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PART 1. SIGNED STATEMENTS AND A CERTIFICATION

1.A. Submission of GRAS Notice

Pursuant to Title 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
arachidonic acid (ARA)-rich oil in infant formula, as described in Parts 2 through 7 of this
GRAS notice, is not subject to the 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 Tsai

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: marketing.usap@runke.com.cn or sales@runke.com.cn

1.C. Common or Trade Name
Arachidonic acid-rich oil from Mortierella alpina FIRK-MAO1, ARA, ARA-rich oil, ARA-rich
oil derived from Mortierella alpina FJRK-MAO1, fungal ARA-rich oil, or fungal ARA oil.

1.D. Applicable Conditions of Use of Runke Bioengineering’s ARA-rich Oil

1.D.1. Foods in Which the ARA-rich Oil will be Used

Runke Bioengineering intends to market the ARA-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 dairy such as
bovine or goat milk-based; ages from birth to 12 months) in combination with a safe and
suitable source of DHA. Exempt infant formula refers to formulas for pre-term infants only
and does not include use in other exempt formulas (e.g., hypoallergenic formulas, and
formulas for inborn errors of metabolism).

AceOneRS, Inc. Page 7



ARA-Rich Qil (Runke Bioengineering)

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

The intended use of ARA-rich oil is to provide a source of ARA in infant formula at a
concentration consistent with that of human milk. The ARA content of human milk varies
from 0.34-1.22% of total fatty acids (FAs) among different populations. Therefore, the
proposed use of ARA-rich oil is to provide 0.75% and 0.50% ARA by weight of FAs in term
and pre-term infant formulas, respectively, in combination with a safe and suitable source
of docosahexaenoic acid (DHA). The intended use of ARA-rich oil is to deliver this
concentration of ARA, which corresponds to 1.974% of total fat in non-exempt term infant
formula and 1.316% of total fat in exempt pre-term infant formula because ARA-rich oil
contains 238% ARA. The ratios of ARA to DHA are expected to be in the range of 2:1 to
1:1. Intended use levels are consistent with recommendations by Koletzko et al. (2014a;
2014b; 2020).

1.D.3. Description of the Population Expected to Consume the Substance
The population expected to consume the substance consists of pre-term and 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 the U.S. Food and Drug Administration (FDA) upon request by contacting
Susan Cho at AceOne RS, Inc. (formerly NutraSource, Inc.) at the address above. The data
and information will be made available to the 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 U.S.C. §552.

1.H. Certification

Runke Bioengineering certifies that, to the best of our knowledge, this GRAS conclusion
is based on a complete, representative, and balanced dossier that includes all relevant
information available and obtainable by Runke Bioengineering, including any favorable or
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unfavorable information, pertinent to the evaluation of the safety and GRAS status of the
use of ARA-rich oil.

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

(v

Name: Sunny Tsai Date: March 17, 2024
Title: Export Manager

Address correspondence to

Susan S. Cho, Ph.D., AceOne RS, Inc., Lead Expert Panel Member
scho@aceoners.com or susanschol@yahoo.com

(301) 875-6454

1.). Food Safety and Inspection Service (FSIS)/USDA Statement

Runke Bioengineering does not intend to add ARA-rich oil to any meat and/or poultry
products that come under the United States Department of Agriculture (USDA)
jurisdiction. Therefore, 21 CFR 170.270 does not apply.
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PART 2. IDENTITY, MANUFACTURING, SPECIFICATIONS, AND TECHNICAL EFFECTS OF
ARA-RICH OIL

2.A.1. Identity of the Notified Substance

2.A.1.1. Common or Trade Name

Arachidonic acid-rich oil from Mortierella alpina FJIRK-MAOQ1, Arachidonic acid-rich oil,
ARA-rich oil, arachidonic acid, ARA-rich oil from Mortierella alpina FIRK-MAOQ1, fungal
ARA-rich oil, or arachidonic acid-rich single-cell oil

2.A.1.2. Chemical Names
all-cis-5,8,11,14-eicosatetraenoic acid (20:4 n-6)

2.A.1.3. Chemical Abstract Service (CAS) Registry Number
ARA: 506-32-1

2.A.1.4. Empirical Formula
Molecular formula of Ca0H3202

2.A.1.5. Molecular Weight
304.5

2.A.1.6. Structural Formula

Figure 1 shows the structure of ARA. In chemical structure, ARA is a carboxylic acid with a
20-carbon chain and four cis-double bonds; the first double bond is located at the sixth
carbon from the omega end. Some chemistry sources define ARA to designate any
eicosatetraenoic acid. However, almost all scientific literature limits the term to all-cis-
5,8,11,14-eicosatetraenoic acid.
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Figure 1. Chemical Structure of ARA.

2.A.1.7. Background

Because breastfeeding and human milk are the normative standards for infant feeding
and nutrition, infant formula should support the nutritional needs of pre-term and term
infants (Koletzko et al., 2014a, 2014b, 2020). The intended use of ARA-rich oil is to provide
a source of ARA in infant formula at a concentration consistent with that of human milk.
The ARA-rich oil contains approximately 40% ARA (238%). ARA-rich oil is a yellow to light-
orange colored oil derived from the grown soil fungus, Mortierella alpina.

Arachidonic acid is not one of the essential FAs. However, infants, particularly pre-term
infants, may have a limited ability to convert the essential precursor FAs, linoleic acid
(18:2n-6) to ARA and linolenic acid (18:3n-3) to DHA, due to reduced concentrations and
activity of desaturase enzymes (Hadley et al., 2016; Martin et al.,, 2011). Thus, the
supplementation of infant formula with ARA at levels consistent with those in human milk
is important because the omega-6 (n-6) and omega-3 (n-3) FAs present in human milk
have critical roles in membrane structure and as precursors of eicosanoids (Hadley et al.,
2016).

2.A.2. Potential Toxicants in Runke Bioengineering’s ARA-rich Oil
Potential toxicants have not been identified. Residual solvent analysis showed that Runke
Bioengineering’s ARA-rich oil had no detectable levels of organic solvents (Table 1).

Fatty acid esters of 3-monochloropropane-1,2-diol (3-MCPD), 2-monochloropropane-1,3-
diol (2-MCPD), and glycidyl esters are heat-induced processing contaminants formed
during the deodorization step of edible oil refining (Beekman et al., 2021). Because these
compounds are potentially carcinogenic and/or genotoxic, their presence in refined oils
and fats and foods containing these oils/fats poses possible health concerns. However,
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due to the fact that the ARA-oil is not derived from vegetable sources and because there
is no acid hydrolysis or use of chlorinated solutions in its production, it is not expected to
have significant amounts of monochloropropanediols (MCPDs) or glycidyl esters. Analysis

of 3 non-consecutive 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

Runke Bioengineering’s ARA-rich oil. Details are presented in Table 2 and Appendix A.

Overall, no safety risk is expected in association with potential contaminants such as

organic solvents, MCPDs, or glycidyl esters in Runke Bioengineering’s ARA-rich oil.

Table 1. Residual Solvents Tested for in the ARA-rich Oil

Solvent Residues, mg/kg Lot: 11004332 | Lot: 11008334 | Lot: 11012336
1,1,1,2-Tetrachloroethane <0.01 <0.01 <0.01
1,1,1-Trichloroethane <0.2 <0.2 <0.2
1,1,2-Tricholorethane <0.2 <0.2 <0.2
1,1-Dichloroethane <0.05 <0.05 <0.05
1,2-Dichloroethane <0.5 <0.5 <0.5
1,2-Dimethoxyethane <1.0 <1.0 <1.0
1-Butanol <1.0 <1.0 <1.0
2-Hexanone <1.0 <1.0 <1.0
Acetone <1.0 <1.0 <1.0
2-Butanon (Methylethylketone) <1 <1 <1
2-Methylpentane <1 <1 <1
3-Methylpentane <1 <1 <1
Benzene <0.10 <0.10 <0.10
Butyl acetate <0.50 <0.50 <0.50
Carbon tetrachloride <0.50 <0.50 <0.50
Chlorobenzene <0.50 <0.50 <0.50
Bromodichloromethane <0.05 <0.05 <0.05
Chloroform (trichloromethane) <0.10 <0.10 <0.10
Cyclohexane <0.20 <0.20 <0.20
Dichloromethane <0.10 <0.10 <0.10
Ethanol <1.0 <1.0 <1.0
cis-Dichloroethane <0.05 <0.05 <0.05
Dibromochloromethane <0.05 <0.05 <0.05
Dichloromethane <0.10 <0.10 <0.05
Ethyl Acetate <1.0 <1.0 <1.0

AceOne RS, Inc.
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Ethylbenzene <0.01 <0.01 <0.01
m-/-p-Xylene <0.01 <0.01 <0.01
Methylcyclopentane <1 <1 <1
n-Heptane <0.20 <0.20 <0.20
Hexane (sum of n-hexane, iso <0.50 <0.50 <0.50
and 3-methyl pentane)
Isopropanol <1.0 <1.0 <1.0
Methanol <1.0 <1.0 <1.0
Methyl Ethyl Ketone (MEK) <0.20 <0.20 <0.20
Methyl-turt-butylether (MTBE) <0.20 <0.20 <0.20
Tetralin <5.0 <5.0 <5.0
n-Pentane <1 <1 <1
Styrene <0.01 <0.01 <0.01
Sum 3 chlorinated solvents Inapplicable Inapplicable Inapplicable
Technical Hexane (calculated) Inapplicable Inapplicable Inapplicable
Tetrachloroethane <0.01 <0.01 <0.01
Tetrachloromethane <0.01 <0.01 <0.01
Toluene <0.20 <0.20 <0.20
trans-Dichloroethene <0.05 <0.05 <0.05
Tribromomethane <0.10 <0.05 <0.05
Trichloroethene <0.01 <0.10 <0.10
Trichloroethylene <0.10 <0.10 <0.10
Xylenes (sum) <0.20 <0.20 <0.20
Abbreviation: ARA = arachidonic acid
Table 2. Analytical Results for MCPD and Glycidol
Parameter LOQ Batch Methods of
11004332 | 11008334 | 11012336 | Analysis
2-MCPD, mg/kg 0.1 <0.10 <0.10 <0.10 AOCS Cd
3-MCPD, mg/kg 0.1 0.30 0.25 0.27 29b-13
Glycidol, mg/kg 0.1 <0.10 <0.10 <0.10

*All parameters were analyzed using validated Eurofins’ internal methods.
Abbreviations: AOCS = American Oil Chemists” Society; LOQ = Limit of Quantitation; 2-MCPD = 2-
monochloropropane-1,3-diol; 3-MCPD = 3-monochloropropane-1,2-diol.

2.A.3. Particle Size
ARA-rich oil: not applicable

AceOne RS, Inc.

Page 13



ARA-Rich Qil (Runke Bioengineering)

2.B. Method of Manufacture

ARA-rich oil is produced via a fermentation process using Mortierella alpina strain FJRK-
MAO1. The organism is grown in a pure culture heterotrophic fermentation process,
recovered from the fermentation broth, and dried. The resulting dried M. alpina biomass
is extracted with hexane to produce a crude oil that is further refined, decolorized, and
deodorized using processes commonly employed in the vegetable oil industry.

a. Medium preparation and sterilization
Ingredients (glucose, yeast extract, sunflower seed oil, magnesium sulfate, potassium
dihydrogen phosphate, potassium chloride, sodium hydroxide) are accurately weighed as
per the ingredient mixing list. The weighed ingredients are mixed in an aqueous solution.
The prepared fermentation medium is sterilized by steaming prior to inoculation and
cultivation. The fermentation and cultivation of strains are carried out under bacteria-
free conditions.

b. Fermentation

ARA-rich oil is produced via a heterotrophic fermentation process with Mortierella alpina
(strain FJRK-MAO1). This organism can be grown to a high cell density using a carbon-
based substrate. Operating parameters such as temperature, agitation, tank pressure,
ventilation capacity, aeration, and pH are controlled throughout the process to ensure
that results, in terms of cell growth and oil production, are reproducible. The
fermentation process is well controlled and critical control points are monitored to detect
insufficient controls on the process (such as incomplete sterilization, incorrect pH or
temperature ranges, insufficient FAs, etc.). If any of these control characteristics fail to
meet internal specifications, the fermentation is terminated, and the batch is rejected.
Contamination checks are also conducted in the seed and production fermenter. The
main fermentation reaction is stopped when the ARA content reaches the desired
percentage above 38%.

c. Extraction
Cells (biomass) from the liquid fermentation medium are separated by pressure plate
filter and cells containing oil are dried. Dried cells are extracted with hexane to produce
a crude oil that is further refined, bleached, and deodorized using processes commonly
employed in the vegetable oil industry. Biomass is separated from the crude oil-solvent
mixture by filtration and the solvent is evaporated from the crude oil under a vacuum.
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d. Refining
The crude oil is subsequently refined using processes and techniques common in the
edible oil refining industry including alkali treatment using sodium hydroxide and sodium
sulfate, decolorizing using activated carbon and activated clay, and deodorization using
steaming at high temperature under vacuum. Filtration is the final step in the refining
process after the addition of safe and suitable antioxidants (vitamin E and ascorbyl
palmitate) to ensure stability. The product is packaged in airtight containers.

Quality Control

The ARA-rich oil is manufactured in adherence with current Good Manufacturing Practice
(cGMP) to meet International Standardization Organization (ISO) 22000 standards for
Hazard Analysis and Critical Control Point (HACCP).

All equipment that has direct contact with the finished ARA-rich oil or its intermediates is
made of food-grade polyethylene, stainless steel, or carbon steel. All processing aids and
ingredients meet Food Chemicals Codex (FCC) and/or food-grade specifications and are
used in accordance with applicable regulations, are GRAS for their intended use, or are
the subject of an effective food contact notification. They are commonly used in food
ingredient manufacturing processes and all production processes used are processes
traditionally used in food manufacturing. The manufacturing process includes quality
control (QC) checks at every stage. Fermentation is carried out in the absence of light
under axenic conditions.

All finished batches of ARA-rich oil undergo rigorous quality assurance testing to meet
well-defined product specifications prior to release.

Raw Materials

The raw materials and processing aids used in the ARA-rich oil manufacturing process are
summarized in Table 3.
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Table 3. Raw Materials and Processing Aids Used in the Fermentation Process

Ingredient CAS number
Fermentation medium
Glucose [dextrose and glucose] 50-99-7
Yeast extract 8013-01-2
Sunflower seed oil 8001-21-6
Magnesium sulfate (heptahydrate) 10034-99-8
Potassium dihydrogen phosphate 7778-77-0
Potassium chloride 7447-40-7
Sodium hydroxide 1310-73-2
Processing aids
Ascorbyl palmitate 137-66-6
Tocopherols 10191-41-0; 1406-18-4
Sodium hydroxide 1310-73-2
Sodium sulfate 7757-82-6
Activated carbon 64365-11-3
Activated clay (bentonite) 1302-78-9; 68333-91-5
Hexane 110-54-3

Abbreviation: CAS = Chemical Abstract Service

Figure 2 presents the manufacturing process of ARA-rich oil.
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Figure 2. Manufacturing Flow Diagram of ARA-rich Oil
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Characterization of the Source Organism

The principal production method (i.e., fungal production) is similar to those described by
other companies whose production methods for ARA-rich oil have received no objection
letters from the FDA (GRAS notices [GRNs] 000041, 000080, 000094, and 000326). ARA-
rich oil is derived from the fermentation of the common soil fungus, Mortierella alpina.
M. alpina is the most efficient production organism for ARA and is a common soil fungus
to which humans are frequently exposed (Streekstra, 1997). Thus, it has been extensively
applied to the industrial production of ARA-rich oil (Wu et al., 2015).

The genus Mortierella is presently classified as a member of the family Mortierellaceae
within the order of the Mucorales, class Zygomycetes (Streekstra, 1997; Table 4). The
Mortierellaceae are ubiquitous saprophytic fungi that are easily and frequently isolated
from soil. In general, strains capable of growing at 37°C should be regarded as potentially
pathogenic, whereas strains such as M. alpina that are unable to grow at body
temperatures should be regarded as safe (Streekstra, 1997). M. alpina has an optimal
temperature range of 26 — 28°C. On the basis of its optimal growth temperature, it is
unlikely to be pathogenic. The pathogenic potential of the genus seems to be quite low.

Among the Mortierellaceae, Mortierella wolfii, a well-known pathogen of cattle, is the
only currently recognized pathogen of the genus (Streekstra, 1997). M. wolfii excretes a
water-soluble, heat-labile, trypsin-sensitive nephrotoxin (Davey et al., 1973). There is no
evidence in the literature conveying M. alpina as pathogenic or toxigenic. M. alpina used
for the production of ARA-rich oil is not a genetically modified organism.

Runke Bioengineering’s production microorganism has been authenticated by
morphological and rDNA-18S sequence M. alpina and deposited as FJIRK-MAO1 at the
Institute of Microbiology Chinese Academy of Sciences (IMCAS). Table 4 presents
taxonomic classification of M. alpina FIRK-MAO1.

Table 4. Taxonomic Classification of M. alpina FIRK-MAO1

Class Scientific Classification
Kingdom Fungi

Phylum Zygomycota
Subdivision Mortierellomycotina
Class Zygomycetes

Order Mucorales

Family Mortierellaceae
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Genus Mortierella
Species Mortierella alpina
Strain Mortierella alpina FJRK-MAQO1

2.C. Specifications and Composition

Product specifications (Table 5) are set for ARA content, acid value, free FA:s,
unsaponifiables, anisidine value, peroxide value, residual hexane, moisture and volatiles,
heavy metals, and microbiological parameters. Physical and chemical tests applied to the
QC process of the oil are adapted from the Official Methods and Recommended Practices
of the International Standardization Organization (ISO), the FDA Bacteriological Analytical
Manual (BAM), and the American Qil Chemists’ Society (AOCS). Specifications for Runke
Bioengineering’s ARA-rich oil are similar to those described in the previous GRAS notices
and Food Chemicals Codex (FCC) (238% for Runke Bioengineering’s; 240% in GRNs 000326
and 000094; 38-44% in GRNs 000080 and 000041).

Table 5. Specifications of ARA-rich Qil in Comparison with Those Specified in Previous
GRAS Notices

Parameter Current GRN GRN GRNs FCC
notice 000326 000094 000080 &

000041
ARA, C 20:4n6, relative % >38 240 240 38-44* >38
Acid value, mg KOH/g <0.5 <1.0 NA NA <10
Free fatty acids, % <0.2 <0.2 <0.2 <0.4 <0.2
Unsaponifiable matter, % <3.0 <3.0 <1.0 <3.5 <3.0
p-Anisidine value <20 <20 NA NA <20
Peroxide value, meq/kg <2.0 <2.0 <5.0 <5.0 <2.0
Residual hexane, mg/kg <1.0 <1.0 NA NA <10
Mercury (Hg), mg/kg <0.05 <0.05 <0.5 <0.2 <0.1
Lead (Pb), mg/kg <0.1 <0.1 <0.1 <0.2 <0.1
Arsenic (As), mg/kg <0.1 <0.1 <0.2 <0.5 <0.1
Cadmium (Cd), mg/ke <0.1 <0.1 NA NA <0.1
ey | 01 | 01 | | w
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Coliforms, cfu/g <1 <3 NA NA NA
Molds, cfu/g <10 <10 NA NA NA
Yeast, cfu/g <10 <10 NA NA NA
Salmonella, /25 g NDin25g NA NA NA NA
Enterobacteriaceae, cfu/g | <10 NA NA NA NA
Cronobacter spp, /10 g NDinl10g NA NA NA NA
Endotoxins, EU/g <0.109 NA NA NA NA

GRN 000326, p 14 (stamped p 24); GRN 000094, p 24 (stamped p 36); GRN 000041, p 38 (stamped
p 138).

*Specifications for other fatty acids are included.

Abbreviations: cfu = colony forming units; FCC = Food Chemicals Codex, 13" ed.; GRN = GRAS
notice; NA = not available; ND = not detected.

Table 6 shows analytical results of 3 non-consecutive lots of ARA-rich oil. Three non-
consecutive lots were analyzed for ARA, free FAs, unsaponifiable matter, anisidine value,
peroxide value, residual hexane, heavy metals, and microbiological parameters to ensure
that Runke Bioengineering’s ARA-rich oil met the specifications and were free from
contaminants. All analytical methods were validated for their intended use.

Table 6. Analytical Values for Runke Bioengineering’s ARA-rich Qil

Parameters Batch Number Range Method of
11004332 | 11008334 | 11012336 analysis
AR, C20:4n6, 41.01 | 4220 | 4170 |410-422 | "OACI006
relative % mod.
Acid value, mg AOCS Cd
KOH/g 0.29 0.28 0.29 0.28 -0.29 3d-63
Free fatty acids, % AOCS Ca
0.14 0.13 0.13 0.13-0.14 5a-40;
AOAC 940.28
Free fatty acids (as AOQOCS Cd
oleic acid), % 0.15 0.14 0.15 0.14-0.15 34-63
Unsaponifiable AOCS Ca
matter, % 1.56 1.56 1.51 1.51-1.56 63-40
p-Anisidine value AOCS Cd
5.7 5.1 4.9 49-5.7 18-90
Peroxide value AOCS Cd
’ 0.61 0.47 0.60 0.47 -0.61
meq/kg 8b-90:2017
Hexane, me/kg <0.50 <0.50 <0.50 <0.50 A?S 4Cg

AceOne RS, Inc.
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Mercury, mg/kg BS EN
<0.005 <0.005 <0.005 <0.005 13806:2002
Lead, mg/kg <0.05 <0.05 <0.05 <0.05 BS EN ISO
Arsenic, mg/kg <0.005 <0.005 <0.005 <0.005 17294-2
Cadmium, mg/kg <0.005 <0.005 <0.005 <0.005 2016 mod.
Moisture and AOCS Ca
volatiles, % 0.02 <0.01 0.06 0.03 96-25
Aerobic plant US FDA BAM
count, cfu/g <10 <10 <10 <10 Ch. 3, 2001
Molds, cfu/g <10 <10 <10 <10 US FDA BAM
Yeast, cfu/g <10 <10 <10 <10 Ch. 18, 2001
Salmonella, /25 g ND in ND in ND in ND in US FDA BAM
25g 25g 25g 25g Ch. 5, 2021
Enterobacteriaceae, ISO 21528-2-
cfu/g <10 <10 <10 <10 2017
Cronobacter spp, ND ISO
/10g inl10g ND ND ND 22964:2017
Endotoxins, EU/g <0.109 or usP
<L0Q <0.109 <0.109 <0.109 43<85>

Abbreviations: AOAC = Association of Official Analytical Chemists; AOCS = American Qil Chemists’
Society; BAM = Bacteriological Analytical Manual; cfu = colony forming units; ch= chapter; I1SO =
International Standardization Organization; LOQ = limit of quantitation; ND = not detected.

Table 7 presents FA profiles of ARA-rich oil. As shown in Table 8, the FA profile of Runke
Bioengineering’s ARA-rich oil is similar to those described in previous GRAS notices, in
particular those of GRNs 000326 and 000041.

ARA-rich oil is composed predominantly of triglycerides (TGs; approximately 93%) with
some diglycerides (5.5%), monoglycerides (approximately 1.8%), and unsaponifiable
matter (<3%) as is typical for food-grade vegetable oil products (Appendix A). The
specification and composition data indicate that Runke Bioengineering’s ARA-rich oil is
substantially equivalent to existing ARA-rich oil ingredients that have been the subject of
previous GRAS determinations (GRNs 000326, 000094, 000080, and 000041).
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Table 7. Fatty Acid Profiles of Runke Bioengineering’s ARA-rich Qil

Batch Number

Parameters, % 1100 1100 1101 Range Mean
4332 8334 2336
C16:4 Hexadecatetraenoic acid <0.02 | <0.02 | <0.02 <0.02 <0.02
C10:0 Capric acid <0.02 <0.02 <0.02 <0.02 <0.02
C11:0 Undecanoic acid <0.02 <0.02 <0.02 <0.02 <0.02
C12:0 Lauric acid <0.02 <0.02 <0.02 <0.02 <0.02
C14:0 Myristic acid 0.29 0.31 0.30 0.29-0.31 0.30
C14:1 Myristoleic acid <0.02 | <0.02 | <0.02 <0.02 <0.02
C15:0 Pentadecanoic acid 0.10 0.09 0.10 0.09-0.10 0.10
C15:1 Pentadecenoic acid <0.02 | <0.02 | <0.02 <0.02 <0.02
C16:0 Palmitic acid 7.10 7.21 7.06 7.06-7.21 7.12
C16:1 Omega 7 0.17 0.18 0.17 0.17-0.18 0.17
C16:1 Total (Palmitoleic acid + 023 | 023 | 022 | 022-023 | 0.23
isomers)
C16:2 Hexadecadienoic acid <0.02 <0.02 <0.02 <0.02 <0.02
C16:3 Hexadecatrienoic acid <0.02 <0.02 <0.02 <0.02 <0.02
C17:0 Margaric acid 0.25 0.26 0.26 0.25-0.26 0.26
C17:1 Heptadecenoic acid 0.03 0.03 0.03 0.03 0.03
C18:0 Stearic acid 7.26 7.73 7.43 7.26-7.73 7.47
C18:1 Vaccenic acid 0.35 0.37 0.35 0.35-0.37 0.36
C18:1 Omega 9 (oleic acid) 8.78 9.36 8.67 8.67-9.36 8.94
F18:1 Total (oleic acid + 9.24 9.87 9.14 9.14 - 9.87 9.42
isomers)
C18:2 Omega 6 (linoleic acid) 12.18 13.34 11.91 11.91-13.34 | 12.48
FZ18:2 Total (linoleic acid + 12.54 13.79 1226 | 12.26 - 13.79 12.86
isomers)
C1.8:3 Omega 3 (alpha linolenic 0.05 0.05 0.05 0.05 0.05
acid)
C18:3 Omega 6 (gamma 225 | 218 | 218 | 218-225 | 2?0
linolenic acid)
F18:3 Total (linolenic acid + 599 594 593 593-2.99 2.25
isomers)
€18:40megas <0.02 | <0.02 | <0.02 <0.02 <0.02
(octadecatetraenoic acid)
giiizf Total (octadecatetraenoic <0.02 <0.02 <0.02 <0.02 <0.02
C20:0 Arachidic acid 0.72 0.75 0.74 0.72-0.75 0.74
C20:1 Omega 9 (gondoic acid) 0.36 0.36 0.35 0.35-0.36 0.36
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F20:1 Total (gondoic acid + 0.39 0.39 0.40 0.39 - 0.40 0.39
isomers)

C20:2 Omega 6 0.50 0.52 0.49 0.49-0.52 0.50
C20:2 Total (eicosadienoic acid) 0.50 0.52 0.49 0.49-0.52 0.50
C20:3 Omega 3 0.14 0.15 0.12 0.12-0.15 0.14
C20:3 Omega 6 1.92 1.90 1.87 1.87-1.92 1.90
C20:3 Total (eicosatrienoic acid) 2.07 2.04 1.99 1.99 -2.07 2.03
C20:4 Omega 3 <0.02 <0.02 <0.02 <0.02 <0.02
gczi(;:f Omega 6 (arachidonic 41.01 | 42.20 | 4170 | 41.01-42.20 | *1®%
;:czi(;:)4 Total (eicosatetraenoic 41.03 42.20 4171 | 41.03-42.20 41.65
€20:50mega3 006 | 006 | 006 0.06 0.06
(eicosapentaenoic acid)

C21:50mega3 <0.02 | <0.02 | <0.02 <0.02 <0.02
(heneicosapentaenoic acid)

C22:0 Behenic acid 0.06 1.49 0.06 0.06 - 1.49 0.54
C22:1 Omega 9 (erucic acid) <0.02 | <0.02 | <0.02 <0.02 <0.02
.(:22:1 Total (erucic acid + «0.02 | <0.02 | <002 <0.02 <0.02
isomers)

C22:2 Docosadienoic omega 6 0.03 0.04 0.03 0.03-0.04 0.03
C22:3 Docosatrienoic, omega 3 0.02 0.02 0.03 0.02-0.03 0.02
222:4 Docosatetraenoic omega 0.20 0.22 021 0.20-0.22 0.21
§22:5 Docosapentaenoic omega <0.02 <0.02 <0.02 <0.02 <0.02
222:5 Docosapentaenoic omega 0.10 0.06 0.08 0.06 - 0.10 0.08
C2.2:5 Total (docosapentaenoic 0.10 0.06 0.08 0.06 - 0.10 0.08
acid)

(3:22:6 Docosahexaenoic omega 032 0.20 0.25 0.20-0.32 0.26
C24:0 Lignoceric acid 1.16 1.22 1.19 1.16-1.22 1.19
C24:1 Omega 9 (nervonic acid) 0.19 0.20 0.19 0.19-0.20 0.19
F24:1 Total (nervonic acid + 0.19 0.20 0.25 0.19 - 0.25 0.21
isomers)

C4:0 Butyric acid <0.02 <0.02 <0.02 <0.02 <0.02
C6:0 Caproic acid <0.02 <0.02 <0.02 <0.02 <0.02
C8:0 Caprylic acid <0.02 | <0.02 | <0.02 <0.02 <0.02
Total fat as triglycerides 89.95 | 95.15 | 90.29 | 89.95-95.15 | 91.80
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Total fatty acids 86.20 | 91.20 | 86.54 | 86.20-91.20 | 87.98
To.tal monounsaturated fatty 9.97 10.60 9.93 9.93 - 10.60 10.17
acids

Total omega 3 isomers 0.60 0.49 0.52 0.49 - 0.60 0.54
Total omega 6 isomers 58.20 60.46 58.47 | 58.20-60.46 | 59.04
th;; polyunsaturated fatty 59.09 | 61.34 | 59.29 | 59.09-61.34 | >>°1
Total saturated fatty acids 16.96 19.07 17.14 | 16.96-19.07 | 17.72
Total trans fatty acids 0.18 0.18 0.18 0.18 0.18

Method of analysis: AOAC 996.06 mod.

Table 8. Comparison of Fatty Acid Profiles of ARA-rich Qil

Fatty Acid, g/100 g Current | GRN GRN GRN FCC
notice | 000326 | 000094 | 000041 | standards

C 6:0 (Caproic acid) <0.02

C 8:0 (Caprylic acid) <0.02 <0.01

C 10:0 (Capric acid) <0.02 0.03

C 12:0 (Lauric acid) <0.02 0.01

C 14:0 (Myristic acid) 0.30 0.26 0.46 0.44 0.1-0.5

C 14:1 (Myristoleic acid) <0.02 0.01

C 15:0 (Pentadecanoic acid) 0.10 0.09 0.17

C 15:1 (Pentadecenoic acid) <0.02

C 16:0 (Palmitic acid) 7.12 6.02 13.35 8.13 4.3-8.1

C 16:1 (Palmitoleic acid) 0.17 0.18 0.15 0-0.4

C 17:0 (Margaric acid) 0.26 0.18 0.35 0.39

C 17:1 (Heptadecenoic acid) 0.03

C 18:0 (Stearic acid) 7.47 5.11 7.70 9.04 4.2-7.6

C 18:1 (Oleic acid) 8.94 4.97 6.45 19.69 3.4-9.5

C 18:1n7 (Vaccenic acid) 0.36 0.24 0.40 0.28

C 18:2n6 (Linoleic acid) 12.48 7.87 10.69 6.78 3.8-15.2

C 18:3n3 (alpha-Linolenic acid) 0.05 0.04 0.54

C 18:3n6 (gamma-Linolenic acid) 2.20 2.10 2.35 2.77 1.7-2.7

C 20:0 (Arachidic acid) 0.74 0.76 0.76 0.91 0.6-1.0

C?0:1n9 (Eicosenoic or gondoic 039 0.22 0.49 0.40

acid)

C 20:2n6 (Eicosadienoic acid) 0.50 0.44 0.63 0.63

C 20:3n3 (Eicosatrienoic acid) 0.14 0.03

gjg):%G (homo-gamma-Linolenic |, 4, 3.69 3.26 1.96 | 3.0-5.0
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C 20:4n6 (Arachidonic acid) 41.64 43.30 40.63 43.26 | 38.0-48.5
C 20:5n3 (Eicosapentaenoic acid) 0.06 0.14 0.20

C 21:0 (Heneicosanoic acid) 0.10 ND

C 22:0 (Behenic acid) 0.54 3.11 2.58 2.01 2.5-4.1
C 22:1n9 (Erucic acid) <0.02 0.17 0.1

C 22:2n6 (Docosadienoic acid) 0.03 0.02

C 22:6n3 (Docosahexaenoic acid) 0.26 0.04

C 22-5n3 (Docosapentaenoic acid) <0.02

C 22-5n6 (Docosapentaenoic acid) 0.08 <0.01

C 23:0 (Tricosanoic acid)

C 24:0 (Lignoceric acid) 1.19 10.12 6.88 1.93 7.8-12.6
C 24:1 (Nervonic acid) 0.19 0.49 0.22 0.17

C26:0 1.36

Saturated fat 17.7 27.50 32.3 22.8

Total fat 91.8 95.1 99.9 98.7

GRN 000041, ARASCO®, available from Martek/DSM; from Table 7 (page 30, stamped page 130)
GRN 000094, SUNTGA40S, available from Mead Johnson Nutritionals; from Table II-3 (pages 26-
27, stamped pages 38-39).

GRN 000326, RAO, available from Cargill; Table 18 (pages 40-42, stamped pages 50-52).
Abbreviations: FCC = Food Chemicals Codex; GRN = GRAS notice.

Sterol Profile

Sterols form the main part of the unsaponifiable fraction of ARA-rich oil (Hempenius et
al., 1997). Table 9 presents the sterol profile of Runke Bioengineering’s ARA. The analysis
was done at two independent laboratories (i.e., Eurofins and the Institute for Advanced
Study, Shenzhen University, China). The difference in analytical methods resulted in
different values for the same samples. A mean of 6 analytical values from 3 non-
consecutive lots was calculated for each sterol. The major sterols associated with M.
alpina oil include desmosterol and 24-methyl sterols. Brassicasterol (24-methyl cholest-
5,22-dien-3B-ol) is the most abundant phytosterol (1.21 g/100 g oil), followed by
desmosterol (0.734 g/100 g oil).

The major sterols of some Mortierella species include ergosterol, desmosterol, 24-
methylenecholesterol, 22-dihydroergosterol, and 24,25-methylenecholesterol (Volkman,
2003; Weete and Gandhi, 1999). However, M. alpina is known to have desmosterol as the
major sterol with no ergosterol (Weete and Gandhi, 1997).

A few scientific papers reported that the main sterols present in infant formulas are
cholesterol (0.03-2.58 %wt/v) and desmosterol (0.05-0.31 g/100 mL) (Claumarchirant et
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al., 2015). These sterols are also present in human milk (cholesterol, 0.065-2.92 %wt/v).

In infant formulas, total plant sterols (%wt/v) ranged from 0.31 to 0.50 g/100 mL. 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).

Table 9. Sterol Profile of Runke Bioengineering’s ARA-rich Qil

Parameters, g/100 g Batch Number Batch Number Mean
(Appendix B; Eurofins) (Appendix C;
Sterol report)
11004 | 11008 | 11012 | 11004 | 11008 | 11012
332 334 336 332 334 336
24-methyl cholest-5,22- | 5101 4 196 | 1227 1.214
dien-3B-ol (Brassicasterol)
24-methyl cholesta-
5,24(25)-dien-36-0| 0.008 | 0.008 | 0.009 | 0.008
24-Methylene cholesterol 0.004 | 0.004 | 0.004 | 0.004
Cholesterol 0.008 | 0.005 | 0.006 0.006
Campesterol 0.081 | 0.073 | 0.079 | 0.007 | 0.007 | 0.006 | 0.042
Desmosterol 0.629 | 0.745 | 0.828 | 0.734
Campestanol 0.003 | 0.002 | 0.003 0.003
Stigmasterol 0.011 | 0.011 | 0.011 0.011
Unidentified sterols 0.146 | 0.127 | 0.139 0.137
Sitosterol 0.062 | 0.062 | 0.062 | 0.028 | 0.026 | 0.017 | 0.043
Sitostanol + defta-5- 0.018 | 0.019 | 0.020 0.019
avenasterol
Delta-5,24- 0.003 | 0.003 | 0.003 0.003
stigmastadienol
Delta-7-stigmastenol 0.010 | 0.011 | 0.010 0.010
Delta-7-Avenasterol 0.002 | 0.003 | 0.002 0.002
Cycloartenol 0.004 | 0.004 | 0.004 0.004
24- 0.003 | 0.003 | 0.002 0.003
Methylenecycloartanol
Citrostadienol 0.006 | 0.007 | 0.006 0.006
Lanosterol 0.015 | 0.014 | 0.012 | 0.014
Total sterols 2.263

Table 10 presents the sterol content of Runke Bioengineering’s ARA-rich oil in comparison
with those described in GRN 000080 (pages 21-22, stamped pages 27-28), GRN 000094
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(page 21), GRN 000326 (pages 44, stamped page 54), and GRN 000963 (page 18). Total
plant sterol and stanol (%wt/v) content in Runke Bioengineering’s ARA-rich oil was
approximately 2.26 g/100 g oil. This level is somewhat higher than the values reported in
GRNs 000041 and 000080 for ARASCO (1.42 g/kg), GRN 000094 (0.98 g/kg) and GRN
000963 (1.71 g/kg). However, the unsaponifiable content specification (i.e., not more
than 3.0%) for the subject of the current notice is consistent with the specifications of
other ARA-rich oils described in other GRAS notices (GRNs 000041, 000080, and 000326).

Major sterols associated with M. alpina oils include desmosterol and 24-methyl sterols.
The desmosterol content in Runke’s ARA-rich oil is comparable to those reported in GRNs
000041/000080 and 000963. It is noteworthy that the desmosterol content was reported
in all GRAS notices. However, Certificates of Analysis (COAs) from Eurofins only (Appendix
B) included the content of brassicasterol (24-methyl cholesta-5,22-dien-3B-ol). The
difference in analytical methods may partly be responsible. It appears that the analytical
condition that can quantify 24-methyl cholest-5,22-dien-3B-ol does not analyze the
desmosterol content as demonstrated in the reports issued by Eurofins (i.e., COAs in
Appendix B) and vice versa. It is not impossible that the sterol content reported in other
GRAS notices (i.e., GRNs 000041/000080, 000094, and 000326) may have been
underestimated.

Sterols are normal components in the diet, and the sterols identified in Runke’s ARA-rich
oil do not pose any safety concern. In addition, the safety of sterols present in Runke
Bioengineering’s ARA-rich oil can be justified based on the estimated daily intakes (EDIs)
of sterols under the intended use relative to total sterols already consumed via the diet
(details are described in Part 3.D.).

Table 10. The Content of Sterols Reported in Various GRAS Notices

Compound Average sterol content (g/100 g oil)
Current GRN GRN GRN GRN
notice | 41*& 80 94* 326* 963*

5a-cholestra-8,14 diene-3beta-ol

0.042

4a-Methyl zymosterol (4a-Methyl

cholesta-8,24-dienol) i i i 0.018 i
24-Methyl cholesta-5,24(25 or 28)-dien- i 0.108 i i i
3B-ol

24-methyl cholesta-5,24(25)-dien-3[3-ol 0.008 - 0.533 -
24-methyl choesta-5,25-dien-3B-ol - 0.109 - - -
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24-methyl cholesta-5(25)27-dien-3f3-ol - - 0.111 -
Brassicasterol (24-methyl cholesta-5,22-

. 1.214 - - - -
dien-3B-ol)
24-Methyl desmosterol - - - - 0.0032
24-Methyl lanosterol - - - - -
24-Methylene cholesterol 0.004 - - 0.061 -
24,25-methylene cholesta-5-en-33-ol - ND 0.025 - -
Desmosterol (Cholesta-5,24-dien-33-ol) 0.734 0.528 0.138 0.083 0.800
31-Norlanosterol - - - 0.029 -
B-sitosterol 0.043 - - - 0.018
Campestanol 0.003 - - - -
Campesterol 0.042 - - 0.013 0.009
Cholesta-5,25-dien-33-ol - 0.012 - - -
Cholesta-7,24-dien-33-ol - - - - 0.016
Cholesterol - - - - 0.001
Delta-5,24-Stigmastadienol 0.003 - - - <0.001
Delta-7-campesterol - - - - A total of
Delta-5-Avenasterol - - - - 4 com-
Delta-7-Avenasterol 0.002 - - - pounds,
Delta-7-Stigmastenol 0.010 - - - ~0.31
Ergosterol - - - - 0.040
Fucosterol - - - - 0.001
Iso fucosterol - - - - 0.054
Lanosterol (4a,4B,14-trimethyl-8,24- ) 0.015 i 0.038 i
dien-3B-ol, PubChem 246983) '
Stigma-5-ene-3f-ol - - - - 0.001
Sitostanol+Delta-5-Avenasterol - - - -
Sitosterol (B-sitosterol, PubChem ID
222284) ) i i 0.034 i
Stigmasterol - - - - 0.003
Zymosterol - - - 0.012 0.0102
Unidentified Sterols or others 0.19 - - 0.045 0.157
Total Sterols (g/100 g oil) 2.26** 0.79 0.21 0.98 1.57
(number of batches indicated) (n=3) (n=1) (n=3) (n=5) (n=6)

*Sources: GRN00041 (ARASCO®), Table 8: N=2 for individual sterols, but N=1 for total sterols (page
31, stamped page 131). GRNO0O0094 (SUNTGA4Q0S), Table VI-2 (page 80, stamped page 92). GRN
000326 (RAQ), Table 19 (page 44, stamped page 54). GRN 000963, Table 7 (page 18).
**Total Sterol value for the current notice represents the combined values from two independent

laboratories.
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2.D. Stability

ARA-rich oil is sensitive to oxidative degradation upon exposure to air, heat, and light, and
should be stored at temperatures under -10°C after opening. The stability of Runke
Bioengineering’s ARA-rich oil was evaluated at -10°C and <25°C. As shown in Table 11,
ARA-rich oil is stable for at least 12 months at -10°C and <25°C. Based on commercial
experience with a similar oil derived from M. alpina (GRN 000326, pages 13 and 15; GRN
000963, pages 20-21), a shelf life of a minimum of 12-18 and 36 months is expected under
refrigerated and frozen conditions, respectively. The oil should be stored (after opening)
in tightly closed original packaging in a cool and dry place under inert atmosphere.

Table 11. Stability Testing for ARA-rich Qil

Batch Parameters Time of Storage (months)
0 4 | 8 | 12

Storage at £ 25°C

Acid value 0.40 0.31 0.37 0.38

Peroxide value <0.1 0.6 1.9 2.8
11004332 —

Anisidine value 5.4 7.5 8.2 8.3

ARA% 44.2 43.7 43.9 43.8

Acid value 0.25 0.27 0.30 0.23

Peroxide value <01 0.5 1.6 2.8
11008334 —

Anisidine value 4.3 4.3 4.8 8.8

ARA% 43.8 43.8 43.5 43.8

Acid value 0.26 0.23 0.25 0.23

Peroxide value <01 0.6 2.3 3.0
11012336 —

Anisidine value 4.2 4.2 9.7 9.8

ARA% 45.5 45.7 45.9 45.8
Storage at -10°C

Acid value 0.4 0.36 0.37 0.37

Peroxide value <01 <01 <01 <0.1
11004332 —

Anisidine value 5.4 5.5 5.2 5.3

ARA% 44.2 43.6 43.7 43.6

Acid value 0.25 0.26 0.29 0.26

Peroxide value <01 <01 <0.1 0.3
11008334 —

Anisidine value 4.3 4.7 4.8 5.8

ARA% 43.8 43.9 43.6 43.7
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11012336

Acid value 0.26 0.25 0.25 0.25
Peroxide value <0.1 <0.1 <0.1 0.7
Anisidine value 4.2 4.2 4.7 4.8
ARA% 45.5 45.7 45.6 45.6

ARA = Arachidonic acid; (test method=1SO 660-2009; ISO 3960-2007).

Acid values met the specification (<0.5 mg KOH/g).

Peroxide values met the specification (<5.0 meq/kg oil).

Anisidine values met the specification (< 20.0).

2.E. Intended Technical Effects

ARA-rich oil can be used as a food ingredient in infant formula as a source of long-chain
polyunsaturated fatty acids (LCPUFAs) at concentrations consistent with cGMP.
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PART 3. DIETARY EXPOSURE

3.A. Estimated Daily Intakes (EDIs) of ARA

Because breastfeeding and human milk are the normative standards for infant feeding
and nutrition, infant formula should support the nutritional needs of pre-term and term
infants (Koletzko et al., 2014a, 2014b, 2020).

The intended use of ARA-rich oil is to provide a source of ARA in infant formula at a
concentration consistent with that of human milk. The ARA content of human milk varies
from 0.34-1.22% of total FAs among different populations. Therefore, the proposed use
of ARA-rich oil is to provide 0.75% and 0.50% ARA by weight of FAs in term and pre-term
infant formulas, respectively. These ARA levels correspond to 1.97% of ARA-rich oil in non-
exempt term infant formula and 1.32% of ARA-rich oil in exempt pre-term infant formula

because ARA-rich oil contains >38% ARA. The ratios of ARA:DHA are expected to be in
the range of 2:1-1:1.

For EDI calculations, the following assumptions were made: (1) pre-term and term infants
consume 120 kcal/kg body weight (bw)/day and 100 kcal/kg bw/day, respectively, (2) FAs
comprise 50% of the available energy in breast milk or infant formula, and (3) 1 g of fat
contains 9 kcal. These assumptions upon which this estimation was made are the same
as those cited in GRN 000326 (term and pre-term infants, page 60, FDA, 2010). An
estimate of exposure to ARA from its addition to infant formula is based on mean target
ARA concentrations of 0.75% and 0.50% of total fat for term and pre-term infants,
respectively, and ARA-rich oil contains at least 38% ARA.

Assuming human infants consume about 100 kcal/kg bw/day (term infants aged 56 days
or older) to 120 kcal/kg bw/day (pre-term infants), of which fat comprises about 50% of
those calories, an infant will consume about 5.56 g (term infants aged 56 days or older)
to 6.67 g (pre-term infants) of fat/kg bw/day (1 g fat = 9 kcal). These correspond to intakes
of ARA of 42 mg and 33.4 mg ARA/kg bw/day (for example, 5.56 g fat/kg bw/day x 7.5 mg
ARA/g fat = 41.7 mg ARA/kg bw/day for term infants). Because ARA-rich oil contains at
least 38% ARA, daily intake of ARA-rich oil is estimated at 110 and 88 mg of ARA-rich oil/kg
bw/day for term infants and pre-term infants, respectively (41.7 mg ARA/0.38 = 109.7 mg
ARA-rich oil/kg bw/day for term infants; 33.4 mg ARA/0.38 = 87.9 mg ARA-rich oil/kg
bw/day for pre-term infants).
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After considering body weights, it is expected that the maximum EDIs of ARA in terms of
per person per day would be 83, 50, and 33 mg ARA/person/day in pre-term low-, very
low-, and extremely low- birth weight infants, respectively (Table 12). For example, daily
ARA intake/person/day in pre-term low-birth weight infants would be 83.5 mg
ARA/person/day (33.4 mg ARA/kg bw/day x 2.5 kg bw/person).

In summary, the daily intakes of ARA were estimated to be 42 mg/kg bw/day in term
infants and 33 mg/kg bw/day in pre-term infants. These EDIs are within the range found
in human milk. In addition, these EDIs are consistent with current ARA recommendations:
18-45 mg/kg bw/day, preferably higher intakes of 35-45 mg/kg bw/day (~ 0.6—0.75% of
total FAs intake; Koletzko et al., 2014a) for pre-term infants; infant formula contents of
ARA should be in quantities equal to at least those of added DHA (Koletzko et al., 2014b,
2020).

Table 12. Summary of Maximum EDIs of ARA and ARA-rich Oil

Infants mg ARA/ mg ARA-rich oil/ | mgARA/
kg bw/day kg bw/day infant/day
Term infants 42 110
Pre-term infants
Low-birth weight, 2.5 kg 334 88 83
Very low-birth weight, 1.5 kg 334 88 50
Extremely low-birth weight, 1 kg 334 88 33

Abbreviations: ARA = arachidonic acid; bw = body weight; EDIs = estimated daily intakes.

In summary, Runke Bioengineering’s ARA-rich oil is intended for use in infant formula in
amanner similar to the currently approved ARA-rich oil ingredients, although the use level
for pre-term infants will be higher than that of the currently approved oils. Runke
Bioengineering’s ARA-rich oil is expected to be used as an alternative to existing ARA-rich
oils, thus, cumulative EDIs are not expected to be changed. The EDIs of 42 and 33.4 mg
ARA/kg bw/day for term and pre-term infants, respectively, are consistent with current
ARA recommendations: 18-45 mg/kg bw/day, preferably high intakes of 35-45 mg
ARA/kg bw/day (approximately 0.6—-0.75% of the total FAs) for very low birth weight pre-
term infants (Koletzko et al., 2014b).
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3.B. Food Sources of ARA

Human milk provides small quantities of ARA and DHA, usually less than 1% of total FAs
(Agostoni et al., 1999; Bahrami and Rahimi, 2005; Brenna et al., 2007). The mean ARA
content of American women’s milk ranged from 0.40 to 0.67% of total FAs (Bopp et al.,
2005; Brenna et al., 2007; Jensen et al., 2005). Arachidonic acid content in colostrum
tends to be higher (usually by 50%) than that of mature milk. Asian mothers tend to have
higher ARA concentrations in their milk than their Western counterparts, and ARA
concentrations ranged from 0.30 to 1.22% of total FAs (Brenna et al., 2007).

3.C. EDIs of ARA from the Diet
It is not expected that infants will consume ARA from other foods while consuming infant
formulas.

3.D. EDIs of Sterols Under the Intended Use

The EDIs of sterols under the intended use were calculated using the EDI values of ARA
described in Part 3.A of this GRAS determination and the ratio of total sterols to ARA
present in Runke Bioengineering’s ARA-rich oil.

To calculate EDIs of sterols/person/day, The maximum EDIs of sterols/kg bw/day were
calculated first. EDIs of sterols were calculated as 2.5 mg/kg bw/day for term infants and
2.0 mg/kg bw/day for pre-term infants using the following formulas: 1) Total sterols and
ARA content present in 1 gram of Runke Bioengineering’s ARA-rich oil (22.6 mg and 380
mg, respectively), thus, the ratio of total sterols to ARA is approximately 1:16.8; and 2)
the maximum EDIs of ARA are 42 mg and 33.4 mg/kg bw/day for term and pre-term
infants, respectively (please see details in Part 3.A). Thus, to calculate the EDIs of sterols,
EDIs of ARA (33.4 to 42 mg/kg bw/day) were divided by 16.8. For example, 33.4-42 mg
ARA/kg bw/day were divided by 16.8 to get 1.99-2.5 mg sterols/kg bw/day.

Then, in consideration of the body weight of infants, daily intakes of sterols under the
intended use were estimated to be up to 25.5 mg/infant/day in term infants aged 11.5
months weighing 10.2 kg (2.5 mg sterols/kg bw/day x 10.2 kg = 25.5 mg/infant/day).
These intakes are well below the amounts of sterols already consumed as natural
constituents in the infant formulas as the mean total sterol intake was estimated to be
between 41-66 mg/day in infants aged 0.5 to 5 months old consuming infant formulas
(Claumarchirant et al., 2015).
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Thus, the estimated intake of sterols under the proposed uses of ARA-rich oil would not
have a significant impact on the relative amount of sterols already consumed via infant
formulas. In addition, sterols are normal components of various foods. The presence of
sterols in ARA-rich oil is not expected to pose a safety risk.
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PART 4. SELF-LIMITING LEVELS OF USE

No known self-limiting levels of use are associated with the ARA-rich oil. However, the
ratios of ARA:DHA are expected to be in the range of 2:1-1:1.
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PART 5. HISTORY OF CONSUMPTION

The statutory basis for the GRAS status of ARA-rich oil derived from M. alpina 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. NARRATIVES

6.A. Current Regulatory Status
Currently, ARA-rich oil has an established GRAS notice status with the FDA. Table 13
summarizes the maximum ARA use concentrations in infant formulas described in many

GRAS notices for which the FDA had no questions on the safety under their intended uses.

The ARA concentrations in infant formula supplementation ranged from 0.4 to 0.75% of
total FAs. Intended use levels in this GRAS determination are up to 0.75 and 0.5% in non-
exempt and exempt infant formulas, respectively. The use level in non-exempt formulas

in this GRAS determination is slightly higher than that described in previous GRAS notices

(0.5 vs. 0.4%).

Table 13. Maximum ARA Use Concentrations in Infant Formulas

ARA source | Infants % of total Maximum
fat as ARA estimated intake
(mg/kg bw/day)
GRN 000041 M. alpina Term 0.5 30
(US FDA, 2001a)
GRN 000080 M. alpina Term 0.75 45
(US FDA, 2001b)
GRN 000094 M. alpina Term 0.40 26.3
(US FDA, 2006) Pre-term, 0.40 324
hospitalized
Pre-term, post- 0.40 27.7
discharge
GRN 000326 M. alpina Pre-term 0.40 27
(US FDA, 2010) Term 0.75 42
GRN 000730 M. alpina Pre-term 0.40 27
(US FDA, 2018) Term 0.75 42
GRN 000963 M. alpina Pre-term 0.40 27
(US FDA, 2021) Term 0.75 42
GRN 001115 M. alpina Pre-term 0.40 27
(US FDA, 2023) Term 0.75 42
Current notice M. alpina Pre-term 0.5 33
Term 0.75 42

In the European Community, ARA-rich oil, produced by the M. alpina strain 1S-4, is
authorized as a novel food (EFSA, 2008).
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6.B. Review of Safety Data

As noted above, the FDA has issued ‘no question’ letters on previous GRAS notices (GRNs
000041, 000080, 000094, 000326, 000730, 000963, and 001115) related to food uses of
ARA-rich oil derived from M. alpina for infant formula applications. Based on a
comparison of the specifications and composition of these products, it is concluded that
the specifications and composition of the subject of this GRAS determination are
substantially equivalent to those of other ARA-rich oil products described in the FDA GRAS
notices; thus, it is recognized that the information and data in the other GRAS notices are
pertinent to the evaluation of the safety of the ARA-rich oil in this GRAS determination.
Therefore, this notice incorporates by reference the safety and metabolism studies
discussed in previous GRNs. Page numbers of specific studies are presented in summary
tables, and we will not discuss previously reviewed references in detail. Additionally, this
notice discusses newly published meta analysis data that have been published since the
FDA’s last review in 2022-2023 (or in the period of May 2022 and December 2023). The
subject of the present GRAS assessment is Runke Bioengineering’s ARA-rich oil.

6.B.1. Metabolic Fate of ARA
(Adopted from Kremmyda et al., 2011; Kroes et al., 2003; Martin et al., 1993; 2011; GRN
730, page 29)

In breast milk, ARA and DHA are mainly found in the form of triglycerides (TGs), although
they also occur in phospholipids (Martin et al., 1993). In general, dietary TGs undergo
enzymatic hydrolysis in the upper intestine to free FAs and 2-monoglycerides. These
products then are integrated into bile acid micelles for diffusion into the interior of the
intestinal epithelial cells for subsequent incorporation into new or reconstituted TGs
(Kroes et al., 2003). These reconstructed TGs 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-contained TGs
are hydrolyzed by lipoprotein lipase during passage through the capillaries of adipose
tissue and the liver to release free FAs to the tissues for metabolism or for cellular uptake,
with subsequent re-esterification into TGs and phospholipids for storage as energy or as
structural components of cell membranes. Following their transport across the
mitochondrial membrane, the metabolism of FAs occurs in the mitochondria in the form
of acylcarnitine. FAs are metabolized predominantly via beta-oxidation, a process that
involves a shortening of the FA carbon chain and the production of acetic acid and acetyl
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CoA, which combines with oxaloacetic acid and enters the citric acid cycle for energy
production.

The degree of transport of FAs across the mitochondrial membrane is contingent upon
the length of the carbon chain; FAs of 20 carbons or more are transported into the
mitochondria to a lesser degree than shorter chain FAs. Therefore, long-chain FAs, such
as ARA, 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.
Arachidonic acid may be metabolized by cyclooxygenase to form prostaglandin E2,
prostacyclin 12, and thromboxane A2 (Needleman et al., 1986).

Arachidonic acid is a long-chain polyunsaturated fatty acid (PUFA) present in
phospholipids in membranes of body cells, and is abundant in the brain, muscles, and liver.
Arachidonic acid is one of the most abundant FAs in the brain and is present in similar
quantities to DHA. The two account for approximately 20% of its FA content.

In pre-term infants, approximately 80% of ingested ARA (either from breast milk or fungal
ARA-supplemented formula) is absorbed. Non-absorbed ARA is excreted via the feces. In
general, long-chain PUFA concentrations travel from maternal tissues to fetal circulation
to fetal tissues. Placenta FA composition can be indicative of maternal FA status and
reflects FAs that are selectively transferred to the fetus. During the last trimester of
pregnancy, the placenta provides the fetus with ARA and DHA.

These FAs may be conditionally essential depending on the availability of essential FAs
(linoleic and linolenic acids). Studies indicate that infants may not synthesize sufficient
amounts of ARA and DHA de novo from their precursors to cover the high demand during
this period of rapid accretion for normal growth and development. It is known that pre-
term birth, which curtails maternal supply of ARA and DHA to the fetus, is associated with
sub-optimal neural and visual development, which can be improved by providing
exogenous ARA and DHA (Kremmyda et al., 2011). After delivery, the premature infant
becomes dependent on external sources for its nutritional requirements due to the
shorter period and lesser extent of intrauterine long-chain PUFA accumulation.

In summary, infants may have a limited ability to convert essential precursor FAs, linoleic
acid (18:2n-6) to ARA and linolenic acid (18:3n-3) to DHA, due to reduced concentrations
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and activity of desaturase enzymes (Martin et al., 2011). Supplementation of these
precursor FAs may not provide normal concentrations of downstream FAs. Thus, ARA
supplementation can benefit both term and pre-term infants.

6.B.2. Studies on Mutagenicity and Genotoxicity of ARA-rich Oil (from M. alpina)

Pivotal Studies of Runke Bioengineering’s ARA-rich Qil, the Subject of This GRAS
Determination

In a study by Lewis et al. (2016), the safety of ARA-rich oil from M. alpina (ARA, 40.34%)
was evaluated by testing for gene mutations and genotoxicity. The results of all
mutagenicity and genotoxicity tests were negative under the experimental conditions
(Table 14-1).

Bacterial Reverse Mutation Assay

The mutagenic potential of Runke Bioengineering’s ARA-rich oil was evaluated at
concentrations of 0.1, 0.5, 1.25, 2.5, 3.75, and 5 mg/plate in histidine-requiring
Salmonella typhimurium strains (TA98, TA100, TA1535, and TA1537) and a tryptophan-
requiring E. coli strain (WP2 uvrA) in the presence or absence of metabolic activation
(Lewis et al., 2016). The positive controls were the following: 2-nitrofluorene in the
absence of S9 for the TA98 strain; 2-aminoanthracene in the presence of S9 for the TA9S,
TA100, TA1535, and TA1537 strains; sodium azide in the absence of S9 for the TA100 and
TA1535 strains; 4-nitroquinolinel-oxide in the absence of S9 for E. coli; 9-aminoacridine
in the absence of S9 for the TA1537 strain; and 2-aminoanthracene in the presence of S9
for E. coli WP2 uvrA. None of the revertant colonies exceeded three times the mean of
the solvent control in the presence or absence of metabolic activation when treated with
ARA-rich oil or DHA-rich oil. There was no dose-related increase observed for any of the
five tester strains used. The results indicate that ARA-rich oil doses up to 5 mg/plate were
not mutagenic under the test conditions.

In-vitro Mammalian Chromosome Aberration Assay

Human peripheral blood lymphocyte cultures were used to evaluate the chromosomal
aberration induction potential of Runke Bioengineering’s ARA-rich oil in an in-vitro
mammalian chromosomal aberration assay (Lewis et al., 2016). Prior to the chromosomal
aberration assay, the cytotoxicity of ARA-rich oil was assessed using ARA-rich oil
concentrations of 1.25, 2.5, and 5.0 mg/mL of culture media in the presence and absence

AceOne RS, Inc. Page 40



ARA-Rich Qil (Runke Bioengineering)

of metabolic activation. There was no significant change in pH and no significant dose-
dependent decrease in mean mitotic index in the presence and absence of metabolic
activation. The highest dose that did not reduce the mitotic index by more than 50% was
5 mg/mL. The 5 mg/mL concentration was chosen for further study of ARA-rich oil.

For the main test, two phases were performed. In Phase 1, the cultures were treated for
4 hours (h) with ARA-rich oil and the mean percentage of aberrant cells was determined
in the presence and absence of metabolic activation for concentrations of 0.00 (water
control), 0.00 (vehicle control), 1.25, 2.5, and 5.0 mg ARA-rich oil/mL and positive
controls, respectively. The recovery and harvest periods were approximately 20 and 25 h,
respectively. Phase 2 was conducted to confirm the negative results of Phase 1. In Phase
2, the cells were exposed to 1.25, 2.5, and 5.0 mg/mL. The exposure period was set to 4
h with harvest time of 24 h and no recovery period in the absence of S9. In the presence
of S9, the exposure period was 4 h, and the recovery and harvest periods were 20.5 and
24 h, respectively. The number of metaphase cells, percentage of aberrant cells, and type,
numbers, and frequency of chromosomal aberrations were recorded. Treatment with
positive controls (600 mg/mL ethyl methanesulfonate in the absence of metabolic
activation, and 30 mg/mL cyclophosphamide [CPA] in the presence of metabolic
activation) resulted in a significant increase in the percentage of aberrant cells. The
analysis did not reveal any statistically significant results for ARA-rich oil. Under these
experimental conditions, ARA-rich oil did not induce chromosomal aberration and was
not genotoxic in the presence or absence of metabolic activation.

In-vivo Mammalian Erythrocyte Micronucleus Test in Wistar Rats

ARA-rich oil was tested for the ability to induce micronuclei in polychromatic erythrocytes
(PCE) of the bone marrow of treated Wistar rats (Lewis et al., 2016). In this study, the
doses of ARA-rich oil were 0 (the vehicle corn oil), 1,000, 2,500, and 5,000 mg/kg bw/day.
Groups of five male and five female rats were treated twice via oral gavage. Five male and
five female rats were treated once with the positive control (CPA, 100 mg/kg in saline) on
the second day of dosing. Bone marrow smears were prepared from sacrificed animals
approximately 24 h following the final administration. All doses were well tolerated, and
no clinical signs were observed. There were no differences in the mean %PCE (mean
frequency of PCE to normochromatic erythrocytes) and individual frequencies of
micronucleated polychromatic erythrocytes (MNPCE) between the test and the vehicle
control groups. Increased numbers of MNPCE and %PCE are indicators of bone marrow
toxicity. Positive control animals exhibited significantly increased numbers of MNPCE and
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%PCE. Thus, the assay system was considered valid. ARA-rich oil doses up to 5,000 mg/kg
bw/day were not clastogenic in rats under the test conditions.

Table 14-1. Summary of Studies Showing No Mutagenicity and Genotoxicity of Runke
Bioengineering’s ARA-rich Qil, the Subject of This GRAS Determination

Test Test system Concentration/ Previous GRN
dose of Citations
ARA-rich oil
Bacterial reverse | S. typhimurium TA9S, 0.1, 0.5, 1.25, 2.5, GRN 730, p.30-31
mutation assay TA100, TA1535, 3.75and 5.0 GRN 1115, p.39
TA1537, E. coli WP2 mg/plate, plate
uvrA incorporation and
preincubation + S9
In-vitro Human blood Main tests: GRN 730, p.30-31
chromosomal peripheral Concentration of GRN 1115, p.39
aberration test lymphocytes 0.0, 1.25,2.5,and 5
using human mg/mL culture + S9
blood peripheral
lymphocyte
Mammalian PCE in bone marrow of | 0, 1,000, 2,500, and | GRN 730, p.30-31
erythrocyte treated rats; 2 5,000 mg/kg GRN 1115, p.39
micronucleus test | consecutive days for bw/day
ARA-rich oil and the 2"
day dosing for the CPA
control; bone marrows
were collected at 24 h
following the final
dosing

Reference, Lewis et al. (2016; GRN 730, p.30-31; GRN 1115, p.39)
Abbreviations: ARA = arachidonic acid; CPA = cyclophosphamide; PCE = polychromatic
erythrocytes.

Corroborative Studies Reviewed in Previous GRAS Notices

Due to an abundance of literature, studies published since 2000 are summarized
in this review. Table 14-2 summarizes corroborative studies reporting no mutagenicity
and genotoxicity of ARA-rich oils. Arterburn et al. (2000a) and Casterton et al. (2009)
evaluated the mutagenic and genotoxic potential of ARA-rich oil ingredients derived
from M. alpina containing 48.5% and 43.3%, respectively (Table 14-2). These studies are
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summarized in previous GRAS notices. Therefore, this notice incorporates, by reference,
the mutagenicity and genotoxicity studies discussed in previous GRAS notices and will
not discuss previously reviewed references in detail. Page numbers of specific studies
summarized in previous GRAS notices are presented in Table 14-2.

Table 14-2. Corroborative Studies Reporting No Mutagenicity and Genotoxicity of ARA-
rich QOils

Test Reference Previous GRN Citations
Bacterial reverse Arterburn et al. (2000a) | GRN 326, p.124;
mutation assay GRN 1115, p.38

Casterton et al. (2009) GRN 326, p.123-124, 135;
GRN 1115, p.38
Mouse Lymphoma Arterburn et al. (2000a) | GRN 326, p.149

Forward Mutation

) Casterton et al. (2009) GRN 326, p.127-128, 135;
Assay (Gene Mutation GRN 1115, p.38

in the TK-locus)
In-vitro chromosomal Arterburn et al. (2000a) | GRN 326, p.149
aberration test using
human blood
peripheral lymphocyte
Abbreviations: GRN = GRAS notice; TK = thymidine kinase.

Casterton et al. (2009) GRN 326, p.125-126, 135;
GRN 1115, p.38

6.B.3. Animal Toxicity Studies of ARA-rich Oil Derived from M. alpina
This review covers animal toxicity studies using ARA-rich oil derived from M. alpina (Table
15).

6.B.3.1. Oral Toxicity Study of Runke Bioengineering’s ARA-rich Qil, the Subject of this
GRAS Determination

Pivotal oral toxicity studies of Runke Bioengineering’s ARA-rich oil, the subject of this
GRAS determination, include acute toxicity study, a 28-day toxicity study, a 90-day
subchronic toxicity study (Lewis et al., 2016), and reproductive and developmental studies
(Falk et al., 2017). As shown in Table 15, these pivotal oral toxicity studies of Runke
Bioengineering’s ARA-rich oil are summarized in previous GRAS notices also.
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Table 15. Summary of Animal Toxicity Studies of the Subject of This GRAS Determination

Species | Test Dose Duration | NOAEL Reference | Previous
substance GRN
Citations
Studies of Runke Bioengineering’s ARA, the Subject of This GRAS Determination
Rat, ARA-rich |0, 1,000, |4 wk ARA-rich Lewis et GRN 730,
Wistar | oil from 2,500, or | 13 wk 0il:5,000 al., 2016 p.32;
M. alpina | 5,000 mg/kg GRN 963,
(40.3% mg/kg bw bw/day p.30-31;
ARA) ARA-rich GRN 1115,
oil p.44
Develop- | Both Falk et al., | GRN 730,
mental develop- 2017 p.32;
toxicity, mental and GRN 963;
GD 6-20 | reproductive p.32
toxicity; GRN 1115,
ARA-rich oil: p.45
5,000 mg/kg
bw/day

Abbreviations: ARA = arachidonic acid; bw = body weight; GD = gestation days; GRN = GRAS notice;
NOAEL = no-observed-adverse-effect-level; wk = weeks.

Acute Oral Toxicity Study of Runke Bioengineering’s ARA-rich Oil

Lewis et al. (2016) studied the acute toxicity of ARA-rich oil (40.34% ARA) in 8- to 10-week-
old female Wistar rats (body weights, 180-189 g) prior to dosing. The rats were fasted for
16—18 h before dosing and for 3 to 4 h after dosing. Ten rats were orally gavaged either
5,000 mg/kg bw of the ARA-rich oil or DHA-rich oil and were observed twice daily for
mortality and clinical signs for 14 days. Because no unscheduled mortalities occurred in
the treatment group, additional groups of 5 rats each were gavaged 5,000 mg/kg bw of
ARA-rich oil and were observed for 14 days for morbidity and mortality. At the conclusion
of the observation period, surviving rats were sacrificed and subjected to gross
pathological examinations.

No unscheduled mortality occurred. In addition, no treatment-related abnormalities in
clinical signs or body weights were observed in treated animals. Under the conditions of
the study, the acute mean lethal dose (LDsp) for ARA-rich oil was above 5,000 mg/kg
bw/day in both male and female rats.
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A 28-Day Oral Toxicity Study of Runke Bioengineering’s ARA-rich Oil

Lewis et al. (2016) evaluated the oral toxicity of Runke Bioengineering’s ARA-rich oil from
M. alpina containing 40.34% ARA. Male and female Wistar rats aged 6-8 weeks old
(n=10/sex/group) were orally gavaged 1,000, 2,500, or 5,000 mg/kg bw/day ARA-rich oil,
control (distilled water), or vehicle control (corn oil) once a day for 28 days. Body weight,
morbidity, mortality, clinical examinations, detailed clinical observations, food and water
consumption, clinical pathology examinations, hematology, clinical biochemistry, urine
chemistry, and histopathological parameters were assessed. No mortality was observed.
In the female rats, body weights were decreased by 6-10% on day 7 in all the ARA groups
but was quickly regained and there were no differences for the remainder of the study
compared to the control. There were no differences in body weight among the male rats.
No treatment-related abnormalities were observed in clinical signs or symptoms, food
consumption, hematology, blood chemistry, urinalysis, and ophthalmological parameters.
The No Observed Adverse Effect Level (NOAEL) for ARA-rich oil was set at 5,000 mg/kg
bw/day, the highest dose tested.

A 90-Day Subchronic Oral Toxicity Study of Runke Bioengineering’s ARA-rich Oil

Lewis et al. (2016) conducted a 90-day repeated oral dose toxicity study of Runke
Bioengineering’s ARA-rich oil from M. alpina containing 40.34% ARA. Male and female
Wistar rats received control (water), vehicle control (corn oil), 1,000, 2,500, or 5,000
mg/kg bw/day ARA-rich oil by oral gavage for 90 days (n=10/sex/group). On day 91, all
surviving animals except those in the recovery groups were subjected to necropsy. Two
recovery groups of animals (vehicle control [corn oil] or 5,000 mg/kg bw/day ARA-rich oil;
n=10/sex/group) were observed for an additional 14 days after a 90-day treatment of ARA
or corn oil. Animals in the recovery groups underwent necropsy and detailed gross
pathological evaluation on day 105. Body weight, feed consumption, clinical pathology of
blood and serum, water intake, urine analysis, necropsy, detailed gross pathological
evaluation, microscopic examination, and histopathological examination were conducted.

No unscheduled deaths occurred during the study. There were no treatment-related
clinical signs or symptoms. The ophthalmological examinations, detailed physical
examinations, home cage observations, handheld examinations, open field observations,
and sensory reactivity tests revealed no treatment-related abnormalities. In the corn oil
and low-dose groups, the body weight and body weight gain were significantly lower than
in the water control group on days 1 to 50. After day 50, no differences in body weights
were noted among all ARA-treated and control groups. Additionally, no differences in
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body weights were recorded among control or ARA-rich oil treated rats during the
recovery period.

The male mid- and high-dose groups consumed 2-4% more food compared to the water
control group during the first 9 weeks. The male high-dose group consumed more food
than the corn oil control group during weeks 1-4. After 9 weeks, there were no differences
compared to the control groups. In females, all ARA-rich oil groups consumed 5-7% more
food than the water control group. The female mid- and high-dose groups consumed
more food than the corn oil control group throughout the study.

Hematological parameters were comparable among the groups (Table 16). Small changes
were observed in some parameters (for example, mean corpuscular hemoglobin
concentration [MCHC], 35 g/dL in oil vehicle control vs. 36 g/dL in male low-dose rats,
P<0.05; white blood cells (WBCs), 8.6 x103 uL in oil control vs. 8.0-9.1 x103 uL in 3 male
test groups, P<0.05). These changes were observed only in one sex, were not dose-
dependent, were not of a clinically relevant magnitude, and did not persist through the
recovery period; thus, these changes were considered non-adverse.

Some changes in clinical chemistry parameters were comparable to the controls,
biologically insignificant, and not correlated with other toxicological findings (Table 17).
The small increases in cholesterol and TGs in all ARA-rich oil groups of both sexes
(averages of water and vehicle controls vs. all treated groups: males, total cholesterol, 64-
65 vs. 68-71 mg/dL, P<0.05; TGs, 63 vs. 68-73 mg/dL, P<0.05; females, total cholesterol,
62-64 mg/dL vs. 66-71 mg/dL, P<0.05; an average of water and vehicle controls vs. mid-
and high-dose females: TGs, 66 mg/dL vs. 67-69 mg/dL; P<0.05) were related to the
consumption of a high-fat diet, and were considered non-adverse because the differences
were not of clinically relevant magnitude and resolved during the recovery period. In
females in the recovery group, TGs remained slightly elevated after discontinuation of the
treatment compared to the water control but were equivalent to the corn oil control
group. Likewise, small increases in alanine amino transferase (ALT; 6-9% increase in male
test groups and 6-14% increase in female test groups, P<0.05 compared to both control
groups), aspartate amino transferase (AST; 6% increase in high-dose males only; 6-11%
increase in all female test groups, P<0.05), and alkaline phosphatase (ALP; 3% increase in
high-dose males only and 3-5% increase in all female test groups, P<0.05) were not of
clinically relevant magnitude, resolved during the recovery period, and were not
supported by histopathology; thus, these increases were considered non-adverse. In
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addition, the small increases in sorbitol dehydrogenase (SDH) were not clinically
significant; thus, the changes were considered non-adverse (although the authors did not
present explanations in the article). Changes in bilirubin, albumin, total protein,
phosphorus, globulin, and lactate dehydrogenase were small, not clinically relevant,
found only in one sex, and resolved during the recovery period; thus, the changes were
considered non-adverse.

Most urinalysis parameters were not significantly different and were comparable to the
controls (data not shown). The low-dose groups of male and female rats had differences
in volume and specific gravity compared to the water control group. The pH was
decreased compared to the water control group. The changes were not dose-dependent,
did not persist during the recovery period, and were not different from the vehicle control;
thus, they were considered non-adverse.

Gross pathology, physical parameters, and microscopic examinations revealed no
differences among the groups. Prostate weights were significantly decreased compared
to the vehicle control (Table 18; 0.72-0.74 g in both controls vs. 0.70-0.71 g in test groups,
P<0.05). Spleen weight was increased in all female ARA-rich oil groups (0.73-0.75 g in
water and oil controls vs. 0.79-0.80 g in test groups, P<0.05) and decreased in the male
high-dose group (0.82-0.85 g in water and oil controls vs. 0.81 g in high-dose males,
P<0.05). Increased testes weight was observed in the high-dose group (4.21-4.26 g in
controls vs. 4.35 g in high-dose males, P<0.05). These few changes were not dose related,
were not associated with notable clinical chemistry or histopathological changes, and
were resolved during the recovery period; thus, they were considered incidental.

Histopathological examination demonstrated no treatment-related changes. In the ARA-
rich oil groups, some changes in tissues and organs were observed. Congestion was found
in the spleen. Foci of inflammation, hemorrhage, and tubular dilation were observed in the
kidney. The liver showed small foci of necrosis, inflammation, bile duct hyperplasia, and
sinusoidal hemorrhage. Tubular degeneration was found in the testes and vacuolar
degeneration in the adrenal glands. The lungs exhibited alveolar and bronchiolar
inflammation and hemorrhage. The non-specific histopathological changes were not dose
dependent and these effects were observed in no more than one animal per sex per
treatment group. They occurred in both treatment and control groups with no dose-
response relationship; therefore, they were not considered to be treatment-related. It
was concluded that ARA did not induce pathological changes.
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Table 16. Hematology and Coagulation Parameters for Wistar Rats Administered ARA-

rich Qil for 90 Days

ltem

Dose (mg/kg bw/day)

0(water) | O(corn) | 1,000 | 2,500 5,000
Males
RBC x 10° pL 7.6+0.3 7.6£0.4 7.61£0.3 7.6£0.4 7.4+0.3
Hematocrit, % 4212 42+1 42+1 44423 441230
MCV, um3 5219 5412 5412 5412 5412
Hemoglobin, g/dL 15+1 15+1 1510 1610 1610
MCH, pg 17+1 18+1 18+1 18+1° 18+1
MCHC, g/dL 3612 35+1° 36+2° 36t1 36t1
Platelets 969+29 95850 956128 952+34 949+43
MPV 5514 5411 5412 5412 5412
WBC x 10° uL 8.4+0.7 8.610.7 8.0+0.7° 9.1+0.8° 8.910.7
Neutrophil 16113 13+2 13+2 1412 14+2
Lymphocyte 8412 8412 83129 8412 8412
Monocyte 2.8+0.9 2.5+0.8 2.7+0.8 2.9+0.7 2.5+0.8
Eosinophil 1.6+1.0 1.8+1.1 1.9+1.0 1.8+0.9 1.9+0.8
Basophil 00 0+0 0+0 0+0 0+0
PT 13+1° 11+1 13+1° 13+1° 14+1°
aPTT 161 161 161 161 15+1
Females
RBC x 10° L 7.410.3 7.4+0.2 7.5+0.3 7.5+0.3 7.6103
Hematocrit, % 4342 4442 45+1 4442 4442
MCV, um3 53+2 5412 5312 5412 5412
Hemoglobin, g/dL 22132 16%1 1620 1620 1610
MCH, pg 1810 1841 1810 1810 18+1
MCHC, g/dL 35+1 36+1 35+2 35+1 35+1
Platelets 958432 960126 944+33 945136 954137
MPV 5412 5412 5412 5412 5412
WBC x 103 pL 9.440.9 9.610.5 9.5+0.7 9.5+0.4 9.3+0.7
Neutrophil 1213 1242 1311 1312 14413
Lymphocyte 84+2 84+2 83+2 84+2 83+2
Monocyte 2.4+0.7 2.440.8 2.740.7 2.610.8 2.510.7
Eosinophil 1.8+0.8 1.8+1.0 2.0£0.9 1.6+0.8 1.9+0.8
Basophil 0+0 00 00 00 00
PT 11+1° 12+2° 1241 1243 12+1
aPTT 1611 1511 16+1° 165+1 16%1
(may be a
typo; It
should
have been
16.5)
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From Lewis et al., 2016. Values are mean + SD for groups of 20 rats treated for 90 days prior to
sacrifice.

2p<0.05 vs. water control; °P<0.05 vs. vehicle control.

Abbreviations: aPTT = activated partial thromboplastin time; ARA = arachidonic acid; bw = body
weight; MCH =
concentration; MCV = mean corpuscular volume; MPV = mean platelet volume; PT = prothrombin
time; RBC = red blood cell; SD = standard deviation; WBC = white blood cell.

mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin

Table 17. Blood Biochemistry for Wistar Rats Administered ARA-rich Qil for 90 Days

Item Dose (mg/kg bw/day)
0(water) | Of(corn) | 1,000 | 2,500 5,000
Males

Glucose, mg/dL 11746 114+6 11446 11616 1165
Cholesterol, 64+3 65+3 684430 | O+4ab | 71+42b
mg/dL
Triglyceride, 63+3 63+3 68+43b | 70+43b | 73+3ab
mg/dL
ALT, 1U/L 61+4 64+3 664430 | 68+43P | 68+43b
AST, 1U/L 1134 11245 115+3 1145 | 119+52b
ALP, IU/L 152+4 150+4 152+4 152+43b | 155+53b
SDH IU/L 1642 1642 16+2 17+3 18+32b
Calcium, mg/dL 14+1 14+1 14+1 15+12 15+1
Urea, mg/dL 15+1 15+1 15+1 16+1 16+22b
Phosphorus, 6.1+0.6 6.240.7 | 6.7+0.6%° | 6.7+0.5%° | 6.8+0.6%b
mg/dL
Albumin, g/dL 4.310.3 4.4+03 | 6.6+0.3%5 | 6.5+0.2%0 | 4.4+0.3
Total i
g%i protein, 6.6£0.3 6.6:0.4 | 6.6:03 | 7.040.4% | 6.7:0.3
Bilirubin, mg/dL | 0.30#0.15 | 0.34%0.15 | 0.3040.17 | 0.36%0.18 | 0.29+0.16
Creatinine, 0.31+0.13 | 0.3140.10 | 0.33+0.15 | 0.3040.10 | 0.31+0.12
mg/dL
Globulin, g/dL 3.7+0.4 37405 | 3.8t05 | 4.0t05 | 3.7+0.4
LDH, 1U/L 7615 7346 7343 7416 78+8P
GGT, IU/L 03+0.04 | 0.3+0.03 | 0.3+0.04 | 0.3+0.06 | 0.3+0.4
Sodium, mmol/L 14643 14643 14843 14843 153+42b
Potassium 5.5+0.5 55+0.4 | 56+03 | 55+0.3 | 5.6+0.3
mmol/L
Chloride, 105+1 104+1 10442 105+1 104+1
mmol/L
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Females
Glucose, mg/dL 11146 11245 11146 11145 11046
Cholesterol, 64+2 62+3 66+3P 71453 | 70+43b
mg/dL
Triglyceride, 66+4 66+3 67+4 69+45 69+32b
mg/dL
ALT, IU/L 61+4 63+2 674330 | 68+43b | 71+33b
AST, 1U/L 103+22 1095 112458 | 117+4%0 | 117+4%P
ALP, IU/L 14745 147+4 1514430 | 151+3%P | 154+53b
SDH, IU/L 15+2 14+2 16+3b 194435 | 19+43b
Calcium, mg/dL 13+1 13+1 13+1 15+12b 13+1
Urea, mg/dL 14+1 14+1 15+1 15+2 16+23P
Phosphorus, 6.1+0.5 6.4+0.4 | 5.8+04 | 5.7+0.4° | 6.1+0.7°
mg/dL
Albumin, g/dL 4.4+03 6.619.7 | 4.4+02 | 4.4t02 | 6.4+8.4
Total i
g%i protein, 6.440.3 6.4+03 | 6.5¢0.3 | 6.4%0.3 6.440
Bilirubin, mg/dL | 0.29+0.14 | 0.294#0.14 | 0.28+0.13 | 0.33%0.15 | 0.3740.15
Creatinine, 0.33+0.15 | 0.31+0.14 | 0.28+0.12 | 0.30+0.13 | 0.30+0.11
mg/dL
Globulin, g/dL 3.4%0.2 34+03 | 3.4+02 | 3.5t03 | 3.5t03
LDH, 1U/L 708 706 82+83b 74+8 81+10%b
GGT, IU/L 0.3+0.05 0.3+0.06 | 0.2+0.0° | 0.240.0° | 0.240.0
Sodium, mmol/L 143+2 144+3 145+2 146+3P 146+2
- otac

otassium 5.1+0.5 5.040.6 54405 | 5.540.4° | 5.3+0.4°

mmol/L
Chloride, 104+1 104+1 104+1 104+1 104+1
mmol/L

From Lewis et al., 2016. Values are mean + SD for groups of 20 rats treated for 90 days prior to
sacrifice.

2p<0.05 vs water control; °P<0.05 vs vehicle control.

Abbreviations: ALP = alkaline phosphatase; ALT = alanine amino transferase; ARA = arachidonic
acid; AST = aspartate amino transferase; bw = body weight; GGT = gamma-glutamyl transferase;
LDH = lactate dehydrogenase; SD = standard deviation; SDH = sorbitol dehydrogenase.
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Table 18. Organ Weights for Wistar Rats Administered ARA-rich Oil for 90 Days

Organ Dose (mg/kg bw/day)

weight, g 0(water) | Ofcorn) | 1,000 2,500 | 5,000

Males
Brain 2.46+0.21 2.60+0.26 2.61+0.22 2.64+0.18 2.75+0.15
Adrenals 0.093+0.02 0.098+0.01 0.095+0.01 | 0.099+0.01 | 0.098%0.01
Pituitary 0.013+0.001 | 0.013+0.001 | 0.013+0.001 | 0.013+0.001 | 0.014+0.002
Prostate/ 1.76+0.03 1.77+0.04 1.75+0.05 1.77+0.06 1.74+0.50
S.V.
Prostate 0.72+0.05 0.74%0.05 0.70+0.06" 0.70+0.08 0.71+0.05°
Testes 4.26+0.13 4.21+0.11 4.31+0.17 4.21+0.16 4.35+0.24°
Epididymis 1.7940.05 1.80+0.07 1.78+£0.06 1.77+0.78 1.77+0.90
Heart 1.56+0.07 1.54+0.22 1.53+0.07 1.54+0.08 1.50£0.09
Liver 12.6+0.43 12.7+0.63 12.6£0.51 12.5+0.57 12.7+0.23
Kidneys 2.70+£0.14 2.69+0.15 2.68+0.16 2.67+0.15 2.78+0.16
Spleen 0.82+0.06 0.85%0.06 0.831+0.04 0.84+0.05 0.81+0.04°
Thymus 0.54+0.07 0.55+0.04 0.55+0.03 0.55+0.03 0.55+0.03

Females
Brain 2.14+0.12 2.07+0.10 2.12+0.11 2.12+0.12 2.12+0.10
Adrenals 0.063+£0.01 0.063+0.01 0.063+0.01 | 0.061+0.01 | 0.059%0.01
Pituitary 0.013+0.001 | 0.014+0.001 | 0.013+0.001 | 0.013+0.001 | 0.014+0.002
Uterus 0.80+0.04 0.78+0.06 0.77+0.04 0.7710.05 0.76+0.05
Ovaries 0.27+0.02 0.27+0.01 0.27+0.02 0.2740.02 0.27+0.02
Heart 1.06+0.10 1.05+0.11 1.10£0.12 1.05+0.08 1.05+0.10
Liver 9.4+0.59 9.5+0.56 9.6+0.58 9.2+2.0 9.6+0.50
Kidneys 1.57+0.08 1.55+0.05 1.56%0.05 1.5840.12 1.59+0.06
Spleen 0.75%0.06 0.73£0.08 0.79+0.06° 0.80+0.04° 0.80+0.06°
Thymus 0.51+0.04 0.52+0.04 0.51+0.05 0.50+0.1 0.52+0.03

From Lewis et al., 2016. Values are meanzSD for groups of 20 rats treated for 90 days prior to

sacrifice.

ap<0.05 vs water control; ®P<0.05 vs vehicle control.

Abbreviations: ARA = arachidonic acid; bw = body weight; S.V. = seminal vesicles
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Reproductive and Developmental Toxicity Study of Runke Bioengineering’s ARA-rich Oil

A study by Falk et al. (2017) investigated the reproductive and developmental toxicity of
dietary exposure to Runke Bioengineering’s ARA-rich oil (40.3% ARA) derived from M.
alpina (Tables 19-22). In the developmental toxicity study, healthy, pregnant Wistar rats
(n=24/group) were untreated (control) or administered corn oil (vehicle control), 1,000,
2,500, or 5,000 mg/kg bw/day of ARA-rich oil via gavage from gestation days 6 through
20. Morbidity, mortality, gross pathological examination, histopathological analysis, and
clinical signs and symptoms were evaluated. In addition, the number and sex of each pup,
number of still births and live births, occurrence of gross observations (e.g., ear opening,
eye opening, hair growth, tooth eruption, and gross anomalies of litter), physical or
behavioral abnormalities, body weight, and food consumption of the dams were
determined. Fetuses were weighed and examined for external malformations and
abnormalities in soft tissues and the skeleton. Clinical pathology evaluation of all surviving
animals from all groups was performed on day 15, day 45, and prior to necropsy. The
animals were fasted overnight (approximately 16 to 18 h) prior to blood collection.

Developmental Prenatal Toxicity Study (Falk et al., 2017)

Maternal study data

No treatment-related changes in body weight were observed for any of the test groups
at the conclusion of the gestation period and premating or lactation periods, although
sporadic increases in food consumption were observed in females during the gestation
period for all dose groups.

Gestation day 20 laparohysterectomy data

No treatment-related lesions and significant differences in the weight of the reproductive
organs, implantation, cornea lutea of the right and left cornu, and pre- and post-
implantation loss of fetuses were observed in all ARA-rich oil groups (data not shown).

Fetal data

No significant or dose-dependent differences were observed among test and control
groups with respect to the number of fetuses, the external observations including fetal
size, generalized arrested development, kinked tail, bent tail, bulged eyelid,
microphthalmia, subcutaneous hemorrhage (Table 19), or malformed head in the
skeletons among the groups (Table 20).
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Table 19. Changes in Fetal Development in the Prenatal Developmental Toxicity Study

ltem

Untreated

Corn Oil

ARA LD

ARA MD

ARA HD

ARA-rich oil, mg/kg bw/day

1,000

2,500

5,000

No. of fetuses (litters)

204 (23)

188 (24)

225 (24)

214 (24)

191 (21)

General External Observation

s —Number (% of total)

Smaller in size

1(0.5)

1(0.5)

1(0.5)

Larger in size

3(1.5)

4(2.1)

1(0.5)

2(1.0)

Generalized arrested
development

1(0.5)

1(0.5)

Subcutaneous
hemorrhage

1(0.5)

2 (0.9)

1(0.5)

Number of fetuses

102

94

112

111

100

Minor Visceral Anomalies — N

umber (% of

total)

Dilated lateral ventricles
brain

1(1.0)

2 (2.1)

1(0.9)

6 (5.4)

4 (4.0)

Dilated and fragile
ventricles brain

3(2.9)

1(1.0)

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

3(2.9)

Dilated lateral ventricles
brain with fragile and
ruptured cerebral
hemisphere

3(2.7)

Brownish discoloration
around cerebral
hemisphere

1(0.9)

Hemorrhagic foci — liver

1(1.0)

1(1.1)

1(0.9)

2 (1.8)

1(1.0)

Subcutaneous
hemorrhage

1(1.0)

2 (2.1)

1(1.0)

Yellowish perivascular
areas liver

1(0.9)

Small or absent renal
papillae

4(4.0)

4(4.3)

4 (3.6)

7 (6.3)

5(5.0)

Brownish discoloration
lung

4 (3.9)

2(2.1)

2 (1.8)

4 (3.6)

2 (3.0)

Common Variants

Dilated renal pelvis

| 2(2.0)

6 (6.4)

| 5(4.5)

| 3(2.7)

| 1(1.0)

From Falk et al., 2017.
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Abbreviations: ARA = arachidonic acid; bw = body weight; HD = high-dose; LD = low-dose; MD =

mid-dose.

Table 20. Summary of Major Malformations and Minor Skeletal Variations in the Prenatal

Developmental Toxicity Study

Item Untreated Corn QOil ARA LD ARA MD ARA HD

ARA-rich oil,

me/kg bw/day - - 1,000 2,500 5,000

Number of pups 102 94 113 112 100

Major Malformations — Number (% of total)
Cranial skeletal 17 (27%) 12 (13%) 13 (12%) 12 (11%) 14 (14%)
Ribs 5 (5%) 7 (7%) 6 (5%) 4 (4%) 4 (4%)
Vertebral 12 (12%) 26 (28%) 24 (21%) 18 (16%) 18 (16%)
Sternebrae 9 (9%) 13 (14%) 14 (12%) 14 (13%) 10 (10%)
Limbs 7 (7%) 7 (7%) 5(4%) 8 (7%) 4 (4%)
Malformed
head - - - 1 (0.5%) -
Kinked tail - 2 (1.1%) - - 2 (1%)
Bent tail 1 (0.5%) 1 (0.5%) 1 (0.4%) - 1 (0.5%)
Bulged eyelid 2 (1%) 2 (1.1%) - - 1 (0.5%)
Microphthalmia 1 (0.5%) 1 (0.5%) 2 (0.9%) 1 (0.5%) -

Minor Skeletal Anomalies - Delayed/Incomplete Ossification — Number (% of total)
Cranial 39 (38%) 12 (13%) 27 (24%) 39 (25%) 27 (27%)
Sternebrae 3 (3%) 5 (5%) 1(1%) 2 (2%) 4 (4%)
Ribs 1(1%) - 2 (2%) 2 (2%) 2 (2%)

Adopted from Falk et al. (2017).
Abbreviations: ARA = arachidonic acid; HD = high-dose; LD = low-dose; MD = mid-dose.

Reproductive Toxicity (Falk et al., 2017)

In the reproductive toxicity study, male Wistar rats aged 7-8 weeks old and female Wistar
rats aged 6-7 weeks old (n=20 males/group; n=24 females/group) were administered a
vehicle control (corn oil), or 1,000, 2,500, or 5,000 mg/kg bw/day of ARA-rich oil via
gavage throughout the mating period, pregnancy (for 22 days), and the nursing and
lactation periods which lasted for 21 days (Falk et al., 2017). To evaluate the effect on
spermatogenesis, male rats were given doses during the growth period and for a

minimum of one complete spermatogenic cycle (84 days). The parental female rats were
dosed for two complete estrous cycles (14 days) to evaluate the effect of ARA-rich oil on
the estrous cycle. One male per 2 female rats was cohabited until all females became
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pregnant as evidenced by a sperm-positive 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. The following observations were made from the
reproductive toxicity study:

Mortality, Clinical Signs, and Food Consumption

No treatment-related mortality was observed in the parental (Fo) or pup generation (F1)
during the course of the study. Fo mortality was 4, 2, 4, and 6% for the corn oil control,
low-dose ARA, mid-dose ARA, and high-dose ARA groups, respectively. The parental (Fo)
and pup generations (F1) showed no treatment-related mortality and clinical signs and no
significant differences in mean body weight or body weight gain. No differences in food
consumption among groups were observed during the pre-mating, mating, and lactation
periods in all ARA treatment groups, although the Fop males in the low-dose group and the
Fo females in the mid-dose group had higher food consumption compared to the control
group.

Reproductive performance: No significant differences were found for mean litter size, sex
ratio, live birth index, weaning index, number of implantation sites, corpora lutea, pre-
and post-implantation loss, female fertility index, gestation index, fecundity index,
estrous cycle length, and gestation period.

Fo generation; anatomic pathology: No animals in the Fogeneration exhibited treatment-
related abnormalities in necropsy and histopathological parameters. No significant
differences were observed in absolute and relative organ weights among groups (data not
shown).

Developmental parameters and clinical pathology of the F1 generation: Gross necropsy
of the Fi generation animals revealed no treatment-related external or internal
abnormalities. There were no significant differences in absolute and relative organ
weights.

Taken together, for the orally administered ARA-rich oil, the NOAEL for maternal toxicity

and embryonic/fetal development and for paternal or maternal reproductive toxicity was
found to be 5,000 mg/kg bw/day in rats.
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Table 21. Fo Fertility and Reproductive Performance in the Reproductive Toxicity Study

Fertility Indices Corn Qil ARA LD ARA MD ARA HD
No. of females 24 24 24 24
No. of mated females 24 24 24 24
No. of females littered (pregnant) 24 24 24 24
Female fertility index, % 100 100 100 100
Gestation index, % 100 100 100 100
Pregnancy/fecundity index, % 100 100 100 100
Premating group estrus cycle* 3.56 3.78 3.59 3.85
+0.45 +0.47 +0.51 +0.62
Gestation period* 21.25 21.56 21.62 21.25
+0.62 +0.72 +0.69 +0.72
Percent males 61.2 53.9 53.1 52.4
Pups delivered 204 197 210 214
Mean male pup weight day 0, g 6.74 5.69 5.36 5.36
+0.66 +0.56 +0.26 +0.53
Mean male pup weight day 22, g 35.38 33.25 33.25 33.52
+4.84 +5.02 +4.25 +4.25
Mean female pup weight day 0, g 5.13 5.57 5.24 5.45
+0.56 +0.52 +0.56 +0.23
Mean female pup weight day 22, g 33.23 33.56 32.72 34.21
+5.25 +4.25 +5.56 +5.12

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

6.B.3.2. Corroborative Oral Toxicity Studies of Other Sources of ARA-rich Oil

Table 22 summarizes corroborative animal toxicity studies of ARA-rich oils derived

from M. alpina, which were extensively discussed in previous GRAS notices that

received FDA’s “no questions” letters. Each ARA-rich oil used in these corroborative

studies described in Table 22 is compositionally similar to Runke Bioengineering’s

ARA-rich oil.

Studies reviewed in previous GRAS notices include acute toxicity studies of ARA-rich oil
(Gao et al., 2017; Hempenius et al., 1997), subchronic toxicity studies with in utero
exposure (Casterton et al., 2009; Gao et al., 2014; Hempenius et al., 1997; Lina et al.,
2006), teratogenicity study (Arterburn et al., 2000b), neonatal piglet studies (Merritt et
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al., 2003; Tyburczy et al., 2012), and bioequivalency test (Tyburczy et al., 2011) as well as
acute and subchronic oral toxicity studies of M. alpina biomass (Nisha et al., 2009).

The mean lethal dose (LDso) was higher than 18.2 g ARA-rich oil/kg bw (Hempenius et al.,
1997). The NOAELs found from subchronic toxicity studies with in utero exposure range
from 970 mg ARA-rich oil/kg bw/day (corresponding to 374 mg ARA/kg bw/day;
Hempenius et al., 2000) to 4,850 mg/kg bw/day for F1 females (Gao et al., 2014).

Because these studies were extensively reviewed in previous GRAS notices, we
incorporate by reference the toxicity studies described in GRN 000326 (pages 135-153),
GRN 000730 (pages 31-33), GRN 000963 (pages 30-31), and GRN 001115 (pages 39, 40,
42-43). Page numbers of specific studies summarized in those GRAS notices are presented
in Table 22.

Bioequivalency Study

Tyburczy et al. (2011) demonstrated that the three ARA-rich oils, including Martek’s (now
DSM’s) ARASCO®, Cargills’ refined ARA-rich oil (RAO, or ARA-rich oil produced by its
supplier, Cabio [formerly Alking Bioengineering], in Wuhan, China), and SUNTGA40S"
(Nissui, Nippon Suisan Kaisha, Ltd., Tokyo, Japan), equally supported tissue and red blood
cell (RBC) ARA accretion establishing bioequivalence (Table 22). ARASCO® served as a
reference ARA-rich oil. All three ARA-rich oil ingredients have established U.S. FDA GRAS
status: ARASCO®, SUNTGA40S®, and RAO were the subjects of GRNs 000041/000080,
000094, and 000326, respectively. It was hypothesized that the three ARA-rich oils would
be nutritionally bioequivalent and equally safe in rapidly growing neonatal pigs. All of the
three oils are single-cell TG oils derived from the fungus M. alpina and contain ARA at
approximately 40% of the total FA content.

Piglets were fed one of three ready-to-use formulas that provided ARA at approximately
0.64% and DHA at 0.34% of total FAs from day 3 to 22 of life upon which tissues were
harvested and analyzed for ARA and DHA accretion. Total formula intakes over the full
study period averaged 29.6 + 1.7 L (or a mean daily intake of 1.5 L or 1,500 kcal) with no
significant differences among the three dietary treatment groups. Mean total intake of
ARA was 10.60 £ 0.59 g, while the mean total intake of DHA was 5.30 + 0.30 g. At day 22
of life, tissues and blood samples were harvested and analyzed for ARA and DHA accretion.
Bioequivalence was assessed by 90% confidence intervals on the least squares geometric
mean ratio of tissue ARA from the experimental groups (RAO and SUNTGA40S") compared
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with the reference ARA-rich oil (ARASCO®). If the confidence intervals, expressed as
percentages with 100% equaling unity (i.e., 1:1 ratio), fell within the limits of 80 — 125%,
the values were considered meeting the bioequivalence criteria. Selected FAs of the brain
(cerebral cortex), retina, liver, and heart were harvested from pigs on day 22 of age.
Bioavailability was more broadly assessed through secondary supporting outcomes,
including accretion of ARA and DHA in the retina, heart, and liver as well as circulating
levels of ARA and DHA in RBCs. In addition, livers were examined for histopathological
changes, and clinical chemistry and hematological parameters were measured to assess
safety.

All three ARA formulas were readily consumed and equally supported growth of the
neonatal pigs. Mean ARA levels in the brain, retina, and heart were 10.97 + 0.36%, 10.50
+0.43%, and 20.38 + 0.82% of total FAs, respectively, and were similar for all three dietary
treatment groups. ARA levels in the liver were 2% lower in pigs fed SUNTGA40S® (17.33 +
0.78% FA) compared with the ARASCO® (17.66 + 0.49% FA) while the RAO pigs showed an
intermediary liver ARA content (17.38 + 0.57% FA; P = 0.009). This difference may arise
from normal variability across product lots and over time during the manufacturing
process. A difference in liver ARA levels is consistent with an RAO diet providing 8% less
ARA (0.62% vs. 0.67% total FA) than the ARASCO® control and SUNTGA40S® diets. Study
formulas equally supported DHA accretion in the primary target organ (i.e., the brain) as
well as in the retina and heart. In the liver, DHA levels were 7% higher in SUNTGA40S" pigs
(8.23 + 0.38) compared with the ARASCO® (7.70 + 0.47% FA) and RAO (7.62 + 0.62% FA)
groups (P =0.046). No other statistically significant differences in tissue FA accretion were
observed among the dietary treatments. Mean ARA and DHA levels in the RBC fraction
were similar among all dietary treatment groups at every time point examined.

The authors concluded that ARA supplied by the single-cell oils (ARASCO®, RAO, and
SUNTGA40S°), when added to formula to provide ~0.64% ARA and in combination with
~0.34% DHA from DHASCO®, were nutritionally equally supporting the accretion of ARA
in the neonatal pig brain, retina, and heart and are safe as ingredients in infant formula.
The data indicate that ARA-rich oils produced by various strains of M. alpina may be
substantially equivalent to ARASCO®.
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Table 22. Summary of Corroborative Animal Toxicity Studies of ARA-rich Oils Derived from M. alpina

Species Test Dose Duration NOAEL Reference Previous GRN
substance Citations
Acute Toxicity Studies
Rat, ARA-rich oil 15.2 g ARA-rich oil/kg bw | Single dose; | LDso > 15.2 g/kg Gao, 2017 | GRN 730, p.31;
Wistar (48.3% ARA) observed bw GRN 1115, p.40
14 days
Rat, ARA-rich oil 18.2 g ARA-rich oil/kg bw | Single dose; | LDso> 18.2 g ARA- | Hempenius | GRN 326, p.149
Wistar (32.7-38.6% observed rich oil/kg bw etal., 1997 | GRN 730, p.33;
ARA) 14 days GRN 963, p.30;
GRN 1115, p.39
Rat, ARA-rich Up to 5 g/kg bw Single dose; | LDsg>5g Nisha et al., | GRN 326, p.150,
Wistar M. alpina observed biomass/kg bw or | 2009 152;
biomass 14 days >0.63 g ARA/kg GRN 730, p.33
bw GRN 963, p.30
Subchronic Toxicity Studies with an In-utero Exposure
Rat, ARA-rich oil 0, 1, 1.5, or 5% of diet 13 wk of F1, | Fo females, 3,750; | Gao et al., GRN 963, p.32;
Wistar from M. after in- Fo males, 2,850; 2014 GRN 1115, p.43
alpina utero F1 females, 4,850;
(48.3% ARA) exposure of | F1 males, 4,480
Fo mg/kg bw/day,
the highest dose
tested
Rat, ARA-rich oil 0,1, 1.5, or 5% of diet 90 days 5% of diet or Casterton GRN 326, p.135-
Wistar from M. subchronic | 3,170 mg/kg etal.,, 2009 | 152;
alpina with in- bw/day GRN 1115, p.43
(43.3% ARA; utero
exposure
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RAO from
Cargill)
Rat, ARA-rich oil, | 0, 0.5, 1.5, or 5.0% 13 wk of F1, | No effect at 5.0% | Linaetal., | GRN 326, p.152-
Wistar (41.5% of FA | (or ~3,000 mg/kg bw/day) | after in- in F1; changes in 2006 153;
as ARA; in diet; utero spleen wt, GRN 1115, p.43
SUNTGAA40S) | 3.65% ARA +2.11% DHA | exposure of | hematology, and
Fo blood lipids at
high-dose;
ARA+DHA in F1
were not
considered
adverse
Rat, ARA-rich oil 0,0.3,1.5,0r7.5% ARA in | 13 wk of F1, | NOAEL, 1.5% ARA- | Hempenius | GRN 326, p.149-
Wistar (38.6% ARA) | diet; after in- rich oil in diet or et al.,, 2000 | 150;
7.5% ARA + 5.5% DHA utero 970 mg ARA-rich GRN 963, p.31;
exposure of | oil/kg bw/day GRN 1115, p.42
Fo (corresponding to
374 mg ARA/kg
bw/day)
Subchronic Oral Toxicity Study of M. alpina Biomass
Rat, ARA-rich M. |0,0.25,0.5,1.0,2.0and 13 wk 3.0% M. alpina Nisha et al., | GRN 326, p.150,
Wistar alpina 3.0% of diet biomass in diet 2009 152;
biomass GRN 730, p.33;
(13.1% ARA) GRN 963, p.31
Teratogenicity Study
Rat, ARA-rich oil 0, 1,000, or 2,500 mg/kg | From ARA-rich oil: Arterburn GRN 326, p.149
Sprague (ARASCO®) bw/day gestation 2,500 mg/kg etal.,
Dawley days 6 to 15 | bw/day for both 2000b
Fo and F1
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Bioequivalency Study

blend of 62 mg ARA- (153
mg/kg bw/d) and 34 mg
DHA-rich oils (84 mg/kg
bw/d); each formula
contained 962-999 kcal/L

Piglet ARASCO®, Diet, formula containing | 19 days All three sources | Tyburczy et | GRN 730, p.33
RAO, or 35.8 mg ARAand 17.9 mg | (day 3 to of ARA were safe | al., 2011
SUNTGA40S® | DHA/100 kcal (0.64 and day 22) and nutritionally
0.32% total FAs; bioequivalent at
comparing ARASCO®, 0.64% of total FA
RAO, and SUNTGA40S"® at as ARA in
the same concentrations combination with
of ARA/DHA) DHA
Neonatal Piglet Studies
Piglet ARA-rich oil | Varying ratios of ARA to 25 days 1.06% ARA of Tyburczy et | GRN 730, p.32-33
from M. DHA; 0.1-1.06% ARA of (day 3 to total FAs, in al., 2012 GRN 963, p.32
alpina total FAs day 28) combination with
(ARASCO®) 1% FAs as DHA
Piglet ARA-rich oil Per each g of formula; 0, | 16 days 248 mg ARA/kg Merritt et GRN 326, p.151;
(40% ARA; 96 mg ARA (actual mean | (day3to bw/day al., 2003 GRN 963, p.31-32;
SUNTGA40S") | intake, 248 mg/kg bw/d), | day 19) (or ~620 mg ARA- GRN 1115, p.46
55 mg DHA (mean intake rich oil/kg
136 mg/kg bw/d), or the bw/day)

Abbreviations: ARA = arachidonic acid; bw = body weight; DHA = docosahexaenoic acid; FA = fatty acid; GRN = GRAS notice; LDso = mean

lethal dose; NOAEL = no observed adverse effect level; wk = week, wt = weight.
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Conclusion:

The safety of ARA-rich oil (40.3% ARA of total FA) produced by Runke Bioengineering, the
subject of this GRAS determination, is supported by 28-day and 90-day repeat dose oral
toxicity studies in rats (Lewis et al., 2016) and a reproductive and developmental toxicity
study in rats (Falk et al., 2017). The NOAEL was determined to be 5,000 mg/kg bw/day,
the highest level tested in rats. The NOAEL of 2,000 mg ARA/kg bw/day may represent
approximately 50-60 times the infant intake of ARA in human milk. However, in a
subchronic toxicity study with an in-utero exposure, the NOAEL of ARA-oil was
determined to be 1.5% in the diet or approximately 970 mg ARA-rich oil/kg bw/day (374
mg ARA/kg bw/day) in rats (Hempenius et al., 2000).

In addition, ARA-rich oil ingredients used in the corroborative studies described above are
compositionally similar to Runke Bioengineering’s ARA-rich oil as other oils contain 34-51%
of total FAs as ARA. The safety of other sources of ARA-rich oil are supported by the
following studies in rats: a 90-day subchronic toxicity study performed on the biomass of
M. alpina (Nisha et al., 2009), 90-day subchronic toxicity studies with an in-utero exposure
(Casterton et al., 2009; Gao et al., 2014; Hempenius et al., 2000; Lina et al., 2006), and a
neonatal piglet study (Merritt et al., 2003) as well as a neonatal piglet study of a blend of
ARA- and DHA-rich oils (Tyburczy et al., 2012). In addition, a study by Tyburczy et al. (2011)
indicated that ARA-rich oils produced by various strains of M. alpina may be substantially
equivalent to ARASCO®.

6.B.4. Human Clinical Studies of ARA-rich Qil

No new original human clinical studies have been published since the FDA’s last review of
2022-2023 although one meta-analysis (Adjibade et al., 2022) has been published. Our
review included studies that evaluated fungal ARA as an ingredient in infant formulas with
a proper control formula group and those included safety parameters. Publications that
are not relevant to assessing the safety of ARA in infant formula (such as those that
employed different food forms including supplements or enteral feeding), or those that
did that did not use fungal-derived ARA, were not included in this review.

6.B.4.1. Pre-term Infants

Our review included studies that evaluated fungal ARA as an ingredient in infant formulas
with a proper control formula group and employed 0.5-1.1% ARA in the fat component of
the formula (Table 23). Runke intends to use up to 0.5% of total fat as ARA for pre-term
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infants. It is assumed that supplementation of ARA up to 0.5% of FAs is safe if the studies
employing  higher levels do not report adverse effects of ARA
supplementation to formulas. We were able to identify 3 studies to meet the criteria
described above (Carnielli et al., 2007; Clandinin et al., 1997, 2005). The studies by
Clandinin et al. (2005) and Carnielli et al. (2007) were reviewed in GRNs 326, 730, and
1115 and are summarized in Table 23. Therefore, this notice incorporates, by reference,
the studies discussed in previous GRAS notices and will not discuss previously reviewed
references in detail.

Study by Clandinin et al. (1997)
Clandinin et al. (1997) evaluated the effects of varying levels of ARA and DHA on growth

and the fatty acid content of individual lipid components in pre-term infants of less than
2.3 kg at birth. Pre-term infants received one of the following 4 formulas in the first 6 wk
of life: 1) control formula with no supplemented fungal ARA and algal DHA, 2) formula
with 0.32% ARA and 0.24% DHA, 3) formula with 0.49% ARA and 0.35% DHA, or 4) formula
with 1.1% ARA and 0.76% DHA in the fat component of the formula. An analogous group
of infants fed on their mothers’ breast milk and a breast milk fortifier was also studied.
Measurements included growth and fatty acid composition in plasma lipoprotein lipids
that were analyzed at 12 d of age and after a further 4 wk of feeding. Supplementing
infant formula with increasing levels of ARA and DHA produced a clear dose response in
the level of ARA found in the HDL and LDL phospholipid fraction. Although the authors
concluded that a formula level of 0.49% ARA and 0.35% DHA provides sufficient levels of
these fatty acids to achieve a similar fatty acid content to that of infants fed breast milk
for the major lipoprotein fractions examined, no adverse effects were observed at the
highest levels of ARA and DHA (i.e., 1.1% ARA and 0.76% DHA in the fat component of the
formula.

In a study by Carnielli et al. (2007), 22 healthy, non-breast-fed, pre-term infants (n=22)
were randomly assigned equally to control (standard formula) and test groups (standard
formula supplemented with 0.84% fungal ARA (ARASCO, DSM) and 0.64% algal DHA
(DHASCO, algal type was not specified, but probably derived from C. cohnii, DSM). Infants
were exclusively fed control and test formulas for 7 months before weaning to local food
diets. Measurements included growth, plasma phospholipid FAs, and estimation of
endogenous synthesis of long-chain polyunsaturated FAs. The concentrations of ARA and
DHA in plasma phospholipids of infants fed the DHA/ARA formula were significantly
higher (P<0.01) than those in the control group. The synthesis of ARA was significantly
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higher than that of DHA, and both decreased with age. All infants grew normally during
the first 7 months of life, and no significant difference between groups was found in
weight gain at any of the study time points. No adverse effects were observed on
measured outcomes.

In a study by Clandinin et al. (2005), 361 pre-term infants of less than or equal to 35 weeks
post-menstrual age (PMA) 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 (~0.64% fatty acids as ARA; 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 0.6 wt%
fatty acids as ARA and 0.3 wt% of fatty acids as DHA). The study formulas were the sole
source of nutrition for the pre-term infants until 57 weeks PMA (or 4 months after term)
and the primary source of nutrition until 92 weeks PMA. DHA supplementation was
stopped at 92 weeks PMA, and the subjects were monitored until 118 weeks PMA (18
months after term). Term infants, breastfed 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 PMA. Measurement endpoints included growth, tolerance, AEs, 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 PMA (P<0.05), which reached no differences at 53 or 57 weeks.
Overall, the authors concluded that ARA and DHA supplementation did not increase
morbidity or AEs in pre-term infants. In addition, no adverse effects of DHA
supplementation were reported on the measured outcomes.

In summary, the studies by Clandinin et al. (2005), Carnielli et al. (2007), and Clandinin et
al. (1997) in pre-term infants, employing 0.64%, 0.84%, and up to 1.1% ARA of the fat
component of the formulas (corresponding to 43, 56, and 74 mg ARA/kg bw/day),
respectively, did not report any adverse effects of ARA supplementation to infant
formulas. These studies are briefly summarized in Table 23. Runke intends to use up to
0.5% of total fat as ARA for pre-term infants. This level corresponds to an ARA intake of
33.4 mg ARA/kg bw/day (which corresponds to 87.9 mg of ARA-rich oil/kg bw/day). An
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intended use level of up to 0.5% FAs as ARA (or 33-34 mg ARA/kg bw/day) in pre-term
infants is within safe intake levels found from clinical studies in pre-term infants.

Thus, it is concluded that there is reasonable certainty of no harm to pre-term infants of
the subject of this GRAS Notice per the intended uses and use levels. In addition, an
intended use level of up to 0.5% FAs as ARA in pre-term infants is consistent with current
ARA recommendations: 18-45 mg/kg bw/day, preferably high intakes of 35-45 mg
ARA/kg bw/day (approximately 0.6—-0.75% of the total FAs) for very low birth weight pre-
term infants (Koletzko et al., 2014b).

Studies Employing Capsule Supplements or Human Milk by Enteral Feeding Were Not
Included in the Safety Evaluation of This Review

The studies administering ARA via supplement capsules, enteral feeding, human milk fed
by enteral feeding, or intravenous administration are not considered in this review
because food forms or routes of administration may impact the safety of the test
substance, although no such studies reported adverse effects of ARA.

Emulsified supplement via the nasogastric tube:

Study by Frost et al. (2021): In this study, the ARA/DHA supplement was administered
via the nasogastric tube to 192 very low birth weight infants with a mean birth weight of
1,040 g (mean gestational age of 28 weeks) for 8 weeks or until discharged, whichever
came first. If the infant was not being fed enterally, the supplement could be flushed with
sterile water via the nasogastric tube. Pre-term infants received 1 of the following 3
treatments: a placebo control supplement containing sunflower oil, supplements
providing 80 mg/kg bw/day ARA and 40 mg/kg bw/day DHA (source, manufacturer, and
country not specified), or supplements providing 240 mg/kg bw/day ARA and 120 mg/kg
bw/day DHA. Whole blood LCPUFA levels were measured. No adverse effects were
reported on measured outcomes.

Examples of supplementation to human milk and fed by enteral feeding:

Studies by Almaas et al. (2015, 2016), Henriksen et al. (2008), and Westerberg et al.
(2011): In these studies, human milk supplemented with 31 mg ARA (0.91% of total FAs
per 100 mL) and 32 mg DHA (0.86% of total fatty acids as DHA; source not specified) was
fed to pre-term infants each day for 9 weeks after birth with an 8-year follow-up.
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Studies evaluating efficacy only were not considered for safety evaluation in this review:
The studies evaluating the efficacy of ARA in improving health parameters without
including safety parameters were not included in this review. Examples of such studies
include, but are not limited to,
Clandinin et al. (1999): This study evaluated blood concentrations of lipid profile
(fatty acid composition of erythrocyte) and did not include any safety parameters.
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Table 23. Pre-term Infant Studies Reporting No Adverse Effects of ARA Administered via Infant Formulas

Subjects Test materials Duration Measurements/ Reference | Previous GRN
Safety-related citation
results
361 pre- (1) Control formula with no added Intervention Growth, Clandinin | GRN 326, p.63,
term infants | ARA/DHA; (2) algal-DHA formula until 92 wk PMA,; | gastrointestinal et al., 108;
of < 35 wk with 17 mg DHA/100 kcal and 34 follow-ups until | tolerance, adverse | 2005 GRN 730, p.39;
PMA mg ARA/100 kcal, or (3) fish-DHA 118 wk PMA; events, morbidity, GRN 1115, Table
formula with 17 mg DHA/100 kcal Reference group | and Bayley 14 on p.51
from tuna fish and 34 mg ARA/100 | for >4 mo, development
kcal. (4) Reference group: term starting between | scores/ No adverse
infant breast milk fed (~0.6% of FAs | birth and 4 wk of | effects on
as ARA and ~0.3% of FAs as DHA) age measured
outcomes
22 pre-term | Control: Infant formula, From birth to Growth; plasma Carnielli GRN 326, p.115
infants with | or Infant formula supplemented 7 mo of age phospholipid FAs; etal,, and Table 28 on
gestational | with fungal ARA (0.84% ARASCO) estimation of 2007 p.82;
ages of and algal DHA (0.64%; DHASCO; endogenous GRN 730, p.39-
approxi- approx. 42.8 mg DHA/kg/day, synthesis of LC 40;
mately 31 assuming that infants consume 6.7 PUFAs/ No adverse GRN 1115,
wk g fat/kg bw/day); effects on Table 14 on p.53
measured
outcomes
117 pre- 5 groups: 1) Breast milk; First 6 wk of life | Growth, blood Clandinin | Not applicable
term infants | 2) unsupplemented formula; values including et al,,
<2300¢g formulas supplemented with hematology; blood | 1997
3) 0.32% ARA and 0.24% DHA, concentrations of
4) 0.49% AA and 0.35% DHA, or lipid profile (fatty
5) 1.1% ARA and 0.76% DHA; acid composition of
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Algal DHA and fungal ARA were erythrocyte

from Martek; 91 completed the membrane

study phospholipids,
lymphocyte
membrane

phospholipids, and
plasma lipoprotein)
/No adverse effects
on measured
outcomes

0.64%, 0.84%, and 1.1% FAs correspond to ~ 42.8, 56.2, and ~73.6 mg ARA/kg bw/day, assuming that infants consume 6.7 g fat/kg
bw/day.

DHA and ARA = Percentages given as % of total FAs unless noted otherwise.

Abbreviations: ARA = arachidonic acid; bw = body weight; DHA = docosahexaenoic acid; FA = fatty acid; LCPUFA = long-chain
polyunsaturated fatty acid; mo = months; PMA = post-menstrual age; wk = weeks.
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6.B.4.2. Term Infants

Since the FDA’s review in 2022-2023, no new intervention studies were published.
However, a meta-analysis by Adjibade et al. (2022) reported no adverse association
between the consumption of long-chain PUFA-enriched formula and the risk of infection
and allergy.

Our review focused on the studies employing 0.64-0.72% ARA in the fat component of
the formulas with measurement endpoints of allergenic potential, gastrointestinal
tolerance, and safety of ARA in term infants (Birch et al., 2005, 2007, 2010; Burks et al.,
2008; Hoffman et al., 2008). These studies are summarized in Table 24 and also in
previous GRAS notices (GRNs 326, 730, and 1115). Because these studies were extensively
reviewed in previous GRAS notices, this notice incorporates, by reference, these studies
discussed in previous GRAS notices and will not discuss previously reviewed references in
detail. Page numbers of previous GRAS notice citations are included in Table 24.

Studies Evaluating Efficacy Only were Not Considered for Safety Evaluation

The studies evaluating the efficacy of ARA in improving health parameters without
including safety parameters were not included in this review. Examples of such studies
include, but are not limited to,

(1) Birch et al. (2007) evaluating the effects of ARA/DHA supplementation on

cognition and visual acuity with no safety parameters,

(2) Colombo et al. (2011; DIAMOND trial) evaluating cognitive performance, and

(3) Columbo et al. (2017; DIAMOND trial) evaluating the effects of ARA and DHA

supplementation on ARA/DHA concentrations in the RBC phospholipids and
cognition parameters (including memory, executive function and problem solving,
and verbal and composite intellectual quotient). In this DHA Intake and
Measurement of Neural Development (DIAMOND) trial, test infant formulas
provided 0.64% of FAs as ARA (a fixed level) in combination with a varied
concentration of DHA (0.32, 0.64 or 0.96% of FAs). The control formula had no
added DHA/ARA. This study showed that blood DHA levels generally rose with
increased DHA supplementation, although those levels tended to plateau as the
DHA-supplemented level exceeded 0.64%. ARA levels showed a strong inverted-U
function in response to increased DHA supplementation, and that infants assigned
to the formula with the highest dose of DHA showed a reduction in blood ARA and
reduced benefits in improved attention, executive function and problem solving,
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and verbal and composite intellectual quotient scores relative to lower DHA doses
(0.32 or 0.64% FAs as DHA). However, the highest dose (0.96% FAs as DHA) was
not different from the control group in the cognition performance tested in this
study. This study demonstrated the benefits of DHA supplementation at low- or
mid-dose (0.32 or 0.64% FAs as DHA with the fixed amount of ARA at 0.64% FAs
as ARA), rather than an increased risk or actual harm at the highest DHA dose (0.96%
FAs as DHA and 0.64% FAs as ARA). Thus, this study is considered as an efficacy
study demonstrating health benefits of DHA supplementation instead of the study
evaluating the safety.

Meta-Analysis
From the meta-analysis of 8,389 formula-fed infants from the Etude Longitudinale

Francaise depuis I'Enfance (France) birth cohort, Adjibade et al. (2022) reported no
adverse association between ARA/DHA supplementation and the risk of lower respiratory
tract infections and allergies. Formula enrichment was identified and confirmed from the
list of ingredients of the formula consumed at 2 months. Among formula-fed infants at
2 months, 36% consumed formula enriched with ARA and DHA, and 11% consumed
formula additionally enriched with eicosapentaenoic acid (EPA).

Numerous systematic reviews and recommendations of ARA used in clinical trials
conducted in infants have been published in the peer-reviewed literature (Jasani et al.,
2017; Koletzko et al., 2014a, 2014b, 2020). Overall, human clinical studies and meta-
analyses consistently report no adverse effects of ARA/DHA supplementation on allergy
and gastrointestinal tolerance in term infants. While the results of the reviews did not
always identify clear benefits associated with ARA supplementation, there was no
evidence of adverse effects or safety concerns (including allergenicity) associated with
ARA supplementation of infant formula.
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Table 24. Term Infant Studies Reporting No Adverse Effects of ARA Administered via Infant Formulas

ARA formula in
infants

3) control, non-
supplemented formula
ARA Source: M. alpina

characteristics as well
as amounts of gas;
ARA/DHA conc. in RBC,
and plasma
phospholipids/ No
adverse effects on
measured outcomes

Objective Subjects | Test Material and Dose Type and Measurements/Safety- | Reference | Previous
Duration of the | related results GRN
Study citation

To evaluate 103 term | Test: 0.72% fungal ARA + | Intervention Growth; Birch et GRN 326,

ARA/DHA infants 0.36% DHA (algal oil); from day 5 to gastrointestinal al.,, 2005 | p.64,

supplementation or control: 52 wk tolerance; sweep VEP 111;

in amounts unsupplemented acuity; random dot GRN 730,

typical for stereoacuity; lipid p.43;

human milk in a ARA source: profile (RBC lipids) / GRN

large cohort of M. alpina ARASCO® No adverse effects on 1115,

infants by using measured outcomes p.54

sweep visual

evoked potential

(VEP)

To evaluate 244 3 groups: From 12-16 Safety (adverse Hoffman | GRN 326,

safety, benefits, | healthy 1) 21 mg ARA days to 120 events); growth; etal.,, p.117;

and growth term + 8 mg algal DHA; days of age incidence of atopic 2008 GRN 730,

when infants 2) 34 mg ARA (~0.64% dermatitis; tolerance p.44

supplemented FAs) assessed by stool

with DHA and + 17 mg DHA; or frequency and
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To determine Study 1: | The new amino acid- From 14 £ 2 Growth, formula Burks et GRN 326,
the effects on 164 based formula containing | through 120+ | acceptance, tolerance, | al., 2008 | p.116-
growth, healthy 34 mg/100 kcal (0.64% 4 days of age and AEs/ No adverse 117
tolerance, and term total FAs) ARA and 17 effects on measured
safety in healthy | infants mg/100 kcal (0.32% total outcomes
infants of an FAs) DHA
amino acid-
based formula
Study 2: to Study 2: Study 2: Study 2:- any
evaluate the 32 double-blind, indication of allergy
hypoallergenicity | infants placebo- (extent and severity of
of a new amino and controlled food | rash, pruritus, or
acid-based children challenge, with | urticaria/angioedema;
formulain aged 8 formulas, upper or lower
infants and mo to 10 followed by respiratory symptoms;
children with yr with open or gastrointestinal
confirmed cow’s | cow’s challenge. And | symptoms) and
milk allergy milk extended 7-day | adverse events/ No
allergy home feeding | adverse effects on
period if the measured outcomes
open challenge
response was
negative
To determine 343 ARA, 0.64% (34 mg/100 First 12 mo of Physical growth; Birch et GRN 730,
the effect of healthy kcal, from M. alpina) for | life (from days | tolerance, al.,, 2010 | p.42;
ARA/DHA term all 3 DHA concentrations; | 1-9), sole and adverse events; GRN
supplementation | infants DHA (from C. cohnii oil), source of visual acuity 1115,
on the safety DHA: 0.32%, 0.64%, or nutrition until maturation; RBC FAs / p.56
and the visual 0.96%; < 4 mo of age
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acuity of Control: unsupplemented No adverse effects on
formula-fed measured outcomes
infants from the

DIAMOND study

Birch et al. (2007) states that all formulas contribute 5.6 g fat per 100 kcal.
DHA and ARA = percentages in diet given as % of total FA unless noted otherwise.
Abbreviations: ARA = arachidonic acid; DHA = docosahexaenoic acid; DIAMOND study = DHA Intake and Measurement of Neural

Development study; FA = fatty acid; M. alpina = Mortierella alpina; mo = months; RBC = red blood cell; RCT = randomized, controlled
trial; VEP = visual evoked potentials; wk= weeks; yr = years.
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Consumer Reports

Findings from intervention studies are further supported by the safe history of use of ARA
from fungal oil in infant formula. The FDA analyzed the Center for Food Safety and Applied
Nutrition (CFSAN) Adverse Event Reporting System (CAERS) data to find a correlation
between the gastrointestinal adverse events (AEs) and the use of DHA and ARA oils in
infant formulas (FDA, 2011; FDA Docket No. 2008-P-0074-0017). The FDA considered the
USDA’s reports, which indicated the time-dependent increase of market shares of infant
formulas containing DHA and ARA-oils: the market share of infant formulas containing
DHA and ARA oils were introduced into the U.S. market in 2002 and increased from less
than 10% of the market in the third quarter of 2002 to 98% of the market in 2008. The
agency did not find any time-dependent increase in the proportions of gastrointestinal
AEs to total AEs reported over time while the market share of infant formulas containing
DHA and ARA oils increased from 0% to 98%. The FDA (2011) stated, “We found no
statistically significant increases in the proportion of gastrointestinal AEs reports in CAERS
when we looked over the time interval from when infant formulae containing DHA and
ARA oils were first introduced until they essentially replaced non-supplemented formula
in the marketplace.”

Overall Conclusion

In conclusion, ARA, combined with a safe and suitable source of DHA, is not expected to
adversely impact the pre-term and term infants who would be consuming exempt and
non-exempt infant formula, respectively. Therefore, adverse effects resulting from the
ingestion of the subject of this GRAS Notice per the intended use level are not expected.

6.C. Potential Adverse Effects
No potential adverse effects are expected under the intended use.

6.D. Safety Determination

Numerous human and animal studies have reported benefits of ARA-rich oils with no
major adverse effects. Runke Bioengineering uses a HACCP-controlled manufacturing
process and rigorously tests its final production batches to verify adherence to quality
control specifications. There is broad-based and widely disseminated knowledge
concerning the chemistry of ARA-rich oils. This GRAS determination is based on the data
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and information generally available for the safety of ARA-rich oil. The literature indicates

that ARA-rich oils offer infants health benefits without adverse effects.

The following safety evaluation fully considers the composition, intake, nutritional,

microbiological, and toxicological properties of ARA-rich oils as well as appropriate

corroborative data.

1.

Runke Bioengineering's ARA-rich oil is manufactured under cGMP using

common oil industry materials and processes.

Analytical data from multiple lots indicate that Runke Bioengineering’'s ARA-

rich oil complies reliably with the established food-grade product
specifications and meets all applicable purity standards.

Studies have shown that ARA-rich oil is not mutagenic or genotoxic. In addition,
a subchronic study reported that NOAELs for Runke Bioengineering’s ARA-rich
oil was 5,000 mg/kg bw/day (or ~2,000 mg ARA/kg bw/day) in both male and
female rats, the highest level tested. The NOAEL of 2,000 mg ARA/kg bw/day
may represent approximately 50-60 times the infant intake of ARA under the
intended use.

Runke Bioengineering’s ARA-rich oil will be used as food ingredients in infant
formulas. For term infants, intended use and use levels will be the same as
those described in GRNs 000326, 000080, and 000041. For pre-term infants,
intended use levels will be slightly higher than that described in previous GRAS
notices (0.5% vs. 0.4% of total FAs as ARA). This level is justified because no
studies found adverse effects of ARA supplementation at or above 0.5% of
total FAs in pre-term infants. In addition, an intended use level of up to 0.5%
FAs as ARA in pre-term infants is consistent with current ARA
recommendations: 18-45 mg/kg bw/day, preferably high intakes of 35-45 mg
ARA/kg bw/day (approximately 0.6—0.75% of the total FAs as ARA) for very low
birth weight pre-term infants.

An estimate of exposure to ARA from its addition to infant formula is based on
mean target ARA concentrations of 0.75% and 0.50% of total fat for term and
pre-term infants, respectively. These correspond to intakes of ARA of 42 mg
and 33 mg ARA/kg bw/day (corresponding to 110 and 88 mg of ARA-rich oil/kg
bw/day) for term infants and pre-term infants, respectively.
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6. The EDI values are based on the assumption that Runke Bioengineering's ARA-

rich oil will replace currently marketed ARA ingredients. Thus, cumulative
exposures are not expected to change.

6.E. Conclusions and General Recognition of the Safety of ARA-rich Oil

Several sources of ARA-rich oil have been evaluated by the FDA and other global
regulatory agencies over the past 16 years for proposed incorporation of ARA-rich oils in
foods for human consumption. Relevant U.S. GRAS notifications include GRNs 000041,
000080, 000094, 000326, 000730, and 000963 (FDA, 2001a, 2001b, 2006, 2010, 2018, and
2021, respectively). All GRAS notices provided information/clinical study data that
supported the safety of the proposed ARA-rich oil ingredients for use in infant formulas.
In all studies summarized in these notifications, there were no significant adverse
effects/events or tolerance issues attributable to ARA-rich oil derived from M. alpina.
Because 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.

In addition, the intended uses of ARA-rich oil have been determined to be safe through
scientific procedures as set forth in 21 CFR 170.3(b), thus satisfying the so-called

I”

“technical” element of the GRAS determination. The specifications and composition of
Runke Bioengineering’s ARA-rich oil are almost identical to those that have received FDA
no question letters. No significant amounts of toxicants (e.g., hexane and MCPD) have

been detected from Runke Bioengineering’s ARA-rich oil.

The ARA-rich oil that is the subject of this GRAS determination is produced by the non-
toxigenic, non-pathogenic fungus, M. alpina, and its purity is over 38%. The ARA-rich oil
is manufactured consistent with cGMP for food (21 CFR Part 110 and Part 117 Subpart B).
The raw materials and processing aids used in the manufacturing process are food-grade
and/or commonly used in fermentation and food manufacturing processes. Literature
searches did not identify safety/toxicity concerns related to ARA-rich oil. Toxicity studies
of Runke Bioengineering’s ARA-rich oils include acute, subacute, subchronic toxicity, and
developmental and reproductive toxicity studies in animals as well as mutagenicity and
genotoxicity studies. The publicly available scientific literature on the consumption and
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safety of ARA-rich oil in infant clinical studies is extensive and sufficient to support the
safety and GRAS status of the proposed ARA-rich oil.

Runke Bioengineering has concluded that its ARA-rich oil is GRAS under the intended
conditions of use on the basis of scientific procedures. Therefore, they are excluded from
the definition of a food additive and may be marketed and sold for its intended purpose
in the U.S. without the promulgation of a food additive regulation under Title 21 of the
CFR.

The information and data provided by Runke Bioengineering in this report, supplemented
by the publicly available literature/toxicity data on ARA-rich oil ingredients, provide a
sufficient basis for an assessment of the safety of ARA-rich oil for the proposed use as an
ingredient in infant formulas when prepared according to appropriate specifications and
cGMP.

6.F. Discussion of Information Inconsistent with GRAS Determination

Runke Bioengineering is not aware of information that would be inconsistent with a
finding that the proposed use of ARA-rich oil in infant formulas, meeting appropriate
specifications and used according to cGMP, is GRAS.
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Appendix A. Strain Identification Report

TEST REPORT
IMCAS Report No_220) B8]

Applicant: Fujian Runke Bioengineering Corp., Lid.
Sample described: Microbial culture (strain FJRK-MAO1)

Sample quantity: One strain Date of sampling: 2023.04

Tested by: Bing-Da SUN Signature: T
e =

Approved by: Yu-Guang ZHOU Signature: [

(The next results only refer to the received samples. The name, Institute of
Microbiology Chinese 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 rRNA gene, the strain FIRK-MAO1 belongs to:

Mortierella alpina

mpmi. of Microbiology

Chinese Academy of Sciences
"_dune 19,3023
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TEST REPORT
IMCAS Report No._203% TSy

Applicant: Fujian Runke Bioengineering Corp., Ltd.

(continue)
1. Morphological properties

Fast growing on malt extract
agar, colonies reaching 45~55 mm
diam after five days o! incubation
at 25 °C, white, cotony; aerial
mycelium  flourish reverse
yellowish-brown, without soluble
pigments.

Milky white droplets produced
in mycelium, hyphas branched
and without septum, 2.0~6.0 pm
in width. Sporulation was rare on
MEA and neither sporangiospore
nor zygospore observed.

2. Partial sequence of rRNA gene
(including 18S rDNA. partial sequence; ITS1, 5.85 rRNA and ITS2, full sequence;

288 rDNA, partial sequence)

5%« CATTCATAATCAAAGT! GTTTTTATGGCACT TTTAAAAAAATCCATATCCACCTTGT GTGCAATGTCATCTCACTGGAGGC
CGGCGGCTGTAAMAAGCCCGT T TGGTCACCTTTGGGATTTATATCTACTCAGAAC TTTAGTGATTTTGTCTGAAAAATATTAT
GAATAACTTAATTCAAAATACAACTTTCAACAACGGATCTCTTGECTC TCGCATCGATGAAGAACGCAGCGAAATGCGATACG
TAATGTGAATTGCAGAAT TCAL TGAATCATCGAATCTTTGAACGCATATTGCGCTCTC TGGTATTCCGGAGAGCATGCTTGTT
TGAGTATCAGTAAACACCTCAACTCCCTTTTTCTTTTT TGARATGAGGGAGCTGGACT TGAGTGATCCCAACACTTTTCTCAC
TGAAAAGTGGCGGGTCACT TGAAATGCAGGTGCAGCTGGACTT TTCTCTGAGCTATAAGCATATCTATTTAGTCTGCCTAARA
AACAGATTATTACCTTTGCTGCAGCTAACATAAGGAGATGAGTTCTTGTGCTGAC TGATGCAGGATTCACAGAGACAGCTTC
GCGGCTGACT TTGTAAACTCGATC TCAAATCAAG TAAGACTACCCEC TGAACTTAAGCATATCAA -3*

3. Phylogenetic anslysis base on rRNA gene sequencing data

Mortiersiia polycephala strain CBS 450 68

Mortioreba polycephaia struin FSU 680

Martierelis polygonia stran CRS 68571

Mortiereiia Indohs strain CBS 400 .75

Martierella oligospore strain CRS 10179

100 L— pcrtiarelia olgospcs strain CRBIS 101758
Mortiersiln baporals strain CBS 145 06
y e siraln CBS 1168202

on FEIRK-MAOT D
100 Mortrelia alpinm sirsin CBS 210,32 MHE65290

100 stroin CAS 8350.72

qunmdln antsretica strain CAS 199,66
100 | Mertieretia antarctica strain CBS 800.70

r la bainien strain CBS 000 87
» Mortareba oxigun strain CS5 s10.63
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Appendix B. Certificates of Analysis
.@‘ =
< eurofins

Analvtical Report

Page 1/1
AR-22-8U-007861-04

Sample Code
Certificate No.

502-2022-00002955

Report date 09-Feb-2022

AR-22-5U-007861-04

TTATFTAT

Runke Bioengineering (Fujian) Co.,Ltd.
JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Fax 0596-3552000

Qur reference: 502-2022-00002955/ AR-22-SU-007861-04
Client Sample Code: it 5 : 11004332
£FEM : 2021.10.04
Sample described as: Arachidonic acid oi / Arachidonic acid cil
Sample Packaging: Sealed matal bottle
Sample recepfion date: 10-Jan-2022
Analysis Starting Data: 10-Jan-2022
Analysis Ending Date: 26-Jan-2022
Arrival Temperature (“C) 14.0 Sample Weight 140g°2
Results Unit LOQ LOD

#r QAD4G Monochloropropanediols (sum of free and esters)  Method: AOCS Cd 25b-13
Accreditation: ISO/NEC 17025:2017 A2LA 2993.01
Total 2-MCPUD (free and bound) <0.10 mglkg 01
Total 3-MCPUD (free and bound) 0.30 mgkg 01
“r QADNO Glycidyl esters (3C-MSMS)  Method: AOCS Cd 29b-13
Acereditation: ISONEC 17025:2017 A2LA 2993.01
Glycidol (calculated) <0.10 mg'kg 0.1

Revision Notas
Modifies client sample daserintion

SIGNATURE

Lily Liu
Authorized Signatory

EXPLANATORY NOTE

LOQ: Limit of Quantification

= LCCk Balow Limit of Quaniification
NIA means Not applicable

Sum compounds results are calculated from the results of each gquantified

7r means the

andior completeness of the information provided by the Client
The analytical result herein is applicable for the samplel(s| tested only.

The Eurcfins General Terms and Conditiors apply to this analytical report.
For and on behalf of Eurofins Technology Service (Suzhou) Co.. Lid

2 CNAS #DAkKS cCMA

test is subcontracted within Eurofins group

@ means the test is subcontracted outside Eurofins group

compound as set by regulation

The uncertainty has not been taken into accourt for standards that already include measurement uncertainty or on explicit request of client.
The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adeguacy

This analytical report shall not be excerpted or modified without prior written approval from Eurcfing. The report shall be utilized in full.
The resul(s) is{are) only for intemnal use by the client and not for publicly available as evidence Without the written permission of Eurcfins, any
party is prohibited from using the test resulis and the repert for publicity or promotions or markating.

Evurofins Tech. Phone +86 400 828 5088
MNa. 101, Jialingjy Fax

Suzhou 215001 wiw.eurofing.en

Jiangsu Prov-inj

END OF REPORT
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Page 1/1

‘EE: cu I’Ofi ns AR-22-SU-007862-04

Analytical Report

Sample Code 502-2022-00002956  Report date 09-Feb-2022
Certificate No. AR-22-SU-007862-04

This report is translated from report AR-22-5U-007862-03
[T ke Sormt i .

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

Our refersnce: 502-2022-00002056/ AR-22-SU-007862-04
Client Sample Code: #t= - 11008334
£ HM : 2021.10.08
Sample desciibad as: Arachidonic acid oil / Arachidonic acid oil
Sample Packaging: Sealed metal bottle
Sample reception date: 10-Jan-2022
Analysis Starting Date: 10-Jan-2022
Analysis Ending Date: 26-Jan-2022
Arrival Temperature (*C) 14.0 Sampla Weight 140g°2
Results Unit LOQ LoD
¥ QAD4G Monechloropropanediols (sum of free and esters)  Method: AQCS Cd 290-13
Accreditation® ISONEC 17025:2017 A2LA 2093 .01
Total 2-MCPD (free and bound) <0.10 mgfkg 0.1
Total 3-MCPD (free and bound) 025 malkg 0.1
# QAONO Glycidyl esters (GC-M3M3)  Method: AOCS Cd 29013
Accreditation: ISOVIEC 170252017 A2LA 2993 01
Glycidol (calculated) <0.10 mglkg 0.1
Revision Notes

Modifies client sample description

SIGNATURE
hY
Lily Liu
Authorized Signatory
EXPLANATORY NOTE
LOQ: Limit of Quantification 4 CNAS # DAkkS OCMA
< LOG: Below Limit of Quantification +“r means the test is subcontracted within Eurofins group
HiA means Mot applicable * means the test is subcontracied cutside Eurofins group

Sum compounds results are calculated from the results of each quantfied compound as se! by reguiation

The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicit request of client.
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 dient and nat for publicly available as evidence Without the written permission of Eurofins, any
party is prohibited from using the test resulls and the report for publicity or promotions or marketing.

The Eurcfing Genaral Terms and Conditions apply to this analytical report.

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

END OF REPORT

Phone +06400828 5088 ol

Fax
www.eurofins.cn

Sean CR od 1o visw report

& ProvindieP RAHRE?TE =
iangsu Provin %mmm E

L
%ﬂb& £ ﬁ“fqﬁ?

AceOne RS, Inc.

Page 88



ARA-Rich Oil (Runke Bioengineering)

Page 1/1

-;5' curo fl ns AR-22-5U-007863-04

Analytical Report

Sample Code 502-2022-00002957 Reportdate 09-Feb-2022
Certificate No. AR-22-5U-007863-04

This report is transiated from report AR-22-SU-007863-03
[MATTTITa S i

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

Qur reference: 502-2022-00002957/ AR-22-SU-007863-04
Client Sample Code: #£ - 11012336
£FEM ;20211012
Sample described as: Arachidonic acid oil / Arachidonic acid cil
Sample Packaging: Sealed metal botlle
Sample reception date: 10-Jan-2022
Analysis Starting Date: 10-Jan-2022
Analysis Ending Date: 26-Jan-2022
Arrival Temperature (°C) 140 Sample Weight 140g°2
Results Unit LOO LoD
+ QADAG Monachloropropanediols (sum of free and esters)  Method: AOCS Cd 28b-13
Accreditation: ISO/IEC 17025:2017 A2LA 2993.01
Total 2-MCPD (free and bound) <0.10 mgikg 0.1
Total 3-MCPD (free and bound) 0.27 mglkg 0.1
7 QADNOD Glycidyl esters (GC-MSMS)  Method: AOCS Cd 29b-13
Accreditation: ISO/IEC 17025:2017 A2LA 2993.01
Glyeidol (calculated) <0.10 mglkg 0.1
Revision Notes

Modifies dient sample description

SIGNATURE
Lily Liu
Authorized Signatory
EXPLANATORY NOTE
LOQ: Limit of Quantification & CNAS # DAKKS 0CMA,
< LOQ: Below Limit of Quantification “r means the test is subcontracted within Eurofins group
N/A means Mot applicable @ means the tesi is subcontracted outside Eurofins group

Sum compounds resulls 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.
The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy
andfor 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 Eurcfins. The repart shall be utilized in full.

The resull(s) is{are) only for intemal use by the client and not for publicly available as evidence Without the written permission of Eurofing, any
parly is prohibited from using the tes! resulls and the report for publicity or promotions or markeling.

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

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

END OF REPORT
Eurofing Tach. Saryifa 2%, Ltd Phona +B6 400 828 5088
No, 101, JigingjifigRoad, SND 7 Fax

www.eurofing.cn

[ . ¥
ﬁ' eurofins ™
Jiangsu Provindg _..Rvﬁflllmﬂs:m 5}3

; &
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.:.:} eu rof i ns AR-21-SU—11694’;?31.-€N

15

AP s
CNAS ==
Analytical Report
Sample Code 502-2021-00126364 Report date 30-Dec-2021

Certificate No. AR-21-SU-116947-01-EN

AUNRARERTRA DI ke S b o

JinDu Industrial Park Zhao-an County

Zhangzhou City Fujian Province
Fax 0596-3552000
Qur reference: 502-2021-00126364) AR-21.SU.116847.01-EN
Client Sampla Code: PEMS 11004332 &AW - 20211004
Sample described as Arachidonic acid ol (Arschidonic acikd ol
Sample Packaging: Sealed metal bottie
Sample reception date; 28-Now-2021
Analysis Starting Date: 29-Now-2021
Analysis Ending Date: 28.Dec-2021
Aurival Temperature (*C) 218 Sampla Walght 140912
Results Unit LoQ LOD
¥ 8007 Mercury (AAS) Method: BS EN 13806:2002
Accredtation: DAKKS D-PL-14292-01-004CMA:2110203422688CNAS.L3788
Mercury (Hg) <0.005 mgkg 0005
# SUQSD Lead (ICP-M3) Maethod: BS EN 1SO 17284-2 2016 mod,
Accreditation: ISONEC 17025:2017 DAkkS D-PL-14292.01-00
Lead (Pb) <0.05 mgkg 0.05
¥ SUOSE Arsenic (ICP-MS)  Mathod: BS EN ISO 17294-2 2016 mod
Accreditasan: ISONEC 17025:2017 DARKS D-PL-14292-01-00
Arsenic (As) «0.005 mg'kg 0.005
# SUDSG Cadmium (ICP-MS) Mathod: BS EN ISO 17264.2 2016 mod.
Accreditation: ISOVIEC 17025:2017 DAKKS D-PL-14292.01.00
Cadmium {Cd) <0.005 ma'kg 0.005
Results Unit LoC LOD

# SU1A2 Asrobic plate count  Method: US FDA BAM Chapter 3, Jan 2001
Accreditation: DAKKS: D-PL-14282-01-00 & CNAS: L3788

Aercbic Plate Count <1.0 chulmi
A SUIAL Salmonella Method: US FOA BAM Chapter 5, 2021
Accreditation: ISONEC 17025:2017 CNAS LaT88
Salmonella Not Detected 2 mi
“¥ SUIAT Yeasts and moukds  Method: US FDA BAM Chapier 18, Apr 2001
Accraditation: DAkkS: D-PL.14292-01-00 3 CNAS: L3738
Moulds <10 cluiml
Yeast <1.0 chutmi

o4 SUICX Ecoll Method: ISO 16649-3:2015
Accreditation; DAKKS: D-PL-14292.01.008CMA:2110203422638CNAS L3788
E. coli Not Detectad 125 ml

Rasults Unit LOQ LOO

- 8U207 Peroxide value  Method: AOCS Cd 8b-80:2017
Accreditation: ISO/IEC 17025:2017 CNAS L3788

Phone +86 400 828 5088

Fax

www surefins.cn « DAKKS
Ou-e\d'n
Axhredimerungssteile

DAL 0100
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28 = Page 2/5
q.-:- cu rOfI ns AR-21-SU-116847-01-EN
Results Unit LOQ LOD
Paroxide value 061 megkg 006
«# SU20L Protain  Method: ADAC $84.13 1594
Accreditation: DAKKS: D-PL-14282-01-00 & CNAS: L3768
Protein <01 g/100g a1
Protein Factor 6.25
Results Unit LOQ LCO
* FLO23 Plant sterols and plant stanols (not enviched) Method: NMKL 168:2014
Brassicasterol 1218 mg10dg 1
Cholesterol 8 mgi100g 1
Campesterol 81 mgi100 g 1
Campestanol 3 mgi100g 1
Stigmasterol 1" mgi100 g 1
Unidentified sterols 146 mgi100g 1
Sttosterol 62 mgi100g 1
Sl 10l+ delta-S.aver 18 mg100g
Delta-5,24-stigmastadiencl 3 mg/it0g ¢
Delta-7-stigmastencl 10 mg/t00g ¢t
delta-7-Avenasterol 2 mylio0g ¢t
Cycloartenol 4 mgo0g ¢
24-Mathylenecycloartancl 3 mglicdg 1
Crostadsenc| 6 mglitdg 1
Total plant sterols + plant stanols 1556 mg'iddg ¢
# QAOM Acid Value Method: AOCS Cd 3d.63
Accraditation: ISOVIEC 17025:2017 A2LA 2693.01
Acid value {mg KOH/g) 0.29 mgKOMig 0.06
Free fatty acids (as oleic acid) 0.15 % 0.0
# QAOIL pe-Anigidine Value Method: AOCS Cd 18.90
Accreditation: ISOVIEC 170252017 A2LA 2683.01
p-Anisidine Value 57 1
4 QAD4E Rasidual Schvents (GC-MS)  Mathod AOCS Cg 4-94
1.1,1-Trichlorosthane <0.2 ma'kg a2
1,1.2-Trichloroethane <02 ma'kg 0z
1,2-Dichicroethane <05 mg'kg s
1.2-Dimethoxyethane <1.0 makg 1
1-Butancl <1.0 makg 1
2-Hexanone <1.0 mgkg 1
Acstone <1.0 mgky 1
Benzene <0.10 mgikg 01
Butyl acetate <0.50 magkg 05
Carbon tetrachioride <0.50 mgkg 05
Chiorobenzene <0.50 mgkg 0s
Chioroform <0.10 mgkg 0.1
Cyclohaxana <0.20 mghkg 02
Dichloromethana <0.10 mgkg 0.1
Ethanol <10 mykg '
Ethyl acetate <10 mo%g 1
Heptane <0.20 mokg 0.2
Hexane (sum of n-hexane, iso and «<0.,50 mo'kg 0.5
3-methyl pentane)
Isopropancl <10
Methanol <10
Methyl Ethyl Ketone (MEK) <0.20
Methyl-tert-butylether (MTBE) <0.20
Tetralin <5.0
Toluene <0,20

Fax

Phone +85 400 B28 5083

waw.eurcfing cn
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Page 3/5

on .
%‘.% cu I‘Ofl ns AR-21-SU-116947-01-EN
Results Unit LOQ LOO

Trichloroethylene <0.10 mgkg 01
Xylenes (sum) <0.20 mgkg 02

¥ QA307 Giyceride Profile  Mathod: AOCS Cd 11¢-83
Diglycerides 58 % 1
Glycerol 27 % 1
Monoglycendes 18 % 1
Triglycerides 927 % '

W QA383 Moisture & Volatles {Ar Oven 130C) Method: AOCS Ca 2¢-25
Moisture & Volatiles 0.02 % 0.01

# QA9E6 Unsapanifiable Matter  Method: AOCS Ca 6a-40
Unsaponifiable matter 1.56 % 0.08

* QDOSC Fatty Acids-Ful Omega 9,683 & Trans XW/W  Method: AOAC 996.06 mod.

Accraditation: ISOVIEC 17025:2017 A2LA 2927 .01

C 16:4 (Hexadecatatraenoic Acid) <0.02 % 0.02
C10:0 (Capric acid) <0.02 % 002
C11:0 (Undacanoic acid) <0.02 % 002
C12:0 {Lawric Acid) <002 % 002
C14:0 (Myristic acid) 029 % oce
C14;1 (Myristolelic acid) <0.02 % ae
C15.0 (Pentadecanoic acid) 0.10 % 0oz
C15:1 (Pentadecencic acid) <0.02 % o
C16:0 (Palmitic Acid) 7.10 % o
C16:1 Omega 7 017 % 004
C16:1 Total (Palmitolec Acid + isomers) 0.23 % 004
C16:2 (Hexadecadienoic Acid) «<0.02 % 002
C16:3 (Hexadecatriencic Acid) <0.02 % 002
C17:0 (Margaric Acid) 0.25 % 0.02
C17:1 (Heptadecenoic Acid) 0.03 % 0.02
C18.0 (Stearic Acd) 7.26 % 0.02
C18:1 (Vaccenic acid) 0.35 % 0,03
C18:1 Omega 9 (Oleic Acid) B.78 % 0,02
C18:1, Total (Oleéc Acid + isomers) 924 % 0,03
C18:2 Omega 6 (Linoleic Acid) 12.18 % 0.02
C18:2, Total (Lincleic Acid + isomers) 12.54 % 0.0
C18:3 Omega 3 (Alpha Linclenic Acid) 0.05 % 0.02
C18:3 Omega 6 (Gamma Linolenic 225 % 00
Acid)
C18:3, Total {Linclenic Acid + isomers) 229 % o
C18:4 Omega 3 {Octadecatetraenoic <0.02 % om
Acid)
C18:4 Total (Octadecatetraenoic Acid) <0.02 % omw
C20.0 (Arachidic Acid) 072 » ooz
C20:1 Omega 9 (Gondoic Acid) 0.36 % 0.0z
C20:1 Total (Gondoic Acad + iscmers) 0.39 % 00z
C20:2 Omega 6 0.50 % 002
C20:2 Tetal (Eicosadiencic Acid) 0.50 % 002
C20.3 Omega 3 0.14 % 0.02
C20:3 Omega 6 1.92 % 0.02
C20:3, Total (Eicosatriencic Acid) 207 % 0.02
C204 Omega 3 <0.02 % 0.02
C20:4 Omega € (Arachudonc Acid) 41.01 % 0.02
C204, Total (Eicosatetraencic Acid) 41.03 % 0.02
C20:5 Omega 3 (Eicosapentaencic 0.08 % 002
Acid)
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Results Unit LOQ LOD
C21:5 Omega 3 (Heneicosapentaencic <0.02 % 002
Acid)
C22.0 (Behenic Acid) 0.06 % ooz
C22:1 Omega 9 (Eruck: Acid) <0.02 % ooz
C22:1 Total (Erucic Acid + isomers) <0.02 % 0o
C22:2 Docosadiencic Omega & 0.03 % 00
C22:3 Docosatrienocic, Omega 3 0.02 % 002
C22:4 Docosatetraencic Omega 6 0.20 % 0
C22:5 Docosapentaenoic Omega 3 <002 % 0.0z
C22:5 Docosapentaenoic Omega 6 0.10 % 0.2
C22:5 Total (Decosapentaencic Acd) 0.10 % 002
€226 Decosahexaenocic Omega 3 0.32 % 0.02
C24:0 (Lignoceric Acld) 1.16 % 0.02
C24:1 Omega 9 (Nervonic Acid) 0.19 % 0.02
C24:1 Total (Nervonic Acid + isomers) 0.19 % 0.02
C4:0 (Butyric Acid) <0.02 % 0.02
C8:0 (Caproic acid) <0,02 % 002
C8:0 (Caprylic acid) <0.02 % 002
Fatty Acid Profile Reported as Fatty
Acids
Total Fat as Triglycendes 89.95 % o1
Total Fatty Acids 8620 % a1
Total Monounsaturated Fatty Acids 997 % 008
Total Omega 3 Isomers 060 % acs
Total Omega 5 Iscmers <005 % 00s
Total Omega 6 Isomers 58.20 » 005
Total Omega 7 lsomers 0.52 % 008
Total Omega 9 lsomers 947 % 008
Total Polyunsaturated Fatty Acids 59.09 % 0.08
Total Saturated Fatty Acids 16.96 %* 005
Total Trans Fatty Acids 0.18 % 002
¥ QDOS Free Fatty Acids (FFA)  Method: AOCS Ca 5a-40; AOAC 540 28
Accreditation: ISONEC 17025:2017 AZLA 2027.01
FFA (Free Fatty Acids) 0.14 % 0.01
* R290Z Bactarial Endotoxing  Mathod: USP 43<85>
Bacterial Endotoxing 0.181 EU/mt
* ZMEIX Em {MPN)of E kil A FOA BAM Chapler 28 mod.
Entercbacter sakazakil 23 MPN/10 ml
COMMENT
wreeemeee |POMRG CONCiIsION from Eurofing Cantral Analytical Laboratonas -
Rav. 01: Testing added per cliant request.
~ememeee IMportod conclusion from Eurofing | Scentific Finland Oy s
TEST CHANGE: ordered FLO2S for candies has been changed 1o FLO23
2‘ content of total phzm"r:n and piant stanols does nol contain cholestersl and non-4-desmethyl stercis (L6 cycloananal,
hylonecycloartandl, and cirostadienl)
Amount of total GC elutables Is 2089 mg/100 g
Peak idenftications have o be treated only &5 1entative for this sample matr

Phone +86 400 528 5088
Fax
wiww.eurofins cn
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SIGNATURE : < ) -
Clare Wang Jack He Srine Wie

Authorized Signatory Authorized Signatory Autorized Sgnstory
EXPLANATORY NOTE
LOQ  Limk of Quantification < CNAS # DAKKS (CMA
« LOQ! Balow Limil of Quantification 7 maans the lest § subconiracted within Eurofing group
Wik means Not appicable * means lhe les! is suboontracted outside Euncfine group
Sum compounds resuts are calcuiated from the resulls of each quantified P d as sat by reg
mmhﬂmlbnmIﬂmnﬂmﬂh“:hlmmmmummmtdcﬂﬂ
The samph ptian and ) are p d by the Client. Eurafins is mat bie foe wenilying the ¥
andior compleleness of the informaton provided by the Chent
The analytical resull herain is applicable for the sample(s) tested ordy.
mbmrwmemwlnuWwamwwmhmMrmﬂduu&mnhl
The result(s) is{are) onty for intesnal use by the cient and not for publicly as Withou! the written permission of Eurofins, sy
party is probibibed from using the test resuls snd the report for publcity of promations or markating
The Eurcting General Tarms and Condiians appdy 10 this analytical reporn
mm«-mlummhmnwmumwu..u

END OF REPORT
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CNAS L3788
Analytical Report
Sample Code 502-2021-00126365 Report date 30-Dec-2021
Cetificate No. AR-21-SU-116948-01-EN

AUNVARREERRMER R ke Sy o o

JinDu Industrial Park Zhao-an County

Zhangzhou City Fujian Province
Fax 0596-3552000
Our reference: 502-2021-00128365! AR-21-SU-116848-01-EN
Client Sample Code: WRHE 11008334 EFEN - 2021.1008
Sample described as: Arachidonic 8cid ol fArachidonic acid ol
Sample Packaging: Sealed metal bottle
Sample reception date: 28.Nov-2021
Analysis Startng Data: 28.Now-2021
Analysis Ending Date: 28.Dec-2021
Arrival Temperature (*C) 218 Sample Weight 140g"12
Results Unit LOQ LOD

ag SU007 Mercury (AAS) Method: BS EN 13806:2002
Accrediation: DAKKS:D-PL-14262.01.008CMA: 2110203422688 CNAS:LITSE

Mercury (Hg) <0,005 mgkg 0008
# SUOSD Lead (ICP-MS)  Mathod BS EN 1SO 17294-2 2018 mod
Accreditation: ISONEC 17025:2017 DAKKS D-PL-14292-01-00
Lead (Pb) <0.05 mo'kg 005
# SUDSE Arsanic (ICPMS)  Method BS EN 1SO 17234-2 2018 med.
Accreditation ISONEC 17025:2017 DAKKS D-PL-14282.01.00
Arsenic (As) <0.005 mgkg 0.005
# SU0SG Cadmium (ICP-MS) Msthod: BS EN ISO 17294-2 2018 mod
Accrediation: ISONEC 170252017 DAKS D-PL-14292-01-00
Cadmium (Cd) <0.005 mgkg 0.008
Resuls Unit LOQ LoD

N SUTA2 Aerobic plate count  Method. US FDA BAM Chapter 3, Jan 2001
Accreditaton: DAKKS. D-PL-14292-01-00 & CNAS: L2788

Aerobic Plate Count <1.0 cfurml
a SU1IA4 Salmonslls  Method: US FOA BAM Chapter 5, 2021
Accreditation: ISOVIEC 17025:2017 CNAS L3788
Salmonefia Not Detected 25 mi

8 SU1AT Yaasts and moulds  Method: US FDA BAM Chapter 18, Apr 2001
Accrodration; DAKKS: D-PL-14292-01-00 & CNAS: L3788
Meculds <10 chuimi
Yeast <1.0 ctufml
o# SUICX E.coll Method: 1ISO 18848.32015
Accreditaton: DAKKS:D-PL-14202-01-008CMA:21 10203422684CNAS.LITES
E. coll Not Detected 125 mi

Results Unit LOC LOD

* SU207 Peraxide value Method: AOCS Cd 8b-90:2017
Accreditation: ISONEC 17025:2017 CNAS L3788

Phone +86 400 828 5083
Fax
www.eurofins.cn

Akkredoerungsstele

AceOne RS, Inc.

Page 95



ARA-Rich Oil (Runke Bioengineering)

«* eurofins

Page

215

AR-21-SU-116948-01-EN

Resuits Unet LOO LOO
Peroxide value 047 megkg 0.05
A8 SU20L Protein  Mathod: AOAC 984.13 1984
Accraditation: DAKKS: D-PL-14262.01.00 & CNAS: L3788
Protein <0.1 g0 g 01
Protein Factor 6.25
Results Unit LOQ LoD
# FLO23 Plan sterols and plant stanois {not enrched)  Method: NMKL 188:2014
Brassicasterol 1196 mgi100g 1
Cholesterol ] mgtt0g 1t
Campesterol 73 my/100g  t
Campaestanol 2 moiddg ¢t
Stigmasterol 1 mg/100g ¢
Unidentfied sterols 127 mg/100g ¢
Sitosterol 62 mg'100g 1
Sitestanol+ delta-5-avenasterol 19 mg100g 1
Deka-5,24-stigmastadienc! 3 myi100g 1
Deka-7-stigmastenol 1 mgi100g 1
dalta-7-Avenastercl 3 mgi10g 1
Cycloartenol 4 mgi1tog 1
24-Methylenecydioananol 3 mgitc0g 1
Citrostadienol 7 mgl100g 1
Total plant stercls + plant stanols 1506 mg'itdg !
% QADOI Acd Value  Method: AOCS Cd 34-63
Accreditation: ISOMEC 17025:2017 A2LA 2993 01
Acid value (mg KOH/g) 028 mg KOHig  0.05
Free fatty acids (as oleic acid) 0.14 % 0.01
¥ QADIL p-Anisicine Value  Mathad: AOCS Cd 18-80
Accreditation: ISOVIEC 17025:2017 A2LA 2903.01
p-Anisidine Value 51 1
% QAD4E Reskdual Scivents (GC-MS)  Method: AOCS Cg 4-54
1.1,1-Trichloroethane <0.2 mghg a2z
1.1,2-Trichloroethane <02 mg'kg 02
1,2-Dichicroethane <05 mo'kg 08
1.2.Dimethoxyethane <10 mo/kg t
1-Butano! <1.0 mo'kg '
2-Hexanone <1.0 mo/kg 1
Acatone <1.0 mo'kg 1
Benzene <0.10 mg/kg 0.1
Buty! acetate <0.50 mg'kg (13
Carbon tetrachloride <0.50 makg os
Chicrobenzene <0.50 mgkg 0s
Chioroform <0.10 mgkg 0
Cyclohexane <0.20 mgg 02
Dichloromethane <0.10 mgig 01
Ethanol <10 mg'kg 1
Ethyl acetate <1.0 mo'kg 1
Heptane <0.20 mo'kg 0.2
Hexane (sum of n-hexane, isc and <0.50 mo'ky 0.8
3.methyl pentane)
Isopropancol <1.0
Methanol <1.0
Methyl Ethyl Ketone (MEK) <0.20
Methyl-tert-butylether (MTBE) <0.20
Tetralin <50
Toluene <0.20

Fax

Phone +86 400 828 5088

waw.eurchns cn
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Results Unit LOQ LOD

Trnchloreethylane <0.10 mo'kg 0.1
Xylenes (sum) <0.20 mo'kg 0.2

% QA307 Glyceride Profie  Mathod AOCS Cd 11c-93
Diglycandas 53 % 1
Glycerol 29 % 1
Monoglycerides 15 % 1
Triglycerides 934 % 1

#* QA383 Moistire & Volatiles {Ar Oven 130C) Method: AOCS Ca 2c-28
Moisture & Volatiles <0.01 % 001

# QA96S Unsaponifiable Mattar  Method: AOCS Ca 6a-40
Unsaponsfiable matter 156 % 0.06

% QDOSC Fatty Ackds-Full Omega 9.643 & Trans %W/W  Method: AOAC 568,08 mod.

Accreditation: ISQIEC 17025:2017 A2LA 2027 01

C 16:4 (Hexadecatetraenoic Acid) <0,02 % oo
C10:0 (Capric acid) <0.02 % e
C€11:0 (Undecanoic acid) <0.02 % a0
€12:0 (Lauric Acid) <0.02 % 0
C14:0 (Mynstic acid) 0.31 % 002
C14:1 (Myristoleic acid) <0.02 % 0.02
C150 (Pentadecancic acid) 0.09 % 0.02
C15:1 (Pentadecenoic acid) <0.02 % 0.02
C16.0 (Palmatic Acid) 2 % 0.02
C16:1 Omega 7 0.18 % 0.04
C16:1 Total {Palmitoleic Acid + isomers) 023 % 004
C16:2 (Hexadecadencic Acid) <0.02 % 0o
C16:3 (Hexadecatrienocic Acd) <0.02 % 0
C17:0 (Margaric Acid) 0.26 % 00z
C17:1 (Heptadecensic Acid) 003 % 0.02
C18:0 (Stearic Acd) 773 % 0.02
C18:1 (Vaccenic acid) 0.37 % 0.03
C18:1 Omega 9 (Oleic Acid) 9.36 % 0,02
C18:1, Total (Oleic Acid + isomers) 0.87 % 0.03
C18:2 Omega & (Lincleic Acid) 1334 % 0.02
C18:2, Total (Linoleic Acid + isomers) 13.79 % oce
C18:3 Omega 3 (Alpha Linalenic Acid) 0.05 % 0w
C18:3 Omega 6 (Gamma Linolenic 218 % 0.0z
Acid)
C183, Total (Linolenic Acid + isomers) 224 % 0.02
C184 Omega 3 (Octadecatetraencic <0.02 % 0.02
Acid)
C184 Total (Octadecatetraencic Acid) <0.02 % 0.02
C20:0 (Arachidic Acid) 075 % 0.02
C20:1 Omega 9 (Gendoic Acid) 0.36 % 0.02
C20:1 Total (Gondoic Acid + isomers) 039 % 002
C20.2 Omega 6 0.52 % o
C20:2 Total (Eicosadiencic Acid) 0.52 % 002
C20:3 Omega 3 0.15 % 0.
C20:3 Omega 6 1.90 % 002
C20:3, Total (Eicosatriencic Acid) 204 % 0,02
C204 Omega 3 <0.02 % 0.02
C204 Omega 6 (Arachidonic Acid) 4220 % 0.02
C20:4, Total (Eicosatetraenoic Acid) 4220 % 002
C20.5 Omega 3 (Eicosapentaenoic 0.06 % o
Acld)
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Results Unit LOC LOD
C21:5 Omega 3 (Heneicosapentaenoic <0.02 % 002
Acid)
C22:0 (Behenic Acid) 1.49 % 0.02
C22:1 Omaga 9 (Erucic Acid) <0.02 % 0.02
C22:1 Total (Eruci Acid + isomers) <0.02 % 0.02
C22:2 Docosadienoic Omega 6 0.04 % 0,02
C22:3 Docosatriencic, Omega 3 0.02 % 0.02
C22:4 Docosatetraenoic Omega & 0.22 % 002
C€22:5 Docosapantaencic Omega 3 <0.02 % 002
C22:5 Docosapeniaencic Omega 6 0.06 % oo
C22:5 Total (Docosapentaencic Acid) 0.06 % oo
C226 Docosahexaenoic Omega 3 0.20 % o
C24.0 (Lignoceric Acid) 1.22 % 0.0
C24:1 Omega 9 (Nervonc Acid) 0.20 % 002
C24:1 Total (Nervonic Acid + isomers) 0.20 % 0.0z
C4:0 (Butyric Acid) <0,02 % 0.02
C6:0 (Caprowc acid) <0,02 % 0.02
C8:0 (Caprylic acid) <0.02 % 0.02
Fatty Acid Profile Reported as Fatty
Acids

Total Fat as Triglycendes 95.15 % a1
Taotal Fatty Acids 91.20 % a1
Total Monounsaturated Fatty Acids 10.60 % aos
Total Omega 3 Isomers 0438 % 006
Total Omega 5 Isomers «<0.05 % 008
Total Omega 6 Isomers 60.46 % 0.0%
Total Omega 7 Isomers 0.55 % 0.05
Total Omega 9 Isomers 10.06 % 005
Total Polyunsaturated Fatty Acids 61.34 % 0.05
Total Saturated Fatty Acids 19.07 % 0.05
Total Trans Fatty Acids 0.18 % 0.02

* QDOS4 Froe Fatty Acids (FFA) Method: AOCS Ca 5a-40: ADAC $40.28

Accreditation: ISONEC 17025:2017 A2LA 2927 01

FFA (Free Fatty Acids) 0.13 % 0.0

* R290Z Bacterial Endotoxins  Mathod: USP 43<85>
Bactenal Endotoxins 0.153 EUiml

% ZME3X Enumeration (MPN) of Enterobacter sakazakl  Method: FDA BAM Chapter 29 mod.
Enterobacter sakazaki <03 MPN/10 mil

COMMENT

--------- Imported condusion from Eurcfing Central Analytical Labaratornes - ...

Rev. 01: Testing added per chent request.

e [pOItRd conchision from Eurcfing | Scientific Finland Oy«

TEST CHANGE: ordered FLO25 for candies has been changed to FLO23

Tha content of total plant stercls and plant s does not | and non-4 yl starols (1@, cy

24-methylenecycloartancl, and ctrostadiencl).

Amount of fotal GC elutables is 2087 mg100 g

Peak idenfitications have 1o be treated only as tertative for this sample matrix

Phone +88 400 826 5088
Fax

eurofins = W aurching en

AceOne RS, Inc.
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SIGNATURE _
p——
Claire Wang Jack He Shina Xia
Avmnoraed Sgnatary Authorized Signatory Authorized Sigratory
EXPLANATORY NOTE
LOG: Limil of Cuanification < CNAS # DARKS “CMA
< LOQ: Balow Limk of Quantficatian & means the tesl is subcontracted within Euraling group
MiA means Not applicable » maans the lest is subcontracted outside Eurchins group
Sum compounds results are calculisad from the results of each quantified peund as se! by regulals

The uncertainty has not bean taken into accourd for standards that alieady indude measurement uncerainty of an axphiof requast of chanl.
The sampie description and mformation are provided by the Clisnt. Eurafins is nol responsibie Tor verilying the accuracy, relevancy, adequacy
andior completeness of the infarmanon provided by the Chent.

The analytical result herein is applicable Tor the sampie(s) tested cnly

This analytical repon shal nat ba sxcarpled o modified without priar wiitten approval from Eurcfing. The repor shall be uilized in ful

The result(s) siare) onty for internal L=e by the clent and nod for publicly avadable &s evidence Wimout the writhon parmission of Eurcfins, iy
party is probibed from using the test resulls and the report for publicty of promotions o markating

The Eurofins Ganersl Tarms and Conditions apply 1o this analylicel repon.

For and on behalfl of Eurofins Technology Service (Suzhou) Co., Lid

END OF REPORT

Prone +86 400 828 5088
Fax
wwa gurafing cn
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CNAS L3788
Analytical Report
Sample Code 502-2021-00126366 Report date  30-Dec-2021
Certificate No. AR-21-SU-116949-01-EN

T ke Sy o

JinDu Industrial Park Zhao-an County

Zhangzhou City Fujian Province
Fax 0596-3552000
Our refarence; 502-2021-00126368/ AR-21-SU-116348-.01-EN
Cliant Sample Code: #HEHH 11012336 £EM . 202110142
Sample described as: Arachidomic acid oil /Arachidonic acid oil
Sample Packaging: Soaled matal bottle
Sample reception date: 29-Nav-2021
Anaiysis Starting Date: 29-Nov-2021
Analysis Ending Date: 25-Dac-2021
Arrival Temperature (*C) 218 Sample Weight 1409°12
Results Unit LOQ LOD

a# SU00T Mercury (AAS) Method: BS EN 13506:2002
Accreditation: DAKKS D-PL-14292-01-008CMA 211020342268ACNAS L3788

Mercury (Hg) <0.005 mgkg 0.008
¥ SU0SD Lead (ICP-MS) Method: BS EN ISO 17284.2 2016 mod.
Accreditation: ISONEC 17025:2017 DAMKS D-PL-14292-01.00
Lead (Pb) <0.05 mo'kg 0.05
¥ SUOSE Arsanic (ICP-MS) Mathod: BS EN ISO 17294.2 2018 mod.
Accreditation ISOVIEC 17025:2017 DAKKS D-PL-14292.01.00
Arsenic (As) <0.005 kg 0.005
# SUOSG Cadmium (ICP-MS) Method BS EN IS0 17294-2 2016 mod,
Accreditation: ISONEC 17025:2017 DAKKS D-PL-14252-01-00
Cadmium (Cd) <0.005 mgkg 0.006
Results Unit LOQ LOD

A8 SU1AZ Aaroblc piate count  Mathogd US FDA BAM Chapler 3, Jan 2001
Accrednation: DAKKS: D-PL.14262.01.00 & CNAS. L3788

Aercbic Plate Count <1.0 chumi
» SUIAL Salmonella Methed: US FDA BAM Chapter 5, 2021
Accreditaion: ISONEC 17025:2017 CNAS L3782
Salmonella Not Detected 125 mi

% SUIAT Yeasts and moukis  Mathod: US FDA BAM Chapter 18, Apr 2001
Accreditation: DAKKS: D-PL-14292.01.00 8 CNAS: L3788
Mouids «<1.0 cfu'ml
Yeast <1.0 chsml
4% SUICX Ecol  Method ISO 16649-3:2015
Accrecitation: DAKKS: D-PL-14292-01-005CMA: 2110203422685 CNAS L3788
E. coll Not Detected /25 mi
Rasults Unit LOC LoD

» sU207 Peroxide value Method: AOCS Cd 80-90:2017
Accreditation: ISONEC 17025:2017 CNAS L3788

Eurofins Tach. Seqpif (Stichod) 0 Pnona +B8 400 828 5088
¥ % Fax
www eurafing. cn

(( pAKKS

Dautsche
Akkrodterusgeelbe
D PL 1429201 90

sumeu 21500 = eurofins
Pro A w'a cl-ih-";* S;
o &

ﬂ?r.m:i \‘.d?{'v

D
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Results Unit LOQ LOD
Peroxide value 0.60 meqig 008
a# SU20L Protein - Method: ACAC 984.13 1984
Accradtation: DAkKS: D-PL-14262-01-00 & CNAS: L3783
Protein <0.1 91009 01
Protein Factor 6.25
ResuRs Unit LOQ LOD
¥ FLO23 Plant sierols and plant stanals {not enriched)  Method: NMKL 1982014
Brassicasterol 1227 mgii00g 1
Cholesterol 6 mg100g 1
Campesterol 79 mgi100g 1
Campestancl 3 mgi100g 1
Stigmasterol 1" mgi100g 1
Unidentified sterols 139 mgi100g 1
Seosterol 62 mgi100g 1
Snostanol+ delta-5-avenasterol 20 mg'1tdg 1
Delta-5,24-stigmastadienol 3 mg1tdg 1
Delta-7-stigmastencl 10 mg'100g ¢
delta-7-Avenastercl 2 mg/100g 1
Cycloartencl 4 mg/100g 1
24.Methylenecycloartanol 2 mgi100g 1
Citrostadienol 6 mgi100g 1
Total plant stercls + plant stanols 1556 mgr100g 1
¥ QAQQI Aci0 Value Method: AOCS Cd 3d.63
Accreditation. ISONEC 170252017 A2LA 2983.01
Acid value (mg KOH/g) 0.29 mgKOMig 005
Free fatty acids (as oleic acid) 0.15 % 0.01
#* QADIL p-Aniskiine Value Method: AOCS Cd 18-80
Accreditation: ISONEC 170252017 A2LA 2993.01
p-Anisidine Value 49 1
“* QAG4E Residual Solvents (GC-MS)  Mathod: AOCS Cg 4-84
1.1,1-Trichloreethane <0.2 mg'kg 02
1.1,2-Tnchloroethane <0.2 mgkg 02
1,2-Dichloroethane <05 mgkg as
1,2-Dimethoxyethane <1.0 mgikg 1
1-Butanol <10 mo'kg 1
2-Hexanone <10 mo'ky 1
Acatone <1.0 ma'kg 1
Benzene <0.10 ma'kg 0.1
Butyl acetate <0.50 m'kg 05
Carben tewrachloride <0.50 moky 0s
Chicrobanzene <0.50 mgkg 0s
Chloroform <0.10 mghg 01
Cyclohexane <020 mgkg 0z
Dichloromethane <0.10 mg'kg 0.1
Ethanol <10 mg'ky 1
Ethyl acatate <1.0 ma'kg 1
Heptane <0.20 makg 0.2
Hexane (sum of n-hexane, iso and <0.50 mo'kg 05
3-methyl pantane)
isopropanol <1.0 makg 1
Methanol <1.0 mgikg 1
Methy! Ethyl Ketone (MEK) <0.20 mgig 0z
Methyl-tert-butylether (MTBE) <0.20 mglkg 0.2
Tetrain <50 mglkg 3
Toluens <0.20 mo/kg 02

Fax

Phone +86 400 B28 5088

www eurofins.cn
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Phene +B6 400 828 5088

Fax
www.eurofins.cn

Results Unit LOQ LOD
Trichloroethylena <0.10 mgkg o
Xylenes (sum) <0.20 mgkg [}
#* QA307 Glyceride Profile  Method: AOCS Cd 11c-92
Diglycerides 55 % 1
Glycerol 22 % 1
Monoglycarides 20 % 1
Triglycerides 922 % 1
# QA383 Molsture & Volastes (Ar Oven 130C) Method: AOCS Ca 2c-28
Moisture & Volatiles 0.06 % o0
¥ QADGE Unsaponifiabla Matter Methed: ACCS Ca 6a-40
Unsaponifiable matter 1.51 % 0os
¥ QDOSC Fatty Acids-Full Omega 8,843 & Trans %W/W Method: AOAC 986.06 mod.
Accreditation: ISONEC 17025:2017 A2LA 2827 01
C 16:4 (Hexadecatetraenoic Acid) <0.02 % oo
C10:0 (Capric acid) <0.02 % o
C11:0 (Undecanoic acid) <0.02 % 002
C12:0 (Lawuric Acid) <0.02 % 002
C14:0 (Myristic acid) 0.30 % 0.02
C14:1 (Myristoleic acid) <0,02 % 0.02
C15:0 (Pentadecanoic acid) 0.10 % 0.02
C15:1 (Pentadecanoic acid) <0.02 % 002
C16:0 (Palmitic Acid) 7.08 % o
C16:1 Omega 7 0.17 % 0o
C16:1 Total (Palmitoleic Ackd + isomers) 0.22 %* 004
C16:2 (Hexadecadienoic Acid) <0.02 % 0w
C16:3 (Hexadecatriencic Acid) <0.02 % 0.02
C17:0 {(Margaric Acid) 0.26 % 0.02
C17:1 (Heptadecenoic Acid) 0.03 % 0.02
C18:0 (Stearic Acid) 743 % 0.02
C18:1 (Vaccenic acid) 035 % 0.09
C18:1 Omega 9 (Oleic Acid) 8.67 % 002
C18:1, Total (Oleic Acd + isomers) 9.14 % (1]
C18:2 Omega 8 (Linoleic Acid) 1.91 % e
C18:2, Total (Linoleic Acid + isomers) 12.26 % 0.02
C18:3 Omega 3 (Alpha Linolenic Acid) 0.05 % 0.2
C18:3 Omega & (Gamma Linolenic 218 % 0.02
Acid)
C18:3, Total (Linclenic Acid + isomers) 223 % 0.02
C168:4 Omega 3 (Octadecatetraencic <0.02 % 0.02
Acid)
C18:4 Total (Octadecatetraencic Acd) <0.02 % 0.02
€200 (Arachidic Acid) 074 % 00
C20:1 Omega 9 (Gondoic Acid) 035 % o
C20:1 Total (Gondoic Acd + isomers) 040 % 0.2
C20:20mega & 049 % 0.2
C20:2 Total (Eicosadienoic Acid) 0.49 % 0.02
C20:3 Omega 3 0.12 % 0.02
C20:3 Omega 6 187 % 0.02
C20:3, Total (Eicosatriencic Acid) 199 % 0.02
C204 Omega 3 <0.02 5 002
C204 Omega 6 (Arachidonic Acid) 41.70 % oo
C204, Total (Excosatetraenoic Acid) an % o0
C20:5 Omega 3 (Eicosapentaencic 0.06 % 02
Acid)
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Resulls Unit LoQ LOD
C21.5 Omega 3 (Heneicosapentaenoic <0.02 % a0z
Acid)
C22:0 (Behenic Acd) 0.08 % 002
C22:1 Omega 9 (Erucic Acid) «<0.02 *% 002
€22:1 Total (Erucic Acid + isomers) <0.02 % 0.02
C22:2 Docosadienoic Omega 6 0.03 % 0.02
C22:3 Decosatriencic, Omega 3 0.03 % 0.02
C22:4 Docosatetraenoic Omega 6 0.21 % 0.02
C22:5 Docosapentaencic Omega 3 <0.02 % 0.02
C22°5 Docosapentasencic Omaga 6 0.08 % a2
C22 5 Total (Docosapentaencic Acd) 0.08 % ace
C22:6 Docosahexaenoic Omega 3 0.25 % ooz
C24:0 (Lignocenc Acid) 1.19 % ooz
C24:1 Omega 9 (Nervonic Acid) 0.19 % ooz
C24:1 Total (Nervonic Acid + isomers) 0.25 % 0w
C4:0 (Butyric Acid) <0.02 % 00z
C6:0 (Caproic acid) <0.02 % 002
C8.0 (Caprylic acid) <0,02 % 0.02
Fatty Acd Profile Reported as Fatty
Ackds

Total Fat as Triglycerdes 90.29 % o
Total Fatty Acids 86.54 % o1
Total Monounsaturated Fatty Acids 9.93 % 008
Total Omega 3 Isomers 0.52 % 008
Total Omega 5 lsomers <0.05 % s
Total Omega 6 lsomers 58.47 % 00s
Total Omega 7 Isomers 0.52 % 008
Total Omega 9 Isomers 9.36 % 0.08
Total Polyunsaturated Fatty Acids 59,28 % 0.08
Total Saturated Fatty Acids 17.14 % 0,05
Total Trans Fatty Acids 0.18 % 0.02

# QDOS4 Free Famy Aclds (FFA) Mathod: AOCS Ca Sa-40; ADAC 940.28

Accraditation: ISONEC 17025:2017 A2LA 2927.01

FFA (Free Fatty Acids) 0.13 % 0.01

= R2902Z B | E i Method: USP 43<85>
Bacterial Endotoxins 0.0%6 EWiml

% ZME3X Enumeration (MPN) of Enterobacter sakazaldl  Method: FDA BAM Chapter 28 mod,
Enterobacter sakazaki <03 MPN/10 mi

COMMENT

e Impartad conclusion from Eurcfins Central Analytical Labaratories

Rev. 01: Tesling added per chant requast

----- Imported conclusion from Eurcfing | Scientific Finland Oy —eeeees

TEST CHANGE: ordered FLO2S for dies has been changed to FLO23

The content of total plant stercls and plant stanols doos not contain cholesterol and non-4-desmethyl stercls (Le. cyclcartenc,

24-methylenscycloanancl, and citrostadienal)

Amount of total GC elutables is 20868 mg/100 g

Paak idandn have 1o be treated only as tentative for this sample matrix

Phone +86 400 828 5083
Fax
www eurofins cn

AceOne RS, Inc.
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SIGNATURE

<

Claire Wang Jack He Shine Xia

Authorized Signatory Authorized Signatory Authonized Signatory

EXPLANATORY NOTE
LOQ: Limit of Quantification £ GNAS # DAKKS cCMA
< LOG: Below Limit of Quantification i means the test is subcontracted within Eurcfins group
N/A means Not epplicable = muans the test is subcontracted outsids Eurcfine group
Sum compounds results ame caiculatad from the results of each quantified comy d as set by regulali
The uncertainty has nol been taken into account for standards that already include measurement ur inty or on axplic request of client.

The sample description and information are provided by the Client. Eurafins is not responsible for veritying the accuracy. mlevancy, adeguacy
and/or completeness of the infomation provided by the Client

The anahytical result herein is applicabbe for the sampla(s) tested only.

This analytical report shall not ba axcarpted or modified without prior written appraval from Eurofins. The report shall be ulilized in full.

The resuli(s] is{are) only for intemal use by the client and not for publicly available as evidence. Without the writien permission of Eurofins. any
party is profibited from using the test resuts and the report for publicity of p IS OF T

The Eurafine Ganaral Terms and Conditions apply 1o this analytical report.

For and on behal of Eurofins Technology Senica (Suzhou) Co., Lid

END OF REPORT
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Analytical Report

Page 1/2
AR-22-SU-033316-02
o Rk Af
wH
TESTING
CMAS L3788

Sample Code
Certificate No.

502-2022-00037068
AR-22-5U-033316-02

Report date 30-Apr-2022

Runke Bicengineering (Fujian) Co.Ltd.

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Fax 0596-3552000
Our reference: 502-2022-00037068/ AR-22-SU-033316-02
Client Sample Code: BR&S - 11004332 £708 : 2021.10.04
Sample described as: Arachidonic acid oll /Arachidonic acid of
Sampla Packaging: Sealed metal battle
Sample reception date: 23-Apr-2022
Analysis Starting Date: 24-Apr-2022
Analysis Ending Date: 29.Apr-2022
Arrival Temperatura (*C) 218 Sampls Waight 280g
Sample Condition Other
Results Unit LOQ LCD
+# SU10Z Cronobacter spp. in10g  Method: IS0 22064:2017
Accreditation: DAKKS:D-PL-14292-01-00&0MA 21102034 2266&0CNAS L3788
Cronobacter spp Not Detactad M0 g
o8 BU1A2 Aerobic plate count  Method: US FDA BAM Chapter 3, Jan 2001
Accreditation: DAkkS: D-PL-14292-01-00 & CNAS: L3788
Aarobic Plate Count =10 ofulg
4 8U1A4 Salmonella  Method: US FDA BAM Chapter 5, 2021
Accreditation: ISOMEC 17025:2017 CNAS L3783
Salmonella Not Detected 25g
o SUTAT Yeasts and moulds Method US FDA BAM Chapter 18, Apr 2001
Accreditation: DAkkS: D-PL-14292-01-00 & CNAS: L3788
Moulds <10 cfuig
Yeas! <10 cfulg
of SUICX Ecoli Method: 1ISO 16649-3:2015
Accreditation: DAKKS:D-PL-14292-01-00&CMA: 2110203422688 CNAS: L3788
E col Not Detected i25g
SIGNATURE
Tracy Li
Authorized Signatory
Phone +86 400 828 5088
Fax
www.eurofins.cn (( Dﬁkks
Deutsche
T Akkrediterungssielle
SO0 B3 00N Ao e pseg D-PL-14292-01-00
AceOne RS, Inc.

Page 105



ARA-Rich Oil (Runke Bioengineering)

o8 = Page 2/2
%.\ curortins AR-22-SU-033316-02
EXPLANATORY NOTE
LOQ: Limit of Quantification 4 CNAS # DAKkS 0CMA
< LOQ: Below Limit of Quantification - 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.
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

Fax
www.eurofins.cn
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CNAS TESTING

w CNAS L3788

Analytical Report

Sample Code 502-2022-00037069 Report date  30-Apr-2022

Cetrtificate No. AR-22-5U-033317-02

from report AR-22-SU-033317-01
|| Runke Bicengineering (Fujian) Co.,Ltd.

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

Our reference: 502-2022-00037069/ AR-22-50-033317-02
Client Sample Code: PRS0 11008334 £F~HM © 2021.10.08
Sample described as: Arachidonic acid oil fArachidonic acid oil
Sample Packaging: Sealed metal botte
Sample reception date: 23-Apr-2022
Analysis Starting Date: 24-Apr-2022
Analysis Ending Date: 29-Apr-2022
Arrival Temperatura (°C) 215 Sample Weight 280g
Sample Condition Other
Results Unit LOQ LOD

«# SU102 Cronobacter spp. in 10g  Method: 150 22964:2017
Accreditation: DAKKS:D-PL-14292-01-008CMA 21 102034226 8&CNAS: L3788
Cronobacter spp Not Detected 1o g
o SU1AZ Aerobic plate count  Method US FDA BAM Chapter 3, Jan 2001
Accreditation: DAKKS: D-PL-14292-01-00 & CNAS: L3788

Aerobic Plate Count <10 efulg
4 SU1A4 Salmonella  Method: US FDA BAM Chapter 5, 2021
Accreditation: ISONEC 170252017 CNAS L3788
Salmonella Not Detected 25g
u# SU1AT Yeasts and moulds  Method US FDA BAM Chapter 18, Apr 2001
Accreditation: DAkkS: D-PL-14292-01-00 & CNAS: L3788
Moulds <10 cfuig
Yeasi <10 cfulg

«# SU1CX Ecoli Method: ISO 16649-3:2015
Accreditation: DAKKS:D-PL-14292-01-00&CMA 2110203422688 CNAS: L3788
E. coli Not Detected 25 g

SIGNATURE

Tracy Li
Authorized Signatory

Eiritiin Voo S R T N Phone +86 400 828 5088
o !
Ma 101, Jislingjjha . ook e Ak
Suzhou 215000 o www.eurcfins.cn 33 (( D. ks
e ST Deutsche
Jiangsu Provindg? % sr.muum'n i report ﬁ'.".i[“fﬂ;?gﬁsif"c
AceOne RS, Inc.
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EXPLANATORY NOTE
LOQ: Limit of Quantification = CNAS # DAKkS oCMA
< LOQ: Below Limit of Quantification 7r 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.
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 resull(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 £
Fax
www.eurofins.cn

Il

Scan QR code to view report
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Analytical Report
Sample Code 502-2022-00037070 Report date 30-Apr-2022
Certificate No. AR-22-SU-033318-02
This report is transiated from report AR-22-SU-033316-01
|| |||ﬂT ARTRETE TR Furis B ot D14
o ' h ' JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province
Fax 0596-3552000
Qur reference; 502-2022-00037070/ AR-22-5U-033318-02
Client Sampla Code: HRHEE 11012336 £7 A8 . 2021.10.12
Sample described as: Arachidonic acid ol /Arachidonic acid oif
Sample Packaging: Sealed meial botile
Sample reception date: 23-Apr-2022
Analysis Starting Date: 24-Apr-2022
Analysis Ending Date: 29-Apr-2022
Arival Temperature (*C) 216 Sample Weight 280g
Sample Condition Other
Results Unit LOG LOD
~# 8U102 Cronobacter gpp. in 10g  Method: IS0 220842017
Accreditation: DAKKS:D-PL-14292-01-00&CMA:211020342268ECNAS:L3788
Cronobacter spp Not Detected 10 g
af SUTAZ Aerobic plate count  Method: US FDA BAM Chapter 3, Jan 2001
Accreditation: DAKKS: D-PL-14283-01-00 & CMAS: L3788
Aerobic Plate Count <10 clulg
& SU1A4 Salmonella  Method: US FDA BANM Chapter 5, 2021
Accreditation: ISOIEC 17025:2017 CNAS L3788
Salmonella Not Detected 26 g

a# SU1AT Yeasts and moulds  Method: US FDA BAM Chapter 18, Apr 2001
Accreditation: DAkkS: D-PL-14292-01-00 & CNAS: L3788
Moulds <10 chulg
Yeast <10 cfulg
af SU1CX Ecoli Method: 1SO 16649-3:2015
Accreditation: DAKKS:D-PL-14292-01-00&CMA: 21102034 2268RCNAS: L3788

E. coli Not Detected 1259
SIGNATURE
Tracy Li
Authorized Sigratory

Phene +86 400 828 5088

Fax
wivw.eurofins.cn

(( Deutsche
Akkred tierungsstelle
DPL-14202-01-00
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EXPLANATORY NOTE

LOQ: Limit of Quantification 4 CNAS # DAKKS “CMA

< LOQ: Below Limit of Quantification 7r means the lest is subcontracted within Eurofins group

N/A means Not applicable @ means the test is d outside Eurofins group

Sum compounds results are calculated from the resulls of each quantified as set by lati

The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicit request of cllent
The sample description and information are provided by the Client. Eurofins is not responsible for verifying the y. rel Y. quacy
andior of the inf ion 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 resull(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
Eurofins Tech. Ltd Phone +86 400 828 5088
No. 101, Jialingjféa ND 7 Fax
Suzhou 215009 ¢ eurofins % www.eurofins.cn

Jiangsu Provi

%/, one
g 59
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Analytical Report

AP
CNAS
Sl

Page 1/2
AR-23-3U-007406-02
o A E
R
TESTING
CHAS L3788

Certificate No. AR-23-SU-007406-02 Report date 30-Jan-2023

Sample reception date: 20-Jun-2022

Analysis Starting Date: 20-Jun-2022

Analysis Ending Date: 28-Jan-2023

This report is translated from report AR-23-5U-007406-01

T T Furke osrgnaeng (Fjar) .1

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Sample Code: 502-2022-00063743
Cliant Sampla Coda: HtE 11004332
S0 2021.1004
Sample described as: Arachidonic acd oi JArachidonic acid oil
Sample Packaging: Sealed metal bottla
Arrival Temparaturs (°C) 262 Sample Waight 100g*2
Sample Condition Other
Results Unit LOQ LOD
a# SU114 Enterobacteriaceas  Method: 150 21528-2-2017
Accreditation: DAKKS:D-PL-14292-01-008CMA:21 102034 2268&CNAS: L3788
Enterobacteriaceae <10 cfulg
Sample Code: 502-2023-00005402
Client Sample Code: #L5 . 11004332 7= H¥ . 2021.10.04
Sample described as: Arachidonic acd oil /Arachidonic acid oil
Sample Packaging: Sealed metal can
Arrival Temperature ("C) 18 Sample Waight 140g
Sample Condition Other
Results Unit LOQ LOD
¥ JK580 Protein content (Rofi®-Nanoguant)  Method: internal method (PV 01498 V2)
Content of protein <25 pglg 25
SIGNATURE
Ally Dong Jack He
Autharized Signatory Authorized Signatory
"EXPLANATORY NOTE
LOG: Limit of Quantification 4 CNAS # DAKKS TCMA
< LO0: Balow Limit of Quantification +» means the test iz subcontracted within Fumfing group
N/A means Not applicable = means the test is subcontracted outside Eurcfins group
Sum compounds results are calculated from the results of each quantiied compound as set by regulation
The uncerdainty has not been taken into account for standards thal already include measurement uncerainty or on exglicil request of client.
Eurofins Tech. Seryic8 (Suzfidu) Gow, Lid Phone +85 400 828 5038
No. 101, Jiglingjdiig R 2 wivw.eurofins.cn (( DAKKS
Suzhou 21500 S Deutsche

oad, IND"

Alkreditierungsstelle
D-PL-14292-01-00
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[The sample description and inft ion are provi by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy

and/or comp ofthei ion provided by the Clienl.

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 prc ions or ing

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

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

END OF REPORT

Phone +86 400 828 5088
www.eurofins.cn
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V S It
CNAS %
TESTING

v CNAS L3788
Analvtical Report
Certificate No. AR-23-SU-007407-02 Reportdate 30-Jan-2023
Sample reception date: 20-Jun-2022
Analysis Starting Date: 20-Jun-2022
Analysis Ending Date: 28-Jan-2023
Thlsrapcll‘l is translated !.mm .m H AR—23—SU-0074I]7—01
FATTITTITaTImi e Bosgineeng ) o.L1

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Sample Code: 502-2022-00063744
Client Sample Code: #%5 : 11008334
47 B : 2021.10.08

Sampla dascribad as: Arachidonic acid il JArachidonic acid ol

Sample Packaging: Sealed metal bottle

Arrival Termperature ("C) 25.2 Sample Waight 100g*2
Sample Condition Other

Results Unit LOQ LOD
a# SU114 Enterobacteriaceae  Method: 1ISO 21528-2-2017
Accreditation: DAKKS.D-PL-14292-01-006CMA211020342268&CNAS LTSS
Enterobacteriaceae <10 cfulg

Sample Code: 502-2023-00005403

Client Sample Code: #% 1 11008334 &7 B M - 2021.10.08

Sample described as: Arachidonic acid oil /Arachidonic acid ol

Sample Packaging: Sealed metal can

Arrival Temperature (°C) 18 Sample Waight 140g
Sample Condition Cther

Results Uit LOQ LOD
# JKEO0 Protein content (Roti®-Nanoguant) Method: internal method (PV 01498 V2)
Content of protein <25 ualg 25
SIGMATURE
4
g Y i
Ally Dong Jack He
Authorized Signatory Authorized Signatory
[EXPLANATORY NOTE

LOQ: Limit of Quantification o CNAS # DAkKS cCMA

< LOQ: Below Limit of Quantification £ m=ans 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 resulls of each quantified compound as set by regulation

The uncertainty has not been taken into account for standards thal already include measurement uncertainty or on explicil request of cient.

Phone +B6 400 828 5088
www.eurofing.cn

Eurofins Tech, e

No. 101, Jialingjiéng Road, END (( DAKKS
Suzhou 2150
Jiangsu Provinge: P.R.GHina

Deutszhe
Akkredivensngsstalla
D-PL-14292-01-00
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The sample description and inf tion are provided by the Client. Eurofins is not responsible for verifying the y. relevancy, adi
and/or 1ess of the inf ion 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 resull(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

Qquacy

END OF REPORT

Phone +86 400 828 5088
www.eurofins.cn
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Analytical Report

Page 1/2
AR-23-SU-007408-02

SHEAT
o]
TESTING
CNAS L3738

Certificate No. AR-23-SU-007408-02 Reportdate 30-Jan-2023
Sample receplion date: 20-Jun-2022

Analysis Starting Date: 20-Jun-2022

Analysis Ending Date: 28-Jan-2023

report is translated from report AR-23-SU-007408-01
TTTRTTER TR ke Bosrghoat (Fur) C.Li
JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Sample Gode: S02-2022-00063745

Cllent Sample Code: #HE ;11012336

£FEEN 20211012

Sample described as: Arachidonic acid oil Arachidonic acid oil

Sample Packaging: Sealed metal botle

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

Results Unit LOO LOD
af SU114 Entercbacleriaceae  Method: IS0 21528-2-2017
Accreditation: DAKKS:D-PL-14262-01-004CMA:2110203422684CNAS:LI788
Enterobacteriaceae <10 ciu/g

Sample Coda: 502-2023-00005404

Client Sample Code: #8 : 11012336 £ B W - 2021.10.12

Sample describad as' Arachidonic acid oil [Arachidonic acid oil

Sample Packaging: Sealed metal can

Arrival Temperature (°C) 18 Sample Weight 140g

Sampie Condition Other

Results Unit LOQ LOD
T JKESO Protein content (Rofii-Nanoquart)  Method: internal method (FV 01498 V2)
Content of protein =25 palg 23
SIGNATURE
Ll
Ally Dong Jack He
Aulhorized Signalory Authorized Signatory
[EXPLANATORY NOTE

LOG: Limit of Quantification
< LOQ: Below Limit of Quantification
NiA meane Not applizabla

7r means the test is

o GNAS # DAkKS 0CMA

@ maans the test iz subeontractad outside Eursfine group
Sum compounds results are calculated from the results of each quantified compound as set by regulation
The uncertainty has nol been taken into account for standards that already include measurement uncertainty or on explicit request of cient,

subcontracted within Eurofins group

Phone +86 400 328
www.eurofing.cn

5088

Akkreditierungsstedle
D-PL-14292-01-00
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Page 2/2

: eurofins RO

The sample description and information are provided by the Client. Eurofins is not responsible for verifying the Y. y, adequacy
and/or pleteness of the inf ion 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 publicily or p ions or marketing.

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

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

END OF REPORT
Eurofins Tech. Seryic i C Phone +86 400 828 5088
No. 101, Jialingji £ www.eurofins.cn

.China
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éi: eurofins AR-22-5U-056885.02

Analytical Report

Sample Code 502-2022-00039299 Report date 03-Jul-2022
Certificate No. AR-22-5U-056888-02

This ref Ils I.ranaialad from AR-&\'EU_-OGB&G&-O!

[T e s g .

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Qur reference: 502-2022-00039299 AR-22-SU-056888-02
Cllent Sample Code: HEREHS 11004332 £FEN : 2021.10.04
Sampla dascribad as: Asachidonic acid oil /Arachidonic acid cil
Sample reception date: 28-Ap-2022
Analysis Starting Date: 28-Apn-2022
Analysis Ending Date: 01-Jul-2022
Results Unit LOGQ LOD
& SUDJD Bacterial Endotoxins Method: USP 43<85>
Bacterial Endotoxins <0.109 EUfg
SIGNATURE
Lucy Liu
Authorized Signatory
EXPLANATORY NOTE
LOG: Limit of Quantification 4 CNAS# DAKKS LCMA
< LOQ: Below Limit of Quantification 4c means the test is subcontracted within Eurofing group
MA means Not applicable “ means the test is subcontracted outside Eurcfins group
Sum compounds results are calculated from the results of each quantified compound as set by regulaton
The uncertainty has not been taken into account for standards that alieady include measurement uncerainty or on explicit request of client.
The sample description and information are provided by the Cliert. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy
andfor completeness of the information provided by the Client.
The anallical 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 rasuli(s) is(are) only for internal use by the client and not for publcly available as evidence Without the written permission of Eurefins, any
party is prohibited from using the test results and the report for publicity or prometions 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 REFORT

Phane +86 400 828 5088
www.zurcfins.cn
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s eurofins P

Analytical Report

Sample Code 502-2022-00039300 Report date  03-Jul-2022
Certificate No. AR-22-SU-056889-02

leis is Imruils‘wdfrom AR-22.5U-056889-01
LRIy e s .05

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Our raference: 502-2022-00039300/ AR-22-5U-056889-02
Cllent Sample Code: HRMS : 11008334 £FA4 : 2021.1008
Sample described as: Arachidonic acid oil /Arachidonic acid oil
Sample reception date: 28-Apr-2022
Analysis Starting Cate: 28-Apr-2022
Analysis Ending Date: 01-Jul-2022
Resulis Unit LOG LOD
* SUDJD Bacterial Endotoxins  Method: USP 43<35>
Bacterial Endotoxins =<0.109 EUfg
SIGNATURE
Luey Liu
Authorzed Signatory
EXPLANATORY NOTE
LOCY Limit of Quantification & CNAS # DAKKS OCMA
< LOQ: Below Limit of Quantification “rmeans the test is subcontracted within Eurcfins group
N/A means Not applicable @ means the test is subcontracted outside Eurcfins group
Sum compounds resulls are ealeulsted from the results of each quantified compound as set by regulation
The uncertainty has not been taken into acceunt for standards that already include measurement uncertainty or on explicit request of client.
The sample description and information are provided by the Client. Eurcfins 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 resull{s) is{are) only for internal use by the client and nol for publicly available as evidence Wilhoul the written permission of Eurofins, any
party is prohibited from using the test results and the report for publicity or promalions or marketing,
The Eurcfins 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 400828 5088
www.eurofins.cn
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-:w:} cu rOfl ns AR22-9U-066890.02

Analytical Report

Sample Code 502-2022-00039301 Report date 03-Jul-2022
Certificate No. AR-22-5U-056890-02

This report s translated from AR-22-5U-056890-01
[TATETATTT R R ohont p o

JinDu Industrial Park Zhao-an County
Zhangzhou City Fujian Province

Our refersnce: 502-2022-00039301/ AR-22-SU-056890-02

Client Sample Code: #mits 11012336 £E8 : 2021.10.12

Sample described as; Arachidonic acid oil /Arachidonic acid oil

Sample reception date: 28-Apr-2022

Analysis Starting Date: 28-Apr-2022

Analysis Ending Date: 01-Juk-2022

Resulis Uret LOO LoD

& SuUDJD Bacterial Endotoxins  Method: USP 43<85>
Bacterial Endotoxins <0.109 EUlg

SIGNATURE

Lucy Liu
Authorized Signatory

EXPLANATORY NOTE

LOQ: Limit of Quantification o CNAS # DAKKS OCMA,

< LOQ: Below Limit of Quantification 4 means the test is subcontracted within Eurcfing 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 accourt for standards that already include measurement uncertainty or on explicit reguest of client.
The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy
andior 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 excemted or modified without prior writien approval from Eurofins. The repart shall be utilized in full.

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

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

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

END OF REPORT

Phone +86 400 828 5088
www.eurefins.cn
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Appendix C. Sterols of ARA-rich Oil

FAS 22+ 2 3% 55 KIL

Institute for Advanced Study
Shenzhen Key Laboratory for Marine Mi obiome En eerin'ﬁ'ﬁé‘
InstitufeForAdva udy\k'-‘

SHENZHEN UNIVERSITY
s he niversit
b&@'g NY 4

Testing Report

1 Chemicals and reagents

The sterols campesterol, lanosterol, sitosterol (f-sitosterol), 24-methylene
cholesterol, desmosterol, and zymosterol and the internal standard 6-Ketocholestanol
were purchased on the market. LC-MS grade formic acid and HPLC-grade methanol
were purchased from Supelco®, Merck, German. Deionized water was prepared using
a Millipore Milli-Q Plus system (Millipore, Bedford, MA, USA).
2. Sterol extraction

Fifty mg ARA oil was spiked with 2000 ng 6-ketocholestanol in a 15-mL
explosion proof bottle and extracted with 10 mL absolute ethanol. After shaking for 2
min, the extraction mixture was heated at 95°C by water bath for 30 min and cooled to
room temperature, then 2-mL extract solution was centrifuged at 8000 rpm for 5 min.
3. Analysis

Separation, identification and quantification of sterols were performed with a
coupled liquid chromatography-tandem mass spectrometry system consisting of an
Acquity Ultra-performanceTM liquid chromatography H-Class and Plus-Xevo TQ-XS
tandem mass spectrometer equipped with an APCI source (Waters, USA). The
chromatographic analysis was performed on a BEH C18 column (50x2.1 mm, 1.7um).
The flow rate was 0.4 mL-min-1. The gradient was a linear gradient from 10% solvent
B (0.1% (v/v) aqueous formic acid) to 100% solvent A (methanol) over a 2 min period.
Acquity UPLC system was coupled to a TQS mass spectrometer operated in APCI
modes. Quantification was performed using the multiple reaction monitoring (MRM)
mode to monitor the precursor-product ion transitions of sterols. The general mass
spectrometry conditions were as follows: Corona pin voltage: 2.0 kV; desolvent gas
flow: 1000 L/Hr; cone gas flow: 150 L/Hr; collision gas flow: 0.17mL/ min, MRM and
SIM as two detection mode, retention time of target compounds, cone hole voltage, and
collision energy are shown in Table 1.
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’AS:M'M%%%:M{&;

Institute for Advanced Study

SHENZHEN UNIVERSITY

Table 1. The MS parameters of the sterols

Y

. Retention . . Cone Collision
Detection g . Parent ion | Product ion ltace
compoun me ener;
Mode e ' . (m/=) (m/z) Ve g &
(min) V) (ev)
367.42 81.15 20 34
Zymosterol 3.89
367.42 95.14 20 30
40947 95.14 2 28
Lanosterol 515
409.47 191.24 2 14
: 39747 147.14 14 24
B-Sitoesterol 6.00
39747 161.19 14 20
MRM
c - 550 383.46 147.19 4 22
SRR ' 383.46 161.18 4 20
24-methylene 441 381.44 95.14 4 28
Cholesterol ' 381.44 147.19 4 26
367.42 81.15 2 30
Desmosterol 4.05
367.42 95.14 2 28
Cholesta-5,25-3p-ol 4.20* 367.42 - 2 -
40-
L 430% | 38135 s 4 E
Zymosterol
24- -
methyl Fholesta 4.70% 38135 i 4 i
5.24(25)-dien-3p-ol
SIM 240-methyl cholesta- 4.40% 38135 4
5.25-dien-3p-ol ' : )
24B-methyl cholesta-
- 4.23* 381.35 - 4 -
5.25-dien-3p-ol
24 25-methylene
4.92* 381.35 - 4 -
cholesta -5-en-3f-ol
31-Norlanosterol 4.40* 395.36 - 2 -
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® ,lm) - i
33 e 22
’ASL?’"I ~FRLEHRIE
Institute for Advanced Study -
SHENZHEN UNIVERSITY
4. Test results of ARA oil samples from Runke
Table 3. Types and concentrations of sterols in ARA oil
Sample Number
Sterols
11004332 11008334 11012336

Sterol concentration showns as average value + standard deviation (g/100g oil)

*40-Methyl zymosterol

¢

c

¢

“24-Methyl cholesta-5,24(25 or 28)-dien-3-0l C28:2

¢

<

c

224-methyl cholesta-5,24(25)-dien-3p-ol

0.0077 +0.0024

0.0078 +0.0023

0.0088 +0.0012

224-methyl choesta-5,25-dien-3f-ol C28:2

¢

c

c

“24-methyl cholesta-5(25)27-dien-3p-ol

¢

e

c

©24-Methylene cholesterol 0.0044 +0.0005 | 0.0041 +0.0002 | 0.0040 + 0.0004
24 25-methylene cholesta-5-en-3p-ol -¢ - -¢
“31-Norlanosterol K P d
bCampesterol 0.0071£0.0003 | 0.0072 +0.0004 [ 0.0059 +0.0007
“Cholesta-5,25-dien-3f-ol -¢ € -
"Desmosterol 0.6290+0.0149 | 0.7453 +0.0319 | 0.8282+0.0105
*Lanosterol 0.0149+0.0012 | 0.0141£0.0017 | 0.0122+0.0021
bSitosterol 0.0279+0.0022 | 0.0257+0.0017 | 0.0171 +0.0021
bZymosterol £ f £

Unidentified Sterols

Total Sterols (g/100 g oil)
(average + standard deviation, number of batches indicated)

0.6978 0.0160
(n=4)

0.8043 = 0.0301
(n=4)

0.8763 = 0.0127
(n=4)

“@MRM; “*”SIM; “-*’analyte concentration was below the instrument detection limit of 6.25x 107
2/100g, “-%analyte concentration was below the instrument detection limit of 5.00x 1077 g/100g,

e,

analyte concentration was below the instrument detection limit of 1.00 x10°g/100g,

concentration was below the instrument detection limit of 2.50 x 10" g/100g.
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Appendix D. 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 arachidonic acid (ARA)-rich oil 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 lllinois at Urbana-Champaign), Matthew L.
Tripp, Ph.D. (MattTrippScience Consulting), and Susan S. Cho, Ph.D. (AceOne RS, Inc.).

The Expert Panel, independently and collectively, critically evaluated the scientific
information and data compiled from the literature. The Expert Panel evaluated other

information deemed appropriate or necessary.

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 ARA as an ingredient in infant formulas. The FDA has issued
‘no question’ letters on previous GRAS notices (GRNs 000041, 000080, 000094, 000326,
000730, 000963, and 001115) related to food uses of ARA-rich oil derived from M. alpina
for infant formula applications. Based on a comparison of the specifications of these
products, it is concluded that ARA-rich oil in this GRAS determination is substantially
equivalent to the other ARA-rich oil ingredients described in the FDA GRAS notices; thus,
it is recognized that the information and data in the other GRAS notices are pertinent to
the safety of the ARA-rich oil in this GRAS determination.

The Expert Panel agrees that there are adequate data in the scientific literature to
conclude that ARA is a common component of infant formulas, that various ARA-rich oil

AceOne RS, Inc. Page 123



ARA-Rich Qil (Runke Bioengineering)

ingredients 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

Arachidonic acid is a long chain polyunsaturated fatty acid (LCPUFA) that is a primary
structural component of the human brain, retina, and other tissues. Arachidonic acid is a
carboxylic acid with a 20-carbon chain and four cis-double bonds; the first double bond is
located at the sixth carbon from the omega end. Thus, it is classified as an omega-6 fatty
acid (FA).

Human milk provides small quantities of ARA and docosahexaenoic acid (DHA): ARA
concentrations ranged from 0.30 to 1.22% of total FAs (Brenna et al., 2007). The mean
ARA content of American women’s milk ranged from 0.40 to 0.67% of total FAs (Brenna
et al., 2007; Bopp et al., 2005; Jensen et al., 2005). Arachidonic acid content in colostrum
tends to be higher (usually by 50%) than that of mature milk.

The intended use of ARA-rich oil is to provide a source of ARA in infant formula at a
concentration consistent with that of human milk. The ARA content of human milk varies
from 0.34-1.22% of total fatty acids (FAs) among different populations. Therefore, the
proposed use of ARA-rich oil is to provide 0.75% and 0.50% ARA by weight of FAs in term
and pre-term infant formulas, respectively, in combination with a safe and suitable source
of docosahexaenoic acid (DHA). Intended use levels are consistent with
recommendations by Koletzko et al. (2014a; 2014b; 2020).

Runke Bioengineering intends to market the ARA-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 dairy such as
bovine or goat milk-based; ages from birth to 12 months) in combination with a safe and
suitable source of DHA. Exempt infant formula refers to formulas for pre-term infants only
and does not include use in other exempt formulas (e.g., hypoallergenic formulas, and
formulas for inborn errors of metabolism). The ratios of ARA:DHA are expected to be in
the range of 2:1-1:1. Runke Bioengineering’s ARA-rich oil will be added to ready-to-drink
or powder form of infant formulas from which reconstituted infant formulas can be
prepared. For term infants, the intended use level (0.75% FAs as ARA) is similar to all other
approved uses for incorporation of ARA-rich oil in infant formula (GRNs 000041, 000080,

AceOne RS, Inc. Page 124



ARA-Rich Qil (Runke Bioengineering)

000094, 000326, 000730, 000963, and 001115). For pre-term infants, the intended use
level in this GRAS determination is up to 0.5% in exempt infant formulas. The use level in
non-exempt formulas in this GRAS determination is slightly higher than that described in
previous GRAS notices (0.5% vs. 0.4%). Intended use levels are consistent with
recommendations by Koletzko et al. (2014a; 2014b; 2020).

Runke Bioengineering’s ARA-rich oil is produced by a fermentative process using the non-
toxigenic, non-pathogenic Mortierella alpina strain FJRK-MAQ1. The organisms are grown
in a pure culture heterotrophic fermentation process, recovered from the fermentation
broth, and dried. The resulting dried algae are extracted with hexane to produce a crude
oil that is further refined, decolorized, and deodorized using processes commonly
employed in the vegetable oil industry. 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 rigorously tests its final production batches to verify
adherence to quality control specifications. Based on certificates of analysis (COAs)
consistent with the food-grade oil industry, the Expert Panel concluded that Runke
Bioengineering’s ARA-rich oil meets specifications for chemical identity, FA profile, and
contaminants (heavy metals and microorganisms) and is free of contaminants such as
residual hexane, monochloropropanediols (MCPDs), and glycidyl esters.

Product specifications are set for ARA content, acid value, free fatty acids, anisidine value,
peroxide value, moisture and volatiles, unsaponifiables, residual hexane, heavy metals,
and microbiological parameters. Specifications for Runke Bioengineering’s ARA-rich oil
are similar to those described in the previous GRAS notices (Runke Bioengineering’s,
>38%; 240% in GRN 000326 and 000094; 38-44% in GRNs 000080 and 000041). In
addition, the FA profile of Runke Bioengineering’s ARA-rich oil is similar to those described
in previous GRAS notices. The data indicate that Runke Bioengineering’s ARA-rich oil is
substantially equivalent to existing ARA-rich oil ingredients that have been the subject of
previous GRAS determinations (GRNs 000326, 000094, 000080, and 000041). Thus, it is
recognized that the information and data in the other GRAS notices are pertinent to the
safety of the ARA-rich oil in this GRAS determination. The safety and metabolism studies
discussed in previous GRNs are as follows: GRN 000963, pages 25-33 (FDA, 2021); GRN
000730, pages 29-44 (FDA, 2018); GRN 000326, pages 61-153 (FDA, 2010); GRN 000094,
pages 78-318 (FDA, 2006); GRN 000080, stamped pages 16-23 and 48-55 (FDA, 2001b);
GRN 000041, stamped pages 108-118 and 175-418 (FDA, 2001a).
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The major sterols associated with M. alpina oil include desmosterol and 24-methyl
sterols. In Runke Bioengineering’s ARA-rich oil, brassicasterol (24-methyl cholest-5,22-
dien-3B-ol) is the most abundant phytosterol (1.21 g/100 g oil), followed by desmosterol
(0.734 g/100 g oil). Total sterols were calculated to be 2.26 g/100 g oil. The estimated
daily intakes (EDIs) of sterols were calculated as 2.5 mg/kg bw/day for term infants and
2.0 mg/kg bw/day for pre-term infants. These intakes are below the amounts of sterols
already consumed as natural constituents in the infant formulas as the mean total sterol
intake was estimated to be between 41-66 mg/day in infants aged 0.5 to 5 months old
consuming infant formulas (Claumarchirant et al., 2015). Sterols are components of many
oil-containing foods and sterols in ARA-rich oils are not expected to pose any safety
concerns.

Studies indicate that infants may not synthesize sufficient amounts of ARA and DHA de
novo from their precursors to cover the high demand during this period of rapid accretion
for normal growth and development. It is known that pre-term birth, which curtails the
maternal supply of ARA and DHA to the fetus, is associated with sub-optimal neural and
visual development, which can be improved by providing exogenous ARA and DHA
(Kremmyda et al., 2011). After delivery, the premature infant becomes dependent on
external sources for its nutritional requirements due to the shorter period and lesser
extent of intrauterine LCPUFA accumulation. In addition, the infant may have a limited
ability to convert essential precursor FAs, linoleic acid (18:2n-6) to ARA and linolenic acid
(18:3n-3) to DHA, due to reduced concentrations and activity of desaturase enzymes
(Martin et al., 2011). Thus, pre-term infants should have higher postnatal LCPUFA
requirements than full-term infants, although ARA supplementation can benefit both
term and pre-term infants.

Mutagenicity and Genotoxicity Studies of Runke Bioengineering’s ARA-Rich Oil, the
Subject of This GRAS Determination
In a study by Lewis et al. (2016), Runke Bioengineering’s ARA-rich oil from M. alpina was

found to be non-mutagenic and non-genotoxic under the test conditions.

Pivotal Animal Toxicity Studies of Runke Bioengineering’s ARA-Rich Qil, the Subject of This
GRAS Determination

In both a 90-day oral toxicity study in rats (Lewis et al., 2016) and a reproductive and
developmental toxicity study in rats (Falk et al., 2017), the No-Observed-Adverse-Effect-
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Level (NOAEL) of Runke Bioengineering’s ARA-rich oil (purity, ~40.3%) was determined to
be 5,000 mg/kg bw/day, the highest dose tested in rats.

Corroborative Animal Toxicity Studies of Other Sources of ARA-Rich Qil

The NOAELs of ARA-rich oil determined from subchronic toxicity studies with an in-utero
exposure ranged from 970 to 4,850 mg/kg bw/day (Casterton et al., 2009; Gao et al.,
2014; Hempenius et al., 2000 Lina et al., 2006) and that determined from a teratogenicity
study was 2,500 mg/kg bw/day in rats (Arterburn et al., 2000). Neonatal piglet studies
showed that approximately 620 mg ARA-rich oil/kg bw/day or 1.0% of total FAs as ARA
were safe (Merritt et al., 2003; Tyburczy et al., 2012). In addition, a study by Tyburczy et
al. (2011) established the bioequivalence of three sources of ARA-rich oils (ARASCO® from
DSM/Martek, SUNTGA40S® from Nippon Suisan Kaisha, Ltd., and RAO from Cargill). These
studies were also discussed in GRN 000963 (pages 30-32), GRN 000730 (pages 31-35),
and GRN 000326 (pages 149-153).

Based on the above-listed studies, for purposes of safety evaluation, a NOAEL of 5,000
mg/kg bw/day was chosen for Runke Bioengineering’s ARA-rich oil and 2,000 mg/kg
bw/day for ARA in rats (Falk et al., 2017; Lewis et al., 2016). The NOAEL of 2,000 mg
ARA/kg bw/day may represent approximately 50-60 times the infant intake of ARA under
the intended use. However, subchronic toxicity studies with in-utero exposure suggest
the NOAELs of other sources of ARA-rich oil products range from 970 (Hempenius et al.,
2000) to 4,850 mg/kg bw/day in rats (Gao et a., 2014).

Human Clinical Studies of ARA-Rich Qil: Pre-term Infants

The studies by Clandinin et al. (2005), Carnielli et al. (2007), and Clandinin et al. (1997),
employing 0.64%, 0.84%, and up to 1.1% FAs as ARA (corresponding to 43, 56, and 74 mg
ARA/kg bw/day), respectively, did not report any adverse effects of ARA supplementation

to infant formulas. Runke is intended to use 0.5% of total fat as ARA (corresponding to
33.4 mg ARA/kg bw/day) for pre-term infants. No studies found adverse effects of ARA
supplementation even at 0.5%-1.1% of total FAs in pre-term infants. An intended use level
of up to 0.5% FAs as ARA (or 33-34 mg ARA/kg bw/day) in pre-term infants are within safe
intake levels found from clinical studies in pre-term infants.

In addition, an intended use level of up to 0.5% FAs as ARA (or 33-34 mg ARA/kg bw/day)
in pre-term infants is consistent with current ARA recommendations: 18-45 mg/kg
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bw/day, preferably high intakes of 35—-45 mg ARA/kg bw/day (approximately 0.6—0.75%
of the total FA intake), for very low birth weight pre-term infants (Koletzko et al., 2014a).

Human Clinical Studies of ARA-Rich Qil: Term Infants
Since the FDA’s review in 2022-2023, no new intervention studies were published.

However, a meta-analysis by Adjibade et al. (2022) reported no adverse association
between the consumption of LCPUFA-enriched formula and the risk of infection and
allergy. Term infants receiving different dosages of ARA (0.64—0.72% of total FAs) and
DHA (0.32-0.36% of total FAs) from 1-9 days of life until up to 12 months of age did not
have adverse effects on allergies, gastrointestinal symptoms, or growth associated with
ARA/DHA-supplemented infant formula (Birch et al., 2005, 2007, 2010; Burks et al., 2008;
Hoffman et al., 2008).

Consumer Reports

Findings from intervention studies are further supported by the safe history of use of ARA
from fungal oil in infant formula. The FDA analyzed the Center for Food Safety and Applied
Nutrition (CFSAN)’s Adverse Event Reporting System (CAERS) data to find any correlation
between the gastrointestinal AEs and the use of DHA and ARA oils in infant formulas (FDA,
2011; FDA Docket No. 2008-P-0074-0017).

In conclusion, ARA-rich oil, combined with a safe and suitable source of DHA, is not
expected to adversely impact the pre-term and term infants who would be consuming
exempt and non-exempt infant formula, respectively.
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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 ARA-rich o0il and other information deemed appropriate and
unanimously conclude that Runke Bioengineering’s ARA-rich oil, manufactured as
described in the dossier and consistent with current Good Manufacturing Practice
(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 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:

23/22/24

George C. thev, Jr, Ph.D. Or O . Dafe !
Professor Emeritus, University of lllinois at Urbana-Champaign :

=== L e e T e R

3/21/2024

Matthew L. Tripp, Ph.D. Date
MattTrippScience Consulting

3/22/2024)
Susan Cho, Ph.D. Date - >
AceOne RS, Inc. '
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