of Schizochytrium sp.
algae is comprised mainly of fatty acids and sterols and the non-saponifiable fraction of the
DHA-rich oil consists primarily of squalene, sterols, and carotenoids. These components are all
present in the food supply. Fatty acids (not just DHA) and sterols/stanols that are present in the
algal oil (>35% DHA\) are also common to the diet from other food sources. The safety of dietary
cholesterol and phytosterols is well documented in the scientific literature (Brownawell and Falk,
2010). The major sterols found in the DHA algal oil are found in human breast milk and
commercially available infant formula (Mellies et al., 1976).

A few scientific papers reported that main sterols present in infant formulas are
cholesterol (0.03-2.58 wt%/v) and demosterol (0.05-0.31 wt%/v) (Claumarchirant et al., 2015).
These sterols are also present in human milk (cholesterol, 0.065-2.92 wt%/Vv). In infant formulas,
total plant sterol (%wt/v) ranged from 0.31 to 0.50. B-Sitosterol, the most abundant phytosterol,
ranged from 0.18 to 0.30, followed by campesterol (0.072—0 .115), stigmasterol (0.027—0.053),
and brassicasterol (0.014—0.028) (Claumarchirant et al., 2015).
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Total plant sterol and stanol (wt%/v) content in Runke Bioengineering’s DHA-rich oil
was 0.571 wt% (Table 11-1). Cholesterol was the most abundant sterol (0.32 wt%), followed
by sitosterol (0.112), delta-7-stigmastenol (0.05), stigmasterol (0.031), brassicasterol (0.017),
delta-7-avenasterol (0.01), and campesterol (0.01). Table 11-2 presents the sterol content of
Runke Bioengineering’s DHA-rich oil in comparison with those described in GRNs 000553
(pages 21-22, stamped pages 27-28), 000677 (page 21), and GRN 000137 (stamped page 30).
This level is comparable to the average total sterol values calculated from the values reported in
GRN 553 (0.54 wt%) and GRN 677 (0.15 wt%), but much lower than the value reported in GRN
137 (3.1 wt%). It is noteworthy that GRN 000137 reported much higher total sterol
concentrations compared to other GRAS notices. These sterols are commonly present in infant
formulas. However, all the sterols that are present in subject of this GRAS determination were
not directly quantified to compared to the subject of GRNs 000553 and 000677. It is likely that
the unidentified fraction could be 24-methylene cholesterol, clerosterol, delta-5,23-
stigmastadienol, delta-5- avenasterol, delta-7-campesterol, ergosta-7,22-dien-3-o0l, and
ergosta-7,24-dien-3-ol (whose values were included in GRN 000137, 000553, and/or 000677).
Some peaks were difficult to clearly identified, thus, were summed and reported as unidentified
sterols in the COAs (Appendix A). Chen et al. (2014) reported that sterol extract from alga
Schizochytrium sp included lathosterol, ergosterol, stigmasterol, 24-ethylcholesta-5,7,22-trienol,
stigmasta-7,24(24(1))-dien-3p-ol, and cholesterol.

Table 11-1. Sterol composition in DHA-Rich Oils

Parameters, g/100 g Lot Lot Lot Mean
#11024713 | #11027715 | #11030717
24-Methylenecycloartanol 0.002 0.004 0.003 0.003
Brassicasterol 0.018 0.016 0.018 0.017
Campestanol 0.002 0.002 0.002 0.002
Campesterol 0.009 0.011 0.009 0.010
Cholesterol 0.318 0.319 0.324 0.320
Citrostadienol 0.007 0.008 0.006 0.007
Cycloartenol 0.007 0.006 0.008 0.007
Delta-7-avenasterol 0.011 0.009 0.011 0.010
Delta-7-stigmastenol 0.054 0.043 0.054 0.050
Delta-5,24-stigmastadienol 0.020 0.014 0.020 0.018
Sitostanol + delta-5-avenasterol 0.006 0.007 0.005 0.006
Sitosterol 0.112 0.115 0.109 0.112
Stigmasterol 0.031 0.032 0.031 0.031
Unidentified sterols 0.328 0.286 0.326 0.313
Total plant sterols + stanols 0.591 0.537 0.584 0.571

* The values represent total sterols in fats (wt%). Like other DHA-rich oil (GRN 677), it is assumed that
Runke Bioengineering’s DHA oil is composed of 99-100% fats.
NR=not reported.
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Table 11-2. Comparison of Plant Sterols/Stanols in DHA-Rich Oils

Parameters, wt% Current GRN GRN GRN
Notice 553* 677* 137
24-Methylenecholesterol NR 0.0080 0.0064 NR
24-Methylenecycloartanol 0.003 NR NR NR
Brassicasterol 0.017 0.0070 <0.0045 0.465
Campestanol 0.002 0.0005 <0.0002 NR
Campesterol 0.010 0.0097 0.0035 NR
Cholesterol 0.320 0.0664 0.0345 0.775
Citrostadienol 0.007 NR NR NR
Clerosterol NR 0.0086 0.0188 NR
Cycloartenol 0.007 NR NR NR
Delta-7-avenasterol 0.010 0.0049 0.0065 NR
Delta-5-avenasterol NR 0.0095 0.0045 NR
Delta-7-campesterol NR 0.0022 <0.0044 NR
Delta-7-stigmastenol 0.050 0.0103 <0.0129 NR
Delta-5,23-stigmastadienol NR 0.0045 <0.0069 NR
Delta-5,24-stigmastadienol 0.018 0.0022 0.0086 NR
Sitostanol NR 0.0028 <0.0003 NR
Sitostanol + delta-5-avenasterol 0.006 NR NR NR
Sitosterol 0.112 NR NR NR
Stigmasterol 0.031 0.3413 <0.0204 0.589
Stigmastadien-3-ol NR NR NR 0.248
Ergosta-7,22-dien-3-ol NR NR NR 0.155-0.217
Ergosta-7,24-dien-3-ol NR NR NR 0.155-0.186
Unidentified sterols 0.313 NR NR NR
Total plant sterols + stanols 0.571 0.54 0.15 3.1

* The values represent total sterols in fats (wt%).
NR=not reported.

2.D. Stability

Three non-consecutive lots of DHA-rich oil filled with nitrogen in tightly closed original
aluminum container were stored at < 25°C and -10°C for testing DHA content, acid value,
peroxide value, and anisidine value every four months. As shown in Table 12, Runke
Bioengineering’s DHA-rich oil is stable for 12 months at < 25°C and -10°C. Based on the
stability data, the proposed shelf life of Runke Bioengineering’s DHA-rich oil is 12 months.
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Table 12. Stability Testing for DHA-Rich Qil

Batch Parameters Storage Time (months)
Number 0 | 4 E | 12
Storage at < 25°C
Acid value 0.14 0.14 0.15 0.1
Peroxide value | <0.1 0.6 1.6 1.8
11024713 Anisidine value | 3.5 8.8 10.1 11.4
DHA% 43.4 43.4 43.5 43.3
Acid value 0.37 0.29 0.31 0.29
Peroxide value | <0.1 1.2 1.8 1.9
1027715 Anisidine value | 5.5 8.6 104 11.6
DHA% 44.3 44.3 44.2 447
Acid value 0.17 0.18 0.18 0.16
Peroxide value | <0.1 0.6 1.1 15
11030717 Anisidine value | 4.7 6.1 7.8 10.2
DHA% 44.0 43.9 43.9 44 .5
Storage at -10°C
Acid value 0.14 0.14 0.14 0.13
Peroxide value | <0.1 <0.1 <0.1 0.4
11024713 Anisidine value | 3.5 3.4 3.6 4.6
DHA% 43.4 43.5 43.5 43.4
Acid value 0.37 0.32 0.31 0.31
Peroxide value | <0.1 <0.1 <0.1 0.3
11027715 Anisidine value | 5.5 5.6 54 6.9
DHA% 44.3 443 44 .4 44 .5
Acid value 0.17 0.18 0.17 0.16
Peroxide value | <0.1 <0.1 <0.1 0.5
11030717 Anisidine value | 4.7 4.1 4.8 5.2
DHA% 44.0 43.9 43.8 44.2

DHA = docosahexaenoic acid (test method = AOCS Ce 1-62-1989).

Acid value, unit, mg KOH/g; acid values meet the specification (< 0.8 mg KOH/qg).
Peroxide value, unit, meg/kg oil; peroxide values meet the specification (< 5.0 meg/Kg oil).
Anisidine values meet the specification (< 20.0)

2.E. GMO Status
No genetically modified ingredients or genetic modification technology is used in the
production of the DHA-rich oil and powder.

2.F. Allergens
Raw materials used in the production contained no allergenic substances. The

manufacturing facility is free of potential allergens. In addition, the protein content in Runke
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Bioengineering’s DHA-rich oil is trivial (<25 ug/g), thus, it is not expected that the DHA-rich
oil would be allergenic.

2.G. Intended Technical Effects

The DHA-rich oil will be used as a food ingredient in selected conventional foods and in
non-exempt term and exempt pre-term infant formulas.

32



DHA-Rich Qil (Runke Bioengineering)

PART 3. EXPOSURE ESTIMATES
3.A. Exposure Estimates

Selected General Foods

In accordance with 21 CFR 184.1(b)(2), the ingredient may be used in food to ensure that
the total intake of EPA or DHA does not exceed 3.0 grams/person/day (21 CFR 184.1472). The
DHA-rich oil will be added to the same food categories, excluding egg, meat, poultry, and fish
products, as those currently listed in 21 CFR 184.1472(a)(3) (menhaden oil) and GRN 000137 at
maximum use levels that are 28.57% of those specified in that regulation. As discussed in GRN
000137, the proposed use levels of the DHA-rich oil are expected to result in a maximum dietary
exposure of less than 1.5 g of DHA per day. Because the DHA-rich oil is intended to be used as
an alternative to menhaden oil, there will be no increase in exposure to DHA from the intended
use as described in Table 1. Runke Bioengineering’s DHA-rich oil is not to be combined with
any other added oil that is a significant source of DHA or EPA. It would be possible, however, to
blend DHA-rich oil with other sources of DHA and/or EPA.

The 28.57% value was derived from the following factors:

1) Since menhaden oil is considered GRAS at a level providing no more than 3 grams of
DHA and EPA per day, the use levels in each food category are decreased by 50% so that
the total daily consumption of DHA from the DHA-rich oil will be no more than 1.5
grams per day.

2) The levels of use are based on the quantity of DHA-algal oil that can be added to each
product. Additional adjustment is needed because the DHA-algal oil has a different
concentration of DHA than that found in menhaden oil. DHA-algal oil contains
approximately 35 wt% compared to about 20% of combined EPA and DHA in menhaden
oil. An additional adjustment of 57.143% (20/35) is needed to accommodate the different
concentrations of DHA in the two oils.

3) The 28.57% adjustment is calculated by multiplying the 50% adjustment that is needed in
accordance with the first bullet point above by the 57.143% adjustment that is needed in
accordance with the second bullet point above, i.e., (0.50) x (0.5714) x 100 = 28.57%.

These are the same food categories (except egg, meat, poultry, and fish products) found
in the GRAS notifications for DHA-algal oils (GRN 137, stamped pages 10 to 12 and 27 to 28 -
FDA, 2004; GRN 732, pages 4 to 5 - FDA, 2018b) for which the agency did not raise any
objections to the companies’ conclusion that DHA-algal oil derived from Schizochytrium sp.
would be considered GRAS when used in the food categories identified for menhaden oil.

The estimated dietary intakes (EDIs) of DHA established in the early 2000s when the
menhaden oil rule was finalized (FDA, 2005) and when DHA-rich oil derived from

33



DHA-Rich Qil (Runke Bioengineering)

Schizochytrium sp. (GRN 137 - FDA, 2004) received no question letters from the FDA are still
applicable. Our comparative National Health and Nutrition Examination Survey (NHANES)
analysis (2001-2002 vs. 2015-2016) revealed that the total number of food servings consumed
was slightly decreased in the mid-2010s when compared to the early 2000s. For example, the
mean and 90" percentile numbers of total food servings of the 26 food categories specified in
Table 1 were 11.8 and 20.0 servings, respectively, in 2001-2002 and 11.0 and 18.9 servings,
respectively, in 2015-2016 for individuals in the American population aged 1-99 years (detailed
analytical data not shown).

In summary, when the subject of this notice (>35% DHA) is used as an ingredient as the
sole added source of DHA in any given food category, or if blended with a source of EPA, the
total dietary exposure to DHA will be not more than 1.5 g/person/d and not more than 3.0
g/person/day of DHA and EPA combined for the U.S. population 2 years of age and older.

EDIs of DHA for Term Infants

According to tables of daily energy intake by formula-fed infants provided by Fomon
(1993), the 90th percentile energy intakes were approximately 140 kcal/kg bw/day in infants
aged 14-27 days (141.3 and 138.9 kcal/kg bw /day in boys and girls, respectively). Assuming
that approximately 50% of calories in infant formula are provided by fats, this indicates intake of
approximately 70 kcal from fat/kg bw/day, or 7.8 g fat’kg bw/day (1 g fat=9 kcal/g). In infant
formulas for which DHA provides 0.5% of the fatty acids, the 90th percentile intake of DHA
would be 39 mg DHA/kg bw/day (7,800 mg fat/kg bw/day x0.005=39 mg/kg bw/day). Since an
average new infant (<1mo) weighs approximately 4 kg, an EDI of DHA would be ~156
mg/infant/day.

As the infant grows, formula intake increases, but more slowly than weight gain, so that
consumption assessed as the amount of formula or calorie intake/kg bw decreases for infants
older than 27 days. In infants aged 86 to 195 days, the 90th calorie intake/kg bw/day are
decreased to approximately 110 kcal/kg bw/day. Using the same assumption that 50% of calories
in infant formula are provided by fats, EDIs for fat would be approximately 6.11 g/kg bw/day.
Because DHA provides 0.5% of the fatty acids, the 90th EDIs of DHA would be 30.5 mg/kg
bw/day (6,111 mg fat/kg bw/day x0.005= 30.55 mg DHA/kg bw/day). The intake estimates are
similar to those estimated in GRN 000041 (30 mg DHA/kg bw/day based on DHA addition at
0.5% of total fatty acids).

Assuming older infants consume approximately 100 kcal/kg bw/day (corresponding to
5.55 g fat/kg bw/day), the EDI of DHA would be 27.8 mg DHA/kg bw/day in older infants at
around 11.5 months of age. Since an average older infant weighs approximately 10.2 kg, an EDI
of DHA would be ~284 mg/infant/day.
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Overall, daily intakes of DHA for term infants are estimated to be in the range of 28 to 39
mg/kg bw/day depending upon the age of the infant. After considering body weight of infants,
daily intakes of DHA under the intended use are estimated to be 156, 214, and 284 mg/infant/day
in infants aged 0.5, 4.5, and 11.5 months, respectively (as corresponding average body weights
are 4, 7, and 10.2 kg, respectively). For example, 39 mg DHA/kg bw/day x 4 kg bw/infant = 156
mg DHA/person/day for infants aged 0.5 months.

Runke Bioengineering’s DHA-rich oil may be used at a maximum use level of 1.428% of
total dietary fat because it has >35% DHA (0.5% total fat/0.35=1.428% as DHA). Because the
intended use will result in 27.8 to 39 mg DHA/kg bw/day, EDIs for DHA-rich oil would be 79 to
111 mg/kg bw/day. For example, 27.8 mg DHA/kg bw/day is divided by 0.35 to get 79.4 mg
DHA-rich oil/kg bw/day.

These estimated DHA intakes of 28-39 mg/kg bw/day are consistent with current DHA
recommendations for term infants of 18 to 60 mg/kg bw/day (Koletzko et al., 2014a, 2014b).

EDIs of DHA for Pre-term Infants

The dietary exposure of pre-term low-, very low-, and extremely low-birth weight infants
to DHA via infant formulas containing DHA-rich oil was calculated using two calculation
methods as shown below and summarized in Table 13.

The maximum amount of fat allowed in infant formula is 6 g/100 kcal according to 21
CFR 107.100. The recommended calorie intake for pre-term very low-birth weight infants is
110-130 kcal/kg bw/day (Koletzko et al., 2014a). Because DHA will be used at a maximum
use level of 0.5% of total fatty acids (i.e., a maximum of 0.5% total fat as DHA), it is likely that
practical maximum amount of DHA is expected to be 39 mg/kg bw/day based on the following
formulas: 6,000 mg fat/100 kcal x 130 kcal/kg bw/day x 0.005 (0.5% fat as DHA)= 39 mg
DHA/kg bw/day.

To calculate EDIs in terms of per infant, body weights were considered. It is expected
that EDIs of DHA in terms of per person per day would be 97.5, 58.5, and 39 mg
DHA/person/day in pre-term low- (2.5 kg bw), very low- (1.5 kg bw), and extremely low- (1 kg
bw) birth weight infants, respectively. For example, daily DHA intake/person/day in pre-term
low-birth weight infants would be 39 mg DHA/kg bw/day x 2.5 kg bw/person =97.5 mg
DHA/person/day.

The maximum of 39 mg DHA/kg bw/day corresponds to 111.4 mg DHA-rich oil/kg
bw/day as DHA-rich oil contains a minimum of 35%. Thus, EDIs of DHA-rich oil would be 278,
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167, and 111 mg DHA-rich oil/person/day in low- (2.5 kg), very low- (1.5 kg), and extremely
low- (1 kg) birth weight pre-term infants.

In summary, the daily intakes of DHA are estimated to be 28-39 mg/kg bw/day in term
infants. In pre-term infants, the practical maximum EDI of DHA is expected to be 39 mg/kg
bw/day. These EDIs are consistent with current DHA recommendations for pre-term infants of
18 to 60 mg/kg bw/day (Koletzko et al., 20144a, 2014b, 2020).

Table 13. Summary of EDIs of DHA and DHA-rich Qil

mg DHA/kg | mg DHA/ mg DHA-rich | mg DHA-rich
bw/day person/day | oil’/kg bw/day | oil/person/day
Term infants 28-39 156-284 79-111 446-811
Pre-term infants
Low-birth weight (2.5 39 97.5 111 278
kg)
Very low-birth weight 39 58.5 111 167
(1.5 kg)
Extremely low-birth 39 39 111 111
weight (1 kg)
General population 1,500 4,286

bw, body weight; DHA, docosahexaenoic acid; EDI, estimated dietary intake.

Runke Bioengineering’s DHA-rich oil is intended for use in infant formula in a similar
manner as the currently approved oils. Runke Bioengineering’s DHA-rich oil is expected to be
used as an alternative to existing DHA-rich oils, thus, cumulative EDIs are not expected to be
changed.

3.B. Food Sources of DHA

The DHA-rich oil is intended to provide DHA to term and pre-term infants and the
general population. These formulas will either be the sole source of DHA, in combination with a
suitable, safe source of ARA for the infants 0 — 12 months of age or will augment breast milk
during that period. Because formula will be used as a substitute for breast milk and the levels of
DHA in formula are similar to those in breast milk, the DHA exposure is not expected to change.

Human milk is a significant source of DHA. The worldwide mean DHA content of

human milk is 0.32 -0.37% of total fatty acids and ranges from 0.06% to 1.4% (Brenna et al.,
2007; Fu et al., 2016). Fish oil and egg yolks also are known to be excellent sources of DHA.
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3.C. Estimated Daily Intakes (EDIs) of Naturally Occurring DHA from the Diet

A meta-analysis of human milk DHA concentrations (Brenna et al., 2007) found that the
mean and standard deviation of DHA concentration as a percentage of total fatty acids was 0.32
+ 0.22% (range: 0.06-1.4%). The highest concentrations were observed in coastal regions,
possibly due to the ingestion of sea foods (up to 1.4% of total fatty acids as DHA).

The average daily intake of DHA from food sources isabout 160 mgin American
juveniles aged 12-19 years (Zhou et al., 2023) and approximately 58 mg in American women
aged 20-44 years (Wang et al., 2022).

3.D. EDI of Other Components Under the Intended Use

EDIs of Sterols Under the Intended Use

The EDIs of sterols under the intended use were calculated using the EDI values
described in Part 3 of this GRAS determination and the ratio of total sterols to DHA present in
Runke Bioengineering’s DHA-rich oil. Daily intakes for total sterols were estimated to be 4.5,
1.6, and 24 mg/person/day for term infants, pre-term infants, and general population,
respectively.

Infants

To calculate EDIs of sterols/person/day, EDIs of sterols/kg bw/day were calculated first.
EDIs of sterols were calculated as 0.45-0.62 mg/kg bw/day for term infants and 0.58 mg/kg
bw/day for pre-term infants using the following formulas: 1) total sterols and DHA content
present in 1 gram of Runke Bioengineering’s DHA-rich oil is 5.7 mg and 350 mg, respectively.
Thus, the ratio of total sterols to DHA is 0.016:1. 2) EDIs of DHA were 28-39 mg DHA/kg
bw/day for term infants and 39 mg/kg bw/day for pre-term infants (please see pages 33-35 for
details). Thus, to calculate the EDIs of sterols for term infants, EDIs of DHA (28-39 mg/kg
bw/day) were multiplied by 0.016 to get EDIs of sterols. For example, 28-39 mg DHA/Kkg
bw/day was multiplied by 0.016 to get 0.45 -0.62 mg sterols/kg bw/day.

Then, after considering body weight of infants, daily intakes of DHA under the intended
use are estimated to be up to 284 mg/infant/day in term infants aged 11.5 months weighing 10.2
kg (27.8 mg DHA/kg bw/day x 10.2 kg=284 mg/infant/day). These levels correspond to up to 4.5
mg sterols/infant/day for term infants (284 mg DHA x 0.016 sterols/yDHA=4.5 mg sterols).

The EDI of DHA would be 97.5 mg DHA/person/day in pre-term low-weight infants
weighing 2.5 kg; this level may correspond to the EDI of 1.56 mg sterols/infant/day.

These intakes are well below the amount of sterols already consumed as natural
constituents in infant formulas because mean total sterol intake was estimated at 41—-66 mg/day
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in infants aged 0.5- to 5-month-old infants consuming infant formulas (Claumarchirant et al.,
2015). Thus, the estimated intake of sterols through the proposed uses of DHA-rich oil would not
have an impact on the relative amount of cholesterol and phytosterols already consumed via
infant formulas.

General Population

Similarly, for the general population, the maximum EDI value of DHA (1,500
mg/person/day) was multiplied by 0.016 to get 24 mg sterols/person/day. This level (24 mg
sterols/person/day) is well below the amount of sterols already consumed as natural constituents
in the diet (up to 463 mg/person/day; Andersson et al., 2004), and thus, the estimated intake of
sterols under the intended uses of DHA-rich oil would not have a significant impact on the
relative amount of total sterols already consumed in the diet. Therefore, the dietary exposure to
total sterols including cholesterol, sitosterol, delta-7-stigmastenol, delta-5,24-stigmastadienol,
and others from the intended use of DHA-rich oil would not be expected to produce adverse
effects on human health.

Taken together, the estimated intake of sterols through the proposed uses of DHA-rich oil
would not pose a safety concern.

EDIs of DPA Under the Intended Use
All fatty acids present in DHA-rich oil are components of a normal diet or normal
metabolites of fatty acids.

Infants

Analysis of 3 lots of DHA-rich oils indicates total DPA concentration of approximately
11.9% (Table 8). The ratio of total DPA to DHA is 11.9:35. The EDIs of DHA were 28-39 mg
DHA/kg bw/day for term infants and 39 mg/kg bw/day for pre-term infants (please see pages
33-35 for details). Thus, to calculate the EDIs of DPA for term infants, EDIs of DHA (28-39
mg/kg bw/day) were multiplied by 11.9:35. to get EDIs of DPA. For example, 28-39 mg
DHA/kg bw/day was multiplied by 11.9:35. to get 9.52 -13.3 mg DPA/kg bw/day.

General Population

Based on the fatty acid composition of DHA algal oil derived from Schizochytrium sp.
algae, the estimated intake of DPA (n-3 and n-6) through the intended conditions of use of
DHA-rich oils would amount to a maximum of 0.51 g/person/day assuming all foods listed in
Table 1 containing the maximum use level of oil would be consumed daily by a consumer. The
daily intake of 0.51 g DPA was calculated by the following formulas; the maximum daily intake
for DHA is 1.5 g/person/day; Runke Bioengineering’s DHA-rich oil contains at least 35% and
12% of DHA and DPA, respectively. Thus, 1.5 g x 12/35=0.51 g DPA/person/day. This intake is
within the range of levels of DPA provided via seafood consumption. Thus, DPA intake under

38



DHA-Rich Qil (Runke Bioengineering)

the intended use is not expected to produce adverse effects in humans. The actual daily average
intake of DPA[n-6] should be significantly less than 0.51 g/person/day for the general population
because it is not likely that a consumer would choose all foods in the marketplace within the
proposed food categories that contain DHA algal oil as a substitute for another edible oil.

Analysis of the fatty acid component of DHA-rich oil revealed the presence of 2 forms of
DPA (22:5): n-6 DPA (11.8%), and n-3 DPA (0.08% total fatty acids). Both DPA isomers are
component acids of fish oil (Byelashov et al., 2015). It is also known that n-6 DPA is B-oxidized
to arachidonic acid, and that the deficiency of n-3 essential fatty acids in animals causes a
compensatory rise in the n-6 DPA level in the brain/retina (Tam et al., 2000). Seafood is a
good source of DPA: for instance, raw salmon provides up to 393 mg DPA per 100 g of edible
portion (https://wicworks.fns.usda.gov/resources/usda-food-composition-databases). The
consumption of 12 ounces of salmon alone would provide up to 191 mg DPA per day. Thus,
estimated daily intake (EDI) of DPA was calculated to be 1.7 to 4.0 g DPA (Byelashov et al.,
2015). On the other hand, the EFSA’s review reported that the mean daily intakes of DPA from
food only were between 25 -75 mg/day, and that the 95th percentile intakes of DPA from food
only were between 100 mg/day (Belgium, women, 18-39 years) and 138 mg/day (France, men,
45 years).

Thus, DPA present in DHA-rich oil is not expected to produce adverse effects in humans
under the intended use.

Summary of Exposure Estimates

For general food applications, DHA-rich oil will be added to the same food categories as
those currently listed in 21 CFR 184.1472(a)(3) (menhaden oil) at the maximum use levels, with
the exception of egg, meat, poultry, and fish products. The proposed use levels of the DHA-rich
oil are expected to result in a maximum dietary exposure of 1.5 g of DHA per day. To ensure the
safe use of the substance, the DHA-rich oil is intended to be the sole source of DHA in any given
food category.

For infant formulas, the intended use will result in 28 - 39 mg DHA/kg bw/day (or 79 -
111 mg DHA-rich oil/kg bw/day) for term infants and 39 mg DHA/kg bw/day for pre-term
infants, which are consistent with current DHA recommendations for term and pre-term infants
of 18 - 60 mg/kg bw/day depending on the gestational age.

Sterols and DPA are naturally occurring substances in the diet and these components

present in Runke Bioengineering’s DHA-rich oil would not have an impact on the safety in
pre-term and term infants as well as in general population.
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PART 4. SELF-LIMITING USE LEVELS
No known self-limiting levels of use are associated with the DHA-rich oil.
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PART 5. HISTORY OF CONSUMPTION
EXPERIENCE BASED ON COMMON USE IN FOODS BEFORE 1958
The statutory basis for the conclusion of the GRAS status of the algal DHA-rich oil in

this document is not based on common use in food before 1958. The GRAS determination is
based on scientific procedures.
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PART 6. NARRATIVE
6.A. Current Regulatory Status

Due to the compositional similarity and DHA content of fish-, marine algal-, and
egg-derived oils to DHA-rich oil, the available scientific literature on the safety of these oils
supports the safety of DHA-rich oil. Menhaden oil is a refined marine oil that is produced from
the Brevoortia species of fish. In 1997, in response to the GRAS Petition (GRASP) 6G0316
submitted by the National Fish Meal and Oil Association (NFMOA), the FDA affirmed the
GRAS status of menhaden oil and partially hydrogenated menhaden oil with an iodine number
between 11 and 119, provided that under the conditions of intended use in foods, the total EPA
plus DHA daily intake does not exceed 3 g/person/day (FDA, 1997). At that time, the FDA
raised concerns about the consumption of high levels of EPA and DHA, which may increase
bleeding time, increase levels of low-density lipoproteins cholesterol (LDL-C), and influence
glycemic control in subjects with type 2 diabetes (menhaden oil final rule; 62 Federal Register
[FR] 30751; June 5, 1997). Based on this review, the FDA concluded that a combined intake of
EPA and DHA of up to 3 g/person/day would not result in any adverse health effects (FDA,
1997). NFMOA later submitted a petition to amend rule § 184.1472 (21 CFR 184.1472). In 2005,
FDA issued a final rule on menhaden oil, reallocating the use levels and categories of use within
the GRAS affirmation, but ensuring daily intakes of EPA and DHA do not exceed 3 g/person/day
(FDA, 2005). As DHA represents approximately one half of the combined DHA plus EPA, it is
reasonable to consider that the acceptable daily intake (ADI) of DHA is 1.5 g/person/day.

Subsequently, numerous algal and marine sources of DHA have been evaluated by the
FDA over the past 20 years for the proposed incorporation in food for human consumption.
GRAS notifications for DHA-rich oils (derived from algae, krill, and fish) have received “no
questions” responses from the FDA. In this review, GRAS notices on DHA-rich oils derived
from Schizochytrium sp. only are summarized.

As shown in Table 14, algal DHA-rich oil derived from Schizochytrium sp. received
GRAS notice status within the United States (U.S.) These include FDA’s no question letters for
infant formula applications (GRN 000553 - FDA, 2015; GRN 000677 - FDA, 2017; GRN
000731 - FDA, 2018a, GRNs 000776/000777 - FDA, 2018c, 2018d; GRN 000862 — FDA, 2020za;
GRN 000933 — FDA, 2020b; GRN 000934 — FDA, 2021; GRN 001008-FDA, 2022) and selected
conventional food applications (GRN 000137 - FDA, 2004; GRN 000732 - FDA, 2018b; GRN
000836 - FDA 2019a; GRN 000843/000844 — FDA, 2019b, 2019c; GRN 000862 — FDA, 2020z;
GRN 000933 — FDA, 2020b; GRN 000934 — FDA, 2021; GRN 001008-FDA, 2022).
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Table 14. Regulatory Approvals for Use of DHA-Rich Oil Derived from Schizochytrium sp. i

Foods and Infant Formulas

Item

Year

DHA content; Schizochytrium sp. strain
name

Selected foods with intended uses as a direct food ingredient in the same
categories as considered GRAS for menhaden oil [21CFR184.1472(a)(3)]

Intended use and
EDI

GRN 000137 2004 32-45%; strain name, not disclosed
GRN 000732 2018b >45% DHA; strain LU310
(except products under USDA
jurisdiction)
GRN 000843 2019b >35% DHA,; strain FCC-1324
GRN 000844 2019c >55% DHA,; strain FCC-3204
GRN 000862 2020a ~40% DHA (oil) or ~10% (powder);
strain ONC-T18
(except products under USDA
jurisdiction)
GRN 000933 2020b >36% DHA; strain DHF
(except products under USDA
jurisdiction)
GRN 000934 2021 >35% DHA; strain CABIO-A2
GRN 001008 2022 >45% DHA;

Schizochytrium limacinum TKD-1

The same food
categories as
those listed in 21
CFR
184.1472(a)(3)
(menhaden oil);
EDI, <1.5¢
DHA/person/day

Foods with intended u

ses in selected conventional foods

GRN 000836

2019a

50-60% DHA; strain HS01

90th PCTL, 460
mg/p/d

Infant Formula applications

GRN number, Year DHA content; Schizochytrium sp. strain | Intended use
infant types name level and EDI
GRN 000553, 2015 >35% DHA; strain name, not disclosed | 0.5% of total fat
pre-term and term as DHA in
GRN 000677, 2017 >35% DHA; strain ONC-T18 combination
pre-term and term with a safe and
GRN 000731, 2018a >45% DHA (oil) or >8% DHA suitable source
pre-term and term (powder); strain LU310 of ARA (ata
GRN 000776, 2018c >35% DHA; FCC-1324 ratio 1:1to 1:2
pre-term and term of DHA to
GRN 000777, 2018d >55% DHA; FCC-3204 ARA);

pre-term and term EDI, 27-33 mg
GRN 000862, 2020a ~40% DHA (oil) or ~10% (powder); DHA/kg bw/day
pre-term and term strain ONC-T18

GRN 000933, 2020b >36% DHA; strain DHF

pre-term and term

GRN 000934, term | 2021 >35% DHA; strain CABIO-A2

GRN 001008, 2022 >45% DHA; Amendment to
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pre-term and term Schizochytrium limacinum TKD-1 45 and 30-40
mg/kg bw/day
for pre-term and
term infants,
respectively

bw, body weight, d=day; DHA, docosahexaenoic acid; EDI, estimated daily intake; PCTL,
percentile.

6.B. Review of Safety Data

The safety of Runke Bioengineering’s DHA-rich oil derived from Schizochytrium sp.
FIJRK-SCH3 was evaluated in a battery of toxicity studies including a bacterial reverse mutation
test, an in vitro chromosomal aberration test using human blood peripheral lymphocyte, and a
mammalian erythrocyte micronucleus test as well as in acute toxicity studies, including, a 28-day
subacute toxicity study, and a 90-day subchronic toxicity study (Lewis et al., 2016), and
developmental and reproductive toxicity studies (Falk et al., 2017).

As the DHA-rich oil in this GRAS notice has similar specifications and chemical
composition compared to those described in the previous FDA GRAS notices involving algal
DHA-rich oil (Table 6), it is recognized that the information and data in those GRAS notices are
pertinent to the safety evaluation of the DHA-rich oil in this GRAS notice. The safety of
DHA-rich oil derived from Schizochytrium sp. was evaluated in animal toxicity studies and/or
mutagenicity/genotoxicity studies by many research groups, and the data are presented in the
published papers (Fedorova-Dahms et al., 2011a, 2011b; Schmitt et al., 2012a, 2012b) and
previous GRAS notices. Therefore, this notice incorporates by reference the safety and metabolic
studies discussed in those GRAS notices and will not discuss previously reviewed references in
detail. Additionally, this notice discusses human studies that have been published between
January 2021 and May 2023 in addition to key human clinical studies of DHA-rich oil
ingredients related to gastrointestinal tolerance and allergy.

6.B.1. Metabolic Fate of DHA (adopted from Kremmyda et al., 2011; Kroes et al., 2003; Martin
etal., 1993)

The DHA content varies considerably among organs, being particularly abundant in
neural tissue, such as brain and retina. DHA is obtained directly in the diet or biosynthetically
produced via desaturation and elongation of dietary precursor essential fatty acids. DHA is
mainly found in the form of triglycerides, although they also occur in phospholipids in breast
milk (Martin et al., 1993).

Available evidence indicates that the absorption, distribution, and metabolism of DHA
are similar to other dietary fatty acids. The digestive process for the triglyceride form of DHA,

the form present in DHA-rich oil from Schizochytrium sp., is complex and requires lipase

44



DHA-Rich Qil (Runke Bioengineering)

activities of lingual, gastric, intestinal, biliary, and pancreatic sources. Gastric lipase and
pancreatic lipase, the quantitatively most important enzymes in humans, are primarily specific to
the sn-1 and sn-3 positions of triglycerides to produce predominately sn-2 monoglycerides and
free fatty acids.

This facilitates the absorption of PUFAS at the sn-2 position and the transfer to tissues.
These products are then integrated into bile acid micelles for diffusion into the interior of the
intestinal epithelial cells for subsequent incorporation into new or reconstituted triglycerides
(Kroes et al., 2003). These reconstructed triglycerides enter the lymph in the form of
chylomicrons for transport to the blood, which allows distribution and incorporation into plasma
lipids, erythrocyte membranes, platelets, and adipose tissue. The chylomicron-containing
triglycerides are hydrolyzed by lipoprotein lipase during the passage through the capillaries of
adipose tissue and the liver to release free fatty acids to the tissues for metabolism or for cellular
uptake with subsequent re-esterification into triglycerides and phospholipids for storage as
energy or as structural components of cell membranes. The metabolism of fatty acids occurs in
the mitochondria following their transport across the mitochondrial membrane in the form of
acylcarnitine.

Fatty acids are metabolized predominantly via beta-oxidation, a process that involves
shortening of the fatty acid carbon chain and the production of acetic acid and acetyl coenzyme
A, which combines with oxaloacetic acid and enters the citric acid cycle for energy production.
The degree of transport of fatty acids across the mitochondrial membrane is contingent upon the
length of the carbon chain; fatty acids of 20 carbons or more are transported into the
mitochondria to a lesser degree than shorter chain fatty acids. Therefore, long chain fatty acids,
such as DHA, may not undergo mitochondrial beta-oxidation to the same extent (Kroes et al.,
2003). Instead, they are preferentially channeled into the phospholipid pool where they are
rapidly incorporated into the cell membranes of the developing brain and retina. These fatty
acids may be conditionally essential depending on the essential fatty acid availability.

Bioequivalence of two types of algal DHA-rich oils

Numerous GRAS notices have considered that DHA from algal sources is equivalent to
that of fish oil. In addition, the bioequivalence of two types of algal DHA-rich oils (derived from
either Crypthecodinium cohnii [DHASCO®] or Schizochytrium sp. [DHASCO-B®]) has been
demonstrated in preweaning farm piglets and in humans when administered in a blend with ARA
oil (Fedorova-Dahms et al., 2014; Yeiser et al., 2016).

In the study by Fedorova-Dahms et al. (2014), blends of DHA- and ARA-rich oils were
tested for both types of DHA-rich algal oils; a lower dose provided 0.32% and 0.64% of total
fatty acids as DHA and ARA, respectively, and a higher dose provided 0.96% and 1.92% of total
fatty acids as DHA and ARA, respectively. The high doses of DHA correspond to 283.9 and

45



DHA-Rich Qil (Runke Bioengineering)

305.4 mg/kg bw/day for males and females, respectively, in the DHASCO-B® groups and 288.4
and 294.4 mg/kg bw/day, respectively, in the DHASCO® group. There were no treatment-related
effects of DHA/ARA on piglet growth and development, hematology, clinical chemistry,
urinalysis, and terminal necropsy parameters. No significant group differences were noted in the
DHA concentrations in plasma, red blood cell (RBC), heart, liver, and brain, but showed
dose-related accumulation. The authors concluded that the dietary exposure to the two types of
DHA-rich algal oils was well tolerated by the neonatal piglets during the 3-week dosing period
right after birth, and both DHA-rich algal oils were bioequivalent.

In addition, the study by Yeiser et al. (2016) demonstrated that DHASCO® (derived from
C. cohnii) and DHASCO-B® (derived from Schizochytrium sp.) were equivalent sources of DHA
as measured by circulating RBC DHA in infants. Healthy term infants were randomized to
receive one of the study formulas (17 mg DHA/100 kcal), either DHASCO® (n=140) or
DHASCO-B® (n=127) from 14 to 120 days of age. The study formulas were provided as
ready-to-use liquids (20 kcal/fluid ounce) with ARA (34 mg/100 kcal) and a prebiotic blend of
polydextrose and galactooligosaccharide (GOS) at 4 g/L (1:1 ratio). Compared to the control
formula (DHASCO®), the 90% confidence interval for the group mean (geometric) total RBC
DHA ratio for the DHASCO-B® group was 91-104%. These values fell within the pre-specified
equivalence limit of 80 to 125%. In addition, no significant group differences were noted in
growth rates, RBC concentrations of total or individual saturated and monounsaturated fatty acid
concentrations, and tolerance. This study demonstrated that both types of DHA-rich oils were
safe, well-tolerated, and associated with normal growth. The results from this study indicate that
both types of algal DHA-rich oils are bioequivalent when circulating RBC DHA is used as a
biomarker.

The results from these studies indicate that the data obtained from studies of the two
types of DHA-oils can be interchangeable.

6.B.2. Studies on Mutagenicity and Genotoxicity of DHA-Rich Oil Derived from
Schizochytrium sp.

Due to the abundance of literature, the review of mutagenicity and genotoxicity studies
focused on studies of DHA-rich oil derived from Schizochytrium sp. only instead of DHA-rich
oil from various sources.

Bacterial Reverse Mutation Assays for Runke Bioengineering’s DHA-Rich Oil
The safety of Runke Bioengineering’s DHA-rich oil from Schizochytrium sp. strain was
evaluated in mutagenicity and genotoxicity studies (Lewis et al., 2016).
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To test for mutagenicity, S. typhimurium strains TA98, TA100, TA1535, and TA1537,
and E. coli strain WP2 uvrA were exposed to 0.062, 0.185, 0.556, 1.667, 2.5, 3.75, or 5 mg/plate
using the plate incorporation and preincubation methods in the absence and presence of S9. In
the absence of S9, the positive controls were 2-nitrofluorene (TA98), sodium azide (TA100 and
TA1535), 4-nitroquinoline 1-oxide (E. coli WP2 uvrA), and 9-aminoacridine (TA1537). The
positive control in the presence of S9 was 2-aminoanthracene for all bacteria. No revertant
colonies that exceeded three times the mean of the solvent control and no dose-related increases
were observed at any DHA-rich oil dose regardless of S9 (Table 15). Thus, it was concluded that
the DHA-rich oil was not mutagenic under the test conditions.

In Vitro Chromosomal Aberration Test Using Human Blood Peripheral Lymphocyte with Runke
Bioengineering’s DHA-Rich Qils

The potential of Runke Bioengineering’s DHA-rich oil to induce chromosomal
aberrations was evaluated in human peripheral blood lymphocyte cultures (Lewis et al., 2016;
Table 15). The chromosomal aberration tests consisted of two phases. For phase I in the absence
and presence of S9, the exposure period was 4 hours, the recovery period was approximately 20
hours, and the harvesting period was after 25 hours. For phase I, the exposure period was 4
hours and the harvesting period was 24 hours with no recovery period in the absence of S9. In
the presence of S9, the conditions were the same as in the absence of S9 with an addition of a
recovery period of 20.5 h. The peripheral blood lymphocyte cultures were exposed to 1.25, 2.5,
or 5.0 mg/mL DHA-rich oil and controls. The positive controls were ethyl methanesulfonate in
the absence of S9 and cyclophosphamide in the presence of S9. The mean percentage of aberrant
cells was determined. The DHA-rich oil doses did not induce a significant increase in the number
of chromosomal aberrations in the absence or presence of S9, while treatment with positive
controls resulted in a significant increase in percent aberrant cells. The increased frequency of
aberrations observed in the concurrent positive control groups (Phase | and 1) demonstrated the
sensitivity of the test system and the suitability of the methods and conditions. It was concluded
that the DHA-rich oil doses up to 5 mg/mL were not mutagenic or clastogenic under the
experimental conditions.

In vivo Mammalian Erythrocyte Micronucleus Test for Runke Bioengineering’s DHA-Rich Oil
The potential of Runke Bioengineering’s DHA-rich oil to induce micronuclei in
polychromatic erythrocytes (PCEs) of the bone marrow was evaluated in Wistar rats (Lewis et
al., 2016). Wistar rats received 1,000, 2,500, or 5,000 mg/kg bw/day DHA-rich oil or vehicle
corn oil for two days (5 male and 5 female rats/group). The positive control, cyclophosphamide,
was administered on the second dosing day. All doses were well tolerated, and no adverse
clinical signs were observed. There was no effect of treatment on the body weight of animals,
and there was no evidence of toxicity and no mortalities. The bone marrow of each animal was
collected 24 h after the final dose of control or DHA and bone marrow smears were prepared.
Mean frequencies of PCE to normochromatic erythrocytes (%PCE) and individual frequencies of
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micronucleated (MN) PCE were assessed. These parameters were not significantly different
among the DHA-rich oil and control groups. Compared with the rats treated with the negative
control, rats that were treated with the positive control had significantly elevated numbers of MN
PCE. The data indicated that the assay system was considered valid. It was concluded that
DHA-rich oil showed no evidence of genotoxicity when administered to rats at doses of up to
5000 mg/kg bw/day under the experimental conditions.

Table 15. Summary of Studies Showing No Mutagenicity and/or Genotoxicity of Runke
Bioengineering’s DHA-Rich Oil

Concentration/dose of Results

DHA-Rich Oil

Test Test system

Bacterial reverse
mutation assay

S. typhimurium Up to 5.0 mg/plate, plate

TA98, TA100, incorporation and preincubation
TA1535, TA1537, | £S9

E. coli WP2 uvrA

No mutagenicity

In vitro chromosomal | Human blood Phase I: Concentration of 0.0, No mutagenicity
aberration test using peripheral 1.25, 2.5, and 5 mg/mL culture +
human blood lymphocytes S9;

peripheral lymphocyte Phase II: 1.25, 2.5, and 5.0 g

mg/mL culture + S9 (2%)

Mammalian

erythrocyte
micronucleus test

Polychromatic
erythrocytes in
bone marrow of

0, 1,000, 2,500, and 5,000 mg/kg
bw/day

No evidence of
genotoxicity

treated rats

Adapted from Lewis et al. (2016), Table 8.
ARA= arachidonic acid; bw= body weight; DHA= docosahexaenoic acid.

Studies of Other Sources of DHA-Rich Qil Reviewed in Previous GRAS Notices

In GRNs 000553 (stamped pages 36-38, 47-50, 54-55), 000677 (pages 35-36, 39-40),
000731 (pages 28-30), 000732 (pages 31-33), 000776 (pages 17-23), 000777 (pages 15-21),
000836 (pages 32-37, 42), 000843 (pages 19-24), 000844 (pages 18-24), 000933 (page 34),
000934 (pages 32-34), and 001008 (pages 39-41), it was summarized that no studies found
mutagenicity or genotoxicity of DHA-rich oil or DHA-rich microalgae (DRM) from
Schizochytrium sp. The studies reviewed in these GRAS notices include bacterial reverse
mutation assays (Hammond et al., 2002; Fedorova-Dahms et al., 2011a, 2011b; Schmitt et al.,
2012a), chromosome aberration assays (Fedorova-Dahms et al., 2011a, 2011b; Hammond et al.,
2002; Schmitt et al., 2012a), in vivo micronucleus tests in mice and rats (Fedorova-Dahms et al.,
2011a, 2011b; Hammond et al., 2002; Schmitt et al., 2012a), and in vitro Chinese hamster ovary
(CHO) AS52/XPRT gene mutation assay (Hammond et al., 2002). These studies reported that
the DHA-rich oils were not mutagenic or genotoxic under the test conditions.
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6.B.3. Animal Toxicity Studies of DHA-Rich Oil and DRM Derived from Schizochytrium
sp.

Due to the abundance of literature, the review of animal toxicity studies focused on
studies of DHA-rich oil derived from Schizochytrium sp. instead of DHA-rich oil from various
sources. The results of various animal toxicity studies are summarized in Table 16.
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Table 16. Animal Toxicity Studies of DHA-Rich Qil or DRM from Schizochytrium sp.

Study Design Dose Duration Species | Primary Observations NOAEL Reference
(purity) mg/kg bw/d unless
noted otherwise

Toxicity Studies of Runke Bioengineering’s DHA-Rich QOil
Acute 5,000 mg/kg bw | Single dose; Rats No treatment-related LDso > 5,000 mg/kg bw | Lewis et al.,
toxicity (41.37% DHA | observed for 14 adverse effects 2016

of total FAsin |d

DHA-rich oil)
28-day 1,000, 2,500, or | 28d Rats No treatment-related 5,000 Lewis et al.,
toxicity 5,000 mg/kg adverse effects 2016

bw/d (41.37%

DHA of total

FAs in

DHA-rich oil)
Subchronic 1,000, 2,500, 0r | 90d Rat No treatment-related 5,000 (M) Lewis et al.,
toxicity 5,000 mg/kg adverse effects 5,000 (F) 2016
(gavage) bw/d

(41.37% DHA

of total FAs in

DHA-rich oil)
Maternal/ 1,000, 2,500,0r | M-98d(84d | Rat No treatment-related 5,000 for maternal Falk et al.,
paternal 5,000 mg/kg premating + 14 adverse effects toxicity and 2017
reproductive | bw/d d mating; embryo/fetal
and (41.37% DHA | F-71d(14d development; 5,000 for
develop-ment | of total FAsin | premating + paternal or maternal
al toxicity DHA-rich oil) 14 d mating+ treatment-related

(oral gavage)

22 d pregnancy
+ 21 d lactation)

reproductive toxicity

DHA-Rich Oil Studies Reviewed in Previous GRAS Notices
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Acute oral 5,000 mg/kg Single dose; Rat No treatment-related LDso>5 g/kg Schmittetal.,
toxicity (40.23 area% observed for 14 adverse effects 2012a
(gavage) DHA in d
DHA-rich oil)
Subchronic 0.5,15,0r5 90 d Rat Reduced food 3,149 (M) Fedorova-Da
toxicity (diet) | wt% in diet consumption in all 3,343 (F) hms et al.,
(37% DHA of treatment and fish oil 2011a
total FAs in control groups;
DHA-rich oil) attributed to high fat
content rather than
treatment.
Subchronic 1,250r5%in |90d Rat No treatment-related 3,305 (M) Schmittetal.,
toxicity (diet) | diet (40.23 adverse effects 3,679 (F) 2012a
area% in
DHA-rich oil)
Reproductive | 0.5,1.5,0r5 Fo: M & F-28d | Rat No treatment-related Fo premating: Fedorova-Da
and develop- | wt% in diet premating and adverse effects 3,466 (M), 4,013 (F); hms et al.,
mental (43% DHA of | <14 d mating Fo gestation: 3,469 (F); | 2011b
toxicity total FAs in periods; Fo lactation: 8,322 (F).
DHA-rich oil) F-followed by F1 90 day with in utero
gestation and exposure phase: 4,122
lactation period; (M), 4,399 (F)
F1: 90 d with an
in utero phase,
followed by a 4
wk recovery
phase
Prenatal 400, 1,000, or Gestation days | Rat No treatment-related 2,000 for both maternal | Schmittetal.,
develop- 2,000 mg/kg 6to 19 adverse effects and embryo/fetal 2012b
mental bw/d (~42% development toxicity
toxicity DHA in
(gavage) DHA-rich oil)
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Reproductive | 0, 1.0, 2.5, or FoM-89-91d; | Rat No treatment-related Fo. 5% (both M and Schmitt et al.,
and develop- | 5% in diet (42% | Fo F-75-77d adverse effects F) in diet; Foduring 2012b
mental DHA in premating, 3,421 (M),
toxicity DHA-rich oil) 3,558 (F); after mating,
2,339 (M);
Fo during gestation,
3,117 (F); Foduring
lactation, 7,464 (F)
F1 M- 106-107 | Rat Developmental F1:5% in diet (both M
d with an in toxicity-5% in diet for and F); F1: 3,526 (M),
utero phase; both M and F. 4,138 (F);
Fi F-110-111d Systematic toxicity-No | Systematic toxicity-
with an in utero treatment-related 3,526 (M) and 2,069
phase adverse effects in the (F).
5% group males; Higher
food consumption, body
weight, and body
weight gain in the 5%
F. female group
DRM Studies Reviewed in Previous GRAS Notices
Sub-chronic | 1.169, 2.680, 2.680 kg Pig (M) | No treatment-related No feed consumption Abril et al.,
toxicity (diet) | 3.391, or 5.746 | DRM/pig-120 adverse effects for low-, | data on a mg/kg bw 2003
kg DRM per pig | d, a whole-life mid-, and high-dose basis; no NOAEL was
(22.3% DHA on | exposure; groups (261, 756, and reported
a dry wt basis) | 1.169, 3.391, or 1,281 g DHA per pig
5.746 kg during expt. period)
DRM/pig
during the last
42d
Subchronic 400, 1,500, or 13 wk Rat No treatment-related 4,000 DRM Hammond et
toxicity (diet) | 4,000 mg/kg adverse effects (corresponding to 348 | al., 2001a
bw/d (8.7% DHA**)
DHA on adry
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wt basis)

Reproductive | 0.6, 6.0, or 30% | Gestation days 6 | Rat No treatment-related Both maternal and Hammond et
and DRM in diet tol5 adverse effects developmental toxicity | al., 2001b
develop-ment | (8.7% DHA on - 22,000 DRM
al toxicity a dry wt. basis) (corresponding to 1,914
(diet) DHA**)
Single-genera M-15 wk; F-2 Rat No treatment-related 17,847 DRM Hammond et
tion weeks prior to adverse effects (corresponding to 1,512 | al., 2001c
reproduction mating, during DHA**) (M); 20,669
toxicity (diet) mating, and DRM (corresponding to

throughout 1,680 DHA**) (F)

gestation and

lactation (10

wk)
Reproductive | 180, 600, or Fo mother-13d | Rabbit High-dose (1,800) DHA | Fo: 600 DRM Hammond et
and 1,800 mg (gestation days oil and fish oil groups: | (corresponding to 52 al., 2001b
develop-ment | DRM/kg/d 6 to 18) Fo mothers had reduced | DHA**) (F);
al toxicity (8.7% DHA on food consumption and Fi: Developmental,
(gavage) a dry wt basis) body weight and a 1,800 DRM

slightly higher abortion
rate (but within the
historical limits for the
laboratory). NS effect
on post-implantation
loss, mean foetal body
weight/litter, or
morphological
developments.

(corresponding to 157
DHA**) (both M and
F)

bw = body weight; d = day; DHA = docosahexaenoic acid; DRM = DHA-rich microalgae; F = females; FAs = fatty acids; LDso = median lethal
dose; M = males; NOAEL = no-observed-adverse-effect-level; wt = weight.
*Conversion from DHA to DHA-rich oil quantity was based on the assumption that a typical DHA-rich oil used in various studies would contain

40% DHA.

**DHA values for DRM are on a dry weight basis.
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Toxicity Studies of Runke Bioengineering’s DHA-Rich Oil

Acute Toxicity Study of Runke Bioengineering’s DHA-Rich Qil

The acute toxicity of Runke Bioengineering’s DHA-rich oil was evaluated in rats (Lewis
et al., 2016). The study was completed in compliance with “Guidelines for Toxicity, FDA,
Chapter IV C.2: Acute Oral Toxicity Tests”.

Five female Wistar rats aged 8-10 weeks (180-189 g prior to dosing) were fasted for 16—
18 h and then were orally administered 5000 mg/ kg bw of DHA-rich oil (41.37% DHA) at a
maximum dose volume of 10 mL/kg body weight. The rats were starved for 3 to 4 h after dosing
and were observed for clinical signs at 30 min, 1, 2, 3, and 4 h post dosing. From days 2 through
14, the rats were observed in the morning and evening for mortality and clinical signs. Body
weight was determined on days 0 (prior to dosing), 7, and 14. When the observation period
ended, the surviving rats were sacrificed, and gross pathological examinations were performed.
No unscheduled deaths occurring during the 14-day observation period. Thus, an additional
group of 5 rats received 5,000 mg/kg bw/day DHA-rich oil and was observed for 14 days to get
similar results from the first group of rats. Morbidity, mortality, and body weight were monitored.
During the observation period, no mortality and no clinical signs were observed as well as no
internal or external abnormalities. Body weights of all rats increased normally and were within
the typical ranges.

Therefore, the acute oral median lethal dose (LDso) of the DHA-rich oil was above 5,000
mg/kg bw for both male and female rats. The data indicate that the DHA-rich oil is ‘practically
non-toxic’ (Altug, 2003).

28-Day Oral Toxicity Study of Runke Bioengineering’s DHA-Rich Qil

Lewis et al. (2016) conducted a 28-day oral toxicity study in compliance with
“Toxicological Principles for the Safety Assessment of Food Ingredients. Redbook 2000 Chapter
IV.C.3.a. Short term Toxicity Studies with Rodents” and OECD Principles of Good Laboratory
Practice as revised in 1997 and adopted on November 26, 1997 by decision of the OECD
Council [C(97)186/Final].

Male and female Wistar rats aged 6-8 weeks old were randomly assigned to one of 5
treatment groups: 1,000, 2,500, or 5,000 mg/kg bw/day DHA-rich oil (purity, 41.37%), distilled
water (control), or corn oil (vehicle control) by gavage for 28 days. Morbidity and mortality were
monitored. Detailed clinical observations included changes in skin, fur, eyes, or mucous
membranes, occurrence of secretions and excretions, autonomic activity, changes in gait, posture,
and response to handling, and presence of clonic or tonic movements, stereotypy, and bizarre
behaviors. Body weight and food and water consumption levels were measured. Surviving
animals completed clinical pathology examinations.
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Hematology included white blood cells (WBCs), RBCs, hemoglobin, hematocrit, mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and platelets. Clinical biochemistry parameters were
albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), cholesterol,
creatinine, glucose, total protein, triglycerides, alkaline phosphatase (ALP), chloride, sodium,
and potassium. Urinalysis analyzed urine output, color, appearance, specific gravity, pH, protein,
glucose, bilirubin, blood cells, leukocytes, urobilinogen, ketones, and water intake. Necropsy
was completed after the animals were fasted overnight. Macroscopical examination was done for
the cranial, thoracic, and visceral cavities. Histopathological examinations were also completed.

No mortality was observed. There were no differences in body weight in the DHA groups,
and the mean body weights were similar among all groups. No treatment-related clinical signs or
symptoms were found. In the control and high-dose groups, the ophthalmological examinations
were normal. No treatment-related abnormalities were found in feed consumption, hematology,
urinalysis, and mean body weights. There were no significant adverse effects at DHA doses up to
5,000 mg/kg bw/day. The NOAEL of the DHA-rich oil was 5,000 mg/kg bw/day (Lewis et al.,
2016).

90-Day Oral Toxicity Study of Runke Bioengineering’s DHA-Rich Qil

Male and female Wistar rats aged 6-8 weeks old were randomly assigned to one of 5
treatment groups (n = 20 males and 20 females per group): 1,000, 2,500, or 5,000 mg/kg bw/day
DHA-rich oil (purity, 41.37%), distilled water (control), or corn oil (vehicle control) by oral
gavage for 90 days after which they were sacrificed (Lewis et al., 2016). Two additional groups
of animals (20/group/sex) were treated with vehicle control (corn oil) or 5,000 mg/kg bw/day
DHA-rich oil for additional 14 days. At day 105, rats in recovery groups were sacrificed after
fasting overnight.

Body weight and water and feed consumption were measured. Hematology and
coagulation parameters, clinical biochemistry analysis, and urinalysis results were assessed. On
day 91, necropsy and detailed gross pathological evaluation were completed for all surviving
animals except the control and high recovery groups, which completed the analyses at day 105.
Histopathological examination was completed.

No unscheduled deaths were observed. No abnormal effects were found in the
ophthalmological examination, detailed neurobiological examination, physical examination,
home cage observation, handheld examination, open field observation, and sensory reactivity
tests. However, paper biting was observed on all study days.

Body weight and body weight changes in the DHA groups were comparable to the water
and vehicle controls during the 90-day treatment and the recovery periods. Food consumption
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was increased in the corn oil and male DHA groups compared to the water control with no
difference between the corn oil and male DHA groups. In females, transient differences in food
consumption were observed in the corn and DHA groups compared to the water control. The
differences in food consumption were resolved by week 9. Compared to the vehicle (corn oil)
control, the difference in feed consumption was sporadic and observed only in the low-dose
group at week 6.

No biologically significant differences among groups were observed in hematological
measurements including WBC, RBC, hemoglobin, hematocrit, MCV, MCH, MCHC, platelets,
mean platelet volume, prothrombin time, activated partial thromboplastin time, or in neutrophil,
lymphocyte, monocyte, eosinophil, and basophil counts (Table 17). Statistically significant
hematological changes included small changes in RBC counts, hematocrit, neutrophil counts;
however, these changes were not considered to be adverse because they were observed in one
sex, resolved during the recovery period, and were not dose dependent.

No biologically significant differences among the groups were observed for clinical
chemistry measurements including albumin, cholesterol, creatinine, glucose, total protein,
triglycerides, chloride, sodium, potassium, gamma-glutamyl transferase, sorbitol dehydrogenase,
calcium, urea, phosphorous, total bilirubin, globulin, and lactate dehydrogenase (Table 18). The
small increases were noted in cholesterol and triglycerides in all DHA-rich oil doses for both
sexes. Triglycerides for the female ARA-rich oil treated group remained slightly elevated after
discontinuation of the treatment compared to the water control but equivalent to the corn oil
control group (data not shown). These changes were considered to be related to the consumption
of a high-fat diet and non-adverse, and were resolved by the end of the recovery period.

Small increases in ALP, ALT, and AST were reported (corn oil control vs. mid- vs.
high-dose: males, ALP, 144 vs. 147 vs. 151 IU/L; ALT, 60 vs. 74 vs. 76 IU/L; AST, 106 vs. 113
vs. 115 IU/L; females, ALP, 142 vs/ 148 vs. 151 IU/L; ALT, 62 vs. 70 vs. 71 IU/L; AST, 108 vs.
115 vs. 112 IU/L; P values of all high- and mid-doses, <0.05 relative to corn control; Tablel8).
However, the differences were small in magnitude, were resolved by the end of the recovery, and
were not accompanied by histopathology. Increases in the concentrations of bilirubin, albumin,
total protein, phosphorus, globulin, and lactate dehydrogenase were small in magnitude (corn oil
control vs. high-dose: bilirubin, males, 0.31 vs 0.41, females, 0.26 vs. 0.34 mg/dL; albumin,
males and females, 4.2-4.3 vs. 4.5; total protein, females, 6.5 vs. 6.8 mg/dL; phosphorus, males
and females, 6.0-6.1 vs. 6.7-6.8 mg/dL; globulin, females, 3.8 vs. 3.9 g/dL; and lactate
dehydrogenase, females, 76 vs. 83 IU/L). These differences were small in magnitude, occurred
mostly in one sex, and were resolved during the recovery period. Thus, these increases were
considered non-adverse.
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No significant differences were found in most urine chemistry parameters compared to
the controls. Differences in volume and specific gravity were observed in the DHA groups, and
decreased pH was observed in the low-dose group compared to the water control (data not
shown). These changes were resolved during the recovery period, not dose dependent, and were
comparable to those found in the vehicle control group. Thus, the changes in urine chemistry
were considered as non-adverse.

DHA treated animals had significant differences in the absolute weight of the adrenal gland
and the absolute weight of the pituitary gland (Table 19). However, gross pathological analyses,
physical parameters, microscopic examination, and organ weights were not different among the
groups. No treatment-related gross pathological lesions were found. Histopathology analyzed the
brain, thymus, spinal cord, sternum, heart, aorta, lungs, trachea, esophagus, liver, kidneys,
adrenals, spleen, stomach, caecum, colon, duodenum, ileum, jejunum, rectum, epididymis, and
ovary/testis. Non-specific histopathological changes were observed in some organs and were
irrespective of the doses. Thus, the authors concluded that the DHA-rich oil did not induce
pathological changes.

Taken together, the authors concluded that the NOAEL of Runke Bioengineering’s
DHA-rich oil was 5,000 mg/kg bw/day, the highest level tested.
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Table 17. Hematology and Coagulation Parameters for Wistar Rats Administered DHA-Rich Qil
for 90 Days

Dose (mg/kg bw/day)
O(water) | O(orn) | 1,000 | 2500 [ 5,000
Males
RBC x 10° puL 7.7+0.4 7.4+0.3? 7.5+0.4° 7.6+0.4° 7.620.4
HCT, % 41+3 4314 4515 45+32 44+3
MCV, um?® 54+3 54+3 56+2 55+3 56+3
Hgb, g/dL 15+1 15+1 15+1 15+1 15+1
MCH, pg 18+1 18+1 18+1 18+1 18+1
MCHC, g/dL 355 36+1 36+2 361 361
Platelets 952+50 963+69 97273 980+75 985+57
MPV 5412 5512 55+2 5512 5512
WBC x 10° uL 8.6+1.1 8.5+1 8.7+1 8.8+0.9 8.9+0.9
Neutrophil 13+2° 12422 13+2° 14+2° 14+2P
Lymphocyte 8412 8312 83+2 8412 8412
Monocyte 2.2£1.0 2.7x0.9 2.4+0.9 2.51.0 2.6x1.0
Eosinophil 1.4+0.9 1.6+£0.8 1.7+£0.7 1.3+0.9 1.6+£0.7
Basophil 0+0 0+0 0+0 0+0 0+0
PT 11+1 11+1 11+1 11+1 11+1
aPTT 16x1 16+1 16+1 16+1 16x1
Females

RBC x 10° pL 7.5+0.3" 7.7+0.4° 7.5£0.4 7.620.3 7.520.4
HCT, % 44+3 44+3 45+32 46x42 4614
MCV, um?® 5312 5312 53+1 531 5312
Hgb, g/dL 15+1 15+1 15+1 16+1 16+1
MCH, pg 18+1 18+1 18+1 18+1 18+1
MCHC, g/dL 35+1 3612 36+2 372 371
Platelets 944+48 936160 973158 963+62 957+58
MPV 5512 54+3 54+2 54+3 5412
WBC x 10° uL 8.0£0.9 7.921.0 7.8£0.9 7.7+1.1 8.0£1.1
Neutrophil 11+3 12+22 13+22 12+22 14+22
Lymphocyte 83+2 82+2 83+2 83+1 84+2
Monocyte 2.5+0.9 2.2+1.1 2.2+1.0 2.1+1.0 2.2+1.0
Eosinophil 1.5+0.7 1.4+0.8 1.4+0.8 1.2+0.7 1.5+0.9
Basophil 0+0 0+0 0+0 0+0 0+0
PT 11+1 12+1 11+1 11+1 12+1
aPTT 16+1 16+1 16+1 16+1 16+1

Adopted from Lewis et al. (2016) Table 2. VValues are mean+SD for group of 20 rats treated for 90 days
prior to sacrifice. 3p<0.05 vs water control; ’p<0.05 vs vehicle control.

aPTT = activated partial thromboplastin time; bw = body weight; HCT = hematocrit; Hgb = hemoglobin;
MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; MCV =
mean corpuscular volume; MPV = mean platelet volume; PT = prothrombin time; RBC = red blood cell;
WBC = white blood cell.
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Table 18. Blood Biochemistry for Wistar Rats Administered DHA-Rich Oil for 90 Days

Dose (mg/kg bw/day)

0 (water) | 0 (corn) 1,000 | 2,500 5,000
Males
Glucose, mg/dL 11346.6 11447.9 11346.3 11445.8 11446.2
Cholesterol, mg/dL 61+3.9 60+3.4 67+4.2°0 | 70+3.7%P | 70+3.32P
Triglyceride, mg/dL 64+3.4° 60+4.5° 734272 | 76+2.8%P | 76+3.0%P
ALT, IU/L 60+3.9 60+4.8 71435%° | 744313 | 7643.6%P
AST, IU/L 107+3.6 10624.2 10945.7 | 11346.13° | 11545.93P
ALP, IU/L 144+4.0 144+3.7 | 148+3.9%° | 147+4.6° | 15145.0*°
SDHIU, /L 18+3.8 17+3.5 17+3.2 17+3.7 17+3.2
Calcium, mg/dL 14+1.2 14+1.3 14+1.6 14+0.9 15+1.1
Urea, mg/dL 16+1.4 15+1.0 16+1.8 17+1.7b 17+1.6°
Phosphorus, mg/dL 5.9+0.8 6.1+0.9 6.4+0.8 6.5+0.8? 6.8+0.62°
Albumin, g/dL 4.2+0.3 4.3+0.3 4.4+0.2 4.4+0.2 4,5+0.3?
Total protein, g/dL 6.8+0.4 6.7+£0.4 6.6+0.3 7.0+£0.4 7.0£0.5
Total bilirubin, 0.33%0.10 | 0.31+0.10 | 0.40+0.20° | 0.34+0.09 | 0.41+0.13°
mg/dL
Creatinine, mg/dL 0.46+0.2 0.40+0.2 | 0.46+0.16 | 0.38+0.15 | 0.39+0.18
Globulin, g/dL 3.9+0.7 4.2+0.6 3.7+0.6 3.9+0.7 4.2+0.60
LDH, IU/L 79+7.1 80+7.0 8248.4 83+11.1 85+10.1
GGT, IU/L 0.16+0.06 | 0.16+0.06 | 0.14+0.07 | 0.14+0.07 | 0.15+0.06
Sodium, mmol/L 146+3.3 146+3.5 146+3.3 147+3.2 146+3.9
Potassium mmol/L 5.7+0.77 5.9+0.48 6.2+0.52 5.9+0.6 6.240.6
Chloride, mmol/L 104+1.6 104+1.3 105+1.2 104+1.7 104+1.4
Females
Glucose, mg/dL 109+5.2 109+6.4 110+6.8 112+46.7 112+7.8
Cholesterol, mg/dL 58+5.3 60+2.8 67+3.6%° | 71+6.6*° | 70+3.32P
Triglyceride, mg/dL 61+3.7 62+3.4 7242.130 | 7243730 | 73+4.23P
ALT, IU/L 57+4.6° 62+3.7° 66+3.6%° | 70+3.1%P | 71+4.23P
AST, IU/L 106+3.4 10845.1 11246.0° | 115+7.3%° | 1124572
ALP, IU/L 144+4.4 142+4.4 | 149+5.3*0 | 148+459%P | 15145.43P
SDHIU, /L 16+2.5 16+2.9 18+3.1 17+2.8 17+3.6
Calcium, mg/dL 13+£1.2 13+1.3 13+£1.5 13+1.4 15+0.82P
Urea, mg/dL 13+1.5 14+0.9 14+1.1 14+1.4 15+1.0°
Phosphorus, mg/dL 5.4+0.4 6.0+0.5 5.8+0.6 6.4+0.9° 6.7+0.82P
Albumin, g/dL 4.2+0.3 4.2+0.2 4.4+0.22 4.2+0.3 4.5+0.2%P
T. protein, g/dL 6.60.3 6.5+0.3 6.8+0.3" 6.7+0.3 6.8+0.5b
T. bilirubin, mg/dL 0.24+0.09 | 0.26+0.06 | 0.27+0.12 | 0.32+0.12 | 0.34+0.12%P
Creatinine, mg/dL 0.40+0.13 | 0.36+0.12 | 0.42+0.15 | 0.44+0.15 | 0.39+0.14
Globulin, g/dL 4.3+0.4° 3.8+0.7° 4.640.4° | 4.34+0.4° | 3.9+0.8°
LDH, IU/L 74+7.6 769.0 82+7.6%P 80+11 83+9.9
GGT, IU/L 0.13+0.05 | 0.13+0.06 | 0.17+0.06 | 0.13+0.07 | 0.16+0.06
Sodium, mmol/L 145+3.4 146+3.3 147+3.7 147+3.2 146+3.4
Potassium mmol/L 5.7+0.5 5.7+0.4 5.9+0.4 5.9+0.4 5.7+0.4
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Chloride, mmol/L

| 103+#1.7 | 103+1.3 | 103+15 | 104+1.1 | 104+#1.3 |

Adopted from Lewis et al. (2016) Table 4. Values are mean+SD. 2p<0.05 vs water control; °p<0.05 vs.

vehicle control.

ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; GGT =
gamma-glutamyl transferase; LDH = lactate dehydrogenase; SDH = sorbitol dehydrogenase.

Table 19. Organ Weights for Wistar Rats Administered DHA-Rich Oil for 90 Days

Dose (mg/kg bw/day)
0 (water) | 0 (corn) 1,000 | 2500 5,000
Males
Brain 2.65+0.12 2.67+0.15 2.63+0.13 2.65+0.11 2.73+0.12
Adrenals 0.094+0.01 | 0.094+0.01 | 0.093+0.01 | 0.095+0.01 | 0.096+0.01
Pituitary 0.013+£0.001 | 0.012+0.001 | 0.013+£0.001 | 0.013+0.002 | 0.013+0.002
Prostate/S.V 1.78+0.10 1.79+0.10 1.51+0.08 1.50+0.08 1.48+0.08
Prostate/uterus 0.74+0.06 0.75+0.07 0.52+0.09 0.54+0.08 0.56+0.08
Testes/ovaries 4.24+0.14 4.20+0.11 4.20+0.12 4.20+0.13 4.19+0.13
Epididymis 1.96+0.09 1.93+0.06 1.90+0.06 1.9+0.06 1.93+0.05
Heart 1.56+0.11 1.49+0.14 1.284+0.11 1.30£0.10 1.39+0.11
Liver 12.7+0.50 12.7+0.88 12.3+0.73 11.9+1.12 | 12.33+0.98
Kidneys 2.75+0.17 2.76+0.13 2.66+0.19 2.56+0.18 2.52+0.26
Spleen 0.74+0.08 0.75+0.06 0.75+0.10 0.72+0.11 0.73+0.09
Thymus 0.48+0.19 0.49+0.10 0.33+0.08 0.32+0.08 0.45+0.09
Females

Brain 2.21+0.12 2.18+0.13 2.16+0.12 2.16+0.17 2.12+0.15
Adrenals 0.057+0.01 | 0.068+0.01 | 0.064+0.01 | 0.067+0.01 | 0.069+0.009
Pituitary 0.012+0.001 | 0.012+0.001 | 0.12+0.002 | 0.012+0.001 | 0.012+0.001
Prostate/S.V. - - - - -
Prostate/uterus 0.783+0.04 | 0.781+0.05 | 0.800+£0.06 | 0.792+0.05 | 0.811+0.04
Testes/ovaries 0.2794+0.02 | 0.288+0.01 | 0.289+0.01 | 0.284+0.02 | 0.280+0.02
Epididymis - - - - -
Heart 0.92+0.29 0.98+0.07 0.85+0.39 1.00+0.09 | 1.00+0.233
Liver 9.2+0.78 9.440.70 9.5+0.56 9.6+0.51 9.6+0.51
Kidneys 1.53+0.08 1.56+0.06 1.56+0.06 1.55+0.05 1.58+0.09
Spleen 0.51+0.06 0.55+0.05 0.56+0.05 0.54+0.06 0.54+0.06
Thymus 0.51+0.05 0.49+0.05 0.50+0.05 0.50+0.05 0.51+0.05

Adopted from Lewis et al. (2016) Table 6. Values are mean£SD.

bw = body weight; S.V. = seminal vesicle.
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Developmental Toxicity Study of Runke Bioengineering’s DHA-Rich Qil

The developmental toxicity of a DHA-rich oil from Schizochytrium sp. was evaluated in
rats (Falk et al., 2017). In the prenatal developmental toxicity study, healthy female Wistar rats
(aged 6-7 weeks old) were randomly assigned to one of 5 dose groups: control (untreated),
vehicle control (corn oil), 1,000, 2,500, or 5,000 mg/kg bw/day DHA-rich oil via oral gavage
from day 6 to day 20 of gestation. Body weight was measured at 3-day intervals. Dosing of
animals occurred sequentially in group order at close to the same time of day. There were no
premature deaths of dams, clinical signs that were indicative of toxicity treatment-related
changes in body weight, or differences in premating or lactation periods. There were no
differences in food consumption, treatment-related lesions, or the weight of the reproductive
organs among the DHA-rich oil and control groups.

Fetal Data

There were no significant differences between any DHA-rich oil dose groups and the
control group for mean litter size, sex ratio, live birth index, weaning index, number of
implantation sites, corpora lutea, and pre- and post-implantation loss (data not shown). No
significant or dose dependent differences compared to the control were found for the external
observations including fetal size, generalized arrested development, kinked tail, bent tail, bulged
eyelid, microphthalmia, subcutaneous hemorrhage, or malformed head (Table 20).

Minor visceral anomalies observed in the high-dose group included dilated lateral
ventricles in the brain, hemorrhagic foci in the liver, brownish discoloration of the lung, and
small or absent renal papillae. The mid-dose group had dilated lateral brain ventricles, brownish
discoloration around the cerebral hemisphere, small or absent dilated renal papillae, dilated renal
pelvis, and brownish discoloration in the lung. The low-dose group exhibited Grade 2 dilated
lateral ventricles in the brain with fragile and ruptured cerebral hemisphere, small or absent renal
papillae, and dilated renal pelvis. The observed malformations in the DHA-rich oil groups were
also found in the vehicle control with comparable frequencies (Table 20).

The DHA-rich oil groups showed no dose-dependent changes in the skeleton. In all
DHA-rich oil and control groups, the incidences of supernumerary ribs (14" pair, 14" unilateral),
rudimentary rib, wavy and bent ribs, few detached ribs, absent hyoid, ischium pubis, tympanic
ring, widen fontanellae with holes in the parietal and inter parietal, misshapen and misaligned
sternebrae, biolobed centra, and incomplete or delayed ossification in the cranial bones were all
within historical control ranges. These changes were considered as spontaneous and incidental
(Table 21).
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Reproductive Toxicity Study of Runke Bioengineering’s DHA-Rich Oil

Healthy Wistar rats (aged 6-7 weeks old) were randomly assigned to one of 5 dose
groups (n=24/group): control (untreated), vehicle control (corn oil), 1,000, 2,500, or 5,000 mg/kg
bw/day DHA-rich oil. The effect of DHA-rich oil on spermatogenesis were investigated by
dosing male rats during the growth period and for a minimum of one complete spermatogenic
cycle (84 days). To study the effects of treatment with DHA on the estrus cycle, female rats in
the parent generation were dosed for two complete estrus cycles (14 days). One male per 2
female rats were cohabitated until all females became pregnant as evidenced by a sperm positive
(E+) vaginal smear. Once a female rat gave a sperm positive smear, it was housed individually
and the day on which this occurred was designated as gestation day 0. Dosing occurred for rats
of both sexes during the mating period, during pregnancy for 22 days, and during the nursing and
lactation period which lasted for 21 days.

Female rats were observed for signs of difficult or prolonged parturition. For each litter,
the pups were examined for the number and sex of pups, the number of still and live births, and
the presence of gross observations such as ear opening, eye opening, hair growth, tooth eruption,
and gross anomalies. Physical and behavioral abnormalities in the dams were noted. In order to
determine the length and pattern of the estrus cycle and to confirm sperm positive (E+ females),
vaginal smears were performed for two weeks including before mating, during the gestation
period, with care being taken to avoid disturbing the mucosa while acquiring vaginal/cervical
cells. Clinical pathological analyses of animals were performed on day 15 and day 45 and before
necropsy. The animals were fasted overnight for approximately 16 to 18 hours before being
sacrificed. Blood samples were collected for clinical chemistry tests. Morbidity, mortality, body
weight, food consumption, gross pathological examination, histopathological examination,
clinical signs and symptoms, detailed clinical examination, and parturition were analyzed.
Fetuses were examined for weight, sex, external malformations, abnormalities in soft tissues, and
anatomical changes.

FO generation
No treatment-related mortality was observed in the parental or pup generation during the

course of the study. For the FO generation, no significant differences in mean body weight were
observed between control group and groups treated with DHA-rich oil. A slight increase in the
body weight gain of male rats was observed from day 1 to day 64 (30-37%) for the mid-and
high-dose groups. Gross necropsy of the animals in all treatment groups in the FO generation
revealed no external or internal abnormalities. No differences between the groups were observed
during the pre-mating, mating, and lactation period.

Histopathological analysis of the corn oil and high-dose groups included testes,
epididymides, seminal vesicles, prostate, and pituitary in males and uterus, ovary, cervix and
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vagina, and pituitary in females. The only abnormality observed was polymorphonuclear cell
infiltration of the uterus in one female in the high-dose group. There were no significant
differences in absolute and relative organ weights as well as eye opening, ear opening, hair
growth, or tooth eruptions between any of the experimental groups. No significant differences
were observed among the groups for female fertility index, gestation index, fecundity index,
estrus cycle length, or gestation period (Table 22) as well as mean litter size, sex ratio, live birth
index, weaning index, number of implantation sites, corpora lutea, and pre- and
post-implantation loss (data not shown).

F1 Generation

For the pups, no treatment-related clinical signs were found (Table 23). In addition, no
differences were noted among the groups for mortality, clinical signs, body weight or body
weight gain. Male rats in the low-dose group had higher food consumption during weeks 5, 9,
and 10 compared with the control group. During gestation, female rats in the low-and mid-dose
groups had higher mean food consumption during days 4-6 and females in the high-dose group
had higher mean food consumption during day 4-6 and days 13-15.

In addition, gross necropsy of the animals in all F1 generation groups revealed no
abnormalities in external or internal changes. Pups that died prematurely had weakened body
condition, cannibalized injuries on the neck, thoracic cavity, shoulder region, and neck and
empty stomach (no milk). Red discoloration of the brain was associated with hemorrhage.
Congestion, hemorrhage, and atelactasis were observed in the lungs. Injuries on the brain,
thoracic cavity, and neck were associated with cannibalization. Liver pallor was noted in one
animal in the low-dose group. None of these findings had a dose-related pattern and the number
of findings was sparse. There were no significant differences in absolute and relative organ
weights.

Taken together, the authors concluded that the NOAEL for maternal toxicity and embryo

or fetal development and for paternal and maternal treatment-related reproductive toxicity was
5,000 mg/kg bwi/day, the highest level tested.
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Table 20. Changes in Fetal Development in the Prenatal Developmental Toxicity Study

Untreated

Corn Oil

DHA LD

DHA MD

DHA HD

No. of fetuses (litters)

203 + 22

186+22

269 + 24

279 (24)

242 (24)

General external observations — Number (% of total)

Smaller in size

2 (1.0%)

6 (3.2%)

2 (0.7%)

8 (2.9%)

Larger in size

3 (1.5%)

4(2.2)

4 (1.5%)

9 (3.7%)

Generalized arrested
development

1 (0.5%)

1 (0.4%)

Subcutaneous hemorrhage

3 (L.1%)

7 (2.5%)

4 (L.7%)

Number of fetuses

100

96

83

102

107

Minor Visceral Anomalies — Number (%

of total)

Dilated lateral ventricles
brain

1 (1.0%)

2 (2.1%)

1(1.2%)

6 (5.9%)

7 (6.5%)

Dilated and fragile
ventricles brain

3 (3.1%)

1 (0.9%)

Dilated and fragile
ventricles brain with
dilated neural canal, small
spinal cord

3 (3.1%)

Dilated lateral ventricles
brain with fragile and
ruptured cerebral
hemisphere

3 (3.6%)

Brownish discoloration
around cerebral
hemisphere

1(1.2%)

4 (4.0%)

Hemorrhagic foci — liver

1 (1.0%)

1 (1.1%)

1 (1.2%)

2 (1.9%)

4 (3.7%)

Subcutaneous hemorrhage

Yellowish perivascular
areas liver

Small or absent renal
papillae

4 (4.0%)

4 (4.4%)

5 (6.0%)

4 (4.0%)

4 (3.7%)

Brownish discoloration
lung

3 (3.0%)

1(1.1%)

1(1.2%)

4 (3.9%)

2 (1.9%)

Common Variants

Dilated renal pelvis

| 2(2.0%) | 6(1.0%) | 2(1.2%)

| 2(1.9%) | 1(0.9%)

Adopted from Falk et al. (2017).

HD = high-dose; LD = low-dose; MD = mid-dose.

64




DHA-Rich Qil (Runke Bioengineering)

Table 21. Summary of Major Malformations and Minor Skeletal Variations in the Prenatal
Developmental Toxicity Study

Untreated Corn Oil DHA LD DHA MD DHA HD
Number of pups 100 96 83 102 107
Major Malformations — Number (% of total)
Cranial skeletal 15 (15%) 11 (11%) 12 (14%) 17 (17%) 14 (13%)
Ribs 5 (5%) 7 (7%) 6 (5%) 4 (4%) 4 (4%)
Vertebral 12 (12%) 26 (28%) 24 (21%) 18 (16%) 18 (16%)
Sternebrae 12 (12%) 26 (28%) 24 (21%) 18 (16%) 16 (16%)
Limbs 7 (7%) 7 (7%) 5 (4%) 8 (T%) 4 (4%)
Malformed 1 (0.5%) - - - 1 (0.4%)
head
Kinked tail - 2 (1.1%) 3 (1.1%) 5 (1.8%) -
Bent tail 1 (0.5%) 1 (0.5%) 2 (0.7%) - -
Bulged eyelid 2 (1.0%) 2 (1.1%) - 6 (2.2%) 6 (2.5%)
Microphthalmia - 1 (0.5%) 5 (1.9%) 1 (0.4%) 8 (3.3%)

Minor Skeletal Anomalies Delayed/Incomplete Ossification — Number (% of total)

Cranial 38 (39%) 12 (13%) 27 (24%) 39 (35%) 27 (27%)
Sternebrae 2 (5%) 5 (5%) 1 (1%) 2 (2%) 4 (4%)
Ribs 1 (1%) - 2 (2%) 2 (2%) 2 (2%)

Adopted from Falk et al. (2017).
HD = high-dose; LD = low-dose; MD = mid-dose.

Table 22. Fo Fertility and Reproductive Performance in the Reproductive Toxicity Study

Fertility Indices Corn Qil DHALD DHA MD DHA HD
No. of females 24 24 24 24

No. of mated females 24 24 24 24

No. of females littered 24 24 24 24
(pregnant)

Female fertility index, % 100 100 100 100
Gestation index, % 100 100 100 100
Pregnancy/fecundity index, % 100 100 100 100
Premating group estrus cycle* 3.89+0.54 3.93+0.40 4.05£0.55 3.98+0.61
Gestation period* 21.67+0.56 | 21.17+£0.82 | 21.58+0.72 | 21.33+0.76
Percent males 59.5 58.2 56.1 52.2
Pups delivered 245 219 255 232
Mean male pup weight day 0 574+064 | 574+0.60 | 563+0.35 | 5.74+0.55
Mean male pup weight day 22 3458 +5.84 | 35.34 +5.30 | 33.47+4.47 | 35.27 +5.08
Mean female pup weight day 0 545+0.61 | 5554049 | 543+0.29 | 550+0.45
Mean female pup weight day 22 | 33.63+5.71 | 35.36 +4.47 | 32.37+5.59 | 34.76 + 5.08

Adopted from Falk et al. (2017). *Mean days+SD
HD = high-dose; LD = low-dose; MD = mid-dose.
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Table 23. Physical Observations and Gross Necropsy Findings of F1 Newborn Pups in the

Reproductive Toxicity Study

Physical Observations — Mean Corn Oil DHA LD DHA MD DHA HD
days + SD
Males
Eye opening 13.90+0.89 | 13.52+1.13 | 13.24+1.05 | 13.08+0.95
Ear opening 15.68+1.36 | 15.83+0.88 | 15.69+1.01 | 15.46+1.05
Hair growth 6.04+0.97 6.04+1.14 5.49+1.09 5.43+1.08
Tooth eruption 11.75£1.04 | 11.86+0.94 | 12.04+0.90 | 11.79+0.82
Females
Eye opening 14.36£0.89 | 13.56+£1.08 | 13.50+1.27 | 13.46+0.90
Ear opening 16.1+0.94 15.09+0.85 | 15.93+1.76 | 16.02+0.85
Hair growth 6.37+0.96 6.30+1.2 5.88+1.16 5.85+0.98
Tooth eruption 11.96+1.12 | 11.65+0.92 12.07+1.0 12.04+0.87
Gross Necropsy Findings — Number of animals
Pups 245 219 255 232
Dead 8 17 22 12
Cannibalism 19 13 14 12
Weak animal 0 2 0 0
Stomach: Empty, no milk 9 10 4 4
Lung: Atelactasis 0 4 0 0
Lung discoloration 0 2 0 0
Liver: Pallor 0 1 0 0
Brain: Red discoloration/ 0 0 3 0
hemorrhage
Thoracic and shoulder region 0 0 1 0
hemorrhage
Thoracic cavity blood clot 0 0 0 1
Neck region hemorrhage 0 0 0 0

Adopted from Falk et al. (2017). Mean days+SD
HD = high-dose; LD = low-dose; MD = mid-dose.

Studies of Other DHA-Rich Oil Ingredients from Schizochytrium sp.

In GRNs 000553 (stamped pages 37-47, 40-54), 000677 (pages 33-41), 000731 (pages
30-34), 000732 (pages 33-37), 000776 (pages 17-24), 000777 (pages 15-22), 000836 (pages
32-34, 38-45), 000843 (pages19-25), 000844 (pages 18-25), 000862 (pages 29-38), 000933
(page 34-40), 000934 (pages 35-44), and 001008 (pages 42-45), the safety of DHA-rich oil or
DHA-rich microalgae (DRM) from Schizochytrium sp. was extensively reviewed. Therefore, this
notice incorporates by reference the safety studies discussed in those GRAS notices and will not

discuss previously reviewed references in detail.
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Briefly, the NOAELs of other sources of DHA-rich oil and DRM are summarized as

follows:

1)

2)

3)

For DHA-rich oils, the NOAELSs, established from subchronic toxicity studies, ranged
from 3,149 to 5,000 mg/kg bw/day in rats (Fedorova-Dahms et al., 2011a; Lewis et al.,
2016; Schmitt et al., 2012a). The LDso was determined to be over 5 g/kg bw, the highest
dose tested, in rats (Schmitt et al., 2012a).

From reproductive and developmental toxicity studies of DHA-rich oils, the NOAELSs for
Fo were found to range from 2,000 (Schmitt et al., 2012b) to 8,322 mg/kg bw/day (Fo
females during lactation) in rats (Fedorova-Dahms et al., 2011b).

In subchronic toxicity studies with an in utero phase, the NOAELs for F; ranged from
2,069 (females - Schmitt et al.,, 2012b) to 4,399 mg/kg bw/day (females -
Fedorova-Dahms et al., 2011D) in rats.

Studies of DRM from Schizochytrium sp.

1)

For DRM, the highest dose tested was 5.746 kg DRM per pig, corresponding to 1.281 kg
DHA per pig (DRM contained 22.3% DHA) (Abril et al., 2003). The DHA
supplementation at all doses did not result in treatment-related adverse effects on
measured outcomes such as clinical observations, body weights, food consumption,
mortality, hematologic values, gross necropsy findings, organ weights, or histopathology
in pigs. However, the authors did not provide the feed consumption or NOAEL on a kg
bw/day basis. This level may correspond to roughly 297 mg DHA/kg bw/day.

For a very rough estimate of DHA intake in mg/kg bw/day, the following calculation
method was used. The abstract and page 79 stated that the total DHA administered during
the last 42-day period was 1,281 g of DHA for pigs in the high-dose DRM groups. To
calculate the average daily intake of DHA, we divided the total DHA administered to
each pig (mg/pig) by 42. For T4, the high-dose group, we got 30,500 mg DHA/day. In
the absence of average body weight during the last 42-day period, we assumed that the
body weight gain was constant during the 120-day period. Based on the initial and final
body weight values listed on Tables 5 to 6 in the article and the daily body weight gain
shown in Table 7 in the article, we calculated the average body weight at day 79 for the
T4 group. For example, body weight of T4 at day 79 was calculated using the following
formula: (122.32 kg bw at day 120) — (42 days x 0.943 kg body weight gain/day) =
122.32 - 39.61 = 82.71 kg at day 79. To calculate the average body weight during the last
42 days, we took an average value between 82.71 and 122.32 kg, which is 102.515 kg
bw. Then, we divided the average daily intake value of 30,500 mg DHA/day by 102.515
kg bw to derive 297.5 mg DHA/kg bw/day for the T4 group, the high-dose group.
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2)

3)

4)

However, because the authors did not provide feed consumption or NOAEL on a mg/kg
bw basis, we did not present such a roughly estimated value in Table 16.

In the study by Hammond et al. (2001a), the authors reported that the NOAEL as 4,000
mg DRM/kg bw/day in rats and that DRM contained 8.7% DHA on a dry weight basis
(page 193). The corresponding DHA level was calculated based on the following
formula: x mg DRM x 0.087 (% DHA on a dry wt. basis) = y mg DHA. Thus, the
corresponding DHA level is 348 mg/kg bw/day (4,000 x 0.087 = 348 mg DHA) on a dry
weight basis.

In a subchronic toxicity study on another source of DRM, which contains 8.7% DHA on
a dry weight basis (page 193), the authors reported the NOAEL as 4,000 mg DRM/kg
bw/day in rats (Hammond et al., 2001a). The corresponding DHA level was calculated
based on the following formula: x mg DRM x 0.087 (% DHA on a dry wt. basis) =y mg
DHA. Thus, the corresponding DHA level is 348 mg/kg bw/day (4,000 x 0.087 = 348 mg
DHA). Assuming a typical DHA-rich oil contains an average of 40% DHA, the
corresponding DHA-rich oil level was obtained by dividing the DHA level by 0.4, which
corresponds to 870 mg/kg bw/day of DHA-rich oil (y mg DHA/0.4 = z mg DHA-rich oil
or 348 mg/0.4= 870 mg DHA-rich oil).

However, in a reproductive and developmental toxicity study in rabbits by Hammond et
al. (2001b), both the high-dose (1,800 mg/kg/day) DRM and the fish oil control groups
experienced marked and sustained reduction in food consumption during the prenatal
period and a slight increase in abortions. In this the developmental toxicity of DRM in
rabbits study, DRM was provided at levels of 180, 600, and 1800 mg/kg bw/day by oral
gavage on GD 6-19. One female in the fish oil group and two females in the high-dose
DRM group aborted on gestational days 23 and 25/26, respectively. The authors
suggested that the presence of higher levels of dietary fat may have contributed to food
intake reductions, leading to disruption of normal development and/or maintenance of
pregnancy and abortions in these groups. Two of the three rabbits that aborted also had
lower numbers of implantation sites (one to three per dam), although corpora lutea counts,
which have an inverse association with an increased risk of abortion, were within normal
limits. No other treatment-related abnormalities were observed in intrauterine growth,
survival, or other developmental toxicity parameters at all dose levels. In summary, the
NOAELs were determined to be 600 mg/kg bw/day for maternal toxicity and 1,800
mg/kg bw/day, the highest level tested, for developmental toxicity in rabbits. These levels
correspond to 130 mg DHA-rich oil/kg bw/day for maternal toxicity and 392 mg
DHA-rich oil/kg bw/day for developmental toxicity in rabbits. However, the authors
noted that abortions occur spontaneously more frequently in rabbits than in other
commonly used laboratory species and that the incidences of abortions in both the
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high-dose DRM and the fish oil control groups fall within the historical limits for the
laboratory.

It is noteworthy that the same DRM substance was well tolerated with no adverse effects
in a reproductive and developmental toxicity study in rats conducted by the same
research group (Hammond et al., 2001b). In this developmental toxicity of DRM in
Sprague—Dawley rats, DRM was provided in the diet at 0.6, 6, and 30% on GD 6-15. In
rats, the NOAEL was estimated to be 22,000 mg DRM/kg bw/day for both maternal and
development toxicity. This level corresponds to 1,914 mg DHA/kg bw/day, assuming the
DHA content in DRM was 8.7%.

5) In a single generation reproductive toxicity study, the NOAEL was estimated to be
17,847 and 20,669 mg DRM/kg bw/day for males and females, respectively (Hammond
et al., 2001c). The authors stated that these levels of DRM intake correspond to an intake
of approximately 1,512 and 1,680 mg/kg bw/day for DHA (page 358 of Hammond et al.,
2001c).

Conclusion

The NOAEL of Runke Bioengineering’s DHA-rich oil was determined to be 5,000 mg/kg
bw/day from a single generation subchronic toxicity study in rats. However, for the purpose of
the safety evaluation, the NOAEL was determined to be 2,069 mg/kg bw/day which was found
in females from a subchronic systematic toxicity study with an in utero exposure in rats (Schmitt
et al., 2012b).

6.B.4. Human Clinical Studies of DHA

All previous GRAS notices provided information/clinical study data that supported the
safety of the proposed DHA ingredients for use in infant formula. In all the studies summarized
in these notifications, there were no significant adverse effects/events or tolerance issues in
infants attributable to DHA-supplemented formulas when compared to the control infant formula
group. Although these human clinical trials were not designed as safety studies, the absence of
adverse effects provide some evidence of the safe use of DHA-rich oils.

A key concept in evaluating the safety of a substance is related to substantial equivalence.
The 1996 joint consultation by the Food and Agriculture Organization (FAO) and the World
Health Organization (WHO) recommended that “if a new food or food component is found to be
substantially equivalent to an existing food or food component, it can be treated in the same
manner with respect to safety (i.e., the food or food component can be concluded to be as safe as
the conventional food or food component)” (Joint FAO/WHO, 1996).
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Numerous GRAS notices have considered that DHA derived from algal oil is equivalent
to that of fish oil. Thus, the GRAS panel convened by Runke Bioengineering also has considered
that the FDA’s 1997 final rule on menhaden oil is applicable to DHA-rich oils derived from
Schizochytrium sp.

In addition, because DHA-rich oils derived from C. cohnii and Schizochytrium sp. have
similar compositions and that the two types of algal DHA-rich oils were demonstrated to be
bioequivalent (Fedorova-Dahms et al., 2014; Yeiser et al., 2016), the findings from the study of
DHA-rich oils derived from C. cohnii may be pertinent when evaluating the safety of those
derived from Schizochytrium sp. Thus, our review included the studies of DHA-rich oil derived
from C. cohnii as corroborative data to support the safety of algal oil derived from
Schizochytrium sp. for infant formula applications. In this review, it was assumed that unknown
sources of algal DHA manufactured by Martek/DSM were derived from either Schizochytrium
sp. or C. cohnii.

All the studies of algal DHA-rich oil reported no adverse events/effects on the measured
outcomes (Tables 24 to 26). The DHA-rich oil in this GRAS determination has similar
specifications compared to the those in the previous GRAS notices (Table 6), it is recognized
that the information and data in those GRAS notices are pertinent to the safety of the DHA-rich
oil in this GRAS determination. Therefore, this notice incorporates, by reference, the safety and
metabolic studies discussed in the previous GRAS notices and will not discuss previously
reviewed references in detail.

Studies of DHA in Adults

Since January 2021, no new studies of DHA from Schizochytrium sp. or algal sources
have been published in adults. Previous GRAS notices reported that daily doses of up to 2 g
DHA from algal sources were not associated with treatment-related adverse effects (Molfino et
al., 2017, 2019; MacDonald and Sieving, 2018; Sanders et al., 2006; Smith et al., 2018) (GRN
933 pages 41 and 44; GRN 1008, pages 61-62).

The studies by Molfino et al. (2017, 2019) employed a daily dose of 2 g DHA derived
from Schizochytrium sp. to assess DHA incorporation in RBC membranes and serum
concentrations of epoxy-DHA, metabolites of the DHA in breast cancer patients and in healthy
controls.

MacDonald and Sieving (2018) employed a daily dose of 2 g algal DHA for 3 months to
assess measures of retina function, visual acuity, serum DHA concentrations, and adverse events.
There were eight adverse events reported by four participants, and all eight events were
considered not related to the DHA supplementation.
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Overall, doses up to 2 g DHA/day were well tolerated with no side effects in adults
(Molfino et al., 2017, 2019; MacDonald and Sieving, 2018).

Studies in Children
Since January 2021, no new studies of DHA were published in children. GRN 1008
included the study by Ingol et al. which was published in June 2019 (Table 24).

Briefly, Ingol et al. (2019) examined the effects of DHA and ARA on growth and
adiposity in toddlers born pre-term. In a randomized, placebo-controlled trial, 377 children born
at <35 weeks of gestation who were 10-16 months in corrected age (mean unadjusted age for
prematurity of 17.3-17.4 months; mean adjusted age for prematurity of 15.6-15.7 months) were
orally administered 200 mg/day algal DHA from Schizochytrium sp. and 200 mg/day fungal
ARA from Mortierella alpina (Maretek Biosciences Corporation/DSM), or placebo (corn oil) for
180 days. Growth, adiposity, adherence, and adverse events were measured. A total of 683
adverse events were reported by 256 children; most reported adverse events were minor
gastrointestinal illness and respiratory infections. The authors concluded that DHA
supplementation had no effect on short-term growth or adiposity if it is implemented after the
first year of life.

Studies of DHA in Pregnant Women and Offspring
Since January 2021, a few new studies of DHA derived from Schizochytrium sp. in
pregnant women were published (Fougere et al., 2021; Garmendia et al., 2021) (Table 24).

Fouggére et al. (2021) characterized the breast milk fatty acid profile among mothers who
delivered very prematurely. From the Maternal Omega-3 Supplementation to Reduce
Bronchopulmonary Dysplasia in Very Pre-term Infants (MOBYDIckK) trial in neonatal intensive
care units in Canada, 461 mothers (mean age of 31 years) of pre-term infants (before 29 weeks of
gestation) were randomized within 72 h of delivery, to receive DHA rich-algae oil providing
1.2 g/day of DHA or a placebo (a mix of corn and soy oils) until their infant reached 36 weeks of
postmenstrual age. Algal oil derived from Schizochytrium sp. contained 45% DHA, 19% n-6
DPA, and 17% palmitic acid while the major fatty acids in the placebo were 52% linoleic acid,
26% oleic acid, and 11% palmitic acid. Breast milk fatty acid composition was analyzed. No
adverse effects were reported on the measured outcomes. The results demonstrated that DHA
supplementation increased the DHA content of breast milk.

From the Maternal obeslty/overweight control throuGh Healthy nuTrition (MIGHT)
study, Garmendia et al. (2021) evaluated the effects of DHA supplementation among 1002 obese
and overweight pregnant women on metabolic control in mothers (18 years of age or older) and
their offspring. Pregnant women were randomly allocated to one of the four parallel arms: 1)
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Home-based dietary counseling +800 mg/day DHA (source, DHA-S: Schizochytrium sp., DSM);
2) 800 mg/day DHA only; 3) Home-based dietary counseling +200 mg/day DHA; 4) 200 mg/day
DHA only. Intervention started from < 15 weeks of gestation until delivery. Measurements
included the overall incidence of gestational diabetes mellitus, the incidence of macrosomia
(birthweight >4000 g), and neonatal insulin resistance (cord blood Homeostasis Model
Assessment for Insulin Resistance) and glucose concentrations. No adverse effects of DHA
supplementation were reported on measured outcomes.

Overall, the review of recent human clinical trials is consistent with the conclusions of

the previous GRAS notices (GRNs 000137, 000732, 000862, 000933, 000934, and 001008) that
intake of DHA is safe as long as the daily intake does not exceed 1.5 g/person/day.
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Table 24. Human Studies of DHA from Algal Sources in Children and Women during Pregnancy and/or through Postpartum*

Objective Subject Dose Duration Measurements Reference
To examine the effects | 377 children 2 groups: DHA (200 180 d Growth and adiposity; Ingol et al.,
of supplementing born pre-term (at | mg/d) (Schizochy- adherence and adverse events | 2019
toddlers born pre-term | <35 gestation) trium sp. source; Adverse events:
with DHA and ARA who were 10-16 | Martek Biosciences Mainly minor gastrointestinal
on growth and mo in corrected | Corp/DSM,) plus illness and respiratory
adiposity age ARA (200 mg/d) or infections; not

corn oil placebo treatment-related
To characterize the 461 mothers who | 2 groups: DHA From <72 h Breast milk fatty acid Fouggére et
breast milk fatty acid | delivered before | rich-algae oil (1.2 g/d | after delivery | composition al., 2021
profile among mothers | 29 Wk of gestation | DHA: algal DHA from | until their
who delivered very from the _ Schizochytrium sp., infant reached
prematurely after a MOBYDIck trial; | o mposeqd of 45% 36 wk of
neonatal DHA-rich g]oegr_]?igi y DHA, 19% n-6 DPA, | postmenstrual
algae oil R and 17% palmitic acid) | age
supplementation or placebo (corn and

soy oils)
To evaluate the effects | 100 obese or 4 groups: 1) From < 15 The overall incidence of Garmendia
of DHA overweight Home-based dietary weeks of gestational diabetes mellitus, | etal., 2021
supplementation pregnant women; | counseling + 800 gestation until | the incidence of macrosomia,
among obese and a subsample of mg/day DHA (source, | delivery and cord blood Homeostasis

overweight pregnant
women on metabolic
control in mothers and
their offspring

226 newborns;
Maternal
obeslty/over-wei
ght control
throuGh Healthy
nuTrition
(MIGHT) study

Schizochytrium sp.,
DSM); 2) 800 mg/day
DHA only; 3)
Home-based dietary
counseling +200
mg/day DHA; 4) 200
mg/day DHA only

Model Assessment for Insulin
Resistance and glucose
concentrations.

*Excluding studies of DHA from fish oil source or DHA-ethyl ether; ARA = arachidonic acid; d = day; DHA = docosahexaenoic acid; mo =
months; MOBYDIck = Maternal Omega-3 Supplementation to Reduce Bronchopulmonary Dysplasia in Very Pre-term Infants.

None of these studies
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Studies of DHA in Term Infants

No studies published since January 2021 have been identified from the literature.
However, this review includes a key term infant study as well as the published papers related to
gastrointestinal tolerance and allergenicity of DHA-rich oils in term infants (Table 25).

A few studies employed DHA-rich oil from C. cohnii or fish oil sources to evaluate the
efficacy and safety in term infants. Because it is not expected that safety profiles of DHA derived
from fish oil and algal oil would be different, the findings from studies employing DHA from
fish oil sources or C. cohnii are pertinent when evaluating the safety of DHA from algal oil.
Thus, the findings from these studies of DHA from fish oils or C. cohnii were included as
corroborative data to support the safety of DHA-rich oil derived from Schizochytrium sp.

Gastrointestinal Tolerance and Potential Allergy
Studies of term infants have not reported adverse events or adverse effects on allergies
associated with DHA-supplemented infant formulas.

From the DHA Intake and Measurement of Neural Development (DIAMOND) study,
Birch et al. (2010a) determined the effect of varying amounts of DHA supplementation on the
visual acuity as well as visual acuity maturation, RBC fatty acids, tolerance, anthropometric
measures, and adverse events of formula fed term infants at 12 months of age. In this study, 343
healthy term infants were randomized to 1 of 4 infant formulas with varying amounts of DHA
(source, algal DHA oil derived from Crypthecodinium cohnii): 0% (control), 0.32%, 0.64%, or
0.96% of total fatty acids with the fixed amount of ARA (M. alpina source) at 0.64% of total
FAs. The assigned formulas were fed from the time of enrollment (1 to 9 days of life) through
age 52 weeks. Two hundred forty-four infants completed the study. The DHA levels correspond
to daily intakes of up to 51 - 61 mg DHA/kg bw/day. The daily intake values of DHA were
obtained based on the following assumptions: 1) infants consume about 100-120 kcal/kg bw/day;
2) 51 mg DHA/100 kcal was provided by the formula containing 0.96% DHA-rich oil (Colombo
etal., 2017, page 3); and 3) infants consuming 100 kcal/kg bw/day will consume 51 mg DHA/kg
bw/day (51 mg DHA/100 kcal x 100 kcal/kg bw/day=51 mg/kg bw/day), and those consuming
120 kcal/kg bw/day will consume 61 mg DHA/kg bw/day (51 mg DHA/100 kcal x 120 kcal/kg
bw/day=61.2 mg/kg bw/day). DHA/ARA supplementation in the first year of life had no adverse
effects on developmental outcome. No differences were observed in the proportions of infants
with at least 1 adverse event or in the numbers with at least 1 serious adverse event in any of the
86 symptoms assessed, with the exception of watery eyes (increased only in the 0.64% DHA
group; 0.64% DHA group vs. other 3 groups: 5% vs. 0 to 1%; P<0.05). The association
between 1 case of sepsis in an infant in the 0.64% DHA group and the formula was not
determined. The authors stated that infants tolerated all formulas well and had normal growth
throughout the first 12 months of life.
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From the same DIAMOND study, Birch et al. (2010b) investigated the effects of DHA
(0.32-0.36% of total FAs) and ARA (0.64-0.72% of total FAs) the incidence of allergic and
respiratory diseases through age 3 years in children fed DHA- and ARA-supplemented formula
during the first 12 months of life. Blinded study nurses reviewed medical charts for upper
respiratory infection, wheezing, asthma, bronchiolitis, bronchitis, allergic rhinitis, allergic
conjunctivitis, otitis media, sinusitis, atopic dermatitis (AD), and urticaria. The authors
concluded that DHA/ARA supplementation was not associated with incidence of upper
respiratory infection and common allergic diseases up to 3 years of age.

The study by Burks et al. (2008) evaluated the DHA and ARA supplementation to an
amino acid-based formula on overall growth, tolerance, and safety in 164 healthy term infants.
Study 1 compared the effects on growth, tolerance, and safety in healthy infants of an amino
acid-based formula (Nutramigen, Mead Johnson) to a control extensively hydrolyzed formula
(casein based). Amino acid-based formulas are fed to infants who are highly sensitive to cow’s
milk and cannot be managed using extensively hydrolyzed formula. Both formulas were
supplemented with DHA (0.32% of total fatty acids; 17 mg/100 kcal, source was not specified)
and ARA (0.64% of total fatty acids; 34 mg/100 kcal). These levels were similar to those in
human milk worldwide. The formulas were fed from 14 + 2 through 120 + 4 days of age. No
differences were observed between the groups in the overall growth, formula acceptance,
tolerance, and adverse events, in particular, the number of subjects who experienced at least 1
adverse event or the incidence of serious adverse events. However, two exceptions were noted:
1) parent-reported fussiness was lower in the control group (P<0.05) at age 90 days (data not
shown) and 2) the incidence of diarrhea was significantly higher in the control group (control vs.
test groups, 9 vs. 0 infants, P<0.001). The authors concluded that the amino acid-based formula
supplemented with DHA and ARA at levels similar to those in human milk worldwide was
hypoallergenic and safe in healthy term infants. The results of the same study were briefly
reported in Vanderhoof (2008).

Study 2 (Burks et al., 2008) evaluated the hypo-allergenicity of the amino acid-based
formula containing DHA and ARA in 32 infants and children (8 months to 10 years of age) with
hypersensitivity to cow’s milk. Any indication of allergy (extent and severity of rash, pruritus, or
urticaria/angioedema; upper or lower respiratory symptoms; or gastrointestinal symptoms) and
adverse events were assessed throughout the double-blind, placebo-controlled food challenge
and open challenges. If the open challenge response was also negative, an extended observation
was followed in a 7-day home feeding period during which the child’s parent or guardian kept a
daily diary of acceptance and tolerance measures and any adverse events were monitored. Of the
32 subjects, 29 completed both double-blind, placebo-controlled food challenge and open
challenge. Ongoing allergic manifestations were noted in 24 of 29 subjects at study entry.
Allergic gastrointestinal manifestations included allergic enterocolitis, esophagitis, and
gastroesophageal reflux. All the 29 children were fed formulas in randomized order after a
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pre-challenge elimination period, followed by an open challenge if the response to the food
challenge was negative. As determined by daily parental record, acceptance and tolerance of the
new amino acid-based formula were generally good. No serious adverse events occurred during
the double-blind food challenge, open challenge, or extended 7-day feeding period on the amino
acid-based formula and the subsequent open challenge reported no serious adverse events
demonstrating the hypo-allergenicity of the formula containing DHA.

In a study by Hoffman et al. (2008), 244 healthy term infants received one of 2 formulas:
(1) control, soy formula without supplementation (Enfamil ProSobeel, Mead Johnson &
Company, IN) or (2) DHA + ARA, soy formula supplemented with a minimum of 17 mg
DHA/100 kcal from algal oil and 34 mg ARA/100 kcal from fungal oil (Enfamil ProSobeel
LIPIL1, Mead Johnson & Company, IN), from 14 to 120 days of age. These levels correspond to
approximately 0.3% of total fatty acids as DHA and 0.6% of total fatty acids as ARA. Of the 244
infants enrolled, 182 infants completed the study. Measurements included anthropometric
measurements, atopic dermatitis, tolerance, and adverse events. The incidence of adverse events,
formula intake, stool frequency and characteristics, and parental assessment of fussiness,
diarrhea, and constipation were comparable between the groups. In addition, no statistically
significant difference was noted in the atopic dermatitis scores, as assessed by mean SCORing
Atopic Dermatitis (SCORAD) indices at 120 days of age between the 2 groups (control, 2.9 +
0.76; test, 2.3 £ 0.72), indicating a very low occurrence of atopic dermatitis. The only differences
noted were higher gastrointestinal reflux (control vs. test: 12 vs. 3 infants, P = 0.009) and the
incidence of excessive gas (15% vs. 5%, P = 0.026) which were noted more in the control group
than in the test group at 60 days of age. In the subset infants, no statistically significant
differences were noted in blood chemistry profiles (total RBC lipids and plasma phospholipids,
glucose, and kidney, liver, and pancreas function markers) between the 2 groups at 14 or 120
days of age (data not shown). The authors concluded that both formulas were well tolerated and
supported normal growth.

In the study by Fleddermann et al. (2014), 213 healthy term infants were randomized to
receive 1 of 2 isoenergetic formulas: a test formula containing DHA (10.7 mg/100 kcal from egg
and fish oil), ARA (10.7 mg/100 kcal), and alpha-lactaloumin, or a control formula with standard
whey and no DHA and ARA from less than the first 28 days to 120 days of life. Breast-fed
infants served as the reference group. Both formulas were well-accepted, and no differences
were reported for stool consistency and color, colic, flatulence, and regurgitation or vomiting.
The number of serious adverse events was higher in the test group than in the control group (10.2
vs. 3.3%), with 1 serious adverse event in each formula group considered as a potential
association to the study formula (test formula: vomiting, blood in stool, and reflux; control
formula: vomiting and blood in stool). However, the total number of adverse events (adverse
event plus serious adverse event) was much lower in the test formula and reference groups than
the control formula group (test vs. reference vs. control: 24% vs. 24% vs. 45%). The types of
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adverse events were similarly distributed across the test and control groups. The authors
concluded that all infants accepted the test formula supplemented with DHA and ARA well and
that no adverse effects were found for all parameters tested.

In the Infant Fish Oil Supplementation study, healthy term infants of 420 allergic women
were randomized to daily fish oil capsules (providing 0.280 g DHA + 0.110 g EPA) or placebo
capsules (olive oil) from birth to 6 months (D'Vaz et al., 2012). Because of the supply issue, the
final 27 children received similar capsules of fish oil (250 mg DHA and 60 mg EPA) or olive oil.
A clinical follow-up was completed in 323 infants at 12 months of age. Measurements included
PUFA concentrations in erythrocytes and plasma in infants at 6 months of age and those in their
mothers' breast milk at 3 and 6 months. In addition, clinical outcomes, such as eczema, food
allergy, asthma, and sensitization, were monitored in 323 infants at the 12 month-follow up. No
statistically significant differences were noted in the prevalence of allergic outcomes (any
allergic disease, overall sensitization, specific sensitization, eczema, or food allergy) between the
2 study groups at 12 months of age. None of the children had a diagnosis of asthma by 12
months of age. There were no significant differences in recurrent wheeze or persistent coughing
between the study groups at 6 or 12 months. The supplementation of DHA from fish oil did not
impact the allergy parameters at 6 and/or12 months in term infants.

Taken together, DHA supplementation did not result in any serious or non-serious
adverse events, tolerance, food allergies, or other allergies in term infants consuming
non-exempt infant formula. In addition, GRNs 000553 (pages 55-57; FDA, 2015), 000677
(pages 29-33; FDA, 2017), 000731 (pages 35, 37-38; FDA, 2018a), 000776 (pages 24-25; FDA,
2018c), 000777 (pages 22-24; FDA, 2018d), 000862 (pages 40-43; FDA, 2020a), 000933 (pages
42-43, 47; FDA, 2020b), 000934 (pages 45-53; FDA, 2021), and 001008 (pages 59-60; FDA,
2022) presented comprehensive summaries of clinical study literature regarding supplementation
of DHA from algal oil sources to term infant formula. These GRAS notices concluded that
supplementation of DHA (from algal sources), in combination with ARA, to infant formula was
safe in term infants. Overall, algal DHA, up to 0.96% of total fatty acids (or up to 51-61 mg
DHA/kg bw/day), in combination with ARA (0.64% of fatty acids) was well tolerated with no
side effects in term infants.

Overall Conclusion for Infant Formula Applications for Term Infants

In summary, algal DHA, up to 0.96% of total fatty acids (or up to 51-61 mg DHA/kg
bwi/day), in combination with ARA was well tolerated, and no adverse effects were noted on the
measured outcomes including gastrointestinal tolerance, adverse events, growth, RBC
concentrations of fatty acids, visual acuity, cognitive function, and/or school readiness in both
pre-term and term infants. Thus, it is concluded that the literature supports the intended use of
DHA at 0.5% of total fatty acids in term infants.
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Table 25. Human Studies of DHA from Algal Sources in Term Infants*

Objective Subject Dose Duration Measurements Reference
To determine the effect | 343 term DIAMOND study: 3 From the Visual acuity, visual acuity Birch et al.
of varying amounts of infants concentrations of DHA time of maturation, red blood cell (2010a)
DHA supplementation (derived from C. cohnii): | enrollment fatty acids, tolerance,
on visual acuity, growth, 0.32, 0.64, or 0.96% of (1to9days | anthropometric measures over
safety, and clinical fatty acids as DHA (or 0, | of life) the 52-week period
chemistry parameters 17,34, or 51 mg through age
DHA/100 kcal) with a 52 weeks
fixed conc. of 0.64% ARA
(or 34 mg ARA/100 kcal;
from M. alpina); or control
— unsupplemented
cow-based formula
To determine the effect | 179 term DIAMOND study; From the Incidence of upper respiratory | Birch et al.
of varying amounts of infants DHA/ARA supplemented | time of infection and common (2010b)
DHA supplementation formula (DHA, enrollment (1 | allergic diseases
on allergic reactions 0.32-0.34% DHA/ARA, to 9 days of | up to 3 years of age
0.64-0.72% of FAS) vs. life) through
unsupplemented formula | age 52
weeks;
follow-up up
to 3y of age
To determine the effects | 164 healthy | DHA (0.32% of total FAs; | From 14 £ 2 | Growth, formula acceptance, | Burks et al.
on growth, tolerance, term infants | 17 mg/100 kcal, source through 120 | tolerance, and adverse events | (2008)
and safety in healthy was not specified) and + 4 days of
infants of an amino ARA (0.64% of total FAs; | age
acid-based formula 34 mg/100 kcal)
To evaluate the 32 infants Double-blind | Allergy (extent and severity
hypo-allergenicity of the | and children and open of rash, pruritus, or
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amino acid-based with challenges, urticaria/angioedema; upper
formula containing hyper-sensit followed by | or lower respiratory
DHA and ARA ivity to a 7-day home | symptoms; or gastrointestinal
cow’s milk feeding symptoms); and adverse
period events

To evaluate the 244 term Control, soy formula with | From 14 to Anthropometric Hoffman et
DHA+ARA infants without supplementation | 120 days of | measurements, atopic al. (2008)
supplementation on of DHA + ARA (17 mg age dermatitis, gastrointestinal
growth, atopic DHA/100 kcal from algal tolerance, and adverse events
dermatitis, tolerance, oil and 34 mg ARA/100 in all infants; clinical
and adverse events in kcal from fungal oil) chemistry parameters in
term infants subset infants
To assess the effect of a | 213 healthy | A test formula containing | From less Growth, gastrointestinal Fledder-ma
modified infant formula | term infants | DHA (10.7 mg/100 kcal than the first | tolerance, and adverse events | nnetal.
on growth and safety from egg and fish oil), 28 days to (2014)

ARA (10.7 mg/100 kcal), | 120 days of

and alpha-lactalbumin, or | life

a control formula
To assess the effect of Healthy Fish oil capsules From birth to | PUFA concentrations in D'Vaz et al.
fish oil supplementation | term infants | (providing 25 - 28 mg 6 months; erythrocytes and plasma in (2012)
on PUFA concentrations | of 420 DHA + 60 - 110 mg EPA) | follow-up at | infants 6 months of age;
in erythrocytes and allergic or placebo capsules (olive | 12 mo of age | clinical outcomes such as
plasma in infants 6 women oil) eczema, food allergy, asthma,

months of age and
allergy parameters

and sensitization

*Excluding studies of DHA from fish oil source or DHA-ethyl ether;
ARA = arachidonic acid; DHA = docosahexaenoic acid; DIAMOND study =DHA Intake And Measurement of Neural Development study
I1Q = intelligence quotient; mo = months; y = years.

None of these studies
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Studies of DHA in Pre-term Infants
This review includes studies published until May 2023 and the papers related to
gastrointestinal tolerance and allergenicity of DHA-rich oils in pre-term infants (Table 26).

Recently Published Studies (January 2021 — May 2023)

Frost et al. (2021) determined the feasibility of providing a concentrated emulsified
DHA-ARA supplement to 30 very low birth weight infants and evaluated blood LCPUFA
concentrations at 2 and 8 weeks. In this prospective, randomized, double-blind,
placebo-controlled trial in neonatal intensive care units, 192 very low birth weight infants with a
mean birth weight of 1,040 g (mean gestational age of 28 weeks) received 1 of the following 3
treatments for 8 weeks or until discharged, whichever came first: a placebo control supplement
containing sunflower oil, supplements containing 40 mg/kg bw/day DHA (source, manufacturer,
and country not specified) and 80 mg/kg bw/day ARA, or supplements providing 120 mg/kg
bw/day DHA and 240 mg/kg bw/day ARA. Whole blood LCPUFA levels were measured. No
adverse effects were reported on the measured outcomes.

Hewawasam et al. (2021) determined whether DHA supplementation in pre-term infants
improves attention at 18 months’ corrected age. This follow-up study was conducted from the
N-3 (omega-3) Fatty Acids for Improvement in Respiratory Outcomes (N3RO) trial (Collins et
al., 2017) conducted at neonatal centers in Australia, New Zealand, and Singapore. A total of 192
pre-term infants with 15-30 months’ corrected age from the trial in South Australia (mean age of
3.0-3.5 days) received an enteral emulsion of 60 mg/kg bw/day DHA from tuna oil
(manufacturer and country not specified) or control (soya oil) from within the first days of birth
until 36 weeks postmenstrual age. Assessments of attention, cognition, language, and motor
development were completed. No adverse effects were reported on the measured outcomes.

In a double-blind parallel clinical trial by Bernabe-Garcia et al. (2021), 225 pre-term
newborns (birth weight 1000- 1500 g) with an expected functional gastrointestinal tract were
recruited and received an enteral dose of 75 mg of DHA/kg bw (source, DSM, algal type, not
specified) diluted in high-oleic sunflower oil as a vehicle or high-oleic sunflower oil (control)
daily for 14 days from the first enteral feed after birth. Primary endpoint was the incidence of
necrotizing enterocolitis (NEC), an inflammatory bowel disease based on Bell's scale from stage
Ila and IlIb. No adverse effects of DHA on the measured outcome were reported. In addition,
adverse events (apart from the incidence of NEC; including death, median platelet counts,
bleeding events such as periventricular /intraventricular hemorrhage grade>Il and upper
gastrointestinal tract and /or pulmonary bleeding) and fatty acid profile of erythrocyte
membranes from pre-term infants were not different between groups although alpha-linolenic
acid was higher in the DHA-group. Thus, it is concluded that supplementation of DHA at a daily
dose of 75 mg of DHA/kg bw did not result in adverse effects on the incidence of NEC and fatty
acid profile of erythrocyte membranes from pre-term infants.
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Effects of DHA on Gastrointestinal Adverse Events or Food Allergy

A few pre-term infant studies specifically discussed the effects of DHA supplementation
on gastrointestinal adverse events or food allergy. These studies did not report adverse effects or
events associated with DHA supplementation in pre-term infants (Clandinin et al., 2005; Manley
et al., 2011). The studies by Gunaratne et al. (2019) and Manley et al. (2011) employed DHA
from fish oil sources to evaluate allergy parameters in pre-term infants. As it is not expected that
safety profiles of DHA derived from fish oil and algal oil would be different, the findings from
studies employing DHA from fish oil sources are pertinent when evaluating the safety of DHA
from algal oil. Thus, the findings from these 2 studies of DHA from fish oils were included as
corroborative data to support the safety of algal DHA oil derived from Schizochytrium sp.

In an Australian DHA for the Improvement of Neurodevelopmental Outcome (DINO)
trial, Manley et al. (2011) evaluated the effect of DHA (fish oil source) supplementation on
long-term atopic and respiratory outcomes in 657 pre-term infants of <33 weeks of gestation.
They consumed expressed breast milk from mothers taking either tuna oil with high-DHA (tuna
oil) or standard-DHA (soy oil) capsules. Lactating women with their infants were randomly
assigned to the high-DHA group (3 g tuna oil per day) or the standard-DHA group (3 g soy oil
per day) to achieve a breast milk DHA concentration that was 1% or 0.35% of total fatty acids
without altering the naturally occurring concentration of ARA in breast milk. If supplementary
formula was required, infants were given a high-DHA pre-term formula (1% fatty acids [FAS]
as DHA and 0.6% FAs as ARA) or a standard pre-term infant formula (0.35% DHA and 0.6%
ARA). The intervention in both groups continued until infants reached their expected date of
delivery. Median duration of treatment was 9.4 weeks. The primary objective of the DINO trial
was to determine the effect of meeting the estimated DHA requirement of pre-term infants on
neurodevelopment. However, this study reported secondary outcomes, such as allergic (hay
fever, eczema, asthma, or food allergy) and respiratory parameters (including the incidence of
bronchopulmonary dysplasia) over the first 18 months’ corrected age. No adverse effects of
high-DHA supplementation (1% of total fatty acids) were noted on the measured outcomes
including requirement for special diet for food allergy in pre-term infants of <33 weeks of
gestation.

From the DINO study described above, Gunaratne et al. (2019) tested the efficacy and the
safety of DHA from fish oil on allergy parameters. Primary endpoints were parent-reported
incidence of respiratory allergic disease symptoms including wheeze and rhinitis at 7 years
corrected age and other outcomes included the incidence of eczema symptoms, severity of any
symptoms, and the incidence of wheeze, rhinitis, rhinoconjunctivitis, and eczema from birth to 7
years corrected age. Data were available for 569 of 657 children originally randomized. No
adverse effects were reported on the measured outcomes.
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In a study by Clandinin et al. (2005), 361 pre-term infants of < 35 postmenstrual age were
randomly assigned to 3 study formula groups: 1) control, formula with no added DHA or ARA,;
(2) algal-DHA, formula with 17 mg DHA/100 kcal from algal oil and 34 mg ARA/100 kcal from
fungal oil (Martek Biosciences, algal type was not specified); or (3) fish-DHA, formula with 17
mg DHA/100 kcal from tuna fish and 34 mg ARA/100 kcal from fungal oil. These levels of
DHA and ARA were similar to those present in a typical mature human milk (approximately 0.3
wt% of fatty acids as DHA and 0.6 wt% as ARA). The study formulas were the sole source of
nutrition for the pre-term subjects until 57 weeks postmenstrual age (or 4 months after term) and
the primary source of nutrition until 92 weeks postmenstrual age. DHA supplementation was
stopped at 92 weeks postmenstrual age, and the subjects were monitored until 118 weeks
postmenstrual age (18 months after term). Term infants breast-fed for 4 months or longer were
the reference group. All infants were assessed at birth and at 40, 44, 48, 53, 57, 66, 79, 92, and
118 weeks postmenstrual age. Measurement endpoints included growth, tolerance, adverse
events, and Bayley development scores. There were no differences in caloric intake from the
formula, daily gastric residuals, stool frequency and consistency, or abdominal distention among
the pre-term groups during hospitalization (data not shown). In addition, there were no
differences in parents reporting fussiness, diarrhea, or constipation (data not shown), although
infants in the algal DHA and fish DHA-supplemented groups had more gas than usual at 40 and
44 weeks postmenstrual age (p<0.05), which reached no differences at 53 or 57 weeks. Overall,
the authors concluded that DHA supplementation (either algal oil or fish oil source) did not
increase morbidity or adverse events in pre-term infants. In addition, no adverse effects of DHA
supplementation were reported on the measured outcomes.

In addition, GRNs 000553 (stamped pages 55-57), 000677 (pages 29-32), 000731 (pages
35-36, 39-40), 000862 (pages 42-43), 000933 (page 43), and 001008 (pages 46-58) presented
comprehensive summaries of clinical study literature regarding supplementation of DHA from
algal oil sources to pre-term infant formula. These GRAS notices concluded that
supplementation of DHA (from Schizochytrium sp.), in combination with ARA, to infant formula
was safe in pre-term infants. In particular, previous GRAS notices reviewed the studies by
Almaas et al. (2015, 2016) that tested the hypothesis that DHA/ARA supplementation in very low
birth weight infants would influence cerebral white matter measured by diffusion tensor imaging
and behavioral and cognitive outcomes at 8 years of age. In these studies, human milk
supplemented with 32 mg DHA (0.86% of total fatty acids as DHA,; source not specified) and 31
mg ARA (0.91% of total fatty acids) per 100 mL was fed to pre-term infants each day for 9 weeks
after birth with an 8-year follow-up. A recently published study (Bernabe-Garcia et al., 2021)
confirmed that supplementation of algal DHA (algae type, not specified) at 75 mg of DHA/kg
bw/day (may correspond to 1.3% of total fatty acids as DHA) did not result in adverse effects in
pre-term newborns with an expected functional gastrointestinal tract.
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From a meta-analysis of 4 RCTs from five reports (1,966 neonates), Tanaka et al. (2022)
reported that DHA supplementation did not increase the risk of BPD at 36 weeks of
postmenstrual age among pre-term infants and the risk of other neonatal morbidities including
death, necrotizing enterocols, intraventricular hemorrhage, severe retinopathy of prematurity, or
sepsis.

In summary, DHA-rich oil derived from Schizochytrium sp. at the use level of up to 1.0

-1.3% of total fatty acids as DHA is not expected to adversely impact the pre-term infants who
would be consuming these exempt infant formulas.
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Table 26. Human Studies of DHA in Pre-Term Infants*

Objective Subject Dose Duration Measurements Reference
To determine feasibility | 30 very low LCPUFA-120 (40 | 8 wk or until Whole blood LCPUFA Frost et al.,
of providing a birthweight mg/kg bw/d DHA | discharge levels 2021
concentrated emulsified | infants; mean + 80 mg/kg bw/d
LCPUFA supplement birthweight ARA);
to very low birthweight | 1,040 g; mean LCPUFA-360 (120
infants and to evaluate | gestational age mg/kg bw/d DHA
blood LCPUFA 28 wk + 240 mg/kg bw/d
concentrations at 2 and ARA) (DHA
8 weeks of study source not
supplementation specified); placebo
(sunflower oil)

To determine whether | 192 infants born | DHA (60 mg/kg Until 36 wk of | Attention assessment; Hewawasam et
DHA supplementation | <29 gestational bw/d DHA) (DHA | postmenstrual assessments of cognition, al., 2021
in infants born pre-term | wk within 3 d of | source not age language, and motor
improves attention at first enteral specified); control development
18 months’ corrected feeding who (soya-oil)
age participated in

the N3RO trial;

mean birthweight

905.3-927.8 g;

mean age at

randomization

3.0-3.5d
To evaluate the 225 Pre-term 75 mg of algal 14 days The incidence of NEC, Bernabe-Garcia
efficacy of the enteral infants with birth | DHA/kg/d or high adverse events, erythrocytes | etal., 2021
DHA to prevent NEC | weight of 1,000 | oleic sunflower oil fatty acid profile
in pre-term infants t0 1,499 g (control)
To determine the effect | DINO trial, 657 | High-DHA Until infants Allergic (hay fever, eczema, | Manley etal.,
of meeting the pre-term infants | pre-term formula reached their asthma, or food allergy) and | 2011
estimated DHA of <33 weeks of | (1% DHA from expected date of | respiratory parameters
requirement of pre-term | gestation fish oil and 0.6% delivery; FU at | (including the incidence of
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infants on allergic ARA) or a standard | 12 and 18 mo bronchopulmonary
and/or respiratory pre-term infant dysplasia)
parameters formula (0.35% Until infants Incidence of eczema Gunaratne et
DHA and 0.6% reached their symptoms, severity of any al., 2019
ARA). expected date of | symptoms, and the incidence
delivery; FU at | of wheeze, rhinitis,
7y CA rhinoconjunctivitis, and
eczema
To evaluate safety and | 361 pre-term Control formula Intervention Growth, gastrointestinal Clandinin et
benefits of feeding infants of < 35 with no added until 92 weeks | tolerance, adverse events, al., 2005

pre-term infants
formulas containing
docosahexaenoic acid
(DHA\) and arachidonic
acid (ARA) until 92
weeks postmenstrual
age (PMA), with
follow-up to 118 weeks
PMA

postmenstrual
age

DHA or ARA; (2)
algal-DHA formula
with 17 mg
DHA/100 kcal
from algal oil and
34 mg ARA/100
kcal, or (3)
fish-DHA formula
with 17 mg
DHA/100 kcal
from tuna fish and
34 mg ARA/100
kcal.

Reference
group-term infant
breast milk fed (~
0.3 wt% of FAs as
DHA and 0.6 wt%
as ARA)

postmenstrual
age; FU until
118 weeks
postmenstrual
age; Reference
group for >4
months starting
between birth
and 4 weeks of
age

and Bayley development
scores

*Recently published studies or the studies related to gastrointestinal adverse events or food allergy only are summarized.

ARA = arachidonic acid; CA= corrected age; d = days; DHA = docosahexaenoic acid; DINO = DHA for the Improvement of Neurodevelopmental

Outcome trial, EPA = eicosapentaenoic acid; FU = follow up; LCPUFA = long-chain polyunsaturated fatty acid; N3RO = N-3 (omega-3) Fatty

Acids for Improvement in Respiratory Outcomes; wk = weeks; y = year.
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6.B.5. Potential Adverse Effects

The FDA raised concerns about the consumption of high levels of EPA and DHA,
which may increase bleeding time, increase levels of LDL-C, and influence glycemic control
in participants with type 2 diabetes (menhaden oil final rule; 62 FR 30751; June 5, 1997). To
assure that the combined exposure to EPA and DHA would not exceed 3 g/person/day, the
FDA established the maximum levels of use for menhaden oil that would be permitted in
specified food categories [21 CFR 184.1472(a)(3)]. No studies on type 2 diabetics have
reported increased glucose levels in plasma when higher amounts (4.5 to 6.9 g/person/day) of
omega-3 fatty acids were ingested (Bucher et al., 2002; Buckley et al., 2004). Overall, our
review of human clinical trials supports the ADI of 1.5 g/person/day for DHA in adults.

No adverse effects of DHA in infant formula up to 0.96% of total fatty acids (51-61
mg DHA/kg bw/day) were reported.

Safety of Sterols

Safety of sterols present in Runke Bioengineering’s DHA-rich oil can be justified
from the two aspects: 1) animal safety studies and 2) EDIs of sterols under the intended use
relative to total sterols already consumed via the diet.

Animal Safety Studies

Chen et al. (2014) reported that supplementation of sterol extract from Schizochytrium
sp. source at a dose of 0.30 g/kg diet for 5 weeks did not result in adverse effects on lipid
metabolism as measured by plasma total cholesterol as well as activities of intestinal
acyl-CoA:cholesterol acyltransferase 2 (ACAT2) and hepatic 3-hydroxy-3-methylglutaryl
-CoA (HMG-CoA) reductase in male golden hamsters. In other words, no adverse effects of
sterol extract derived from Schizochytrium sp. were reported on measured outcomes. More
importantly, a subchronic 90-day oral toxicity and a developmental and reproductive toxicity
study of Runke Bioengineering’s DHA-rich oil did not find any adverse effects on safety
parameters in rats and the no observed adverse effect level (NOAEL) was determined to be
5,000 mg/kg bw/day, the highest level tested (Falk et al., 2017; Lewis et al., 2016). Thus, the
sterols present in the Runke Bioengineering’s DHA-rich oil are not expected to pose safety
concerns.
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6.C. Safety Determination

Numerous human and animal studies have reported health benefits of DHA with no
major adverse effects. There is broad-based and widely disseminated knowledge concerning
the chemistry of the DHA-rich oil. This GRAS determination is based on the data and
information generally available and consented opinion about the safety of DHA.

The following safety evaluations fully consider the composition, intake, and
nutritional, microbiological, and toxicological properties of the DHA-rich oil as well as
appropriate corroborative data.

1. Analytical data from multiple lots indicate that the DHA-rich oil reliably complies
with established specifications and meets all applicable purity standards. Its purity
is over 35.0% DHA. No significant amounts of domoic acid, MCPDs, glycidyl
esters, and other contaminants have been detected from Runke Bioengineering’s
DHA-rich oil.

2. As the DHA-rich oil in this GRAS notice has similar specifications and
composition to those described in previous FDA GRAS notices, it is concluded
that Runke Bioengineering’s DHA-rich oil is substantially chemically equivalent
to those described in GRNs 000137, 000553, 000731, and in particular to those
described in GRN 000677. Thus, the information and data presented or reviewed
in the GRN notices are pertinent when evaluating the safety of the DHA-rich oil in
this GRAS notice. As noted above, the FDA did not question the safety of
DHA-rich oil for the specified food uses in response to GRAS notifications on
DHA-rich oil derived from Schizochytrium sp.

3. Runke Bioengineering’s DHA-rich oil will be added to the same food categories as
those currently listed in 21 CFR 184.1472(a)(3) (menhaden oil), excluding egg,
meat, poultry, and fish products, at maximum use levels that are 28.57% of those
specified in that regulation. Based on the final rule on menhaden oil described in
21 CFR 184.1472(a)(3), the ADI for DHA has been established as 1.5
g/person/day. In addition, algal DHA-rich oils derived from Schizochytrium sp.
(GRNs 137 and 732) received FDA GRAS notice status to result in a maximum
dietary exposure of less than 1.5 g of DHA per day. Furthermore, historical
consumption of DHA supports the safety of DHA as long as the consumption level
does not exceed 1.5 g/person/day. Recently published studies continue to support
the safety of DHA as a food ingredient.

4. Runke Bioengineering’s DHA-rich oil may be used at a maximum use level of
0.5% of total fat as DHA or 1.43% of dietary fat as Runke Bioengineering’s
DHA-rich oil in infant formulas for term and pre-term infants. The intended use
will result in 28 to 39 mg DHA/kg bw/day or 80 to 111 mg DHA-rich oil/kg
bw/day. This estimated DHA intake is consistent with current DHA
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recommendations for pre-term and term infants of 18 to 60 mg/kg bw/day
depending on gestational age. The intended use level is the same as other approved
uses for incorporation of DHA-rich oils in infant formula for term and pre-term
infants (GRNs 000553, 000677, 000731, and 000776/000777). Recently published
studies continue to support the safety of DHA as a food ingredient for infants.

5. It is assumed that Runke Bioengineering’s DHA-rich oil derived from
Schizochytrium sp. will replace currently marketed DHA or other DHA sources.
Thus, cumulative exposures are not expected to change.

6. In previous GRAS notices to the FDA, the safety of DHA has been established in
toxicological studies in animals, and mutagenicity and genotoxicity studies, and is
further supported by clinical studies in human. The NOAEL was determined to be
2,069 mg/kg bw/day in a subchronic toxicity study in rats. The EDIs under the
intended use are far less than the estimated safe intake levels in infants.
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6.D. Conclusions and General Recognition of the Safety of DHA-Rich Oil

6.D.1. Common Knowledge Element of the GRAS Determination

Several sources of DHA or DHA-rich oil derived from Schizochytrium sp. have been
evaluated by the FDA over the past 16 years for the proposed incorporation of DHA in foods for
human consumption. Relevant U.S. GRAS notifications include GRNs 000137 (FDA, 2004),
000553 (FDA, 2015), 000677 (FDA, 2017), 000731/000732 (FDA, 2018a, 2018b),
000776/000777 (FDA, 2018c, 2018d), 000836 (FDA, 2019a), and 000843/000844 (FDA,
2019b, 2019c), 000862 (FDA, 2020a), 000933 (FDA, 2020b, 000934 (FDA, 2021), and 001008
(FDA, 2022). All the GRAS notices provided information/clinical study data that supported the
safety of the proposed DHA ingredients for use in human foods. In all the studies summarized
in these notifications, there were no significant adverse effects/events or tolerance issues
attributable to DHA. Due to the compositional similarity and DHA content of algae-derived
oils to Runke Bioengineering’s DHA-rich oil, the available scientific literature on the safety
of these oils supports the safety of Runke Bioengineering’s DHA-rich oil derived from
Schizochytrium sp. Given this safety evaluation was based on generally available and widely
accepted data and information, it satisfies the so-called “common knowledge” element of a
GRAS determination.

6.D.2. Technical Element of the GRAS Determination (Safety Determination)

In addition, the intended uses of DHA have been determined to be safe though
scientific procedures as set forth in 21 CFR 170.3(b), thus satisfying the so-called “technical”
element of the GRAS determination. The specifications and fatty acid profile of the proposed
GRAS substance, Runke Bioengineering’s DHA-rich oil derived from Schizochytrium sp., is
substantially equivalent to those that have received FDA’s ‘no question’ letters.

This GRAS determination for DHA is based on scientific procedures. Numerous
human and animal studies examined safety-related parameters of DHA-rich oil. For general
population, there are no reports of safety concerns in any of the studies as long as the
consumption level does not exceed 1.5 g/person/day in the general population. In infants, no
adverse effects of DHA in infant formula up to 0.96% of total fatty acids were reported.

Runke Bioengineering observes the principles of HACCP-controlled manufacturing
process and cGMP and rigorously tests its final production batches to verify adherence to QC
specifications. The information and data provided by Runke Bioengineering in this report and
supplemented by the publicly available literature/toxicity data on DHA and DHA-rich algal
oil provide a sufficient basis for an assessment of the safety of DHA-rich oil from
Schizochytrium sp. for the proposed use as an ingredient in food.

It is concluded that Runke Bioengineering’s DHA-rich oil, manufactured as described
in the dossier and consistent with cGMP, and meeting appropriate food grade specifications,
is GRAS based on scientific procedures for use as an ingredient in term and pre-term infant
formulas and selected conventional foods at levels specified in the accompanying dossier. It is
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our opinion that other qualified and competent scientists reviewing the same publicly
available information would reach the same conclusions.

6.E. Discussion of Information Inconsistent with GRAS Determination

We are not aware of information that would be inconsistent with the finding that the
proposed use of DHA, meeting appropriate specifications and used according to cGMP, is
GRAS.
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7.B. References That Are Not Generally Available
Not applicable.
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Appendix A. Certificates of Analysis

114

2% ~ Page
o eurortins AR-21-SU-116844-01-EN
V St
CNAS 7%
TESTING
Nl crasLme
Analytical Report
Sample Code 502-2021-00126361 Report date 30-Dec-2021
Certificate No. AR-21-SU-116944-01-EN
AUMFRELORERRER DAl Frks B for o1
‘ JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province
Fax 0596-3552000
Our refarence: 502-2021-00126361) AR-21-5U.116844.01.EN
Client Sample Code: KRS - 11024713 A BW : 20211024
Sample described as: Docosahaxasncic ack oil /DMA algae ol
Sample Packaging: Sealed metal bottle
Sample reception date: 29.Now-2021
Anatysis Starting Date: 20-Nov-2021
Analysis Ending Date: 29-Dec-2021
Arrival Temperature ("C) 218 Sample Weight 1409°12
Reaults Unit oG LoD
% SU0DT Mercury (RAS) Method: BS EN 13806:2002
Accrediation: DAKKS:D-PL-14262.01-008CMA: 2110203422688CNAS L3788
Mercury (Hg) <0.005 mgfg 0.008
# SU0%0 Lead (ICP-MS) Mathod: BS EN 1SO 17284-2 2016 mod
Accreditation: ISONEC 17025:2017 DAKS D-PL-14292-01-00
Lead (Pb) <0.05 mo'kg 0.05
# SUOSE Arsanic (ICP-MS) Method: BS EN SO 17284.2 2016 mod.
Accreditation: ISONEC 17025:2017 DAKKS D-PL-14202.01.00
Arsenic (As) <0.005 mg'kg 0.008
# 5U0SG Cadmium (ICP-MS) Method: BS EN 1SO 17294-2 2016 mod
Accreditation: ISONEC 17025:2017 DAKKS D-PL-14292-01-00
Cadmium (Cd) <0.005 mkg 0,008
Results Unit LOQ LOD

o# SUTA2 Asrobic plate cout  Method: US FDA BAM Chapter 3, Jan 2001
Accrecdtation: DAKKS: D-PL-14232-01.00 & CNAS: L3788

Aerobéc Plate Count <1.0 cfumi
« SUA4 Salmonella  Method US FDA BAM Chapter 8, 2021
Accredtation: 1ISONEC 17025:2017 CNAS L3788
Salmonella Not Detected 25 ml
8 SU1AT Yeasts and moukds  Mathod: US FDA BAM Chaptee 18, Ape 2001
Accreditation: DARKS: D-PL-142582-01-00 & CNAS: L3788
Moukis <10 cluimi
Yeast <10 cfulml

“# SUICX Ecoll Method 1SO 16648-3:2015
Accraditation: DAKKS D.PL.14282.01-008CMA 2110203422688CNAS L3788
E. coli Not Detectad 25 mi

Results Unit LOQ LOD

A 8U207 Paroxide value Method: AOCS Cd 80-90:2017
Accreditation; ISONEC 17025:2017 CNAS L3783

Phone +88 400 828 5088

Fax
waww aurefing cn
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DHA-Rich Oil (Runke Bioengineering)

<= eurofins

Page 2/4
AR-21-SU-116944-01-EN

Resulls Unit LOQ LOD
Peroxide value 0.36 meqgkg 0.05
A2 5UZ0L Protein  Mathod: AOAC 984.13 1994
Accreditation: DAKKS: D-PL-14292.01.00 & CNAS: L3788
Proten <01 @100 g a1
Protein Factor 6.25
Reauls Unit LOQ LOD
¥ FLO23 Plant steeis and plant stanols (not eanched) Mathod: NMKL 1582014
Brassicasterol 18 mg'ttdg 1
Cholesterol 318 me'100g 1
Campesterol ] mg'ttdg 1
Campestanol 2 mg'te0g 1
Stigmasterol 31 mg'100g 1
Unidentified sterols 328 mg'itdg ¢
Sitosterol 112 mglidg 1
Sitostanci+ delta-5-avenasterol 6 mgiidg ¢
Delta-5,24-stigmastadiencl 20 mg1i0g ¢
Delta.7-stigmastenol 54 myliddg 1
dalta-7-Avenasterol 1" mgi10dg 1
Cycdloartenol 7 mgi100g 1
24-Methylenacycloartanol 2 mgi100g 1
Citrostadienol 7 mg100g 1
Total plant sterois + plant stanols 591 mg100g 1
* QADOI Acd Vakue Methed: AOCS Cd 36-63
Accredilation. ISONIEC 170252017 AZLA 299301
Acid value (mg KOH/g) 0.23 mgKOH/; 008
Free fatty acids (as oleic acid) 0.12 % a0t
# QADTL p-Anisiding Yalue  Method: AOCS Cd 18-90
Accrecitation: ISONEC 17025:2017 A2LA 2993.01
p-Anissdine Value 88 1
% QA307 Glyceride Profle  Method: AOCS Cd 11¢-83
Diglycerides 39 % 1
Glycerol 28 % 1
Monoglycerides 22 % 1
Triglycerides 94.2 % 1
“* QA383 Moaisture & Volatles (Air Oven 130C) Method. AOCS Cs 2¢-25
Mossture & Volatiles <0.01 % 0.01
* QA966 Unsaponifiable Matter  Method: AOCS Ca €240
Unsapenifiable matier 1.19 % 0.05
¥ QDOSC Fatty Acids-Full Omega 9,883 & Trans %W/  Methed: AOAC 956.06 mod.
Accredilation. ISONEC 17025:2017 A2LA 2827.01
C 16.4 (Hexadecatetraenoic Acid) <0.02 % 0.02
C10:0 (Capric acd) <0.02 % 0.02
€11:0 (Undecano acid) <0.02 % 0.02
C12:0 (Launc Acid) 0.04 % 0.02
C14:0 (Mynstic acid) 0.31 % 002
C14.1 (Myristoleic acid) <0.02 % 02
C15:0 (Pentadecancic acid) 0.05 % 002
C15:1 (Pentadecencc acid) «<0.02 % a0
C16.0 (Palmitic Acid) 15.93 % an2
C16:1 Omega 7 0.09 % Qo4
C16:1 Total (Paimitoleic Acd + isomers) 0.26 % 004
C16:2 (Hexadecadienok Acid) <0.02 % 00
C16:3 (Hexadecatriencic Acid) <0.02 % 02
C170 (Margaric Acid) 0.06 % 002
C17:1 (Heptadecenoic Acid) <0.02 % 0.2

Phona  +86 400 828 5088

Fax
www aurofing cn
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Lav : Page 3/4
o« CU rOfI ns AR-21-5U-116944-01-EN
Resuls Unit LOQ LOO
C18.0 (Stearic Acid) 135 % 02
C18:1 (Vaccenic acid) 017 % 002
C18:1 Omega 9 (Oleic Acid) 388 % 0@
C18:1, Total {Olelc Acid + isomers) 409 % 0.03
C18:2 Omega 6 (Linolex Acid) 8.24 % 0.02
C18:2, Total (Lincleic Acid + isomers) 846 % 0.02
C18:3 Omega 3 (Alpha Linolenic Acid) 0.12 % 0.02
C18:3 Omega 6 (Gamma Linolenic 013 % o.02
Acid)
C18:3, Total (Linolenic Acid + isomers) 0.25 % 002
C184 Omega 3 (Octadecatetraencic 0.19 % 002
Acid)
C18:4 Total (Octadecatetraenoic Acid) 0.19 N 002
C20:0 (Arachidic Acid) 0.24 %* 002
€20:1 Omega 9 (Gondoic Acid) 0.02 % 0.2
C20:1 Total {(Gondoic Acid + isomers) 0.04 % 0
C20;2 Omega 6 <0.02 % om
C20:2 Total (Eicosadiencic Acid) <0.02 % 0.02
C20:3 Omega 3 <0.02 % 002
C20:3 Omega 6 028 % 0.02
C20:3, Total (Eicosatnenoic Acid) 026 % 0.02
C20:4 Omega 3 061 % 0.02
C20:4 Omega 6 (Arachudonic Ackd) 0.19 % 0.02
C20:4, Total (Eicosatetraenoic Acid) 0.80 % 002
C20:5 Omega 3 (Eicosapentaencic 042 % 002
Acid)
C21:5 Omega 3 (Heneicosapentaenoic <0.02 % 062
Acid)
€22:0 (Behenic Acid) 022 % 0.2
C22:1 Omega 9 (Erucic Acid) 0.28 % 0.2
C22:1 Total (Erucic Acid + isomers) 028 % 0.02
C22:2 Docosadiencic Omega 6 <0.02 % 0.02
C22:3 Docosatrienoic, Omega 3 0.16 % 0.0z
C22:4 Docosatetraenoic Omega 6 <0.02 % 0.02
€225 Docosapentaencic Omega 3 0.08 % 0.02
€225 Docosapentaencic Omega 6 1231 % 0.02
C22.5 Total (Docosapentaencic Acid) 1240 % 0.02
C22:6 Docosahexaenoic Omega 3 43.01 % 002
€24:0 (Lignoceric Acid) 0.13 % 002
C24:1 Omega 9 (Nervonic Acid) <0.02 % 002
C24:1 Total (Nervonic Acid + isomers) 0.10 % 0
C4.0 {Butync Acad) <0.02 % 002
C6:0 (Caproic acid) <0.02 % 00
C8.0 (Caprylk acd) <002 % 002
Fatty Acid Profile Reported as Fatty
Acids

Total Fat as Tnglycendes 9285 % 0.1
Total Fatty Acids 89.13 % 01
Total Monounsaturated Fatty Acids 482 % 0.05
Total Omega 3 Isomers 4481 % 0.05
Total Omega 5 Isomers <0.05 % 0.05
Total Omega 6 Isomers 2197 % Q05
Total Omega 7 Isomers 0.26 % 008
Total Omega 9 Iscmers 422 % 00s
Total Polyunsaturated Fatty Acids 85.91 %
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o f' Page
q::o ecurorins AR-21-SU-116844-01-EN
Resulls Unit LOQ LOD
Total Saturated Fatty Acids 18.35 % 0.05
Total Trans Fatty Acds 025 % 0.02
¥ QD04 Froe Fatty Acds (FFA) Method: AOCS Ca S5a-40; ACAC 840.28
Accreditation: ISOVEC 17025:2017 A2LA 2827.01
FFA (Free Fatty Acds) 0.08 % o
* R280Z Bacteral Endotoxing  Melhod: USP 43<85>
Bactenal Endotoxins 0.103 EUiml
* ZME3X Enumeration (MPN) of Enterobacter sakazakll  Method: FDA BAM Chapter 29 mod.
Entercbacter sakazaki <03 MPNAO mi

COMMENT
TEST CHANGE: ordered FLO25 for candies has been changed to FLD23,

The c&'ttlfﬂ of w phﬂl sterols and piml mnou does not contain cholesteral and non-4-cesmethy! stercis (1., cydoartenol,
24.methylenecy {, and ci

)

Amount of 1otal GC elutables Is 1331 mg/i00 g

Peak idenfitications mmuwmmomgagnwmﬂ
SIGNATURE
/o . s e b
L
Jack He Shine Xie
Authorized Signatory Authorzed Signatory
EXPLANATORY NOTE
LOQ: Limit of Quantification = CNAS # DAKKS 2CMA
< LOQ: Balow Limit of Quantfication = means the teat is subcontracted within Eurofing group
N/A means Not applicable * means the test i subcontractad cutsida Eurcfing group

Sum compounds results are cakulated from the results of each quaniied compound as $e1 by reguiaiion

The uncertainty has not been taken into account for standards that already ndude measurement uncertainty or on explict request of chenl.
The sample d«amion and information are provided by the Cliant. Eurofins is not respensible for verifying the acauracy, relevancy, adequacy
andlor P of the infl n provided by the Client

The analytical result heren is applicable for the sample(s) tested only.

This analytical report shall not be excerpled or modfied without price wiitten approval from Eurcfins. The report shall be utilized in full

The result(s) is{ae) only for imemal use by the cient and not for pwh:ly available as mideﬂoo wmwl the written permission of Eurafing, any
party & prohibited from using the test results and the report for p yorp of m
Tha Ewofins Ganeral Terms and Condiions apply 1o Ihis analysical repornt

Foe and on behalf of Eurolfing Tocmoiog Sarvice (Suzhou) Co., Lid

-

END OF REPORT
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<% eurofins

Analytical Report

Page 111
AR-22-5U-007858-02

Sample Code
Certificate Mo.

5(2-2022-00002352

AR-F2-5U-00T858-02

Report date  27-Jan-2022

This repoet s trarslaied from Tmumma.m

Runke Bioengineering (Fujian) Co. Lt
JinCw Indurestrial Park Zhas-an County
Zhangzhou City Fujian Province

Fax 0596-3552000

COur rolorencn; S02-2022-00002552 AR-22-3UHIOTESEI2
Chont Sampls Code E® . 1028713
=8 W - 20011024
Sampis deaonbod as: Duecosaenmencot ackd od [OHA algas ol
Sampis Paokaging: Seaked rmeetal botts
Sampis roceplon date: 1 DeJan-A050
Arayals Staring Dabo: 10-Jan-2052
Anaiysis Ending Dain: HieJan-NR
Msrival Temparaters [*C) 1410 Sampls Weight 140g"2
Fasuhs init L= LoD
o OADSG Monoochioropopansdicds (sum o oo and asters)  Mothod: AO0CE Cd 26b-13
Apcredtation: FEONEC TALLE0 T ALSLA, A0 I

Total 2-WEPD [free and bound) =0.10 mpkg ad

Total 3-WCPD (free and bound) 0.4 mgkg ad
o QAOND Glyoudyl aglon [GC-MEMS) Method: ADCE CF 20511

Accreditation: IEONEC 1ML25:201 T ASLA, 286004

Gifcidol {caiculated) =0.10 mgikg Lt

SIGHATIIRE
Claire Wang
Aarmored Signatory

EXFLANATORY ROTE
LOG: Limit of Cuandfication & CHAE & DS cCLUL
< LC0k Bobow Limit ol Cuantification 7 means the tesl is subconiracted within Euncdins group
MU maars. Mot applicabie * maans tho st is subsoniracted cutsids Ewoling group
Bum compounds resulls are caloulabed from T resulis of sach quantilied compound as sel by regulaton
The uncertainty has rol B aken o Sooosan 0 standards hat already iroleds messsuresment unoartainty o on asplic mguest of client.
Thiz sample desoription and indcermation ane prosded by the Chenl. Eurcfing ks reod resporsitle for wentying the acouracy, relovancy, adeguacy
andior comgdetenass of the inlomation prosded by the Chent.
Thiz analytical resull Reesin is applicable for the samplsds) iested only
This analySoal neport sihall mod be excerpbed or moddied without prior writien approsal froen Eurofins. The: negpor sihall be wilized in bl
Thiz ressulis] is{ara) only bor indsnal wse by T chent and nob for publcly avalabls &3 evideroo Without the writhen permissaon ol Eurclirs, any
party i prohibfied from using the lest resulis and e report for publicity o promotions or markeding.
Thiz Eurcfins General Termes and Conditions apply o this analySoal nego.
For and on befall of Eurcfins Technology Service (Surhou) Co, ILid

Fax
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& eurofins 4

AP smua

CNAS e

gl cas L
Analytical Report

Sample Code 502-2022-00037065 Report date  30-Apr-2022
Ceriificate Mo. AR-22-5U-033313-02

This Tm is translated from TAR—ZE—SU—MH—(H

JinDu Industrial Park Zhac-an County
Zhangzhou City Fujian Province
Fax 0586-3552000

(Our reference: 502-2022-00037065 AR-22-514033313-02
Client Sample Code: BafES 11024713 £~8M - 20211024
Sample described as: Cocosshexaencic acid ol 'IDHA algae oi
Sample Packaging: Sealed metal botle
Sample reception date: 23-Apr-2022
Analysis Starting Date: 24-Apr-2022
Analysis Ending Date: 29-Apr-2022
Arival Temperature {C) ME Sample Weight 2809
Sample Condition Other
Results Uknit LOG LOD

% SLHOZ Cronobacter spp. in 10g  Method: 150 Z2364:2017
Aocreditation: DAKKS:D-PL-14252-01-00&CMA: 2110203422685 CMAS:L3TES
Croncbacter spp Mot Detected M0 g
4 SLHAZ Aembic plate count Method: US FOM BAM Chapter 3, Jan 20
Aocreditation: DAkkS: D-PL-14292-01-00 & CMAS: L3TER

Asrobic Plate Count =10 cfuig
L ELHA4 Salmonella  Method: US FDA BAM Chapter 5, 2021
Aocreditation: ISOVIEC 170252017 CHAS L3TE3
Salmonella Mot Detected 25g
# BLHAT ‘feasts and moulds  Method: US FOA BAM Chapter 18, Apr 2001
Apcreditation: DAkkS: D-PL-14292-01-00 & CMAS: L3TEE
Moulds =10 chulg
Teast =10 chulg

&8 SLHCK Ecoi  Method IS0 16643-3:2015
Aocreditation: DAKKS:D-PL-14292-01-00&CMA:2110202422608ECNAS:L3TES

E. coli Mot Detected f2hg
SIGNATURE
Tracy Li
Authorized Signatory

(( pAKKS

Deutsche
Akkreditienangsste e
D-PL-18 2920100
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* . Page 2/2
> CUro fl ns AR-22-5U-033313-02
EXPLANATORY NOTE
LG Limit of Guantification 4 CHAS # DkkeS =CMA
< LG Below Limit of Cluanification +r means the test is subconracted within Eurcfins group
A means Mot applicable » means the test is subcontracted outside Eurcfins group

Sum compounds results are calculated from the results of sach quantiied compound as set by regulation

The uncertainty has not been taken into account for standands that already include measurement uncentainty or on explidt reguest of cient.
The sample desaiption and information are provided by the Chent. Eurofins is not responsible for venifying the accuracy. relevancy, adequacy
andior completeness of the information provided by the Client.

The analytical result herein is applicable for the sample(s) ested only.

This analytical report shall not be excerpted or modified without price written approval from Ewrofins. The report shall be utilized in ful

The resultis) is(are) only for intemal use by the chent and not for publicly available as evidence. Without the written permission of Eurofins, any
party is prohibited from using the test results and the report for pulblicity or promotions or marketing.

The Eurcfins General Terms and Conditiors apply to this analytical report.

For and on behalf of Eunofins Technology Service (Suzhou) Co., Lid

EMD OF REFORT
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Page 11

g:*? eurofins AR-22-8U-056885-02
Analytical Report

Sample Code 502-2022-00039296 Report date 03-Jul-2022
Certificate No. AR-22-5U-056885-02

This o trarsiated from AR-22-8L-068885-01

[T Rk Bt () C. L1

JinDu Industrial Park Zhac-an County
Zhangzhou City Fujian Province

Our rafarencs: 502-2022-00038296  AR-22-SU-D56885-02
Clent Sample Code: HESR 11024713 £708 : 2021.10.24
Sample described es: Doosahe:aendags acd ol [OHA algas ol
Sample recaption dabe: 2B-Apr2022

Analysis Starting Date: ZB-Ap-2022

Analysis Ending Datec 0i-Ju-2022

* BUDJD Bacierial Endodoodns  Melhod: USSP 43<85>
Bacierial Endofoxins =0.108 Elg

BIGNATURE

Lucy Liu
Putodized Sgnalory
EXPLAMATORY NOTE
LOO: Limit of Quanikcation o CHAS I DAKKS oCMA
< LOCE Below Limil of QuanSfication 4 rrieans (he les s subeontracied within Euolng grous
MR, Fricsins Mol agpleabi ®prans e led & subcontraeted oulsde Euraling grou
Surn eompeunds resulls as esicuated lom he resuls of each quantibed compound as sel by regulation
Thee uncerntainty has ned been 18k en info account for slandards hal aleady indude measuremen uneenainty or on e el reques! of chent,
Thee sarmple dese dpBon and infarmalon are povided by Be Chenl. Euroling is nal respensible for verifying Ihe accuracy, relevancy , sdequacy
andler conplelensss of e inlormalion provided by he Chnl.
The analyiesl resul herein is applesble for the samgie(s) lested anly.
Thits analybcal regon shall nol be ex cepled of modibed wihoul prios willen agproval fom Eusfing, The repod shall be ulized in full
The: res 5] is{are) anly lor inemal use by Ihe dienl and nol for publicy avalatie as evidence Withoul he wrillen perrmission of Ewrofing, any
party ks grohitited (ram uing (he les! resulls and Be repon for publcily o romolons or markeng.
Thee Ewrefins General Terms and Condilins apply 1o Tis analyBcal regod.
For and on befal! of Eurglins Technalogy Senvice {Suzhou) Co., Lid

END OF REPORT
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&% eurofins

Page 1/2
AR-23-SU-007403-02

V.
B

CNAS TESTING

v CNAS L3788

Analytical Report

This report is translated from report AR-23-SU-007403-01

Certificate No. AR-23-SU-007403-02 Report date 30-Jan-2023
Sample reception date: 20-Jun-2022
Analysis Starting Date: 20-Jun-2022
Analysis Ending Date: 28-Jan-2023
-0

Runke Bioengineering (Fujian) Co.,Ltd.

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Sample Code: 502-2022-00063740
Client Sample Code: #5 :11024713
£F=HH : 2021.10.24

Sample described as: Docosahexaenoic acid oil /DHA algae oil

Sample Packaging: Sealed metal bottle

Arrival Temperature (°C) 26.2 Sample Weight 100g*2
Sample Condition Other

Results Unit LoQ LOD
A SU114 Enterobacteriaceae  Method: 1ISO 21528-2-2017
Accreditation: DAKKS:D-PL-14292-01-00&CMA:211020342268& CNAS:L3788
Enterobacteriaceae <10 cfulg

Sample Code: 502-2023-00005399

Client Sample Code: #5 0 11024713 EF=HEP : 2021.10.24

Sample described as: Docosahexaenoic acid oil /DHA algae oil

Sample Packaging: Sealed metal can

Arrival Temperature (°C) 18 Sample Weight 1409
Sample Condition Other

Results Unit LOQ LOD
w JK590 Protein content (Roti®-Nanoquant) Method: internal method (PV 01498 V2)
Content of protein <25 ug/g 25
SIGNATURE
Ally Dong Jack He
Authorized Signatory Authorized Signatory
[EXPLANATORY NOTE

LOQ: Limit of Quantification 4 CNAS # DAKKS oCMA

< LOQ: Below Limit of Quantification 7 means the test is subcontracted within Eurofins group
N/A means Not applicable @ means the test is subcontracted outside Eurofins group
Sum compounds results are calculated from the results of each quantified compound as set by regulation

The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicit request of client.

el -
Eurofins Tech. Seryi K%x{uj .
No. 101, Jialingj 1)\@1 oad, ND
W
Suzhou 215000 o

Jiangsu Proving ;

Phone +86 400 828 5088
www.eurofins.cn

(( DAKKS

Deutsche

D-PL-14292-01-00
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%::% cu rOfI ns ARSI

The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy
and/or completeness of the information provided by the Client.

The analytical result herein is applicable for the sample(s) tested only.

This analytical report shall not be excerpted or modified without prior written approval from Eurofins. The report shall be utilized in full.

The result(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written permission of Eurofins, any
party is prohibited from using the test results and the report for publicity or promotions or marketing.

The Eurofins General Terms and Conditions apply to this analytical report.

For and on behalf of Eurofins Technology Service (Suzhou) Co., Ltd

END OF REPORT

Phone +86 400 828 5088
www.eurofins.cn

Eurofins Tech. Sel K%@ ,
g\&oad, ND
R

X
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<& eurofins

Analytical Report

Page 11
AR-22-5U-04T148-02

Sample Code 502-2022-00045887 Report date  08-Jun-2022
Certificate No. AR-22-SU-047148-02
T ’T" AR-ZZ-3L047148-1
JinDw Industrizl Park Zhac-an County
Zhangzhou City Fujian Province
Fax 0:536-3552000
Olur referermos: S02-2022-000458877 AR-23-SUH04T146-02
Cliznt Sample Code: 87 - 11024713
SEEEMW - 2021.10.24
Sample described as: Docosahexasnoic acid oil /DHA algae cil
Sample reception date: 13-biaf 2022
Analfsis Staring Date: 13-hiaf. 2022
Analfsis Ending Diate: 07 -Jun-2022
Resulis LUknit LCQ LoD
= SUDaT Comeic acid  Method: Intemal Method [TPMWOD Version 12 2021-06)
Domoic acid <1 rmgtkg 1
SIGNATURE
|
Shine Xie
Authorizad Signatorf
EXPLANATORY NOTE
LOQ: Limit of Quantfication = CHAS # DAKKS =ChWA
<= LOQ: Below Limit of Cuamification ¥ mean: the test is subcomtracted within Eunofins group
MWiA rremans Not applicable = means the test is subcontracted outside Eurofins group
Sum compounds resubs are calculated from the resubs of sach quantified compound as set b reguiation
The uncertairgf has not besn taken into sccount for standards that alreadf includs measursment uncertaint o on =xplicit request of disnt
The sample dascription and information are provided b the Cli=nt. Eurofins i not responsible for weriffing the accuracy, relevancy, adequacf
and'or completeness of the information provided b fie Client
The anaiftical result hersin is applicable for the sample(s) t=st=d onlf.
Thisz analftical report =hall not be excerpt=d or modified withowt pricr wristen approval from Eurofins. The report shall be uslized in full.
The resulys) is{are] onlf for int=mal use bYf the diemt and not for public available as svidence Without the witten permizsion of Eurcfins, anf
partf is prohibited from using the test resuits and the report for publicitf o promeotions or marketing.
The Eurafins General Terms and Conditions appd 1o this analftical report.
For and on behalf of Eurcfins Technologf Service (Suzhou) Ca., Lid

Eurafins Tach Phone +56 400 828 5058
Me. 101, Sabngij Fan
& ou 215000 WW_ SUrnfins.cn
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DHA-Rich Oil (Runke Bioengineering)

Page 1/4

q:':%' cu rOfi ns AR-21-5U-116945.01-EN

AP cmu
CNAS =
TESTING
SNV s
Analytical Report
Sample Code 502-2021-00126362 Report date  30-Dec-2021

Certificate No. AR-21-SU-116945-01-EN

AUEHATAERE T Umr b St 0.

JinDu Industrial Park Zhao-an County

Zhangzhou City Fujian Province
Fax 0596-3552000
Our reference: §502.2021.00126362) AR-21-SU-116945-01-EN
Client Sample Coce: WA 11027715 £7BEM : 20211027
Sample described as. Docosahaxaenoic ackl oil IDHA algae ol
Sample Packaging: Sasled metal botte
Sample reception date: 20-Now-2021
Analysis Staring Date: 23-Now-2021
Analysis Ending Date: 29-Dec-2021
Asrival Temparatura ("C) 218 Sample Waight 140g°12
Reaults Unit LOG LCOD
a% 8L007 Mercury {AAS) Method: BS EN 13806:2002
Accreditation: DAKKS:D-PL-14292-01-008CMA-211020342268ACNAS L3TES
Mercury (Hg) <0.005 mokg 0.005
# SU05D Lead (ICP-MS) Method: BS EN I1SO 17284-2 2016 mod.
Accreditation: ISOVEC 17025:2017 DAKKS D-PL-14262.01.00
Lead (Pb) <0.05 mg'kg 0.05
# SUOSE Arsenic (ICP-MS) Mathod: BS EN IS0 17294-2 2016 mod
Accreditation: ISOVIEC 170252017 DAKKS D-PL-14292.01.00
Arsenic (As) <0.005 my/kg 0.006
# SU0SG Cadmium (ICP-MS) Method: BS EN ISO 17284.2 2016 mod.
Accrediation: ISONEC 17025:2017 DAKKS D-PL-14292.01.00
Cadmium (Cd) <0.005 mgkg 0.006
Results Unit LOQ LOD

a# SU1A2 Aerobic plate count  Method: US FDA BAM Chapiler 3, Jan 2001
Accreditation: DAKKS: D-PL-14292-01-00 & CNAS: L3788

Aercbic Plate Count <1.0 cluimi
a2 5U1A4 Samonella  Method: US FDA BAM Chapter 5. 2021
Accreditation: ISOVIEC 170252017 CNAS L3788
Salmonelia Not Datected 25 ml

«¥ SUIAT Yeasts and moulgs  Method: US FDA BAM Chapler 18, Apr 2001
Accrectation: DAKKS: D-PL-14282.01.00 & CNAS: L3788
Moukds <1.0 chu'ml
Yeast <1.0 efuml
% SUICX E.coll Method: 1SO 16649.3:2015
Accreditation: DAKKS:D-PL-14292-01-00ACMA-211020342288ACNAS LITEB
E. coll Not Detected 25 ml

Results Urit LOQ LOD

+ SU207 Peroxide value Mathod: ACCS Cd 85.80:2017
Accreditason; ISOIEC 17025:2017 CNAS L3788

Phone *86 400 828 5088

Fax
www.eurofins.cn

(( pAKKs

Allléduuu\cmlr
OFL14232.01 00
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DHA-Rich Oil (Runke Bioengineering)

<& eurofins

Page 2/4
AR-21-SU-116945-01-EN

Eurofing Tech. §
No, 101, Jialing
Suzhou 215004
Jiangau Provind

111

Results Unit LOQ LOD
Peroxide value 048 megkg 005
8 SU20L Protein  Method ADAC 984 13 1864
Accreditation; DAKKS: D-PL-14292.01-00 & CNAS: L3788
Protein <01 @100 g 0
Protein Factor 6.25
Resulls Unt LOQ LOD
% FLO23 Plant sterols and plant stancls (not enviched) Method: NMKL 198.2014
Brassicasterol 16 myiiodg 1
Cholesterol 319 mgi10dg 1
Campestarol 1 mgio0g 1
Campestanol 2 mgi1d0g 1
Stigmasterol 32 my100g 1
Unidentified sterols 286 me'100g9 1
Stnosterol 115 mgi100g 1
Sitostancl+ delta-S-avenasterol 7 mg'100g 1t
Delta-5,24-stigmastadienol 14 mp'1c0g 1t
Delta-7-stigmastencl 43 mgiicog ¢
delta.7-Avenasterol ] mylidg ¢
Cycloartanol 6 mgi1odg 1
24-Methylenecycloantanol 4 mg100g 1
Citrostadianol 8 mg100g 1
Total plant sterols + plant stanois 537 mglodg 1
 QADJI Acid Value Method: AOCS Cd 39-83
Accrediation: ISONEC 17025:2017 AZLA 299301
Acid value (mg KOH/g) 0.37 mg KOHig 006
Free fatty acids (as oleic acd) 0.19 % 0.0
% QAOIL prAnisidine Value  Method: AOCS Cd 18.80
Accreditation: ISONEC 17025:2017 A2LA 2093.01
p-Anisidine Value 78 1
“* QA307 Glycenda Profile  Method: AOCS Cd 11c:93
Diglycerides 47 % 1
Glycerol 29 % 1
Monoglycendes 32 % 1
Triglycarides 921 % 1
% QA383 Maoisture & Volatiles (Air Oven 130C)  Method: AOCS Ca 2c-25
Moisture & Volatias <0.01 % 001
7 QASES Unsaponifiable Matter  Method: AOCS Ca 6a-40
Unsaponifiable matter 1.28 % 0.08
+* QDOSC Fatty Acids-Full Omega 9,683 & Trans %W/W  Msthod: AOAC 966.06 mod
Accroditation: ISONEC 170252017 A2LA 2827.01
C 16:4 (Hexadecatetraenoic Acid) <0.02 % 002
C10:0 (Capric acd) <0.02 % 002
C11:0 (Undecanoic acid) <0.02 % 002
C12:0 (Laurnc Acid) 0.03 % 002
C14:0 (Myristic acid) 0.29 % 0
C14:1 (Myristoleic acid) <0.02 % e
C15.0 (Pentadecanok acid) 0.04 % 0.02
C15:1 (Pentadecenoic acid) <0.02 % 0.02
C16:0 (Palmitic Acd) 1553 % 0.02
C16:1 Omega 7 0.08 % 0.04
C16:1 Total (Palmitoleic Acid + isomers) 023 % 004
C16.:2 (Hexadecadiencic Acid) <0.02 % 002
C16:3 (Hexadecatrienoic Acid) <0.02 % 002
C17:0 (Margaric Acid) 0.05 % 002
C17:1 (Heptadecanoic Acid) <0.02 % 002




DHA-Rich Oil (Runke Bioengineering)

28 ' Page 3/4
%o:b cu I'Ofl ns AR-21-SU-116945-01-EN
Results Unit LOQ LOD
C18:0 {Stearic Acid) 132 % 002
C18:1 (Vaccenic acid) 0.15 % 0
C18:1 Omega § (Oleic Acid) 405 % 0.0z
C18:1, Total (Oleic Acid + isomers) 424 % 0.03
C182 Omega 6 (Linoleic Acid) 9.13 % o0
C18:2, Total (Linoleic Acd + isomers) 932 % 0.02
C18:3 Omega 3 {Alpha Linolenic Acid) 0.13 * 002
C18.3 Omega 6 (Gamma Lnolenic on % 002
Acid)
C18:3, Tetal (Linclenic Acid + isomers) 0.25 % 02
C18:4 Omega 3 (Octadecatetraencic 0.19 % 0.2
Acid)
C18.4 Total (Octadecatetrasnoic Acid) 0.19 % 0.02
C20.0 (Arachidic Acid) 021 % 0.02
C20.1 Omega 9 (Gondolc Acid) 0.03 % 0.02
C20:1 Total (Gondoic Acid + isomers) 0.05 % 002
€20:2 Omega 6 <0.02 kY 002
C20:2 Total (Eicosadiencic Acid) <0.02 % 002
C20:3 Omega 3 <0.02 % 002
C20:3 Omega 6 020 % 0
C20:3, Total (Eicosatnenoic Acid) 0.20 % 0.2
C20:4 Omega 3 052 % 0.02
C20-4 Omega 6 (Arachidonic Acid) 022 % 0.02
C20:4, Total (Eicosatetraencic Acid) 073 % 0.02
C20:5 Omega 3 (Eicosapentaenocic 046 % 002
Acid)
€21:5 Omaga 3 (Heneicosapentaenaic <0.02 % oo
Acid)
€220 {Behenic Acid) 0.20 % 002
C22:1 Omega 2 (Erucic Acd) 021 % 0.02
C22:1 Total (Erucic Acid + isomers) 021 % 002
C22 2 Docosadiencic Omega 6 <0.02 % 0.02
C22-3 Docesatnienoic, Omega 3 0.12 % 0.02
C22 4 Decosatetraencic Omega 6 <0.02 % 002
C22:5 Docosapentasnoic Omega 3 0.07 % 002
C22:5 Docosapentaenocic Omega 6 10.60 % 062
C22:5 Total (Docosapentaenoic Acid) 10.68 % 002
C22:6 Docosahexaencic Omega 3 47 % 002
C24:0 (Lignoceric Acid) 011 % 0
C24:1 Omega § (Nervonic Acid) <0.02 % 0.02
C24:1 Total (Necvonic Acid + Isomers) 0.04 % 0.02
C4.0 (Butyric Acid) <0.02 % 0.02
C6:0 (Caproic acid) <0.02 % 002
CB:0 (Caprylic acid) <0.02 % 002
Fatty Acid Profie Reported as Fatty
Acids
Total Fat as Triglycendes 89.86 % 01
Total Fatty Acids 86.26 % 0.1
Total Monounsaturated Fatty Acids 463 % 0.08
Total Omega 3 Isomers 4320 % 0,05
Total Omega 5 Isomers <0.05 % 0.05
Total Omega 6 Isomers 20.28 % 008
Total Omega 7 Isomers 0.23 % o0s
Total Omega 9 Isomers 433 % 0os
Total Polyunsaturated Fatty Acids 63.60 % 005
Phone +86 400 825 5038
Fax

www.eurafins cn
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DHA-Rich Oil (Runke Bioengineering)

<= eurofins ..

Resutts Unit LOQ LOO
Total Saturated Fatty Acids 17.81 % 005
Total Trans Fatty Acids 0.22 % 0.0z
¥ QDOS4 Free Fally Acids (FFA)  Mathod: AOCS Ca 5a-40; ADAC 84028
Accredration ISQIEC 17025:2017 AZLA 2627.01
FFA {Free Fatty Acids) 0.10 % 001
* R290Z Bacterial Endotoxins  Method: USP 43<B5>
Bacterial Endotoxins 0.141 EUMmI
% INEIX Enumeration (MPN} of EmMerobacter sakazail  Method: FDA BAM Chapter 29 mod
Enterobacter sakazakii <03 MPN/10 mi

COMMENT
TEST CHANGE: crderad FLO2S for candies has been changed 1o FLO23.

The contant of total plant sterols and plant stansis does not contain cholestercl and non-4-desmethyd sterols (1.8, cycloaniencl,
2 a. rnathnd et Bl
4

- 3
¥ ¥ and wl).

Amount of total GC elutables is 1346 mg'100 g

Peak have to be reated only as 1 matrix.
SIGNATURE
Jack He Shine Xia

Authorzed Signatory Authorized Signatory
EXPLANATORY NOTE
LOQ Limit of Quantification = CNAS # DAKKS =CMA
< LOQ: Below Limit of Quantification - means the test is subcantracied within Eurofing group
N'A means Not applcable * maans the test is subcontracted outsics Ewofins group

Sum compounds resulis are calculated from the results of each quanified compound as set by reguiation

The uncertainty has nol baen 18ken into account for standards that already inchude maasuremant uncertainty or on expliclt request of chent,
The sample dascription and infeemation are provided by the Client. Eurcfing is not responsible for verifying the sccuracy, relevancy, adequacy
andior compietonass of the information provided by the Chent,

The analytical resull herein is applicable for the sample(s) teated oy,

This anatytical report shall not be excerpted or modified without pror written approval from Eurofing. Tha report shall be utlized in ful

The result]s) w(are) only for intemal use by the client and not for publicly avalable as evidence.Without the written permissian of Eurafins, any
party is prohibitad from using 1he 1es1 results and the report for publicity o promotions o marketng

The Eurofing General Tarms and Conditicns apply to this anaytical repert.

For and oa behalf of Eurofins Techaology Service (Suzhou) Co. Lid

END OF REPORT

Phona +85 400 B25 5088

Fax
www.eurcfins cn
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DHA-Rich Oil (Runke Bioengineering)

Page 111
AR-22-5U-007853-02

<% eurofins

Analytical Report

Sample Code
Certificate Mo,

§02-2022-00002953 Report date  27-Jan-2022

AR-Z2-50-007859-02

Thia repeet s trarslated from Tmmm.m

Runke Bioengineering (Fujian) Co. Lid.
JinDw Industrial Park Zhac-an County
Zhangzhou City Fujian Province

Fax 0596-3552000

Our relorenoa:; SO02-2002-00002353 AR-22-3UHIOTESS-02
Chont Sample Codec E® . 1102rms
S W Mg 02T
Sampls deaoribod Doonsaeamanc aoid o [OHA algas oll
Sampls Packaging: Saaked metal bobils
Sampks rocspion dabo: T0-Jan-2022
Anaiyals Starfing Dabs: 10-lan-A0e
Analysls Ending Dala: HeJan-A0E2
Agrival Temparaturs ["C) 140 Sample 'Weight 140g"2
Rizaiils inr L= Lo
= QAlG Monochioropropansdicds [sum of fres and ssiers] Mothod: A0CS Cd 250613

Aocreditation: FRONEC 1A025201 7 ACLA, A0 I

Total 2-CPD (free and bound) =0.10 mgiig ai

Total 3-CPD (free and bound) 0.14 mgiig ai
o QAN Gilyridy eslom [GC-MEMS)  Method: ADCE Cd SSb-13

Accreditabion: IEONEC TAI25H2017T AZLA, 2860 01

Gifcidol {caloulat=d] =0.10 mgikg i

BIGHATURE -
Claire Wang
Aarmcirized Sigriatony

EXPLANATORY NOTE

LOG: Lienit of Quandfication
= L0 Balow ILimil ol Cuanbfication o means the tesl ks subconirached within Eurcling group

Wil moares Mot applicabls = maans the lest is subooniracisd cuiside Ewnling group

Sum compounds resuits ane calculabed from e Fesuts of asch quantfied compound as sal by Fegulaton

Tha unceriainty has rod Been mken indo ao0ound ior standards hat already inclede measursment uncoertainty or on axplicl nequest of client
The sample desoripticn and indcermation ans provded by the Chenl. Eurcfins is nod resporsible for wenlying the accuracy, nelivanoy, scdsguacy
andior compdetenass of the inlormaticn prossded by the Chant

Thiz anakytical resul Feenin i appicable 1or the samplss) iested only

This analy®cal regort shall nod e cocerpbed or modified without pror writien approsal froen Eurcfing. The nepor shall be wilized in il

Thi resull{s) Bi{ara) only for intesmal wse by T chent and not for publicly sallabls 23 evidenos. \Without the wrihen permission ol Eurclires, any
party i prohibiesd from using the test results ard T roport for putdicity o promobicns of markeing.

The Eurcfins General Terms and Condibions apply bo this analySoall neport.

Fior and o E=sihiall ol Eurcfins Technology Serdce (Sushou) o, Lid

& CINAE & DlKcS oCMA

END OF REPORT

Ewrolina Teah.
Hao. 101, Jiaking
Earhou 21

Phono =55 400 525 S088
Fax
www.eundns.cn

Jiangsu Pro
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DHA-Rich QOil (Runke Bioengineering)

& eurofins

Analytical Report

Page 172
AR-22-3U-033314-02

"\ SN TT
CNAS e
g’ crassmm

Sample Code
Certificate No.

502-2022-D003T066 Report date  30-Apr-2022

AR-22-5U-033314 02

This report is translated fom TAAR-EZ-SLL!:]SSMM‘I

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Fax 05596-3552000

Our reference:
Chient Sample Code:
Sample describad as:

S02-2022-00037065f  AR-22-5UH33314-02
MEM® 11027716 £FEM . 2011027

Docosahexsenoic acid ail /DHA algae cil

Sample Packaging: Sealed medal botie
Sample reception date: 23-Apr-2022
Analfsis Starfing Dete: 24-Ape-2022
Analfsis Ending Date: 25-Apr-2022
Azl Temperaturs (1) 26 Samgple Weight 260g
Sampl= Condition Other
Resuks Uhnit LCG LoD
a8 EU0Z Croncbacter spp.in 10g  Method: 130 229642017
Accraditation: DARKKS:D-PL- 1429201 -00&CMA: 21102034 22685 CNAS: L3738
Cronobacter spp Mat Detected 10 g
a8 BELNAZ Amrchic plate court Msthod: LIS FDA EAM Chapter 3, Jan 2001
Accreditation: DAkkS: DWPL-14252-09-00 & CHAS: L3738
Aerobic Plate Count <10 chu'g
=+ SL11A4 Salmenells  pethod: US FOA BAM Chapter 8, 2021
Accreditation: ISQVIED 17025:2017 CHAS LIT3E
Salmanella Mat Detected g
<8 TUMAT Yeasts and moulds  Methed: US FD& BAM Chapter 18, Spr 2001
Accreditation: DAkkS: DWPL. 142520900 & CMAS: L3738
Moulds <10 ciu'g
feast <10 chu'g
o SUNCK E.coli  Method: 120 16649-3:20N5
Accreditation: DARKS:D-PL- 1429201 008 ChA: 2110205422655 CNAS: L3738
E. coli Not Detected 26 g

SIGNATURE

Tracf Li
Authorized Signatorf

Mc. 101, Sailng
Suzhou 21500/

Jiangsu Provindg

Phone +56 400 E23 5053
Fax
Wi surins.cn
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DHA-Rich Oil (Runke Bioengineering)

<~ eurofins st

EXPLANATORY NOTE

LOQ: Limit of Quantficason = CHAS # DAKKS =Cums,

< LO3: Balow Limit of Cuarsification ¥ misans the tes1is subcontracted within Eurcfins group
MA means Mot apphcable 2 rezans the best is subcomtracted outsids Burcfins group

Sum compounds resubs ane calculated from the results of sach quantifisd compound as set by regulation

The uncertairtf has not been taken into account for standards that alreadf include measurement uncertaint or on =xplicit reguest of dient
The sample desciption and irformation ares pravided by the Clisnt. Eurcfins is not responsible for veriffing the scouracy, relevancf, adequacy
andior completeness of the information provided bYf dhe Client.

The anaiftical result herein is applicable for the sampl=(s ) test=d anlf.

This analftical repant shall not be =xcarpied or modifisd withowt pricr wiiten approval from Eurcfins. The report shall be uilizad in sl

The results) isfar=) onlf for int=mal use b the dient and not for pubiicf available s =vidence Without the wiiten permission of Eurcfins, anf
partf is prohibited from using the test results and the report for publicitf o promeations or marketing.

The Eurcfins General Terms and Conditions applf 1o this analftical report.

Fior and on behalf of Eurcfins Technologf Service [ Suzhou) Ca., Lid

EMD OF REPORT

Phome +56 400 628 SDE3

-
WWHL UG cn
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DHA-Rich Oil (Runke Bioengineering)

Page 11

-E:E eurofins AR-22-5U-066886-02
Analytical Report

Sample Code 502-2022-00039297 Reportdate 03-Jul-2022
Coertificate No. AR-22-5U-056886-02
mTlmMTﬂm
JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Our rafarence: 502-2002-00038297  AR-22-50-056885-02
Clert Sampila Code: HESR 1107715 £F08 © 20211027
Sample describad as: Docosahes aenoc ackd ol OHA algae ol
Sampls recapticn dae: 28-Ape-2022
Analysis Starting Dete: 2B-A-2022
‘Analysls Ending Dae: Ot-Jub-2082

Fesulls Ui LD LOD
& BUDID Bacierial Endolooins  Melhod: LISP 43<85»

Bacierial Endoioxins <0.108 ElWg
SIGNATURE
Luey Liu
Puthorized Signalery

EXPLAMATORY NOTE
LOG: Limitof Ouaniication & CHAS il DAkKS DCMA
« LOCk Bedow Limit of Cusnification ¥r means (he leslis subconiracied within Ewofing group
MA maans Nol applcable = means (he sl & subooniracied oulsde Furofins group
Surn compounds resullts ase caicualed fom e resuts of each quaniibed compound as el by reguiaBon
The uncertainty has nol been fgen info accoun for standards thal aleady indude measurement uncerginty or on expicl request of clienl.
The sample descdplion and infarmalion are povided by e Chenl. Eurofins is nd responsible for verilying the securacy, relevancy, ademusacy
andlor camplelensss of he infosmalion provided by e Chent.
The anahyical resull herein is applicable for he sarmgie]s) lested anly.
This analyeal repon shall nol be excespied or modiied withoul prios willen agproval from Eusine. The repon shall be ulllized in Tull.
Thee resuli{s) ={ane) only for nlemal use by the dienl and nol for publcly avalable a5 evdencs Wilhoul (he wrillen permis sion of Ewrofins, any
party ks prohitited fram wing (he les] resulls and e repon for publicily or promoBons of marnkeling
The Eurofins General Terms and Condilions apply 10 This analyical repodl.
Fer and en behal of Ewrelins Technelogy Servies [Suzhou] Co., L

EMD OF REPORT
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DHA-Rich Oil (Runke Bioengineering)

&¥ eurofins

AP
CNAS
Sl

Analytical Report

Page 1/2
AR-23-SU-007404-02

FEAT
Kl
TESTING
CNAS L3788

Certificate No. AR-23-SU-007404-02
Sample reception date: 20-Jun-2022
Analysis Starting Date: 20-Jun-2022
Analysis Ending Date: 28-Jan-2023

Report date 30-Jan-2023

This report is translated from report AR-23-SU-007404-01

Runke Bioengineering (Fujian) Co.,Ltd.

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

502-2022-00063741

#E 11027715
£7FAH : 2021.10.27

Sample Code:
Client Sample Code:

LOQ: Limit of Quantification
< LOQ: Below Limit of Quantification
N/A means Not applicable

Sample described as: Docosahexaenoic acid oil /DHA algae oil

Sample Packaging: Sealed metal bottle

Arrival Temperature (°C) 26.2 Sample Weight 100g*2
Sample Condition Other

Results Unit LOQ LOD
a# SU114 Enterobacteriaceae Method: 1ISO 21528-2-2017
Accreditation: DAKKS:D-PL-14292-01-00&CMA:211020342268&CNAS:L3788
Enterobacteriaceae <10 cfulg

Sample Code: 502-2023-00005400

Client Sample Code: #5 11027715 £7=HH : 2021.10.27

Sample described as: Docosahexaenoic acid oil /DHA algae oil

Sample Packaging: Sealed metal can

Arrival Temperature (°C) 18 Sample Weight 140g
Sample Condition Other

Results Unit LOQ LOD
¥ JK580 Protein content (Roti®-Nanoquant) Method: internal method (PV 01498 V2)
Content of protein <25 ug/g 25
SIGNATURE
-
I
Ally Dong Jack He
Authorized Signatory Authorized Signatory
EXPLANATORY NOTE

4 CNAS # DAkkS oCMA

7r means the test is subcontracted within Eurofins group

@ means the test is subcontracted outside Eurofins group

Sum compounds results are calculated from the results of each quantified compound as set by regulation

The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicit request of client.

No. 101, .Jia|ingj‘ﬁ\§k www.eurofins.cn
NS

Suzhou 215009
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DHA-Rich QOil (Runke Bioengineering)

%:? cu rOfi ns AR-23-8U-007404.02

The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy
and/or completeness of the information provided by the Client.

The analytical result herein is applicable for the sample(s) tested only.

This analytical report shall not be excerpted or modified without prior written approval from Eurofins. The report shall be utilized in full.

The result(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written permission of Eurofins, any
party is prohibited from using the test results and the report for publicity or promotions or marketing.

The Eurofins General Terms and Conditions apply to this analytical report.

For and on behalf of Eurofins Technology Service (Suzhou) Co., Ltd

END OF REPORT

Phone +86 400 828 5088
www.eurofins.cn

Eurofins Tech. Se K%@ )
No. 101, Jialing;ji£ig =5

3 gj .\‘\@ oad, ND )
Suzhou 215004 ;;s‘
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DHA-Rich QOil (Runke Bioengineering)

+& eurofins a2 suoiriins:

Analytical Report

Sample Code 502-2022-00045888 Report date 08-Jun-2022
Certificate No. AR-22-S1)-047149-02

This Twm branslabed Soen Tm.zz.smnm1

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province
Fax 0596-3552000

O refierence: 502-2072-00045359  AR-22-SU-I4T145-02
Chent Sample Code: ## ;11027716

£ 5l : 2021.10.27
Sample described as: Docosahexaenoic acid ol [OHA slgae cil
Sample reception date: 12-hiaf 2022
Analfsis Starfing Date: 13- b 2022
Analfsis Ending Diate: O7-Jun-2022

Pesuhs Uit L2 LoD
= SLIDOT Domoic acid  Medhod: Intemal Method [TPMOD Version 12 202106
Dromeoic acid <1 mgikg 1

SIGNATURE

Fhine Xie

Authrarized Signatarf
EXPLANATORY NOTE
LOQ: Lirit of Guanification = CHAS # DAKKS =ChWA
<= L0 Below Limit of Guamtification ¥ means the testis subcomtracted within Eurofins group
MIA rremans Nat applicable = means the test is subcontracted outside Eunofins growup
Sum compounds resubs are calculated from the resubs of sach guantifisd compound as set bf reguiation
The uncertaing has not been taken into account for standards that alreadf include measurement uncertaint or on explicit reguest of dient
The samnple description and information are provided b the Cli=nt. Eurofins is not responsible for veriffing the acocuracy, relevancf, adequacf
and'or completeness of the information provided b #he Client
The anaiftical result hersin is appbcable for the sarmple(s) t=st=d onlf.
Thiz analftical report shall not be xcerpied or modified withowt pricr wiiten approval from Eurcfins. The report shall be uslized in fll.
The results) is(are) cnlf for im=mal use bf the dient and not for publicl available 2= svidence Without the writien pamission of Eurcfins, anf
partf is prohibited froemn using the test resufts and the report for publicifl or promeotions or marketing.
The Eurofins General Terms and Conditions appd 1o this analtical report.
For and on behaif of Eurcfing Technologf Service (Suzhou) Ca., Ld

END OF REPORT

Phone +56 400 B23 S0&3

Fax
WL eUrofinG.cn
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DHA-Rich Oil (Runke Bioengineering)

Page 114

%::‘: e u rOfi n S AR-21-SU-116846-01-EN

A ::vw
CNAD o
Analytical Report
Sample Code 502-2021-00126363 Report date  30-Dec-2021

Certificate No. AR-21-SU-116946-01-EN

AUEERRRRRRR U e S ) .14

JinDu Industrial Park Zhao-an County

Zhangzhou City Fujlan Province
Fax 0596-3552000
Our reference: 502-2021-001263630 AR-21-SU-118848.01.EN
Clant Sampie Code: HSRARE 11030717 BN 20211020
Sample describad as: Docosahexasncc acld ol [DHA aljae of
Sample Packaging: Sealed metal bottls
Sample reception date: 28.Nov-2021
Analysis Starling Date: 29-Noy-2021
Analysis Ending Date: 29-Dac-2021
Asrival Temparature (*C) 218 Sample Weight 140912
Rosuits Unt LOOQ LCD
% 8L007 Marcury (AAS)  Method: BS EN 13808:2002
Accreditation. DAKKS D-PL-14202.01-008CMA 21 10203422688CNAS L3788
Mercury (Hg) <0.005 ma'kg 0.005
# SUOSD Lead {(ICP-MS) Method: BS EN 1SO 172042 2016 med.
Accreditation: ISOVIEC 17025:2017 DAKKS D-PL-14282-01-00
Lead (Pb) <0.05 ma'kg 0.05
# SUOSE Arsenic (ICP.MS) Mathod: BS EN 130 17294.2 2016 mod.
Accrecitation: ISO/IEC 17025:2017 DAKKS D-PL-14292-01-00
Arsenic (As) <0.005 mg'kg 0.005
# SU0SG Cadmium {ICP-MS) Method. BS EN ISO 17284-2 2016 mod
Accreditation: ISONEC 170252017 DAkkS D-PL-14262-01-00
Cadmium (Cd) <0.005 mgkg 0.005
Results Unit LoQ LOD
“# SU1A2 Aerobic plate count  Method: US FDA BAM Chapter 3, Jan 2001
Accrediation: DAKKS: D-PL-14262.01-00 & CNAS: L3788
Asrobic Plate Count <1.0 chuimd
= SU1A4 Saimonella  Meshod: US FDA BAM Chapter 5, 2021
Accreditation: ISONEC 17025:2017 CNAS L3788
Salmenella Not Detected 125 ml
¥ SUTAT Yeasis and moukds  Method: US FDA BAM Chapter 18, Apr 2001
Accraditation: DAKKS: D-PL-14282-01-00 & CNAS L3788
Moulds <1.0 cluimi
Yeast <10 chuml

«# S8UICX Ecoll Method: 1ISO 16649.3:2015
Accredilation: DAKKS D-PL.14292.01.008CMA 2110203422683CNAS L3788
E. coli Not Detected 125 mh

Reasuhs Unit L0Q LOD

- SU207 Paroxide value  Method: AOCS Cd Eb-50:2017
Accreditation: ISQIEC 17025:2017 CNAS L3788

Fax

E—— (( pAKKS
Dewntsche
Aldpdi e rungsaetie

Oam i«
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DHA-Rich Oil (Runke Bioengineering)

Page 2/4

s .
g.o.\ cu rOfI ns AR-21-5U-116946-01-EN
Results Unit LOQ LOD
Peroxide value 0.24 megkg 008
o# SU20L Protein  Method: AOAC 884.13 1994
Accreditation: DAsKS: D-PL-14282.01-00 & CNAS L3788
Protein <0.1 0100 g (8]
Protein Factor 6.25
Results Unit LOQ LOD
% FLO23 Plant starals and plant stanols (not erviched)  Method: NMKL 198 2014
Brassicasterol 18 my'100g
Cholesterol 324 mg/tt0g ¢
Campesterol 9 mg't00g 1
Campestancl 2 mg'itdg 1
Stigmasterol 31 mgiiodg 1
Unidentified sterols 326 m10dg 1
Sitesterol 109 mgi10dg 1
Sitostanol+ delta-5-avenasterol 5 mgl100g 1
Delta.5 24.stigmastadienol 20 mgi100g 1
Deha-7-stigmastend! 54 mgi10dg 1
delta-7-Avenastercl 1" myl100g 1
Cycloartenol 8 mg100g 1
24-Methylenecycloartanal 3 mg'100g !
Citrostadiencl 6 mg'100g 1
Total plant sterols + plant stancls 584 mg'ttog ¢
# QADDI Acid Value  Mathod: ADCS Cd 3063
Accraditation: ISOIEC 170252017 A2LA 20863.01
Acid value (mg KOHIg) 0.21 mg KOWg 005
Free fatty acids (as cleic acid) 0.1 % 001
# QADIL p-Ansidine Value Method: AOCS Cd 18.90
Accreditation: ISQIEC 17025:2017 AZLA 299301
p-Anisidine Value 96 1
# QA307 Giyceride Profile  Method: AOCS Cd 11¢-93
Diglycerides 37 % 1
Glycerol 27 % '
Moncglycerides 18 % 1
Triglycerides 945 * 1
“ QA383 Moistire & Volatles (Alr Oven 130C) Metod: AOCS Ca 2c.25
Moisture & Volaties <0.01 % 0.0
¥ QASEE Unsaponifisble Matter  Method: AOCS Ca 6a-40
Unsaponifiable matier 133 kS 0.05
¥ QDOSC Falty Acids-Full Omega 9543 & Trans WWAV  Mathod: AOAC £98.06 mod.
Accraditation: ISOVIEC 17025:2017 A2LA 2627.01
C 16 4 (Hexadecatetraenocic Acid) <0.02 % 0.02
C10:0 (Capric acid) <0.02 % 0.02
C11:0 (Undecanoc acid) <0.02 % 002
C12:0 (Lauric Acid) 0.04 % 002
C14:0 (Myristic acid) 0.36 % 002
C14:1 (Myrstoleic acid) <0.02 % 002
C15:0 (Pentadecancic acid) 0.06 % 002
C15:1 (Pentadecencic acid) <0.02 % 02
C16:0 (Palmitic Acid) 16.36 * 0.2
C16:1 Omega 7 0.09 % 004
C16:1 Total (Paimitoleic Ackd + isomers) 0.26 % 0.04
C16:2 (Hexadecadienoic Acid) <0.02 % 002
C16:3 (Hexadecatrienoic Acid) <0.02 % 0,02
C17:0 (Margaric Acid) 0.06 3 0.02
C17:1 {Heptadecenci: Acd) <0.02 % 002
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DHA-Rich Oil (Runke Bioengineering)

L2 | Page 3/4
q:.\ cu rOfI ns AR-21-SU-116946-01-EN
Re=uits Unit L0Q LOD
C18:0 (Stearic Ack) 133 % 002
C18:1 (Vaccenic acid) 0.16 % 003
C18:1 Omaga 9 (Oleic Acid) 354 % 002
C18:1, Total (Olelc Acid + isomers) 375 % 03
C18:2 Omega 6 (Linoleic Acid) 1.50 % 0.
C18.2, Total (Lincleic Acid + isomers) 781 % 002
C18:3 Omega 3 (Alpha Linolenic Acid) 0.12 % 0.0z
C18:3 Omega & (Gamma Linolenic 0.14 % 0.02
Acd)
C18:3, Total {Linolenic Acid + isomers) 026 % 0.02
C18:4 Omega 3 (Octadecatelraencic 021 % 002
Acid)
C18:4 Total (Octadecatetraenoic Acid) 021 % 002
C20:0 (Arachidic Acid) 0.24 e 002
C20:1 Omega 9 (Gondoic Acid) 0.03 % 0o
C20:1 Total {(Gondoic Acid + isomers) 0.06 % 002
C20:2 Omega & 0.03 % 002
C20:2 Total (Eicosadienoic Acid) 0.03 % 002
C20:3 Omega 3 <0.02 % 002
C2030Omega & 028 % 0.02
C20:3, Total (Eicosatriencic Acid) 0.28 % 0.02
C20:4 Omega 3 062 % o2
C20:4 Omega 6 (Arachidonic Acid) 023 % .02
C20:4, Total (Eicosatetraencic Acid) 0.85 % 002
€20.5 Omega 3 (Eicosspentaanoic 0.37 % 02
Acid)
C21:5 Omega 3 {Heneicosapentaenoic <0.02 * 002
Acid)
€22:0 {Bahenc Acid) 0.24 % 00z
C22:1 Omega 9 (Erucikc Acid) 0.35 % 00z
C22:1 Total (Erucic Acid + isomers) 0.35 % 0.0z
C22:2 Docosadiencic Omega 6 <0.02 % 0.02
C22:3 Docosatnenoic, Omega 3 017 % 0.02
C22 4 Docosatetraencic Omega 6 0.02 % 0.02
C22:5 Docosapentaenoic Omega 3 0.08 % 0.02
C22:5 Docosapentaenoic Omega & 12.60 % 002
€225 Total (Docosapentaenocic Acid) 1268 % 002
C22:6 Docosahexaencic Omega 3 4276 % oe2
€24:0 (Lignecenc Acid) 0.13 % 002
C24:1 Omaga 9 (Nervonic Acid) <0.02 % 002
C24:1 Total (Nervonic Acid + isomers) 0.07 % 002
C4:0 (Butyric Acd) <0.02 % 002
C8:0 (Caproic acid) <0.02 % 002
C8.0 (Caprylic ackd) <0.02 % 0.02
Fatty Acid Profile Reported as Fatty
Acids
Total Fat as Trighcarides 92.47 % o1
Total Fatty Acids 88.77 % o1
Total Menounsaturated Fatty Acids 43 » 0.06
Total Omega 3 Isomers 44.34 % s
Total Omega S isomers <0.05 %* 006
Total Omega 6 lsomers 20.80 % 0.06
Total Omaega 7 Isomers 0.25 % 006
Total Omega 9 lsomers 395 % 0.05
Total Polyunsaturated Fatty Acids 65.35 %
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DHA-Rich Oil (Runke Bioengineering)

«¥ eurofins e

Raesuks Urst LOO LOD
Total Saturated Fatty Acids 18.84 % 0.05
Total Trans Fatty Acds 0.26 % 0.02
¥ QD094 Free Famty Acids (FFA)  Mathod: AOCS Ca 5a-40; ACAC 840 28
Accredtation: ISQIEC 170252017 AZLA 262701
FFA (Frea Fatty Acids) 0.08 % aot
= R280Z Bacterial Endotoxins  Method: USP 43<85>
Bacterial Endatoxins 0133 EWmd
o ZME3X Enumeration (MPN) of Enterobacter sakazakii - Method. FDA BAM Chapler 29 mod
Entarobacter sakazakii <03 MPN/10 mi
COMMENT
TEST CHANGE: ordered FLO2S for candies has been changed to FLO23.
The content of loealnhmmmandptmt is doos not in ch i and non-d-di thyl stecols (ie. cy A
24-mathvyl yo ). and citrostadienol)
Amount of total GC elutables is 1365 mg/100 g
=‘k E Mmmm mdonlxumehmwmw.
SIGNATURE
4 - . A - 2
Jack He Shine Xio
Authorized Signatary Authorized Signatary
EXPLANATORY NOTE
LOQ: Limit of Quantfication + CNAS ¥ DAKKS oCMA
< LOQ: Bedow Limit of Quanafcaton v means the test is subcontracted within Eurcfins group
NiA means Not applicable & means the 1esl is subcontracted outside Eurofing group
Sum compounds resulls are caloulated from the results of @ach guanafied compound as set by regulatian
The uncertainty has not been taken into 1 foe dards that already incl uncerainty or an explick request of dient,
The sample description and information are provided by the Client. Eurofins s not responsible for varifying the accuracy, relevancy, adequacy
andior completeness of the information provided by the Client.
The analytical resull harsin 5 applicabie for the plads) testad only
This analytical repart shall not be axcerpled or modified without pricr writlen approval from Eurcfing. The report shall be ullized in fl
The reault{s) is(are) only for internal use by the chent and not for pubich fabla as evid Without the written permission of Eurofins, any
party is prohibited from using the Ieﬂmdumdmmpmhpumwanmuomo«mmm
The Eurching Ganeral Terms and Condiions apply 1o this analytical report.
For and on behalf of Eurofins Technology Servica (Swzhou) Co , Lid

END OF REPORT

Phone +86 400 825 5088
Fax
www eurafing en
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DHA-Rich Oil (Runke Bioengineering)

Page 1/1
AR-22-5U-007860-02

s eurofins

Analytical Report

Sample Code
Certificate Mo,

5(2-2022-00002954 Report date 27-Jan-2022

AR-Z2-5U-007T860-02

Runke Bioengineering (Fujian) Co.Ltd.
JinCw bnechuestrial Park Zhac-an County

This repert s trarslated from TMMFHJ—IH

Zhangzhou City Fujian Province
Fax 0596-3552000
Our rofarenoa: S02-Z0CZ2-00002354 AR-22-3UHI0TES0HI2
Chont Sample Coder B & : 11030717
o7 0 W - 2001030
Sampis deaoribod as: Dooosatwomenci ackd o [DHA algae oil
Sampls Paokaging: Seaked metal bothes
Sampls recepdion dabe: A l-Jan-A052
Arnaiyals Starsng Dabs: TlJan-A00E
Anabpsls Ending Daln: MJan A2
Agrival Temperatws 5] 1410 Sample Weight 140g™2
Rasuks Unit LO:O Loo
& CkDaG Monochioropopansdicls [sum of frea and esiers]  Method: ADCS Cd 25613

Accreditabion: FEONEC 17025201 T ASLA, . 0

Tatal 2-KCEPD (free and bound) =0.10 mgfg ai

Total 3-MZPD (free and bound) 014 mgfg i
= Gilyoidyd eglors (GC-MEMS)  Method: &DCE Od 25013

Accreditabion: FRONEC 10025201 F ASLA, Ul 04

GH'cidol {caloulated) =0.10 mgikg o

EIGHNATURE B
Claire Wang
Aufhorized Signanony

EXFLANATORY NOTE

LOO: Limit of Cuamification
« L0 Babow ILimit ol Cuantification #r maans the besl ks subconiracted within Eurcding group

M msanes Mot apdicable * maans the iest s subcontracisd cutsids Ewroling group

EBum compounds  resulls are calculated from B resulls of sach quaniified compound as sel by regulaion

The unceriainty has nod Been aken indo account for standards hat already inclede measursment uncaerainty o on axplicl request of client
Thi sampde desoriplion and indcermation ars prosdded by tha Clenl. Eurclins is nod respaoreditle for venlying the acouracy, relovanday, sceguay
andior compdetenass of the information prosded by the Chent.

Thi anakytical resul Feemin is apdicatio for the sampless) iested only

This analy®oal negpeoi sihall not D sxoarpied o modlisd without pror witien approsal inoem EuroSing. The reqor sinall be uslized in il

The ressulis) Bi{arn) only for indemal wse by e clent and not for publcly avallable a3 evidenos. Without the wrihen permission ol Eunclires, any
party & prohibisd from using the lest resulls ared e roport for puliicity or promobicns or markedng.

Thi Eurcfing Ganoral Terms and Condilicrs: apply bo this analySoal regpo.

Fior and on besnall of Eurofins Technology Serace (Swurhou) Co, Ld

& CHAL # DAKRS oCRL

END OF REPORT

2, Lid Phona =55 400 525 S088
Fa
WWW.BLN NS cn

Surhou M ( curofins =
> SRS §

o
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DHA-Rich QOil (Runke Bioengineering)

<& eurofins S

AP muT
CNAS =
TESTING
¥ crrsLIm
Analytical Report
Sample Code 502-2022-0003T706T Report date  30-Apr-2022

Certificate No. AR-22-5U-033315-02

This report is translabed fom TA.HR-ZI-SLL!!]333-1M1

JinDu Industrial Park Zhao-an County
Zhangzhouw City Fujian Province
Fax (5596-3552000

Our refermnos: 502-2022-00037067) AR-22-5LH033315-02
Cliznt Sample Cade: BEHR - 1103077 £FEM 0 20211030
Sample described as: Docosahexa=noic acid ail 'DHA aligas oil
Sample Packaging: Sealed matal botle
Sample reception date: 23-Apr.2nzz
Analfsis Starfing Date: 24-Apr.20z2
Anzlfsis Ending Date: 20 Apr-2022
TR —] 216 Sample Weight 2a0g
Sample Condition Cther
Resuks Uhnit LCG LoD
8 BLN0Z Cronchacter spp. in 10g  Method: IS0 229642017
Accreditation: DAKKS:D-PL-14292-01-00&CmA 2110203422688 CNAS: L3 TEE
Cronobacter spp Mot Detected 10 g
af BUNA2 Aerchic plate count  Method: LS FOA BAM Chapier 3, Jan 2001
Accraditation: DAkkS: DLUPL-14252.01.00 & CNAS: LIT38
Aerobic Plate Count <10 chu'g
= SL1A4 Salmenella  m=thod: 15 FOA BAM Chapter 5, 2021
Accraditation: ISQIEC 170256:2017 CNAS LIT38
Salmonella Mot Detected g
28 BELNAT Yeasts and moulds  Methed: US FDA BAM Chapesr 18, Apr 2001
Accreditation: DAkkS: DPL-14252-01-00 & CHAS: L3738
Mioulds <10 cfu'g
feast <10 cfu'g
“f FUNCK E.coli ethod: 120 16643.3:2015
Accraditation: DAKKS:D.PL- 1429201 00&Ck A 211020 342 P68 CNAS: L3 Ta8
E. coli Mot Detected %5 g
SIGNATURE
Tracf Li
Autharized Signatorf

Led Phone +56400 823 5083

- 1.4
WWIL SRS Cn

g Fioad, 3h|3. "'*?:
= eurofins =
LET ] m

Ne. 101, Salingjj
Sarrhaow 21600

([ DAKKS
Diitacha
Akkradmerung el s

0-PL-L&19%-01-00
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DHA-Rich Oil (Runke Bioengineering)

. l‘ - Page 2/2
..-:'. e u rO I n S AR-22-51-033315-02
EXPLANATORY NOTE
LOQ: Limit of Quanificagion =~ CHAS # DAkKS =ChMA
= LOQ: B=low Limit of Guamtification % means the testis subcontracted within Eurcfins group
A m=ans Mat applicable = me=ans the test is subcontracted outsid= Eurafins group

Sum compounds nesukts are calculated from the resulis of sach quantified compound as set bff regulation

The uncertaired has ot been taken into account for standards that akeadf includs me=asurement uncertaintf or on =xplicit request of dient
The sample description and irformiation are provided b the Clisnt. Eurcfins is not responsible for vesiffing the acouracf, relevancy, adequacy
and'or completeness of the information provided b dhe Client

The anaiftcal result hersin is apphcable for the sampleis) tzst=d onlf.

This analfftical report shall not be axcerpt=d or modifisd without pricr wiittan approval from Eurcfins. The report shall be udlizad in full.

The resuits) isjare) onlf for im=mal use bY the dient and not for public available as svidence Withowt the wiittan permission of Eurcfine, amf
partf is prohibited from using the test resuits and the report for publicid or prometions or marketing.

The Eurcfins Genaral Terms and Conditions applf 1o this analftical report.

Fior and on behalf of Eurcfin: Technolgfl Service (Suzhou) Co., Lid

EMD OF REPORT

Phone +56 400 E28 SDE8

-1
wWwaLeurofins.cn
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DHA-Rich Oil (Runke Bioengineering)

Page 111

{-:E eurofins AR-22-8U-066887-02
Analytical Report

Sample Code 502-2022-00039298 Report date  03-Jul-2022
Certificate No. AR-22-SU-056887-02
This b trarvilibied froim AR-22-8U-05688T-(1
JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Provinoe

Our rafarencs: 502-2002-00038058 AR-Z2-SU-D5688702
Clent Sample Code: BESR 11030717 £708 : 2021.10.30
Sample described as: Docosahes aendc acd ol IDHA algae ol
Sample recaption dabe: ZB-Apr2022
Analysis Starting Date: ZB-Ppe2072
‘Analysts Ending Datec O-Ju-2022

Fesulls Unit LOO LOD
« 3UDJD Bacierial Endolooing  Method: ISP 43<85>

Bacieral Endoioxins <0108 Elig
SIGNATURE
Lucy Liu
Authorized Signalory

EXPLAMATORY NOTE
LOO: Lieil of Ouanfcation & CHAS B DARES oCMA
« LOC: Below Limil of QuanBfication ¥ means the lesl is suboonracied within Ewrofing group
MIA reans Mol applcable * means ihe les! & subconiracied oulside Euroling group
Sum compounds resulls ase calcualed mom he resuls of each quaniied compound 8 28 by reguiaion
The uneertainty has nod been Laken info aceount for slandands il akeady indude messuremen uncenginty or on exicl reques! of chenl.
The sample descdipon and inlarmabon are povwvided by Be Chenl. Eurofins is nol responsible for verilying he accuracy, relevancy, adeguacy
andfior complelenss s of e infosmalion provided by e Chend.
The analylical resull herein is applicable for the sarmgie|s) lasied anly.
This analycal repon shall nol be excespled or modibed wilhoul prios willlen agproval from Eumfine. The repon shall be ullized in Tull
The resull{s) is{ane) only for infernal wse by the disnd and not for publicly avalable as evidence Without ihe willlen perrmis sion of Eurofins, any
party is prohitited fram wsing 1he les! resulls and Fue repon for publicty of promoBons of markeling
The: Eurofins General Terrms and Condilions apply 1o this analy§cal reporl.
For and on behal of Eurdline Technalogy Servics {Suzheu) Co., Lid

EMD OF REPORT
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DHA-Rich Oil (Runke Bioengineering)

&% eurofins

Analytical Report

Page 1/2

AR-23-SU-007405-02

V.
B

CNAS TESTING

v CNAS L3788

This report is translated from report AR-23-SU-007405-01

Certificate No. AR-23-SU-007405-02 Report date 30-Jan-2023
Sample reception date: 20-Jun-2022
Analysis Starting Date: 20-Jun-2022
Analysis Ending Date: 28-Jan-2023
-0

Runke Bioengineering (Fujian) Co.,Ltd.

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

502-2022-00063742

#5 : 11030717
47 AH# - 2021.10.30

Sample Code:
Client Sample Code:

Authorized Signatory

Sample described as: Docosahexaenoic acid oil /DHA algae oil

Sample Packaging: Sealed metal bottle

Arrival Temperature (°C) 26.2 Sample Weight 100g*2
Sample Condition Other

Results Unit LoQ LOD
A SU114 Enterobacteriaceae  Method: 1ISO 21528-2-2017
Accreditation: DAKKS:D-PL-14292-01-00&CMA:211020342268&CNAS:L3788
Enterobacteriaceae <10 cfulg

Sample Code: 502-2023-00005401

Client Sample Code: #5 11030717 7= HEA : 2021.10.30

Sample described as: Docosahexaenoic acid oil /DHA algae oil

Sample Packaging: Sealed metal can

Arrival Temperature (°C) 18 Sample Weight 1409
Sample Condition Other

Results Unit LOQ LOD
w JK590 Protein content (Roti®-Nanoquant) Method: internal method (PV 01498 V2)
Content of protein <25 ug/g 25
SIGNATURE
|
Ally Dong Jack He

Authorized Signatory

[EXPLANATORY NOTE

LOQ: Limit of Quantification
< LOQ: Below Limit of Quantification
N/A means Not applicable

4 CNAS # DAKKS oCMA
7 means the test is subcontracted within Eurofins group
@ means the test is subcontracted outside Eurofins group

Sum compounds results are calculated from the results of each quantified compound as set by regulation
The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicit request of client.

Phone +86 400 828 5088 i
www.eurofins.cn E

(( DAKKS

Deutsche
Akkreditierungsstelle
D-PL-14292-01-00
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DHA-Rich QOil (Runke Bioengineering)

%::% cu rOfI ns ARZASTe

The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy
and/or completeness of the information provided by the Client.

The analytical result herein is applicable for the sample(s) tested only.

This analytical report shall not be excerpted or modified without prior written approval from Eurofins. The report shall be utilized in full.

The result(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written permission of Eurofins, any
party is prohibited from using the test results and the report for publicity or promotions or marketing.

The Eurofins General Terms and Conditions apply to this analytical report.

For and on behalf of Eurofins Technology Service (Suzhou) Co., Ltd

END OF REPORT

Phone +86 400 828 5088
www.eurofins.cn

Eurofins Tech. Sel K%@ ,
g\&oad, ND
R

X
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DHA-Rich QOil (Runke Bioengineering)

.:-E-: cu r0f| ns AR—EE—SU—MPTE‘IQEEB—HI:

Analytical Report

Sample Code 502-2022-00045889 Report date  08-Jun-2022
Certificate No. AR-22-SU-047150-02

This Tms branslated Foem Tnm.zz.sumnm1

JinDu Industrial Park Zhac-an County
Zhangzhou City Fujian Province
Fax 0626-3552000

O refetemoe: 502-2022- 00045850 AR-23-SU-047150-02
Cliznt Sample Code: 7 - 11030717
EEEM - 2021.10.30
Sample described as: Docosahexaznoic acid oil /DHA algae oil
Sample reception date: 13-himf 2022
Analfziz Staring Date: 13-Maf-2022
Analfsis Ending Date: 07 -Jun-2022
Fasuks Uit Lo LOD
= SLIDGT Doroic acid  Method: Intemnal kethod [TPMWOD Versicn 12 221.06)
Drormaic acid <1 mgikg 1
SIGNATURE
_ 5
Shine Xie

Authorized Signatorf
EXPLAMATORY NOTE

LOQ: Limit of Quantficagion = CHAS # DAKkS =CMA
= L3 Below Limit of Cuantification # misans the test is subcontracted within Eurofins group
MiA me=ans Mot applicable = rezans the test is subcontracted outside Eurcfins group

Sam compounds resulis are calculated from the results of each quantified compound as set b reguiation

The uncertaingf has not bean taken into accourt for standards that aleadf include measuremeant uncertaint o on =xplici reguest of dient
The sample description and information are provided b the Clisnt. Eurgfins is not responsible for vesiffing the accuracy, relevancy, adequacf
andlor completzness of the information provided b $he Client

The anaiftical result herein is applicable for the sample(s) test=d anhf.

Thiz analftical report shall not be excerpted or modifisd without pricr writien approval from Eurcfins. The report shiall be usiized in Sull.
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Appendix B. Identification of Runke Bioengineering’s Strain

Institute of Microbiology Chinese Academy of Sciences (IMCAS) Report

TEST REPORT

IMCAS Report No, 2025 JR(S]

Applicant: Fujian Runke Bioengineering Corp., Ltd.
Sample described: Microbial culture (strain FIRK-SCH3)

Sample quantity: One strain Date of sampling: 2023.04
Tested by: Bing-Da SUN Signature:
Approved by:  Yu-Guang ZHOU Signature:

(The next results only refer to the received samples. The name, Institute of
Microbiology Chinesc Academy of Sciences, shall not be used for commercial
purpose without the prior written consent of the service provider.)

Conclusion of Identification:

According to the results of the morphological, physiological properties, sequence
of 18S rRNA gene, the strain FJRK-SCH3 belongs to:

Schizochytrium sp.

ln&_lhue of Microbiology
Chinese Academy of Scienves
“June 192023
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TEST REPORT
IMCAS Report No. )D;?z'iﬁg ]

Applicant: Fujian Runke Bioengineering Corp., Ltd,

(continue)
1. Morphological properties

Fast growing on seawater agar
medium, 2~4 mm diam after five
days of incubation at 25 °C,
colonies large by continuous
binary cell divisions, white,
becoming light brown when old.
Thallus  thin-walled.  globose,
transparent, pale orange, 6.5~18.0
um. Ectoplasmic nets and

Zoospores not observed.

2. Partial sequence of 18S rRNA gene

Part 1; 5’ - GCATGTGTAAGT ATAAGCGAATTATACTGTGAAACTGCGAMCGGCTCATTATATCAGTTATAATCCCTTCGG
TAGTTCCTTTATACGGATACCTGCAGTAATTCTGGAATTAATACGTGC TGTACGGGCCCGACTTTCGGGGAGGGCCGCACTTA
TTAGGTCTAAGCCAACTCTCTTGGTGAGTCATGATAATTGAGCAGATCGCTTTTCGGAGCGATGAATCGTTTGAGTTTCTGCC
CCATCAGTTGTCGACGGTAGGE TATTGGCCTACGGTGACTATAACGGGTGACGGGGAGT TAGGGC TCGACT CCGOAGAGGGAG
CCTGAGAGACGGC TACCACATC CAAGGAAGGCAGCAGGCGCGTAAMTTACCCAATGTGGAC TCCACGAGGTAGTGACGAGAAA
TATCAATGCGGGGCGCTTCGCG TCTTGCTAT TGGAATGAGAGCAATG TAAAACCCTCATCGAGGATCAACT GGAGGGLAAGTC
TGGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAGAAGCGTATGCTAAAG TTGTTECAGT TAMAAGCTCGTAGTTGAATTTCTG
GCGTGGGAGCCCAGGLCTGEETHCGAATGTGCCTTGTTATTGCCTTGCGGCTCCTTTGCCATCCTCGTCTATCTTTGTGATAG
GCGTCCTTCACTGTAATCAAAGC AGAGTGT TCCAAGCAGGCCGTAGGGCCGGTATGTTTATTATGGGATGATCAGATAGGACT
CGGGTGCTATTTTGTTGGTTTGCACATCTGAGTAATGATTAATAGGAACAGTCGGGGGTATCCGTATT TAGGAGC TAGAGGTG
AAATTCTTGGATTTCCGAAAGA T GAACTACAGCGAAGGCATTTACCAAGCATGT TTTCATTAATCAAGAACGAAAGTCTGGGE
ATCGAAGATGATTAGATACCAT CGTAGTCTAGACCGTAAACGATG-3"

Part 2: 5% - TTGCTTTGTCGEAAGGCATGGCTAATCCTTTGAACGCCCATCGTGCTGGGGCTAGATTTTTGCAATTATTA
ATCTCCAACGAGGAATTCCTAG TAAACGCAAGTCATCAGC TTGCATTGAATACGTCCCTGLCCTTTETACACACCGCCCETCG
CACCTACCGATTGAACGGTCCOATGAMCCATGOGACTACCTTTTGAGCGTTT -3/

3. Phylogenetic analysis base on rRNA gene sequencing data

Aurantiochytdum Smacinum IFO 32603
100 .

Aumnticchytriuven ap. NBRC 103208 \\
Se| [ Schzochytnium ap. ATCC 20888 \\
oo \
97 £ FURK-8C13 2\
A\

Schizochytrum agEregetum ATCC 28200

Sohlzoohytrium sp NORC 102816 o
o6 | Sehizochytium sp NRRC 102618 J
Senizechytium sp NBRC 102017

4
26 — Thran ¥ stiatum ATOC 24473 o p
™ turr ATCC 34304 =
Thra Fryee
“[ Oblongichytrium ap NBRC 102618

g
0020
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Appendix C. Expert Panel Consensus Statement

Introduction

Runke Bioengineering (Fujian) Co., Ltd. (“Runke Bioengineering”) convened a panel of
independent scientists (the "Expert Panel™), qualified by their scientific training and relevant
national and international experience to evaluate the safety of a food ingredient, to conduct a
critical and comprehensive evaluation of the available pertinent data and information on
docosahexaenoic acid (DHA) and to determine whether the proposed uses in food would be
Generally Recognized as Safe (GRAS) based on scientific procedures. The Expert Panel
consisted of the following qualified experts: George C. Fahey, Ph.D. (Professor Emeritus,
University of Illinois at Urbana-Champaign), Joanne Slavin, Ph.D., R.D. (Professor,
University of Minnesota), and Susan S. Cho, Ph.D. (AceOne RS, Inc.).

The Expert Panel, independently and collectively, critically evaluated scientific information
and data compiled from the literature. The Expert Panel evaluated other information deemed
appropriate or necessary. To the best of our knowledge, this determination is a complete,
representative, and balanced submission that includes unfavorable information, as well as
favorable information, known to us and pertinent to the evaluation of the safety and The
Generally Recognized as Safe (GRAS) status for the uses of this ingredient in food.

Common Knowledge Element of the GRAS Determination

The first common knowledge element for a GRAS determination is that data and information
relied upon to establish safety must be generally available through published, peer reviewed
scientific papers related to the safety assessment. These scientific articles include published
preclinical studies and human clinical studies as well as scientific review articles. The second
common knowledge element required for a GRAS determination is consensus among
qualified scientists that the safety of the proposed uses of the substance has been
demonstrated. Numerous GRAS notifications were submitted to the U.S. FDA regarding the
use of DHA as an ingredient in infant formulas and selected conventional foods. These
include FDA’s no question letters for infant formula applications (GRN 000553 - FDA, 2015;
GRN 000677 - FDA, 2017; GRN 000731 - FDA, 2018a, GRNs 000776/000777 - FDA,
2018c, 2018d; GRN 000862 — FDA, 2020a; GRN 000933 — FDA, 2020b; GRN 000934 —
FDA, 2021; GRN 001008-FDA, 2022) and selected conventional food applications (GRN
000137 - FDA, 2004; GRN 000732 - FDA, 2018b; GRN 000836 - FDA 2019a; GRN
000843/000844 — FDA, 2019b, 2019c; GRN 000862 — FDA, 2020a; GRN 000933 — FDA,
2020b; GRN 000934 — FDA, 2021; GRN 001008-FDA, 2022). These notifications all
received ‘no question’ letters from the U.S. FDA. Exempt infant formula refers to formulas
for pre-term infants only and does not include use in other exempt formulas (e.g.,

hypoallergenic formulas, formulas for inborn errors of metabolism). In addition, FDA issued
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a final rule on menhaden oil ensuring daily intakes of EPA and DHA do not exceed 3
g/person/day (FDA, 2005).

The Expert Panel agrees that there are adequate data in the scientific literature to conclude
that DHA is a common component of infant formulas, that various DHA-rich oils have been
reviewed and approved as food ingredients for human use by the U.S. FDA and other expert
panels, and that the weight of the available evidence demonstrates that the proposed uses are
safe.

Technical Element of the GRAS Determination

DHA is a long-chain polyunsaturated fatty acid (LCPUFA) that is a primary structural
component of the human brain, retina, and other tissues. DHA’s structure is a 22-carbon chain
carboxylic acid with six cis-double bonds; the first double bond is located at the third carbon
from the omega end (methyl terminus). Thus, it is classified as an omega-3 fatty acid. It can
be obtained directly from maternal milk, algal oil, or fish oil.

Runke Bioengineering intends to market the DHA-rich oil as an ingredient in exempt
(pre-term and/or low birth weight infants; amino acid- and/or extensively hydrolyzed
protein-based) and non-exempt infant formulas (term infants; soy-, whey-, and/or milk-based;
ages from birth to 12 months) in combination with a safe and suitable source of arachidonic
acid (ARA). The maximum use level will be 0.5% of total fat as DHA. This level corresponds
to a maximum use level of 1.43% of dietary fat as DHA-rich oil because it has >35% DHA.
The ratio of DHA to ARA would range from 1:1 to 1:2. Runke Bioengineering’s DHA-rich
oil will be added to ready-to-drink or powder form of infant formulas from which
reconstituted infant formulas can be prepared. The intended use level is similar to all other
approved uses for incorporation of DHA or DHA-rich oil in infant formula (GRNs 000553,
000677, 000731, 000776, 000777, 000862, 000933, 000934, and 001008). In addition, Runke
Bioengineering intends for the DHA-rich oil (containing >35% DHA\) to be used in the same
food categories as those listed in GRNs 000137 and 000732 and in 21 CFR 184.1472(a)(3)
(menhaden oil), except in egg, meat, poultry, and fish products, at maximum use levels that
are 28.57% of those specified in 21 CFR 184.1472(a)(3), which was finalized in 2005 (FDA,
2005).

Runke Bioengineering’s DHA-rich oil is produced by a fermentative process using the
non-toxigenic, non-pathogenic Schizochytrium sp. strain. All raw materials and processing
aids used in the fermentation and manufacturing processes are food grade. Runke
Bioengineering observes the principles of Hazard Analysis Critical Control Point
(HACCP)-controlled manufacturing process and current Good Manufacturing Practices
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(cGMP) and rigorously tests its final production batches to verify adherence to quality control
specifications. Based on certificates of analysis (COAs), the Expert Panel concluded that
Runke Bioengineering’s DHA-rich oil meets specifications for chemical identity, fatty acid
profile, and contaminants (heavy metals) and is free of contaminants such as domoic acid and
monochloropropanediols (MCPDs) and glycidyl esters.

The bioequivalence of two types of algal DHA-rich oils (derived from either
Crypthecodinium cohnii [DHASCO® ] or Schizochytrium sp. [DHASCO-B® ]) was
demonstrated in preweaning farm piglets and in humans when administered in a blend with
ARA oil (Fedorova-Dahms et al., 2014; Yeiser et al., 2016).

Animal Toxicity Studies

The DHA content of Runke Bioengineering’s DHA-rich oil is at least 35% by weight,
comparable to concentrations described in the previous GRAS notices (GRNs 000137,
000553, 000677, 000731, 000732, 000776, 000862, 000843, 000933, 000934, and 001008)
which are acknowledged as GRAS by the FDA. The no-observed-adverse-effect-level
(NOAEL) of Runke Bioengineering’s DHA-rich oil was determined to be 5,000 mg/kg
bw/day, the highest level tested in a battery of toxicity studies including a 90 day toxicity
study with an in utero exposure (Lewis et al., 2016) and developmental and reproductive
toxicity studies (Falk et al., 2017).

Other sources of DHA-rich oil and DHA-rich microalgae (DRM) have been evaluated by in
vitro and in vivo genotoxicity studies, subchronic toxicity studies in rats with and without in
utero phase, maternal and developmental toxicity in rats and rabbits, and reproductive and
developmental toxicity in rats. DHA was reported as non-mutagenic and non-clastogenic in
all studies conducted. In subchronic toxicity studies with an in utero phase, the NOAELSs for
F1 ranged from 2,069 (females - Schmitt et al., 2012b) to 4,399 mg/kg bw/day (females -
Fedorova-Dahms et al., 2011b) in rats. From reproductive and developmental toxicity studies
of DHA-rich oils, the NOAELSs for Fo were found to range from 2,000 (Schmitt et al., 2012b)
to 8,322 mg/kg bw/day (Fo females during lactation) in rats (Fedorova-Dahms et al., 2011b).

However, in a reproductive and developmental toxicity study in rabbits by Hammond et al.
(2001), both the high-dose (1,800 mg/kg/day) DRM and fish oil control groups experienced
marked and sustained reduction in food consumption during the prenatal period and a slight
increase in abortions. The NOAELs were determined to be 600 mg/kg bw/day for maternal
toxicity and 1,800 mg/kg bw/day, the highest level tested, for developmental toxicity in
rabbits (corresponding to 130 mg DHA-rich oil/kg bw/day for maternal toxicity and 392 mg
DHA-rich oil’kg bw/day for developmental toxicity). However, the authors noted that
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abortions occurred spontaneously more frequently in rabbits than in other commonly used
laboratory species and that the incidences of abortions in both the high-dose DRM and fish oil
control groups fell within the historical limits for the laboratory.

On the basis of these findings, the Expert Panel concluded that NOAEL of Runke
Bioengineering’s DHA-rich oil was 5,000 mg/kg bw/day in rats. However, in subchronic
toxicity studies with an in utero phase, the NOAELs for F; ranged from 2,069 (females -
Schmitt et al., 2012b) to 4,399 mg/kg bw/day (females - Fedorova-Dahms et al., 2011b) in
rats.

Human Clinical Studies
Human clinical studies reported daily doses of DHA instead of DHA-rich oil. This review
includes studies published between January 2021 and May 2023.

Studies of DHA in Adults

Since January 2021, no new studies of DHA from Schizochytrium sp. or algal sources have
been published in adults. Previous GRAS notices reported that daily doses of up to 2 g DHA
from algal sources were not associated with treatment-related adverse effects (Molfino et al.,
2017, 2019; MacDonald and Sieving, 2018; Sanders et al., 2006; Smith et al., 2018) (GRN
000933 pages 41 and 44; GRN 001008, pages 61-62).

Studies of DHA in Pregnant Women and Offspring

Since January 2021, a few new studies of DHA derived from Schizochytrium sp. in pregnant
women were published (Fougére et al., 2021; Garmendia et al., 2021). No adverse effects of
DHA supplementation were reported on measured outcomes.

Overall, the review of recent human clinical trials is consistent with the conclusions of the
previous GRAS notices (GRNs 000137, 000732, 000933, 000934, and 001008) that intake of
DHA is safe as long as the daily intake does not exceed 1.5 g/person/day.

Term Infants

No studies published since January 2021 have been identified from the literature related to
algal DHA intake in term infants. Previous GRAS notices stated that algal DHA, up to 0.96%
of total fatty acids (or up to 51-61 mg DHA/kg bw/day), in combination with ARA was well
tolerated, and no adverse effects were noted on the measured outcomes including
gastrointestinal tolerance, adverse events, growth, RBC concentrations of fatty acids, visual
acuity, cognitive function, and/or school readiness in both pre-term and term infants. In
addition, studies of term infants have not reported adverse events or adverse effects on
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allergies, tolerance, or adverse events associated with DHA-supplemented infant formulae
when DHA was supplemented up to 0.96% of total fatty acids (Birch et al., 2010a, 2010b;
Burks et al., 2008; D'Vaz et al., 2012; Fleddermann et al., 2014; Hoffman et al., 2008).
Thus, it is concluded that the literature supports the intended use of DHA at 0.5% of total
fatty acids in term infants.

Pre-term Infants

A few pre-term infant studies specifically discussed the effects of DHA supplementation on
gastrointestinal adverse events or food allergy. These studies did not report adverse effects or
events associated with DHA supplementation in pre-term infants (Clandinin et al., 2005;
Manley et al., 2011). The studies by Gunaratne et al. (2019) and Manley et al. (2011)
employed DHA from fish oil sources to evaluate allergy parameters in pre-term infants. As it
is not expected that safety profiles of DHA derived from fish oil and algal oil would be
different, the findings from studies employing DHA from fish oil sources are pertinent when
evaluating the safety of DHA from algal oil. Thus, the findings from these 2 studies of DHA
from fish oils were included as corroborative data to support the safety of algal DHA oil
derived from Schizochytrium sp.

Recently published clinical trial by Bernabe-Garcia et al. (2021), Frost et al. (2021), and
Hewawasam et al. (2021) reported that daily doses up to 75 mg of DHA/kg bw
(corresponding to 1.3% of total fatty acids as DHA) did not result in any adverse effects on
whole blood long chain polyunsaturated fatty acid levels, cognition, or the incidence of
necrotizing enterocolitis (NEC) and fatty acid profile of erythrocyte membranes from
pre-term infants. In addition, GRNs 000553, 000677, 000731, 000776, 000777, 000862,
000933, 000934, and 001008 presented comprehensive summaries of clinical study literature
regarding supplementation of DHA from algal oil sources to infant formula (FDA, 2015,
2017, 2018a, 2018c, 2018d, 2020a, 2020b, 2021, 2022). These GRAS notices concluded that
supplementation of DHA (from Schizochytrium sp.), in combination with a safe source of
ARA, to infant formula was safe in term and pre-term infants.

In summary, based on the substantial equivalence of Runke Bioengineering’s DHA-rich oil to
other algal DHA-rich oils whose safety has already been established, the intended use levels
commensurate with safe dose levels tested in human clinical studies, animal toxicology
studies, and mutagenicity and genotoxicity studies on various DHA-rich oil ingredients, and
the history of safe use in humans, the Expert Panel concluded that Runke Bioengineering’s
intended use of its DHA-rich oil in term and pre-term infant formula and selected
conventional foods is safe.
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Conclusion

We, the undersigned members of the Expert Panel, have individually, collectively, and
critically evaluated the materials summarized above on the safety of Runke Bioengineering’s
DHA-rich oil and other information deemed appropriate and unanimously conclude that
Runke Bioengineering’s DHA-rich oil, manufactured as described in the dossier and
consistent with cGMP, and meeting appropriate food grade specifications, is GRAS based on
scientific procedures for use as an ingredient in term and pre-term infant formula and selected
conventional foods at levels specified in the accompanying dossier. It is our opinion that other
qualified and competent scientists reviewing the same publicly available information would
reach the same conclusions.

Expert Panel Members:

- 57//&/2025

Susan Cho, Ph.D. Date
AceOne RS, Inc, Fairfax, VA

S 5

S 2/ Jas
George C.Pghey, Jr, Ph.D. G e’ Date/ /

Professor Emeritus, University of Illinois, Urbana, IL

N
( VRZEE,

L/jf)anne Slavin, Ph.D. Date
" Professor, University of Minnesota, St. Paul, MN
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