
 

 

 

 

     

  

 

 

 

 

 

     
 

 

 

 

 

       

        

      

    

     

    

     

 

 

     

 

 

 

 

     

 

      

 

GRAS Notice (GRN) No. 1186 
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory 

April 2, 2024 

Dr. Rachel Morissette 

Division of Biotechnology and GRAS Notice Review 

Office of Food Additive Safety (HFS-200) 

Center for Food Safety and Applied Nutrition 

Food and Drug Administration 

5001 Campus Drive 

College Park, MD 20740 

Subject: GRAS Notification 

Arachidonic acid (ARA)-Rich Oil as a Food Ingredient for Use in Infant Formula 

Dr. Morissette, 

On behalf of Runke Bioengineering (Fujian) Co., Ltd. (Runke Bioengineering), we are 

resubmitting a GRAS notification for arachidonic acid (ARA)-rich oil as a food ingredient for use 

in infant formula (resubmission of GRN 001162). The enclosed document provides the notice of 

a claim that a food ingredient, the ARA-rich oil, described in the enclosed notification is exempt 

from the premarket approval requirement of the Federal Food, Drug, and Cosmetic Act because it 

has been determined to be Generally Recognized as Safe (GRAS), based on scientific procedures, 

as a food ingredient. We believe that this determination and notification are in compliance with 

Pursuant to 21 C.F.R. Part 170, subpart E. 

Please feel free to contact me if additional information or clarification is needed as you 

proceed with the review. We would appreciate your kind attention to this matter. 

Sincerely, 

April 2, 2024 

Susan Cho, Ph.D.  

Susanscho1@yahoo.com  or scho@aceoners.com  

Lead Expert Panel Member for  Runke  Bioengineering Biotechnology,  Co., Ltd  
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PART  1.  SIGNED  STATEMENTS AND  A  CERTIFICATION   

1.A.  Submission  of  GRAS  Notice  

Pursuant to 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 a nd  Address of  the No tifier  

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 N ame  

Arachidonic acid-rich oil from Mortierella alpina FJRK-MA01, ARA, ARA-rich oil, ARA-rich 

oil derived from Mortierella alpina FJRK-MA01, fungal ARA-rich oil, or fungal ARA oil. 

1.D.  Applicable Co nditions 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). 
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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 ≥38% 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). 

The population expected to consume the substance consists of pre-term and full-term 

infants. 

1.E.  Basis for th e  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 

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 susanscho1@yahoo.com 

(301) 875-6454 

1.J. 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 Agricu lture (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 No tified  Substance  

      2.A.1.1. Common or Trade Name 

Arachidonic acid-rich oil from Mortierella alpina FJRK-MA01, Arachidonic acid-rich oil, 

ARA-rich oil, arachidonic acid, ARA-rich oil from Mortierella alpina FJRK-MA01, 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 C

   2.A.1.5. Molecular Weight 

304.5   

   2.A.1.6. Structural Formula 

20H3202 

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 (≥38%). 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 
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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 
and 3-methyl pentane) 

< 0.50 < 0.50 < 0.50 

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 
Analysis 11004332 11008334 11012336 

2-MCPD, mg/kg 0.1 < 0.10 < 0.10 < 0.10 AOCS Cd 
29b-133-MCPD, mg/kg 0.1 0. 30 0.25 0.27 

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 
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ARA-Rich Oil (Runke Bioengineering) 

2.B. Method  of  Manufacture  

ARA-rich  oil is produced  via a fermentation process using  Mortierella  alpina  strain  FJRK-

MA01. 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 u sing  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-MA01). 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 

       

        

    

 

            

        

     

           

         

         

      

         

    

 

      

     

 

  

       

    

 

  

ARA-Rich Oil (Runke Bioengineering) 

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. 

AceOne RS, Inc. Page 15 



                                                              

      
 

        

  

  

       

      

     

     

     

    

     

 

      

     

      

      

      

       

     
  

 
 

      

ARA-Rich Oil (Runke Bioengineering) 

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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ARA-Rich Oi l (Runke Bioengineering) 

Receiving and inspection 

of raw ingredients 

Raw ingredients: Glucose, Yeast 

extract, Sunflower seed oil, 

Magnesium su lfate, Potassium 

dihydrogen phosphate, Potassium 

chloride, Sodium hydroxide 
Storage 

Stored in a cool, dry 
warehouse and 
protected from 
insects, rodents, etc. 

I Medium pr:paration 

Use water for production to dissolve the 

raw ingredients including Glucose, Yeast 

extract, Sunflower seed oil, Magnesium 

sulfate, Potassium dihydrogen phosphate, 

Potassium ch loride, Sodium hydroxide for 

fermentation 

Medium sterilization 

Sterilize the fermentation 
medium by steaming. 

Control pressure: 0.11-
0.12Mpa 

Temperature: 120-122°C 

Sterilizat ion t ime: 15-30min 

Fermentation 

Strain (Put the Mortierella 

a/pina FJRK-MA01 into a 

sterilized medium) 

Strain 

Solid-liquid separation 

-
~ 

♦ 
.J 
- I .. t-1 

• ~ 

I◄ • 
After fermentation, use 

a plate and frame fi lter -I I+-
press to separate the 

.L 
culture fluid from solid 

r-+I 

Drying 

Hot air drying equipment to dry the 

wet cells, remove water, and collect 

the dry cells 

Extraction I 

Use N-hexane to 

extract ARA o il from 
dry cells to obtain the 

crude oil 

Degumming and ~ ,..... 
Caustic refining 

• 

Auxiliary for caustic 
refining (Sodium 

hydroxide, Sodium 
sulfate) to degum and 
deacidify the crude oil 

I Decolorizing ~ 1~ 

Activated carbon and activated clay are 

used for adsorption and decolorization 

·~ 
L Deodorizing Under high temperatu re and high vacuum, 

,--- ~ 

steam is introduced for stripping and 
-
~ deodorization 

Add antioxidants 
, I, 

(Vitamin E, Ascorbyl 

palmitate) to stabilize 

the o il 

Filtration - Filter before packaging to remove 
~ 

insoluble impurities 

' 
Packing 

Acceptance and 
storage of packing 
materials 

Inner package 
cleaning and 
sterilization 

Test the fina l product '4-- ~ 

as per the quality -
standard · Ir 

Figure 2. Manufacturing Flow Diagram of ARA-rich Oi l 
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ARA-Rich Oil (Runke Bioengineering) 

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 FJRK-MA01 at the 

Institute of Microbiology Chinese Academy of Sciences (IMCAS). Table 4 presents 

taxonomic classification of M. alpina FJRK-MA01. 

Table 4. Taxonomic Classification of M. alpina FJRK-MA01 

Class Scientific Classification 

Kingdom Fungi 

Phylum Zygomycota 

Subdivision Mortierellomycotina 

Class Zygomycetes 

Order Mucorales 

Family Mortierellaceae 
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ARA-Rich Oil (Runke Bioengineering) 

Genus Mortierella 

Species Mortierella alpina 

Strain Mortierella alpina FJRK-MA01 

2.C.  Specifications and  Composition  

Product specifications (Table 5) are set for ARA content, acid value, free FAs, 

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 Oil 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) (≥38% for Runke Bioengineering’s; ≥40% in GRNs 000326 

and 000094; 38-44% in GRNs 000080 and 000041). 

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

Parameter Current 
notice 

GRN 
000326 

GRN 
000094 

GRNs 
000080 & 
000041 

FCC 

ARA, C 20:4n6, relative % ≥38 ≥40 ≥40 38-44* ≥38 

Acid value, mg KOH/g ≤0.5 ≤1.0 NA NA ≤1.0 

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 ≤1.0 

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/kg ≤0.1 ≤0.1 NA NA ≤0.1 

Moisture and volatile 
matter content, g/100 g 

≤0.1 ≤0.1 NA NA 
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ARA-Rich Oil (Runke Bioengineering) 

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 ND in 25 g NA NA NA NA 

Enterobacteriaceae, cfu/g <10 NA NA NA NA 

Cronobacter spp, /10 g ND in 10 g 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, 13th 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 Oil 

Parameters Batch Number Range Method of 
analysis 11004332 11008334 11012336 

ARA, C20:4n6, 
relative % 

41.01 42.20 41.70 41.0 - 42.2 
AOAC 996.06 

mod. 

Acid value, mg 
KOH/g 

0.29 0.28 0.29 0.28 - 0.29 
AOCS Cd 

3d-63 

Free fatty acids, % 
0.14 0.13 0.13 0.13 - 0.14 

AOCS Ca 
5a-40; 

AOAC 940.28 

Free fatty acids (as 
oleic acid), % 

0.15 0.14 0.15 0.14 - 0.15 
AOCS Cd 

3d-63 

Unsaponifiable 
matter, % 

1.56 1.56 1.51 1.51 - 1.56 
AOCS Ca 

6a-40 

p-Anisidine value 
5.7 5.1 4.9 4.9 - 5.7 

AOCS Cd 
18-90 

Peroxide value, 
meq/kg 

0.61 0.47 0.60 0.47 - 0.61 
AOCS Cd 

8b-90:2017 

Hexane, mg/kg 
<0.50 <0.50 <0.50 <0.50 

AOCS Cg 
4-94 
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ARA-Rich Oil (Runke Bioengineering) 

Mercury, mg/kg 
<0.005 <0.005 <0.005 <0.005 

BS EN 
13806:2002 

Lead, mg/kg <0.05 <0.05 <0.05 <0.05 BS EN ISO 
17294-2 

2016 mod. 
Arsenic, mg/kg <0.005 <0.005 <0.005 <0.005 

Cadmium, mg/kg <0.005 <0.005 <0.005 <0.005 

Moisture and 
volatiles, % 

0.02 <0.01 0.06 0.03 
AOCS Ca 

2c-25 

Aerobic plant 
count, cfu/g 

<10 <10 <10 <10 
US FDA BAM 
Ch. 3, 2001 

Molds, cfu/g <10 <10 <10 <10 US FDA BAM 
Ch. 18, 2001 Yeast, cfu/g <10 <10 <10 <10 

Salmonella, /25 g ND in 
25 g 

ND in 
25 g 

ND in 
25 g 

ND in 
25 g 

US FDA BAM 
Ch. 5, 2021 

Enterobacteriaceae, 
cfu/g 

<10 <10 <10 <10 
ISO 21528-2-

2017 

Cronobacter spp, 
/10 g 

ND 
in 10 g 

ND ND ND 
ISO 

22964:2017 

Endotoxins, EU/g <0.109 or 
<LOQ 

<0.109 <0.109 <0.109 
USP 

43<85> 
Abbreviations: AOAC = Association of Official Analytical Chemists; AOCS = American Oil Chemists’ 
Society; BAM = Bacteriological Analytical Manual; cfu = colony forming units; ch= chapter; ISO = 

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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ARA-Rich Oil (Runke Bioengineering) 

Table 7. Fatty Acid Profiles of Runke Bioengineering’s ARA-rich Oil 

Parameters, % 
Batch Number 

Range Mean 1100 
4332 

1100 
8334 

1101 
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 + 
isomers) 

0.23 0.23 0.22 0.22 - 0.23 0.23 

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 

C18:1 Total (oleic acid + 
isomers) 

9.24 9.87 9.14 9.14 - 9.87 
9.42 

C18:2 Omega 6 (linoleic acid) 12.18 13.34 11.91 11.91 - 13.34 12.48 

C18:2 Total (linoleic acid + 
isomers) 

12.54 13.79 12.26 12.26 - 13.79 
12.86 

C18:3 Omega 3 (alpha linolenic 
acid) 

0.05 0.05 0.05 0.05 
0.05 

C18:3 Omega 6 (gamma 
linolenic acid) 

2.25 2.18 2.18 2.18 - 2.25 
2.20 

C18:3 Total (linolenic acid + 
isomers) 

2.29 2.24 2.23 2.23 - 2.29 
2.25 

C18:4 Omega 3 
(octadecatetraenoic acid) 

<0.02 <0.02 <0.02 <0.02 <0.02 

C18:4 Total (octadecatetraenoic 
acid) 

<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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ARA-Rich Oil (Runke Bioengineering) 

C20:1 Total (gondoic acid + 
isomers) 

0.39 0.39 0.40 0.39 - 0.40 
0.39 

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 

C20:4 Omega 6 (arachidonic 
acid) 

41.01 42.20 41.70 41.01 - 42.20 
41.64 

C20:4 Total (eicosatetraenoic 
acid) 

41.03 42.20 41.71 41.03 - 42.20 
41.65 

C20:5 Omega 3 
(eicosapentaenoic acid) 

0.06 0.06 0.06 0.06 0.06 

C21:5 Omega 3 
(heneicosapentaenoic acid) 

<0.02 <0.02 <0.02 <0.02 <0.02 

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 

C22:1 Total (erucic acid + 
isomers) 

<0.02 <0.02 <0.02 <0.02 
<0.02 

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 

C22:4 Docosatetraenoic omega 
6 

0.20 0.22 0.21 0.20 - 0.22 
0.21 

C22:5 Docosapentaenoic omega 
3 

<0.02 <0.02 <0.02 <0.02 
<0.02 

C22:5 Docosapentaenoic omega 
6 

0.10 0.06 0.08 0.06 - 0.10 
0.08 

C22:5 Total (docosapentaenoic 
acid) 

0.10 0.06 0.08 0.06 - 0.10 
0.08 

C22:6 Docosahexaenoic omega 
3 

0.32 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 

C24:1 Total (nervonic acid + 
isomers) 

0.19 0.20 0.25 0.19 - 0.25 
0.21 

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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ARA-Rich Oil (Runke Bioengineering) 

Total fatty acids 86.20 91.20 86.54 86.20 - 91.20 87.98 

Total monounsaturated fatty 
acids 

9.97 10.60 9.93 9.93 - 10.60 
10.17 

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 

Total polyunsaturated fatty 
acids 

59.09 61.34 59.29 59.09 - 61.34 
59.91 

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 Oil 

Fatty Acid, g/100 g Current 
notice 

GRN 
000326 

GRN 
000094 

GRN 
000041 

FCC 
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 20:1n9 (Eicosenoic or gondoic 
acid) 

0.39 0.22 0.49 0.40 

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

C 20:3n3 (Eicosatrienoic acid) 0.14 0.03 

C 20:3n6 (homo-gamma-Linolenic 
acid) 

1.90 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 

C 26:0 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-3β-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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ARA-Rich Oil (Runke Bioengineering) 

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. β-

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 Oil 

Parameters, g/100 g Batch Number 
(Appendix B; Eurofins) 

Batch Number 
(Appendix C; 
Sterol report) 

Mean 

11004 
332 

11008 
334 

11012 
336 

11004 
332 

11008 
334 

11012 
336 

24-methyl cholest-5,22-
dien-3β-ol (Brassicasterol) 

1.218 1.196 1.227 1.214 

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

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 + delta-5-
avenasterol 

0.018 0.019 0.020 0.019 

Delta-5,24-
stigmastadienol 

0.003 0.003 0.003 0.003 

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-
Methylenecycloartanol 

0.003 0.003 0.002 0.003 

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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ARA-Rich Oil (Runke Bioengineering) 

(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-3β-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-3β-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 
notice 

GRN 
41* & 80 

GRN 
94* 

GRN 
326* 

GRN 
963* 

5α-cholestra-8,14 diene-3beta-ol - - - - 0.042 

4α-Methyl zymosterol (4α-Methyl 
cholesta-8,24-dienol) 

- - - 0.018 -

24-Methyl cholesta-5,24(25 or 28)-dien-
3β-ol 

- 0.108 - - -

24-methyl cholesta-5,24(25)-dien-3β-ol 0.008 - 0.533 -

24-methyl choesta-5,25-dien-3β-ol - 0.109 - - -
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ARA-Rich Oil (Runke Bioengineering) 

24-methyl cholesta-5(25)27-dien-3β-ol - - 0.111 -

Brassicasterol (24-methyl cholesta-5,22-
dien-3β-ol) 

1.214 - - - -

24-Methyl desmosterol - - - - 0.0032 

24-Methyl lanosterol - - - - -

24-Methylene cholesterol 0.004 - - 0.061 -

24,25-methylene cholesta-5-en-3β-ol - ND 0.025 - -

Desmosterol (Cholesta-5,24-dien-3β-ol) 
0.734 0.528 0.138 0.083 0.800 

31-Norlanosterol - - - 0.029 -

β-sitosterol 0.043 - - - 0.018 

Campestanol 0.003 - - - -

Campesterol 0.042 - - 0.013 0.009 

Cholesta-5,25-dien-3β-ol - 0.012 - - -

Cholesta-7,24-dien-3β-ol - - - - 0.016 

Cholesterol - - - - 0.001 

Delta-5,24-Stigmastadienol 0.003 - - - <0.001 

Delta-7-campesterol - - - - A total of 
4 com-

pounds, 
~0.31 

Delta-5-Avenasterol - - - -

Delta-7-Avenasterol 0.002 - - -

Delta-7-Stigmastenol 0.010 - - -

Ergosterol - - - - 0.040 

Fucosterol - - - - 0.001 

Iso fucosterol - - - - 0.054 

Lanosterol (4α,4β,14-trimethyl-8,24-
dien-3β-ol, PubChem 246983) 

-
0.015 

- 0.038 -

Stigma-5-ene-3β-ol - - - - 0.001 

Sitostanol+Delta-5-Avenasterol - - - -

Sitosterol (β-sitosterol, PubChem ID 
222284) 

- - - 0.034 -

Stigmasterol - - - - 0.003 

Zymosterol - - - 0.012 0.0102 

Unidentified Sterols or others 0.19 - - 0.045 0.157 

Total Sterols (g/100 g oil) 
(number of batches indicated) 

2.26** 
(n=3) 

0.79 
(n=1) 

0.21 
(n=3) 

0.98 
(n=5) 

1.57 
(n=6) 

*Sources: GRN00041 (ARASCO®), Table 8: N=2 for individual sterols, but N=1 for total sterols (page 
31, stamped page 131). GRN000094 (SUNTGA40S), Table VI-2 (page 80, stamped page 92). GRN 
000326 (RAO), 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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ARA-Rich Oil (Runke Bioengineering) 

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 Oil 

Batch Parameters Time of Storage (months) 

0 4 8 12 

Storage at ≤ 25°C 

11004332 

Acid value 0.40 0.31 0.37 0.38 

Peroxide value < 0.1 0.6 1.9 2.8 

Anisidine value 5.4 7.5 8.2 8.3 

ARA% 44.2 43.7 43.9 43.8 

11008334 

Acid value 0.25 0.27 0.30 0.23 

Peroxide value < 0.1 0.5 1.6 2.8 

Anisidine value 4.3 4.3 4.8 8.8 

ARA% 43.8 43.8 43.5 43.8 

11012336 

Acid value 0.26 0.23 0.25 0.23 

Peroxide value < 0.1 0.6 2.3 3.0 

Anisidine value 4.2 4.2 9.7 9.8 

ARA% 45.5 45.7 45.9 45.8 

Storage at -10°C 

11004332 

Acid value 0.4 0.36 0.37 0.37 

Peroxide value < 0.1 < 0.1 < 0.1 < 0.1 

Anisidine value 5.4 5.5 5.2 5.3 

ARA% 44.2 43.6 43.7 43.6 

11008334 

Acid value 0.25 0.26 0.29 0.26 

Peroxide value < 0.1 < 0.1 < 0.1 0.3 

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= ISO 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/ 

kg bw/day 

mg ARA-rich oil/ 

kg bw/day 

mg ARA/ 

infant/day 

Term infants 42 110 

Pre-term infants 

Low-birth weight, 2.5 kg 33.4 88 83 

Very low-birth weight, 1.5 kg 33.4 88 50 

Extremely low-birth weight, 1 kg 33.4 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 

a manner 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 Di et  

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 f irst. EDIs o f  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 o f  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 b y 16.8  to get 1.9 9−2.5  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 
fat as ARA 

Maximum 
estimated intake 
(mg/kg bw/day) 

GRN 000041 
(US FDA, 2001a) 

M. alpina Term 0.5 30 

GRN 000080 
(US FDA, 2001b) 

M. alpina Term 0.75 45 

GRN 000094 
(US FDA, 2006) 

M. alpina Term 0.40 26.3 

Pre-term, 
hospitalized 

0.40 32.4 

Pre-term, post-
discharge 

0.40 27.7 

GRN 000326 
(US FDA, 2010) 

M. alpina Pre-term 0.40 27 

Term 0.75 42 

GRN 000730 
(US FDA, 2018) 

M. alpina Pre-term 0.40 27 

Term 0.75 42 

GRN 000963 
(US FDA, 2021) 

M. alpina Pre-term 0.40 27 

Term 0.75 42 

GRN 001115 
(US FDA, 2023) 

M. alpina Pre-term 0.40 27 

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 I2, 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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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 TA98, 

TA100, TA1535, and TA1537 strains; sodium azide in the absence of S9 for the TA100 and 

TA1535 strains; 4-nitroquinoline1-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. 

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 
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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 Oil, the Subject of This GRAS Determination 

Test Test system Concentration/ 
dose of 
ARA-rich oil 

Previous GRN 
Citations 

Bacterial reverse S. typhimurium TA98, 0.1, 0.5, 1.25, 2.5, GRN 730, p.30-31 
mutation assay TA100, TA1535, 

TA1537, E. coli WP2 
uvrA 

3.75 and 5.0 
mg/plate, plate 
incorporation and 
preincubation ± S9 

GRN 1115, p.39 

In-vitro 
chromosomal 
aberration test 
using human 
blood peripheral 
lymphocyte 

Human blood 
peripheral 
lymphocytes 

Main tests: 
Concentration of 
0.0, 1.25, 2.5, and 5 
mg/mL culture ± S9 

GRN 730, p.30-31 
GRN 1115, p.39 

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 

ARA-rich oil and the 2nd 

day dosing for the CPA 
control; bone marrows 
were collected at 24 h 
following the final 
dosing 

bw/day 

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 Oils 

Test Reference Previous GRN Citations 

Bacterial reverse 
mutation assay 

Arterburn et al. (2000a) GRN 326, p.124; 
GRN 1115, p.38 

Casterton et al. (2009) GRN 326, p.123-124, 135; 
GRN 1115, p.38 

Mouse Lymphoma 

Forward Mutation 

Assay (Gene Mutation 

in the TK-locus) 

Arterburn et al. (2000a) GRN 326, p.149 

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

In-vitro chromosomal 
aberration test using 
human blood 
peripheral lymphocyte 

Arterburn et al. (2000a) GRN 326, p.149 

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

Abbreviations: GRN = GRAS notice; TK = thymidine kinase. 

          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 Oil, 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 
substance 

Dose Duration NOAEL Reference Previous 
GRN 
Citations 

Studies of Runke Bioengineering’s ARA, the Subject of This GRAS Determination 

Rat, 
Wistar 

ARA-rich 
oil from 
M. alpina 
(40.3% 
ARA) 

0, 1,000, 
2,500, or 
5,000 
mg/kg bw 
ARA-rich 
oil 

4 wk ARA-rich 
oil:5,000 
mg/kg 
bw/day 

Lewis et 
al., 2016 

GRN 730, 
p.32; 
GRN 963, 
p.30-31; 
GRN 1115, 
p.44 

13 wk 

Develop-
mental 
toxicity, 
GD 6-20 

Both 
develop-
mental and 
reproductive 
toxicity; 
ARA-rich oil: 
5,000 mg/kg 
bw/day 

Falk et al., 
2017 

GRN 730, 
p.32; 
GRN 963; 
p.32 
GRN 1115, 
p.45 

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 (LD50) for ARA-rich oil was above 5,000 mg/kg 

bw/day in both male and female rats. 
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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 µL in oil control vs. 8.0-9.1 x103 µL 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 Oil for 90 Days 

Item Dose (mg/kg bw/day) 

0 (water) 0 (corn) 1,000 2,500 5,000 
Males 

RBC x 106 µL 7.6±0.3 7.6±0.4 7.6±0.3 7.6±0.4 7.4±0.3 

Hematocrit, % 42±2 42±1 42±1 44±2a,b 44±2a,b 

MCV, µm3 52±9 54±2 54±2 54±2 54±2 

Hemoglobin, g/dL 15±1 15±1 15±0 16±0 16±0 

MCH, pg 17±1 18±1 18±1 18±1a 18±1 

MCHC, g/dL 36±2 35±1a 36±2b 36±1 36±1 

Platelets 969±29 958±50 956±28 952±34 949±43 

MPV 55±4 54±1 54±2 54±2 54±2 

WBC x 103 µL 8.4±0.7 8.6±0.7 8.0±0.7b 9.1±0.8a 8.9±0.7 

Neutrophil 16±13 13±2 13±2 14±2 14±2 

Lymphocyte 84±2 84±2 83±29 84±2 84±2 

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 0±0 0±0 0±0 0±0 0±0 

PT 13±1b 11±1 13±1b 13±1b 14±1b 

aPTT 16±1 16±1 16±1 16±1 15±1 

Females 

RBC x 106 µL 7.4±0.3 7.4±0.2 7.5±0.3 7.5±0.3 7.6±03 

Hematocrit, % 43±2 44±2 45±1 44±2 44±2 

MCV, µm3 53±2 54±2 53±2 54±2 54±2 

Hemoglobin, g/dL 22±32 16±1 16±0 16±0 16±0 

MCH, pg 18±0 18±1 18±0 18±0 18±1 

MCHC, g/dL 35±1 36±1 35±2 35±1 35±1 

Platelets 958±32 960±26 944±33 945±36 954±37 

MPV 54±2 54±2 54±2 54±2 54±2 

WBC x 103 µL 9.4±0.9 9.6±0.5 9.5±0.7 9.5±0.4 9.3±0.7 

Neutrophil 12±3 12±2 13±1 13±2 14±1a,b 

Lymphocyte 84±2 84±2 83±2 84±2 83±2 

Monocyte 2.4±0.7 2.4±0.8 2.7±0.7 2.6±0.8 2.5±0.7 

Eosinophil 1.8±0.8 1.8±1.0 2.0±0.9 1.6±0.8 1.9±0.8 

Basophil 0±0 0±0 0±0 0±0 0±0 

PT 11±1b 12±2a 12±1 12±3 12±1 

aPTT 16±1 15±1 16±1b 165±1 
(may be a 

typo; It 
should 

have been 
16.5) 

16±1 
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ARA-Rich Oil (Runke Bioengineering) 

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

sacrifice. 
aP<0.05 vs. water control; bP<0.05 vs. vehicle control. 

Abbreviations: aPTT = activated partial thromboplastin time; ARA = arachidonic acid; bw = body 

weight; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin 

concentration; MCV = mean corpuscular volume; MPV = mean platelet volume; PT = prothrombin 

time; RBC = red blood cell; SD = standard deviation; WBC = white blood cell. 

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

Item Dose (mg/kg bw/day) 

0 (water) 0 (corn) 1,000 2,500 5,000 

Males 

Glucose, mg/dL 117±6 114±6 114±6 116±6 116±5 

Cholesterol, 
mg/dL 

64±3 65±3 68±4a,b 69±4a,b 71±4a,b 

Triglyceride, 
mg/dL 

63±3 63±3 68±4a,b 70±4a,b 73±3a,b 

ALT, IU/L 61±4 64±3 66±4a,b 68±4a,b 68±4a,b 

AST, IU/L 113±4 112±5 115±3 114±5 119±5a,b 

ALP, IU/L 152±4 150±4 152±4 152±3b 155±5a,b 

SDH IU/L 16±2 16±2 16±2 17±3 18±3a,b 

Calcium, mg/dL 14±1 14±1 14±1 15±1a 15±1 

Urea, mg/dL 15±1 15±1 15±1 16±1 16±2a,b 

Phosphorus, 
mg/dL 

6.1±0.6 6.2±0.7 6.7±0.6a,b 6.7±0.5a,b 6.8±0.6a,b 

Albumin, g/dL 4.3±0.3 4.4±0.3 6.6±0.3a,b 6.5±0.2a,b 4.4±0.3 

Total protein, 
g/dL 

6.6±0.3 6.6±0.4 6.6±0.3 7.0±0.4a,b 6.7±0.3 

Bilirubin, mg/dL 0.30±0.15 0.34±0.15 0.30±0.17 0.36±0.18 0.29±0.16 

Creatinine, 
mg/dL 

0.31±0.13 0.31±0.10 0.33±0.15 0.30±0.10 0.31±0.12 

Globulin, g/dL 3.7±0.4 3.7±0.5 3.8±0.5 4.0±0.5 3.7±0.4 

LDH, IU/L 76±5 73±6 73±3 74±6 78±8b 

GGT, IU/L 0.3±0.04 0.3±0.03 0.3±0.04 0.3±0.06 0.3±0.4 

Sodium, mmol/L 146±3 146±3 148±3 148±3 153±4a,b 

Potassium 
mmol/L 

5.5±0.5 5.5±0.4 5.6±0.3 5.5±0.3 5.6±0.3 

Chloride, 
mmol/L 

105±1 104±1 104±2 105±1 104±1 
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Females 

Glucose, mg/dL 111±6 112±5 111±6 111±5 110±6 

Cholesterol, 
mg/dL 

64±2 62±3 66±3b 71±5a,b 70±4a,b 

Triglyceride, 
mg/dL 

66±4 66±3 67±4 69±4b 69±3a,b 

ALT, IU/L 61±4 63±2 67±3a,b 68±4a,b 71±3a,b 

AST, IU/L 103±22 109±5 112±5a 117±4a,b 117±4a,b 

ALP, IU/L 147±5 147±4 151±4a,b 151±3a,b 154±5a,b 

SDH, IU/L 15±2 14±2 16±3b 19±4a,b 19±4a,b 

Calcium, mg/dL 13±1 13±1 13±1 15±1a,b 13±1 

Urea, mg/dL 14±1 14±1 15±1 15±2 16±2a,b 

Phosphorus, 
mg/dL 

6.1±0.5 6.4±0.4 5.8±0.4 5.7±0.4b 6.1±0.7b 

Albumin, g/dL 4.4±0.3 6.6±9.7 4.4±0.2 4.4±0.2 6.4±8.4 

Total protein, 
g/dL 

6.4±0.3 6.4±0.3 6.5±0.3 6.4±0.3 6.440 

Bilirubin, mg/dL 0.29±0.14 0.29±0.14 0.28±0.13 0.33±0.15 0.37±0.15 

Creatinine, 
mg/dL 

0.33±0.15 0.31±0.14 0.28±0.12 0.30±0.13 0.30±0.11 

Globulin, g/dL 3.4±0.2 3.4±0.3 3.4±0.2 3.5±0.3 3.5±0.3 

LDH, IU/L 70±8 70±6 82±8a,b 74±8 81±10a,b 

GGT, IU/L 0.3±0.05 0.3±0.06 0.2±0.0a,b 0.2±0.0b 0.2±0.0 

Sodium, mmol/L 143±2 144±3 145±2 146±3b 146±2 

Potassium 
mmol/L 

5.1±0.5 5.0±0.6 5.4±0.5 5.5±0.4b 5.3±0.4b 

Chloride, 
mmol/L 

104±1 104±1 104±1 104±1 104±1 

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

sacrifice. 
aP<0.05 vs water control; bP<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 
weight, g 

Dose (mg/kg bw/day) 

0 (water) 0 (corn) 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/ 
S.V. 

1.76±0.03 1.77±0.04 1.75±0.05 1.77±0.06 1.74±0.50 

Prostate 0.72±0.05 0.74±0.05 0.70±0.06b 0.70±0.08 0.71±0.05b 

Testes 4.26±0.13 4.21±0.11 4.31±0.17 4.21±0.16 4.35±0.24b 

Epididymis 1.79±0.05 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 0.83±0.04 0.84±0.05 0.81±0.04b 

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 0.77±0.05 0.76±0.05 

Ovaries 0.27±0.02 0.27±0.01 0.27±0.02 0.27±0.02 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 1.58±0.12 1.59±0.06 

Spleen 0.75±0.06 0.73±0.08 0.79±0.06b 0.80±0.04b 0.80±0.06b 

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 mean±SD for groups of 20 rats treated for 90 days prior to 

sacrifice. 
aP<0.05 vs water control; bP<0.05 vs vehicle control. 

Abbreviations: ARA = arachidonic acid; bw = body weight; S.V. = seminal vesicles 
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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 

Item 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 Observations – 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 – Number (% 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. 

AceOne RS, Inc. Page 53 



                                                              

      
 

     

 

 

      

 

       

  
 

     

        

      

      

      

      

      

      

 
 

     

       

       

       

      

        

      

      

      
 

     

 

     

     

      

    

        

           

       

      

       

       

ARA-Rich Oil (Runke Bioengineering) 

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 Oil ARA LD ARA MD ARA HD 

ARA-rich oil, 
mg/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 (F0) or pup generation (F1) 

during the course of the study. F0 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 (F0) 

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 F0 males in the low-dose group and the 

F0 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. 

F0 generation; anatomic pathology: No animals in the F0 generation 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 F1 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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ARA-Rich Oil (Runke Bioengineering) 

Table 21. F0 Fertility and Reproductive Performance in the Reproductive Toxicity Study 

Fertility Indices Corn Oil 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 
± 0.45 

3.78 
± 0.47 

3.59 
± 0.51 

3.85 
± 0.62 

Gestation period* 21.25 
± 0.62 

21.56 
± 0.72 

21.62 
± 0.69 

21.25 
± 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 
± 0.66 

5.69 
± 0.56 

5.36 
± 0.26 

5.36 
± 0.53 

Mean male pup weight day 22, g 35.38 
± 4.84 

33.25 
± 5.02 

33.25 
± 4.25 

33.52 
± 4.25 

Mean female pup weight day 0, g 5.13 
± 0.56 

5.57 
± 0.52 

5.24 
± 0.56 

5.45 
± 0.23 

Mean female pup weight day 22, g 33.23 
± 5.25 

33.56 
± 4.25 

32.72 
± 5.56 

34.21 
± 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 (LD50) 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 
substance 

Dose Duration NOAEL Reference Previous GRN 
Citations 

Acute Toxicity Studies 

Rat, 
Wistar 

ARA-rich oil 
(48.3% ARA) 

15.2 g ARA-rich oil/kg bw Single dose; 
observed 
14 days 

LD50 > 15.2 g/kg 
bw 

Gao, 2017 GRN 730, p.31; 
GRN 1115, p.40 

Rat, ARA-rich oil 18.2 g ARA-rich oil/kg bw Single dose; LD50 > 18.2 g ARA- Hempenius GRN 326, p.149 
Wistar (32.7-38.6% observed rich oil/kg bw et al., 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; LD50 > 5 g Nisha et al., GRN 326, p.150, 
Wistar M. alpina 

biomass 
observed 
14 days 

biomass/kg bw or 
>0.63 g ARA/kg 
bw 

2009 152; 
GRN 730, p.33 
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, F0 females, 3,750; Gao et al., GRN 963, p.32; 
Wistar from M. 

alpina 
(48.3% ARA) 

after in-
utero 
exposure of 
F0 

F0 males, 2,850; 
F1 females, 4,850; 
F1 males, 4,480 
mg/kg bw/day, 
the highest dose 
tested 

2014 GRN 1115, p.43 

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 et al., 2009 152; 

alpina 
(43.3% ARA; 

with in-
utero 
exposure 

bw/day GRN 1115, p.43 
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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% Lina et al., 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; 
SUNTGA40S) 

in diet; 
3.65% ARA + 2.11% DHA 

utero 
exposure of 
F0 

spleen wt, 
hematology, and 
blood lipids at 
high-dose; 
ARA+DHA in F1 

were not 
considered 
adverse 

GRN 1115, p.43 

Rat, ARA-rich oil 0, 0.3, 1.5, or 7.5% 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 
F0 

oil/kg bw/day 
(corresponding to 
374 mg ARA/kg 
bw/day) 

GRN 1115, p.42 

Subchronic Oral Toxicity Study of M. alpina Biomass 

Rat, ARA-rich M. 0, 0.25, 0.5, 1.0, 2.0 and 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 et al., 
Dawley days 6 to 15 bw/day for both 

F0 and F1 

2000b 
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ARA-Rich Oil (Runke Bioengineering) 

Bioequivalency Study 

Piglet ARASCO® , 
RAO, or 
SUNTGA40S® 

Diet, formula containing 
35.8 mg ARA and 17.9 mg 
DHA/100 kcal (0.64 and 
0.32% total FAs; 
comparing ARASCO® , 
RAO, and SUNTGA40S® at 
the same concentrations 
of ARA/DHA) 

19 days 
(day 3 to 
day 22) 

All three sources 
of ARA were safe 
and nutritionally 
bioequivalent at 
0.64% of total FA 
as ARA in 
combination with 
DHA 

Tyburczy et 
al., 2011 

GRN 730, p.33 

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 
(ARASCO®) 

total FAs day 28) combination with 
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 (day 3 to bw/day al., 2003 GRN 963, p.31-32; 
SUNTGA40S®) intake, 248 mg/kg bw/d), 

55 mg DHA (mean intake 
136 mg/kg bw/d), or the 
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 

day 19) (or ~620 mg ARA-
rich oil/kg 
bw/day) 

GRN 1115, p.46 

Abbreviations: ARA = arachidonic acid; bw = body weight; DHA = docosahexaenoic acid; FA = fatty acid; GRN = GRAS notice; LD50 = 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 Oil 

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/ 
Safety-related 
results 

Reference Previous GRN 
citation 

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 
from tuna fish and 34 mg ARA/100 
kcal. (4) Reference group: term 
infant breast milk fed (~0.6% of FAs 
as ARA and ~0.3% of FAs as DHA) 

Reference group 

for 4 mo, 
starting between 
birth and 4 wk of 
age 

and Bayley 
development 
scores/ No adverse 
effects on 
measured 
outcomes 

14 on p.51 

22 pre-term 
infants with 
gestational 
ages of 
approxi-
mately 31 
wk 

Control: Infant formula, 
or Infant formula supplemented 
with fungal ARA (0.84% ARASCO) 
and algal DHA (0.64%; DHASCO; 
approx. 42.8 mg DHA/kg/day, 
assuming that infants consume 6.7 
g fat/kg bw/day); 

From birth to 
7 mo of age 

Growth; plasma 
phospholipid FAs; 
estimation of 
endogenous 
synthesis of LC 
PUFAs/ No adverse 
effects on 
measured 
outcomes 

Carnielli 
et al., 
2007 

GRN 326, p.115 
and Table 28 on 
p.82; 
GRN 730, p.39-
40; 
GRN 1115, 
Table 14 on p.53 

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 

3) 0.32% ARA and 0.24% DHA, 
4) 0.49% AA and 0.35% DHA, or 
5) 1.1% ARA and 0.76% DHA; 

hematology; blood 
concentrations of 
lipid profile (fatty 
acid composition of 

1997 
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Algal DHA and fungal ARA were 
from Martek; 91 completed the 
study 

erythrocyte 
membrane 
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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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 

Française depuis l’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 

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; et al., p.117; 
and growth term + 8 mg algal DHA; days of age incidence of atopic 2008 GRN 730, 
when 
supplemented 
with DHA and 
ARA formula in 
infants 

infants 2) 34 mg ARA (~0.64% 
FAs) 
+ 17 mg DHA; or 
3) control, non-
supplemented formula 
ARA Source: M. alpina 

dermatitis; tolerance 
assessed by stool 
frequency and 
characteristics as well 
as amounts of gas; 
ARA/DHA conc. in RBC, 
and plasma 

p.44 

phospholipids/ No 
adverse effects on 
measured outcomes 
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To determine 
the effects on 
growth, 
tolerance, and 
safety in healthy 
infants of an 
amino acid-
based formula 

Study 1: 
164 
healthy 
term 
infants 

The new amino acid-
based formula containing 
34 mg/100 kcal (0.64% 
total FAs) ARA and 17 
mg/100 kcal (0.32% total 
FAs) DHA 

From 14 ± 2 
through 120 ± 
4 days of age 

Growth, formula 
acceptance, tolerance, 
and AEs/ No adverse 
effects on measured 
outcomes 

Burks et 
al., 2008 

GRN 326, 
p.116-
117 

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; 
formula in 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 

allergy 
extended 7-day 
home feeding 
period if the 
open challenge 
response was 
negative 

adverse events/ No 
adverse effects on 
measured outcomes 

To determine 
the effect of 
ARA/DHA 
supplementation 
on the safety 
and the visual 

343 
healthy 
term 
infants 

ARA, 0.64% (34 mg/100 
kcal, from M. alpina) for 
all 3 DHA concentrations; 
DHA (from C. cohnii oil), 
DHA: 0.32%, 0.64%, or 
0.96%; 

First 12 mo of 
life (from days 
1-9), sole 
source of 
nutrition until 
< 4 mo of age 

Physical growth; 
tolerance, 
and adverse events; 
visual acuity 
maturation; RBC FAs / 

Birch et 
al., 2010 

GRN 730, 
p.42; 
GRN 
1115, 
p.56 
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acuity of 
formula-fed 
infants from the 
DIAMOND study 

Control: unsupplemented No adverse effects on 
measured outcomes 

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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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. 

2. 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. 

3. 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. 

4. 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. 

5. 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 

“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 

Applicant, Fujian Rur e Bioengineering Corp .. I td 

Srunple described, \<Ii -obial cultun: (strain FJRK-MA0I) 

Sample quanth}: One lrain Date of sampling, 2023.04 

Tested by, Bing-Da SI N Signature 

Approved by: Yu-Gua g ZHOU Signature 
------------~.:.....-.,.: 

(The out results ool rtCer lo the received samples. The name, luiitute or 

Microbiology Chlnese Academ~ of Sciences, ~ball not be used for commerciAI 

purpo1e 'llithout the p ior written consent of the senice pro, ider.) 

C'ooelu ion ofldeotili ;ltion, 

According to lhc rci. J.lts of the morphological. physiological propetties.. sequence 

or tRNA gene, the tr in FJRK-MA0I bc:loogs to: 

Mortierella 11/pina 

,..~ 
Chinese cademy or iences 

June 19, 2023 
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TEST REPORT 

IMCAS Report 'lo. lo}}J(!,ISX' 

Applicant, Fujian Run~c Biaffltpneering C'orp .. Ltd. 

(cootinut) 
I . Morphological properti<S 

Fast growing on r,,aJt cxtmct 

agar. colonies rcacbinr 45-SS mm 

diam after fh c days o incubation 

at 2S 'C. "hlle. cot<0ny. aerial 

mycelium flourish reverse 

>·cllo"ish-brown. "i1hou1 soluble 

pigments. 
Milky "hue droplros produced 

in mycelium. hypboe branched 

and with-Out septum. 2.0-6.0 1tm 

in "idlh. Sporulation was rare on 

MEA and ncothcr sp. nuttpospore 

nor zygospore observed. 

l. Partial sequenc-t of rRNA gene 

(including 18S rONA. panial sequcncc; ITSI. S.8S rR'IA and ITS2. full sequence; 

28S rDXA. partial seqJcncc) 
S 1 ~ CA TT CAT AA TCMAGTG"'TITT ATGGCACTTTT MAMAATCCA TA lCCACCTTGlGTGCAA TGTCA TCTCACTGGAGGC 

CGGCGGCTGTMAAAGCCCGf"'TGGTCACCfflGGGATTTATATCTAC.TCAGMCfftAGTGATTTTGlCTGAAAAATAfTAT 

GAATAACTTAAntAAMTACA.ACTTT(MCAACGGAldCTlGGCTCTCGCATCGATGMGMCGCAGCGAMTGCGATACG 

t A TTGCGCTClC TGGTATTCCfiGMiAGCA TGCTTGTT 
T AA TGTGAA TT'GCAGM TTCAf."TGAA TCA T CGAA TCTTTGAACG(.A 

~ATCAGTMAC.IICCTUJCTCCCnTTTCTTTTTTGMATCiMiGGAGCTGGACTTGIIIGT6AT«CMCACTTTTCTCAC 

T<JMNifGGCGGGTOCTT~TGCAGGTGCAGCTGGACTTTTCTCTGAGCTAT"'"'-TAJCTAmAGTCTGCCT.MM 

AACAGATTATTACCTTTGCTGrAGCTAACATAAAGGAGATGAGTTCTTGTGCTGACTGATGOGGATTCACAGAGACAGCTTC 

GCGGCTGACT l l'GT MACTCGA TCTCAM TCAAGT AJ!ifJM:r ACCCGCTGAACTT MGCA TA TCAA • l' 

ata Phylogenetic dJ. analysiJ b1tst on rRNA gene sequencing 

-11 . ,,, 

........... ~-cea .... 
•........,._P •••~,.-au-

• ... _ .... ...,.... ..... ~8961'1 

1----i--M-i. CMIOO-lpei. •ttllil'I Cet 1•1 . 1t 

100 Mntli..•~-• t.,.;lnClf. 1017N 

'--- .......... ~•-C.&1,aoa: -~ 
,. Mc,,1 ................. c-.i10.D.......,. 
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Appendix B. Certificates of Analysis 

Page 1/1 
AR-22-SU-007861-04::~ eurofins 

Analytical Report 
Sample Code 502-2022-00002955 Report date 09-Feb-2022 

Certificate No. AR-22-SU-007861-04 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

Our reference: 502-2022-000029551 AR-22-SU-007861-04 

Client Sample Code: l!tlt : 11004332 
!l;.1"1'1kll : 20Z1.10.04 

Sample deeat>ed as: Arachidonic acid oil/ Arachidonic acid oil 

Sample Packaging: Sealed metal bottle 
sample reoepllon date: 1 O-Jan-2022 
Analysis Starting Date: 10-Jan-2022 
Analysis Endll'(l Dale: 26-Jan-2022 

Antval Tempe,ature ("C) 14.0 Sample Weight 140g'2 

Results Uni LOQ LOO 

tr QA04G MonOChloropropane<!IOls (sum of rree an<l esters) MethO<I: AOCS C<I 290-13 
Accre<lilation: 1S0/IEC 17025:2017 A2LA 2993.0t 

Total 2-MCPD (free and bound) <0.10 mg/kg 0.1 
Total 3-MCPD (free and bound) 0.30 mg/kg 0.1 

t<OAONO Glycidyl es1ers (GC-IASMS) MelhOd: AOCS Cd 291>-l3 
Aecre<lilation: 1S0/IEC 17025:2017 A2LA 2993.0t 

GlyciOOI (calculated} <0,10 mg/kg 0.1 

Revision Notes 
Modifies dient sample dQs:cf\")tOO 

SIGNATURE 

Lily Liu 
Authorized Signato,y 

EXPLANATORY NOTE 
LOO: limit of Quantification • CNAS # DAl<kS oCMA 
<- LOO: Below Limit of Quan:ificalion tr me3ns lhe test is subCOntracted within Euro fins group 

N/A means Not applicable • means the test is subcontracted outside Eurofins group 
Sum compounds results are calculated Iron the results of eacn quantifieo compound as set by regulation 
The uncertainty has not been ta.ken into account for standards that already indude measurement ureert.ainty Of on explicit reQuest of client 
The sample description and information are provided by tile Client. Eurofins is not responsible for vefifying the accuracy, relevancy, adequacy 
and/or ccmpleteness of the information proV'ided by the O ient. 

The analytical result herein is applicatle f0< 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 resol (s) is(are) only for internal use by the client and not k>r publloly available as evidence.W ithout the written permission of Eurofins, any 

party is p,ohibited tom using Ille test results and the report for putlicity or promotions or marke!ing. 
The Eurofins General Terms and Conditions apply to this analytical report. 
For and oo behalf of Eurofins Technology Service (Suzhcu) Co.. lid 

END OF REPORT 

Eurofins Tech. 

Jiangsu Provin 

PI\One ~ee ◄oo 626 508& 

Fax 
www.eurofins.cn 
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Page 1/1 
AR-22-SU-007862-04=:~eu rofi ns 

Analytical Report 

Sample Code 502-2022-00002956 Report date 09-Feb-2022 

Certificate No. AR-22-SU-007862-04 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

Our reference; S02-2022-000029W AR-22-SU-007882-04 

Client Sample Code: lit~ : 11008334 
!El'l:IM :2021.10.08 

Sample described as: Arachidonic acid oil / Arachidonic acid o il 

Sample Packaging: Sealed metal bottle 

Sample raceptlon date: 1 O-Jan-2022 
Analysis Starting Date: 1 O-Jan-2022 
Analysis Ending Date: 26-Jan-2022 

Arrival Temperature (°C) 14.0 Sample Weight 140g·2 

Resulls Unit LOQ LOD 

1< QA04G MonochlOropropanediols (sum of free ana esters) MethOCI: AOCS Cd 291>13 
Accreditation: ISOIIEC 17025:2017 A2LA 2993.01 

Total 2 -MCPD (free and bound) <0.10 mg/kg 0.1 

Total 3-MCPD (free and bound) 0.25 mg/kg 0.1 
'll QAONO GlyciClyl esters (GC-MSMS) MelhOCI: AOCS Cd 291>13 

Accreditation: I$0/IEC 17025:2017 A2LA 2993.01 

Glycidol (calculated) <0.10 mg/kg 0.1 

Revision Notes 
Modifies client sample description 

SIGNATURE 

' I 
Lilyliu 

Authorized Signatory 

EXPLANATORY NOTE 
LOO: Limit ol Quantification • CNAS # OAAkS OCMA 
< LOO: Below Limij ofQuantification *means the test is subcontracted within Eurofins group 
NIA me.!lns Not tsipplicaible • mcttins the test is subcortrocted outside Eurofins g roup 

Sum compounds resu1ts are calculated from the results of each quantified compound as se1 by reguation 
The uncertainty has not been taken into account for standards that already inciude measurement uncertainty or on explicit request of ciient. 
The sample description and information are provided by the Client. Eurofins is not responsible for verifying theaca,racy, relevancy, adequacy 
and/or completeness of the informationprovided by the Client. 
The analytical resutt herein is applicable for the sample(s) tested only. 
This analytic.ii report shall not be excerpted 0< modified without pnor written approval from Eurofns. The ,eport shall be u tihzed in fl.II. 
The result(s) is(are) only for internal use by the Client and not for publicly available M evidence.Withwt the written permission of Eurofins, any 
party is prohibited from using the test results and the report for publicity or promotions or marketing. 
The Eurcfins General Tenns and Conditions apply to this analytical report. 
For and on behalf of Eurofins Techno logy Service (Suzhou} Co., ltd 

END OF REPORT 

EU'Ofins Tech Phone +66 400 828 5088 

Fax 
www.euroflns.cn 

Suzhou 21500 

Jiangsu Provin 

~ 

S 
~ .!... 
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Page 1/1 
AR-22-SU-007863-04:;; eurofins 

Analytical Report 
Sample Code 502-2022-00002957 Report date 09-Feb-2022 

Cer1iflcate No. AR-22-SU-007863-04 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujia n Province 

Fax 0596-3552000 

Our reference: 502-2022-00002957/ AR-22-SU-007863-04 

Client Sample Coda: !It~ : 11012336 
~i"'Elll! : 2021.10.12 

Sample desclibed as: Arachidonic acid oil / Araehidonic acid cil 

Sample Packaging: Sealed metal bottle 

Sample reception date: 10-Jan-2022 
Ana~is Starting Date: 10-Jan-2022 
Analy,ii• Ending Date: 26-Jan-2022 

Arrlvsl Temperature ("C) 14.0 Sample Weight 140g' 2 

*
Results Unit LOO LOO

QA04G 11/.onochloropropanediols (sum of free and este,s) Method: AOCS Cd 29b-13 
Accreditation: ISOIIEC 17025:2017 A2LA 2993.01 

Total 2-MCPD (free anel bound) <0.10 mg/kg 0.1 

*
Total 3-MCPD (free and bound) 0.27 mg/kg 0.1 

QAONO Glycidyt esters (GC-MSMS) Method: AOCS Cd 29b-13 
Accreditation: ISO/IEC 17025:2017 A2LA2993.01 

Glycidol (calculated) <0.10 mg/kg 0.1 

Rev1$10n Notes 

Modifies Client sample description 

SIGNATURE 

I 
j 

lily Liu 
Authorized Signatory 

EXPLANATORY NOTE 
LOO: Umit ofQuantification • CNAS # 0AkkS 0CMA 
< LOO: Below Lim~ of Quantification *means the test is subcontracted within Eurofins group 
N/A means Not applicable o means the tesl is subcontracted outside Eurofins group 
Sum compounds resutts are calculated from lhe results of each quantified compound as set by regulation 
The uncenainty has not been taken into account for standards that already in,;lude measurement uncer1a inty or on explicit request of client . 
The sample description and information are provided by the Client. Eurofins is not respensible for verifying the accuracy, relevancy, ade<iuacy 
and/or completeness of the information p,ovided by the Client. 
The analytical result herein Is appllca1>Ie for the sample(s) tested only. 
This analytical repor1 shall not be exoerpted 0t mOdifie<f without prior written approval from Euro/ins. The report shall be util zed in full. 
The result(s) is(are) only for internal use by the client and not for publicly available as evidenee.WithOut the \Mitten permission of Eurofins, any 
pally is prohibited from using tne test results ana tile report for publicity or promotions or marketing. 
The Eurofins General Tenms and Conditions apply to this analytical report. 
For an<! on bellalf of Eurofins Technology Service (Suzhou) Co., Ltd 

END OF REPORT 

Jiangsu Provin 

Phone • 86 400 828 5088 

Fax 
www.eurofins.cn 
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CNAS 
'
!
P!ll\iiJ 
till 

Analytical Report 

SampleCO<le 502-2021-00126364 F\epori date 30-Deo-2021 

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

TESTING 
CNASL37H 

Pag.115 
AR-21-SU-116947-01-EN 

111mm111111 IIIIIIIIIWlllmllllll lill![iHI Runk• Bioengineering (Fu)len) Co"Ltd . 

JinOu Industrial Part<. Zh&O•M County 

Zhangzhou City Fujian Prov'iloe 

Fax 0596-3552000 

O\lt refe,onc:.o: 502·2021-0012$.3$.41 AR-21.SU, 116947 ,0 1•EN 

Clitl'II Samp'llt Codo: •uMtt"t : 1100'l32 tre• · 2021.1et.04 

$omplod~M! Ar.:ichidooic acid oi IN&etlld()Nr; 8Ci(I oil 

S8fflple PI\Ckaging: Sealectl'M181 botue 

SaMplefeoepllk,n<liltie: 29.Nat-2021 
Melplt Staining Dalt: 29-Nov-2021 
Atlalytlt end.-g ~ .. 29-0oc:.2021 

140g'l 2 21.& 

Phone •36 ~ eia soea 

..........,eutoflns.cn (( DAkkS -A.Ul'Nlflet\O~dl,. 
0-h 1•:-lt 01 00 

... 

Rosulls LOO l OO 

A# SU007 M.1:ua,iy (AAS) Meshod. es EN 13806:2002 
Aec1edtali0n: Dl<KKS:O•PL -14292-0t-00&CMA:211020342268&CNAS:l.3788 

Mercury (Hg) <0.005 mg/kO .,,. 
• stl050 lead (ICP-41S) Molhod: es £H ISO 17294·2 2016 mod, 

Aoetedll$110fl: ISOIIEC l?OlS:2017 OAkkSO.PL•14292-0t-00 

l•ad (Pb> <0.,OS mi>~ ,.os 
t SUO$£ ArWnic (ICP-11$) Mlt!hclct. BS EN ISO 1729'•2 2016mod, 

Acc:t8dlla.lon: 1S011EC t70ZS;20t 7 OAU..S O.Pl• 142i2-01·00 
Arsenic (Aj) <0.005 111Q'k9 

# SU06G CedMium OCP•MS) Me;l\00· es EN $0 1n1M.2 2018 mod. 
..... 

Accredita!lon: 150.'IEC 17025:2017 0Ak1';$ O-Pl.-14292-01.00 
Cadmium Cd) <0.005 fl'\Q!kg 

u., "" LOO LOO 

,., SU1A.2 Aerobic ~t• «111n1 Moll\0¢ us FDA 8AM Ct\9p((II J, Jen 2001 

AQ:roclflallon: OAAltS: 0 '4>L•H 29'2-01-003 CNA.s L37e8 
Affobie Plate Count <1.0 

• $U1M S:llmone1a Mectiod: us FOA.8.AMChal)WII s. 2021 
Aocredi!&lion ISO,~EC1702$:2017 CNMU718 

Salmon•II., Noi.Ott.atd 12sn11 
,.,, SU1A7 YNS!S and mould, Method: us FDA. 8AM Qlapw ,a. Apf 2-001 

Acett1clit.Mion: OAkkS:: O.Pl,1'292-0HlO S Cl'(AS; l.378~ 
MotAd"s <1.0 Cfu,'nll 

Yeast <1.0 
• # SU1CX E.c:ol! MeU'lod; ISO 16649-3:2015 """'' 

Acct~illOn: D.AKKS·O-PL. 1'292.0 \ ,OO&CMA:21102034226i$CNAS:L37S8 
E. coli Not Detected 125 ml 

Rtslllts UM LOO LOO 

•SU207 Peroxide 1111lue Me!hod: AOCS Cd eb-10';2017 
Aeaelllla1ion: ISOJIEC 17025:2017 CNAS LJ78S 

""' . 
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::~ eurofins 

"""'' 
Pl\ont •M 400 828 .SOM 

'" w-.eurcl'irn.O!'I 

lOO LOO 

0,61 006 
" ' SU20l Pro1eri Meil'IOCI; AO.AC MU) t"4 

Aeefedir.alion. OAltkS. D-Pl·1◄292·01-0D & CNAS: L3788 
Prot~n <0,1 g/1009 
Protein Factor 6.2S 

LOO LOO 
,t,fL02'3 Ptw.t sterolJ a....:! pbot s1al'IOls (ool emched) Method: Nt.lKL 198:2014 

8rusicasterol 121a m(.11009 
Cholev.erof 8 ~1009 
C a mpe'61erol 8 1 ~00{1 
Ca~.&lanol 3 ~ 100~ 
Stigmut• rol 11 mv1009 
Unidentified s.~orols t 4-6 m(l't QOg 
Si!oS1orol 62 mc,'tOOg 
Sllostanol+ del!a.s.~enasterol 18 mp' IOOg 
Oel~.24~SQ91'J'l8St8 CJlenot 3 mv1uog 
Oelta-7-s~mastenol 10 m9'1009 
della-7-Avenasterol 2 m~1009 
Cydoertenof 4 mp'IOO 9 
24-Mothylonocyclo;in.inol 3 l'l'l~HlOg 
C~f'Q;ta.ienol 6 mo,t100g 
T01a1 ptant S1erol9 + plant s1anols 1556 m~toog 

'ff OAOOI Ackl Value Method: AOCS Cd 3d.a3 
ACQ'$(ll~lon; 1$0.'IEC 111ns~1 "21>. 2993,0 1 

Acid value {mg KOH/g) 0.29 m9KOHf9 .,. 
Free fatty acids (as oleic acid) 0.15 

'ff0A01L ~icine v-.ie Melf!Od! AOCS Cd 18,90 
.. • •• 

1'Ccledil81i0n: ISOJIEC 17025.:2017 A2lA 2993.01 
p-Ani$idine Va,.,_. 5,7 

1' OA04E R♦thl~I $olvent3 (GC-MS> f.&elhod· ,AOC$ Cg 4-9' 
1, 1, 1-T richloroe-lhane <0.2 
1, 1,2• T l'iehlOtoe,lhane <0.2 •• 

02 

1,2•0 iehlo(Oethant <0.5 
..... ""''" 

1,2•0iMtthoxye!hane <1,0 
..... 

1-Sutanol <1.0 
..... •• 

2--HelUlnone <1.0 
..... 
m ... 

Acetone <1.0 m,,.. 
S.Uon• <0.10 
Butyl ac.tat. <0,50 ""''"" 

m""' 

.. 
Carbon tetradioride <0,50 m""' 

.. 
Chlorobe.ntene <0.50 m,,.. 

.. ,. 
Chloroform <0.10 m ... ,., 
Cyclohexane <0.20 m,,.. 
Oichloromethane <0.10 m, .. ,., 02 

Ethanol <1.0 m,,.. 
EU,yl aotl.it, <1,0 m,,.. 
Hep:an, <0,20 mo"" 
H,:xane ($,Im of n-he11;ane, iso , nd <0,50 mo"" " ,., 
3-methyl pat1tane} 
lsopropanol <1.0 mo"9 
t.Whal'IOI <1.0 m, .. 
M8thy1 Bhy1 Ketor,e (MEK) <0.20 ms.'k9 .•. , Methy1-tert-butylelher (MTSE) <0.20 mt1k9 , 
Tetralin <5.0 ~'kO 
Toluene <0,20 • •• 

""' 
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eurofins 
...... Unll 

Trichloroettr,•len• <O, 10 .LOO , LOO 

* Xylene& (,um) <0.20 
QA307 Gtyte,lde Protile Metnocl: AOC$C<l 11c-93 

Oiglywrio.s 5.8 
Glycerol 2. 7 
t.tonoglycerit!u 1.8 
Trlglycerl&!s 92.. 7 

,HlA.383 f.10.Stuie & Volatiles.Ai O....n 130C) Method. AOCS Ca 2e-2S 

Mol$1UIO 6 VCQlilt S 0.02 
♦ QA981$ IJftPl""ni~""' M11tti,,, A.C,.thM• A.01"'-~ ('.,. l't,, .. n 

UMapontllable matte.- 1.56 % 0.00 
* QOO,SC hll)'Acid~$-.AOme,ga9,6&3 & Trans'%WIW Mt1thr>d;AOACM.081'1'10d. 

Accredit~ion.-: ISOllEC 17025~017 A2LA 2927 .01 
C 16:4 (HexadecatetraenoicAcid) 
C 10:0 (c..,ric -) <0,02 

... 
C11:0 {V~.inok atid) <0,02 " 

... 
C12:0 {l.Mc:: AQd) <0,02 " ... 

0.0, 

C14:0 {Myl'Wle :teid) 0.29 " 
C14:1 {Myt'4-1olele " . ., 

add) <0,02 

c1s:o (Pff'l1adeeanole add} 0 .10 

.... " 
C15:1 (Pentadecenoic acid} <0.02 " . ., 

0.0> 
C16:0 (Palmittc Acid) 7. 10 
C l6:I Omega 7 0. 17 

.... " 
C16:1 T~I (Po1lmjto~ Ac;id 

.... 
+ i50mers) 0.23 " .... 

C16:2 (H•xadKitdie:nQ~ Ac;id) <0.02 " 
C 16:3 (He.:adf.cilnenoie Acid) <0.02 , '"' ... 
C17:0 (MatgaricAcld) 0.25 

" " 0.02 

C 11·1 (Hept&deoenole Acid) 0.03 " 0.02 

C18.0 (Stearfe Acid) 7.26 " 0.02 

C18:1 (Vaccenicacid) 0,35 " 
C 18:1 Omega 9 (Olei(; Acid) 8,78 '·" 
C 18:1. Tot.at (OleicAcid + i$Qffl91'$) 9,24 
C18:2 Otntga 6 (linoltic Acicf) 2

. ... ., 
1 .18 ., 

C18:2, Total (Unoleic At.:id • isometS) 12.$4 
. ., 

C18;3 Omeg.1 3 (AJl)tla lil\de;nie.Aeld) 0.00 . . ., 
C18:3 Omega 6 {Ganwna Linole,nk 2.25 
Add) " "" 
C18:3.. Toca! (linolenic Acid .. isomera) 2.29 
C18:4 Om• 3 {~t:a<N¢atetrae™)ic <0,02 " 
Acid) " 
C 18;4 Total(~atetrHn0ic:Atid) <0.02 .,,, 
C20,0 (A(aehldle Acid) 0.72 " ..., 
c20:1 Omega 9 (Gonciotc Acid) 0.36 

.. ,.., 
C~O. I TotM i CondoloA.sd • i-) o.ao " 
C20:2 Omega 6 0.50 
C20:2 Total Eicosadienoic Acid) 0.50 .. " ( " .. 'M> ·"' 
C20:3 Omega 3 0,14 
C2o:3 Onwga 6 1.92 

'
0.
·" 
02 

C2o:3, Total (Eic»$f!ritnQic Aeicf) 2.07 
C20-.4 Omega 3 <0.02 '·" 
C20.:4 Omege 6 (Ara~ Acid) 41,01 '·" 

0.02 

C20:4, Total (EleoY!ettaMoie Acid) 41,03 " 
C20:5 Omega 3 (Eioosapentaeootc 0.06 " ... 
Acid) " '" 

PhQtle .a6 400828 5088 

Fu 

.. 
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Page 415 
AR-21-SU-1 16947-01-EN -:~ eurofins 

""" LOO 

C21 ·5 O~.i 3 (Hentkowp4ntaon011e <0.02 
Add) " "'' 
C22:0 {Behenle Add) 0.06 
c22:1 ~ 9 {Eruele Acid) <0.02 " " ..., °"' 
C22:1 Totaa(EtuelcAcld • isomers) <0.02 ,.., 
C22:2 OOCOGadienoie Omega 6 0.03 " ,.., 
C22:3 DocosaUienoic. Omeg.a 3 0.02 " 1i om 
C22:-4 Oocontetreenote OfM9i 6 0.20 ,., 
C22:5 QOCQ$;ipont.a•noic Omeg;i 3 <0,02 " ,.., 
c22·s OOCO$ap•n1aonoie Omega 6 0.10 " 
C22.S Total (OOOOSapentHnOiC Acid) 0.10 " '·" 
C22.6 Oooosahexaenolc Omega 3 0.32 " '·" 

0.02 

C24:0 (LlgnocericAcld) 1.16 " 0.02 

C24:1 Omega 9 (N&f'VOnk Acid) 0.19 
.. 

C24·1 Total (N.,-yonic: Aod • i$OO'lert-) 0,19 " 
C4:0 (Butyric Acid) ,02 

.. 
cec:f) 

-
<0 " 

C6:0 (Caproic a <0,02 " ,; 
ca~o (cap.y!ie ~id) <0.02 
Ff1ty Acid Profile Reported as Fatty " . 

0.0, 
.,. ... 2 

., 

Total Fat as Triglycerides 89.95 " ., 
Total Fatty Acids 86.20 , , 
Tot.el Monounsatursted Fa<ty Acids 9.97 
T . " " u • 
otal Omega 3 l&Otnel'$ 0 60 

Total Omeg;i 5 1$Qffler; <0.05 " 
... 

ToUlll Omega 6 ISQtner, S8.20 " 
... 

Tolall Ol'l"lega 7 Isomers 0.52 
... ,.., 

Tolall Omega 9 l !OMOl'i 9.47 
" " , ... 

Total Polyunsa1Ll'ated fatty Acids 59.09 " 
Total Saturated Fatty Acids 16.96 " '"' 
Total Trans " * Fatty Acids 0.18 " 

00S 
00.2 

0009" F,ee f 8«.' Acids (Ff A. MelhOd: A.OCSCa 5ist-,C,0; AOAC 94Q.2~ 
.Acaedilatiotl: tSO/IEC 1702S:20t7 A2lA2927.01 

FFA (frH F@!ty Acid\} 0 .1, ,., 0,01 

• R2SOZ B&eb:11181 EnOOt®nt MethOCI· USP 43<8-S> 

Bact•r1al Endolollti'lS 0, 181 EUJmt 
<A> ZMEJX £1VJ"1etallon (MPN} QI En~ $~kii I.IO(nOd: FOA BAM Chop!et 29 mod. 

Enter'Ob~Cler aakaz.atll 2.3 tlPHi tO ml 

COMMEtff 
-·-· lmQOl't.S conctuslOn ttom E,..rot\1\$. Cenc,a,, Ma!)'lical Lotx:ir-,10,- --·-

Rev. 01: TH!inv added per di&nl f'&C;Ue$L 

•--•- • lmponod concl11sion from Ewofns I Sdo:itffic Finland 0, --

TES T CHANGE ordered Fl02S to, W'ldl .. Nit l>e_,. Cl\llflgt(f I<> Fl,.O:r., 

Tho con:cn! d tolal l)lant itel"Oll and pliant $~1'(11$ does nol eonllii'I ehOIKMtOI ,no ncm-4-<l85melhyl Si.ofl (I.♦ q,dolntnol. 
24-fflc1hylenocyclo;ybrjd, ~nd citrostad~nof). 

AMounc ot eotllll QC ♦luW.blts is 2089 mgf100 g 

, oo 

EIJIOCN Tech. 

t-.\o. 101, Jiala'I 

S\Wlou 21500 

Jial'lgSU (',o; 

' 

PhOflec •&6 400 a2e scea ,., 
- ..... o&'ll.<>'I • 
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Joo. He 

Aulhorizad Slgnatay 

EXPI.AHATORY NOTE 
LOO lifnl OIQullfllJ"IC81ion • CNAS fl QAl,;\S tQ tA 
<LOO· lletow1.mtt cl0-nfiuoen maans lhll last a oubcaltrxllod within E .......group 
NIA means Not api,k,,ble • meeM lhe tetl Is subccu•ac:ied CUll!lde Eurofons g,oup 
-compc,Jnd1 ,_~,• ~1rom,,,.1....nso1 e.1e11 quanUfied ~pound•,..1b)lregulo1ion 
T,- unc..-ry h;IS nol - I-IIIIO ac:counl fDr Sl.lnd:lrdl lhal ab.116f n:blio .-stnrnonl IMICO<tanly O< on OJplcil ...-sl oC cl■nt. 

Tht -"~IQn11nd 011\:,,m;ot,on .,.pn:widod by Ill•a,.,.,, Eurofins i• not•~ ror wri)ing dte ec:o.,,acy ....ancy adequacy 
aMlcr """"P"lfflHs ac the inbmru,onpn,;dedlly d1e Client 
The ana"1cl ,esuJI nerein Is """''°"bfe lor lie oaml)le(s) ""1edG('tf 

Tl'II! ll/\81)'t)C81 r8()0!1 "'111 00I be &lCC9rpled Of moclt..O w11hovt pnor IIITl!lan appt-.,,..,EumfiM The r-1 slat be u11nod r> lul 
The,_.ft(s)ll(••J onlyta1 lntanol use bylhedtont and not tar publldr ••IHlallie &sevld..,,,..Wlllcut 111&...-npetmiuionotEu,·ofona..11,., 
pll!ly ■ o,~flan us,,~llle 11111rMUl!tInd"6180011 l'olpubkl!YOf P«>ff'Ollcn,O( ,nef\ad119 
Tl'le Eurollrl& Geller&I T'""' ind Conditions~ IOIM -~w,al ,.pc,\ 
For an<1 onbehalfclE,n,-,s TK Sen,,ce Suztlou Co , lid 

ARA-Rich Oil (Runke Bioengineering) 
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-:~ eu rofi ns 

CNAS 
lflli.l..11f 
ltill 
TESTINO 
C:NAS U7J8 

Page 115 
AR-21-SU-116948-01-EN 

Analytical Report 

Sample COde 502-2021-00126365 Report date 30-Dec-2021 

cettificate No. AR-21.SU-116948-01-EN 

Runke Bioengineering {Fujian) Co.,Ltd. 

JinOu Industrial Park Zhao-en County 
Zhang?hOu City Fujitm Province 

Fax 0596-3552000 

0 1.1" rerer.nc« 502-2021-0012&3$51 A.R·2 1·SU·11~'48..0t-EN 

Clenl$alf1J18 Cooe: Wftlll:tt : 1100333.4 !'l.f' BJIJ : 2021.10.0i 

Samplo <ICIIICflM:d 116! Artldlidonl¢ $Cid Oil fAIDChldonic acid ciil 

S#llpfe Pedtiliglng: Seefod ~· bo"'-
SampO& l$cepl)ol\<1,i..: 29-NoY,2021 

Maly,19 ~ 0111»: 29,Nov,2021 

-~ EndlllQ g.,,; 29•0t»Z021 
S.-n • W-eloh1 14!1\}'12 

Ptlone ~! & , oc, 82& SC!a 

"' \l>'WW,011r;o(ins.(irl (( DAkkS 
"'"'"" AAtr:~1:itn,mpstdie 
0-l'WUOl.OU)O 

LOO LOO 

••SU007 M1110.1ry(AAS) Meitl'locl:BSEN 13806:2002 
A.tcredtaliOn: O~KKS:0-PL-t4292.0t.QO&CJ.IA'211020J.4226S.\CNAS:U7U 

Mercury (Hg) <0,005 m;,1r.g 
# SU05D le.cl (ICS'.t.lS) •A«!Md.. BS EN- ISO 172$4-2 2QUS, mod. 

.... 
Aociedllaoon: ,sonE:c 1102s:2011 OAAkS D-Pl.• 14292-01.00 

lead (Pb) <0.05 tttO'kg , ... 
I $JOSE AtMnlc (tOP.t.tS) Melho& BS EN ISO 17294-2 2C>1Smod. 

Accredlttl1ion• 1s01, ec 17025:2017 OAU:S 0.PL-1429'2.0U)O 

Atset\k: (As) <0.005 ff'IO!k9 0.005 

IS SUOM Cadmium (ICf'-t.lS) 1,/,ilhod: as EH tSO 11294·2 2016 mod 
Acuedalion! ISOIIEC 1702$-2()17 OAkkS O.PL,U.292-0WJO 

Cadmium (Cd) <0,005 m g 

Unit 

. .,, 
Aa.uts LOO LOO 

• • SU1A2 A&r~pl.it9<:0t.Wll MltthocS, US FDA BAM Cl'lolP!eJ 3, J,n 20()1 
Aot1$4il;tillQn: DA~: O.PL-1.$292-01·00 J CNAS; L371!18 

Aerobic-Ptue Count <1,0 el\llml 
• au1.u Salmof'IOlla MethOd: U$ F0A 8..U.1 Chap!• s. 202:1 

Ace,e!il.&tiOn· 1$0JIEC 17025:2()17 c ~ s L3788 
Satmonela Not Detected f'25 ml 

... SU1A7 Ye»ll ilnd mo11lch Machod: us FDA. 6AM Chap,a,, 18, AlX 2001 
AQcrodr..ition; OA.kkS: O·PL•14292..Q1..00t. CNAS: 1.3738. 

Mould& <1,0 ¢1ufml 
Yeast <1,0 cturml 

, . SU1CX E.eoll J,lf,lllQd; 1$0 l e&d,3.2015 
Aecf81:lll*n;- OAKK'.$ ;0 -Pt.• 14292-01-00&CMA;2110203422U&ONAS:L3788 

E , 0011 Not Detected 1'25 m1 
LOO LOO 

• 6U207 Perod:ltt VSl\le M&lhod; AOC$ Cd eb-90:20-17 
Atcndilation: .SOi1EC 1702$:2017 ~AS Li7A8 
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=::: eurofins 
. ...... UM LOO 

Peroxiav;wtvc, 0,47 
,., SU'20I.. PtQ1$1n Mlilthod: AOAC 984.13 199<4 

A«:tedll&k)ll ' OM:,($; O.PL-14292.01.00& CNAS: L3788 

Prot,;in <0.1 g/1009 ., 
Proleln Fa~or 6.25 

LOO 

l!I- FL.023 Plan! st&ol! and ptan1 m~ inot enncht<JI Mcrlhod: fi"4<L 196:2014 

8ras.slcasterot 1196 mg/1009 

Cholesterol 5 mg,'100 0 
Campe$°t4rQI 73 Mt)'100Q 

Camp41st.inol 2 mt>'100 o 

Stigm•t.rol 11 fflS>'100g 

Unidenlifl~ sierols 127 1119'10()9 

Silosterol 62 mgf10()9 

Silosl.anol-+ deha-5-avenasterol 19 fn9'100g 
Oel&-5,24-&tigmastadienot 3 "'!1'1009 

Oeb-7-&t9'f1a&tenol 11 mgf'IOOg 

delta• 7-Aveoa&terol 3 mgl100g 

Cydoif1enol 4 mQ/1000 
24-Melhyfen,eeyck)Maool 3 mw1000 
Ciln:is-tadienol 7 mlJ,'1009 

Total plant sterols • plant &tanob 1506 m9'100 9 
1'1~1 AcidVa~ IJ..;&lhOcl:AOCSC<l)d-63 

Aoaodiladon: ISOl'IEC 17025:2017 A2LA 29H01 

Acid value (mg KOH}g) 0.28 t'IIO KOHfg 0-.06 

Free fatly acids (H oloio ~id) 0.14 " 0.01 
A-0A01L ~Al\1$klineV-... Me!hoct; AOCSCd l &M 

Aceredita!k>n· 1$0/IEC 1702!:20l 7 A2U. 2993.01 

* p.An1$idine Vatue 5, 1 
QAOIIE Ft$$lclu.1I Sol-.ulls (GC-MS) Mt-1hod: AOC$Ct;t -1-$4 

1. 1, 1-Trichlo«»ihane <0,2 mg,1:Q G.2 

1, 1.2~ T riehloroe-1hane <0.2 m~ 0.2 

1,2,~hane <0.5 mS>'kQ o.~ 
1,2•D.me1hoxyethane <1,0 mS>'ktl 
1-&ta~ <1.0 n'IQ-'k{I 

2-Hex:anooe < 1.0 ...,,, 
Acetone <1 .0 ...,,, 
Bonnn• <0.10 •• 
Bvtyl acetate <0.60 mgll<o 
Carbon teer:.chloride <0.60 

"""'' 
>.1 -.,,,,,.. 

.. 
Chlorobenze9'le <0.60 
Chb<olorm <( 0 

<0.20 
"""" 
m•">Q .. .. , 

Cydohexano 
Oichloromethane <0.10 Mg/l<Q o., 
Ethanol <1.0 

Ethyl ;aceta1e <1,0 ...,'"""'' ,, 
Hopl.:lne <0.20 ...,,, .. ' , 
Hetan6 (sum of n,he)(ane... iso and <0,50 .. , 
3.methyl pentane) 
l soprc:,p&r)OI <1.0 

Me1haoot <1.0 

-· 
M♦thyl Eth)1 Ketone (ME=K) <0.20 
Methyl.tert-butylolhe!r (MfBE} <0,20 
Tetralin <5,0 

Toluene <0,20 

.... 

Pltone +M <WO 828 5068 

'" www.eur-cin,.cn 
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-:~ eurofins 
Rosul!s u.-. LOO LOO 

Tnchk)(~hylene <0.10 o., , Xytef'les (wm) <0.20 •. 
\'I' ~301 Gtyeeride ~Ofie Mell'<Xt AOCS Co 1 te-93 

O~eende& 5.3 
Gtjcerol 2.9 " 
MonoglyoeridH 1.5 " 

* T rig!ywri6e$ 9\l.4 " 
QM8J Molsh,N & Valadlcs(A1' Oven 130C) M•od: AOCS Ca 2e-2S " 

Moi&ture & VQl.;iiiles <0.01 , 
¼ 0Ai66 Un&$PQnffial)IR Mllttc11 Mathod: AOCS C8 6.a.O 

.. 
* Umaporwfiablt l'r\#1ter 1,56 ~ 

0005C Fany A(ilds.fUI Omega 9.,8&3 & T1$1'19 %WM{ ,.\$1.hOO'; A0A.C 9El8.0$ mod. 
.... 

/\«:ftdi1$110n ISOIIEC 17025:2017 A2LA 2927 01 
C 16·4 (He(adecatetraeMieAcid) <0,02 

l)fic " ., 
C10:0 (Ca acid) <0.02 

. 
002 

C 11 :0 (Undecanoic acid) <0.02 " 002 

C 12:0 (lai..ric Acid) <0.02 " 
C 14:0 (Myri&tic ac:id) 0.31 

.,.., ... " 
C14:I (M)fflt~ acid) <0,02 " ,.., 
C 15"'0 (P$ntadoc.:inoa:: ~dd) 0,09 ,.., 
C1&:1 (Pentadeeer.oic aeid) <0.02 
C t6'0 7.21 ... 0.02 

(Pa!milc Acid) , 
Ct6:1 omega 7 0.18 
Ct6:1 T otel (Palmitoleic Acid + i$0ffltrS) 0.23 " ... 

0 0< 
C16:2 {Hexadecadienoic Acid) <0.02 " •02 

C 16:3 (HIWld• ca1ri• no~ Acid) <0.02 ,., 
C 17:0 (t,ta19aric.Add) 0.26 ,.., 
C17·1 (Htp~~leA<:id) 0 ,03 
C18:0 (Sltaric Add) 7,73 '·" 
c1a:1 (Vaceenic acid) O.S:7 

'
0.03 
·" 

C18:I Omega 9 (Oleic Acid) 9.36 
" 

o.o: 
C 18:1, Total (OleicAckl 1- ~met$) 9.87 

" " 
Ct8:2 Omeg.a 6 (\.inoltic; Acid) 13.34 

... 
C18:2. T«al (Unol-tic Acid"" iSOO'let$) 13.79 " "" 
C 18:3 Om~ 3 (A.lph;. Linolenlc Add) 0.05 " 
C18!3 Omeg:t 6 (Gamma Unolenic 2.18 " 
Acid) " . ..., "" 

., 

C183. Tola! (LinolenlcAcid •bomel'$> 2.24 
C 18:◄ Omega 3 (Ow.dec.a:elr.lenoic <0.02 " '·" 
Acid} " '·" 
C18A Total (Octadec;1,1elr..eA0o1C Add) <0.02 
C20:0 (Ar.id'lidic Aoid) 0.75 " .., "" 
C20:1 Ome,;;i 9 (GOtldole Acid) 0.36 " .,. 
C20:1 TQt.,t (Gondole Add• isomers) 0,3$ " .., 
c20:2 om&ga 6 0.$2 " 

A.Gid) " . ..., c20:2 Total (Elcosadtenoic 0.52 ... 
C20:3 Omega 3 0.15 " ,.., 
C20:3 Omega 6 1.90 " 
C20:3, Tolal (EiCO$atrienQIC Acid) 2.04 '·" 
C20:4 OrMgol l <0,02 '·" 
C20;4 Onwg-1 6 (Ataehlc!onc Acid) 42.20 " " ... "'" 
C20;4, Total (EiCOsaff!tf&enolcAeid) 42,20 " 
C20:S Omega 3 ( .06 " 
Acid) " 

0 .00 

Ek:o&apentaenok 0

ElftfflS T ec 

ro ms ,!> 
Jlangsu P • "''~ J. 

,,_~ 

Fax 
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UNI ,.., LOO LOO 

C21 :5 Omega 3 (Hen&i00$apent&enoic 
Acid) 
C22:0 (Behenit Acid) 1.49 
C22:1 Omeg.1 9 (EMic; Acid} <0.02 " '0.02 ·" 
C22:1 Tot.al iEr\lclc Acid• lsomen) <0.02 " 0.02 

c22:2 Docosadienole Omega 6 0.04 " 
C22:3 oocosatrlenok:, Omega 3 0.02 " . ., 
c22:• OocoMtetraenoic Omega 6 0.22 " . ., ., 
C22:5 O~n1aenoic: Omega 3 <0.02 " . 
C22:5 Oooo-upen1aenoic Ornoga 6 0.06 " ... 
C22:S Tcxal (0000$apenlaenoic Acid} 0.06 " ... 
C22:6 ()Q(X)$ahtx~enoie Omega 3 0.20 

.. M2 

C24::0 (U911()Cerie Acid) 1.22 
.. '"' , ... 

C24:1 Omega 9 (Nerv¢nie Acid) 0.20 " 
C24:1 Total (N-er\-onic Acid-+ isomer&) 0,20 " '"' ,.., 
C4i0 (SutyrieAeid) <0.02 " 
C6:0 {Cap,OIC acid) <0,02 " '·" 

0.01 

C8:0 {Caprylic. acid) <0.02 " 
Fatty Acid Profite Repor1ed as Fatty " 0.02 

Acids 
Tot.tFat as Trlglye~ 95.15 •• 
Total Fatty Acids 91.20 " 
Total Monounsal\JNl~ed Fatly Acids 10.60 " •• 
Total Omega 3 lscmers 0.49 " ... 
Total Omega S IS()ffler& <0,05 " .. 

... ... 
, _., T01al Omega 6 Isomer& 60.46 

Total Omega 7 l$0fflt,f$ 0.55 
" , 

T01a1 9 1:somors .. ... 
0~ 10.06 " , ... 

Total Poly,,,nwturaitod Fit1y Ad<h 61.34 
Tol:11 ~t~1&d Fatly Acids 19.07 " '·" 
Tottil Trans Fatfy' Acids o. 18 " . '·" ., 

* 00094 Fto11 F~ Adds (FFA) Method: AOCS 08 $8..tO: AOAC ,_.0.,28 
AW•C,talion: ISO.'IEC 17025-:2017 A2LA 2927.01 

" 
FFA (FreeFatty A.cid$) 0.13 

• R290Z ~ICJial EndoeoltitlS !.lelhod: USP ◄3<8S> " 0.01 

* 
Bacterial Endotoxins 0.153 EU/ml 

W£3X Enumerel!On (MPH) c4 Enterobilctef &3Ut~ IAolhod: FDA BAM Chal)t(!t 29 mod. 

Enterob.-ettt Uk.U•ki < 0.3 t.lPN/10 Ml 

.. 

COMMENT 
.... - .. l"l)Ortecl oondinion rtort1 E~• Ctn1ff1An-,.,Oc.11 t.11bcr11torios •--·-

--·· lrnpo~ conc\Jt~n tttim Eurcftm I Sciornific Ffl:lnd Oy --• 

rt.ST CHANGE: ordered Fl025 fo1 J;.Ondie• M t Men c:h-,-o,td eo Fl,023, 

Tho conl.OM al IDtal pl,>.nl sb:mh alld pla,nt st:t!ltm does not corn,1r1 ctlole~ tn<I nonJ~osmG!tlyl s1arols (1 • · qclo¥tonol, 
,14-mtth)(onocycloomnol, ao,d cilrostadionol). 

Amou"t of tot.alGC elul.ablt• it 2087 mg/100 O 

P-Nk idenfit~lions have lo be t~led on!" U 1t~\ll'0 10t lh'.$ lllfl'l"'la f!Ulri)I... 

Pilon• •86 400 328 5088 ,., 
-♦Ul'o6M<:n • 
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SIGHAl\JRE 

~ 
c1a11el/l'ang 

...~ $,gnllla<y 

- x
Ai.nharlzed 11,gnatay 

E)(P\.Al\lATOAY NOTE 
LOO: Lrnl1 or OuaNiraioo 
< LOO 6'110w UP'IC OI (Nonllallon ,,_,... lh• IHI is sa,ccnln,cled ....... Euro!l,lt O'C>JP 
N,A """'ns Nol ai;,plabl<o • ,no•ns 1h11 igi t!I tubcMUl!Cted C>Jllilee Eoro/lns11""'1P 
Sum CIOffll)OUndt ,eeuUaare calculMedtromlhe ••• ~ ol 611Ch quanllfled ccr,pound .. ..., byrogulala! 
The ~nty t,;,1 noc beon lakon inl1> :>C>0011nl rcr _,.,, 11'1111 etr.• c!y ird.Jd• mNsur.-nc unc&rleil\"f Of oi, •~pllCM '"""•1 cl denL 

The~- c»~crlpaon and "''"'"'"lion•••PRWkled by tile Qenl E,m,r.,. is nol rtspOftllble !Of ve<ilylr>Q 11>1! aCC11J1Cy, rel.-,cy adequacy 
tndJOI ~•-Hcl !he lntormaoon IX(WK!tlcl DY ti!• Cl,enl 
"'• ~"'11y1>c;i,l n,S1JII neA!ln It IOl)llCable 10,...wmple(•J t<tsted cnly 
Tllit enalyUcal repon 1hel not be excerptod ,.modified .,;tholA prl0r ..,.m,.,. --- lram Eurofi• n,,. rei,on shall be Ulll.te<l In IUI 
Tile resutt(el ll(ere) ooty !or intonlal - by ll1Al Cletll eno MC for pvllldy INMllblo M evideoot.VtalOUI lhe-np<1rmisS10n o/ Euro/'""" any 
~~, Is pohblled ho!n Ull'>p lhit lHl•-tt• enO l h• ~ lot "'blioty "' pte<"Ollont OI Fnll~11ng 
The Euror,ns Oenf!flll Tenn, and Condrt10n1 •PIii>' to this alil\'11C81 repon 
fu8R0 on t>et>;llf of l!Lnlf11s Tec!YI S.,,w:e [S..zhoo) Co Lid 

ENO OF REPORT 

P110ne ..ag, oo 828 50111Euroftr'lsT 

Nlo 101 Fax 
ww...eurofins en 

Sulllou 

J~•· 
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GNAS 
<l"Jl'il..'fJ 
tt• 
TES TINO 

CMA.S U788 

Analytical Report 

Sample Code 602-2021-00126366 Report date 30-Dec-2021 

c«tif!Cale NO. AR-21-SU-116949-01-EN 

P•g• 1/S 
AR•21•SU•116949-01·EN 

ll~IIIU ll]llll 11111 fl 1111]1 Iii 1111 Ill Runke Bioengineering {Fujian) Co.,Ltd. 

JlnOu kldustrial Park Zhao-an County 
ZhangzhOu City Fujian Pro'Yince 

Fox 0596-3552000 

O\lrllPtf,not: 502·2021·0012e366f AR·21.SU-I IM4~1.E.N 

Client $3fflpl• Cod« • att~ : 1101233s 'LF em : 2021 10.12 

S~mplc OO,cribed .es: Ar.K.hldonk odG oil /Ar8ciidcmie add OI 

se~ieP-.Qll'l'IG: So11led metal bc:f.!lo 

$8,nple reee9tlon 4-« 29-Hov-2&21 
Mi11Y81t&at1WIQOIM9; Zi-Ko\l--2021 

A~s Ending Dale: 29-0.o-20-21 

2U 1 ◄00·12 

Ptiona ..fll 400 828 5088 

fu 
www.tou10rn4,d'I (( DAkkS 

0.111«i. 
,lil;1l)dll!N 11,.,W11t 
O PH4m·OIW 
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LOQ LOO 

qi SU007 M, rcury (AAS) Method: BS EN 13806:2002 
~i111ion: OAKKS;O.PL• 1'292-0 l•OO&Cl-.iA".21 1 CY.'03"2'68&CNAS:ll7U 

Mercury (Hg) q),005 mi>t:g , 
# SU06D l&acl (IOP-MS) MelhQd· 8S EN ISO 17294--22016 .. od.. 

... 
Aoeredl18f.Of'l! IS0,1EC 1702$:2017 OAAJc$ C.P\.-14~..01.QO 

l .ad (Pb) <0.05 tn(>'kg 
# SU05E AtMnle (!OP-t.1$) Molhod: 8S EN ISO 17~•2 2011 mod. 

'·" 
Aec1edila1boc ISOJIEC 17025·2017 DAl:kS O.Pt.-14292,01,00 

AtserliC (Al) ,tQ,005 MQ!kl) 
f $'UOSG C:iit:ni11111 (M:P ... 1S) IM-lhOd:. es EN fSO 172$4-2 2.( t6 mocl. 

""' 
Acmtdit.11!ion: ISOJIEC 17025'.2017 OAltkS 0.f'L• t4182.01.00 

Cadmium Cd) ~o.005 
Result$ Uflll ""' LOO LOO 

... stl1A2 A&toblc p&,,le oount 1/Ji!hel<t" US FDA 8AM a u1p1111 l , Jlfl 2001 

AWedr.;illon; 0AAA$; 0.PL•t◄292.01.00& CtlAS: LJ788 
Aetobie Plate c ount <1,0 cum1 

• SU1M Salmonella Methocl: US FDA. BAMCh811te1 5. 2021 
Acoredi!aliotl: 1S0.'IEC 17025;2<l t7 0NAS Ll1H 

Salmonella Not Oetec1ed 125 ml 
&# SU1A7 v,~~l$ and moult!$ IA9thod.. lJS FOA 8AM Cilapl!f 18, NJ, 2001 

Acc,ecm~lon: 0Altk$; 0.Pl• 14292<01•00 8, CNAS: t.37$8 
MotAds <1.0 du/ml 
YeaM <1.0 cfuiml 

t i SU1CX E.C'CII Me-lhOd. ISO 1664W;2<11, 

A.ct, eQtilliOn: DAX.KS:O-'PL• 1429'Z.Ot .oo&CMA:2l 10?03422ea&CNAS:l.3788 
E. ootl Not Oll:O(;Wd 1'2$ml 

LOQ LOO 

• SU207 P.rox1de value t.tc1hod: AOCS Cd Sb-to:2017 
AoQftclilaoGn: lS011EC 17025:2017 CNAS l 3768 

ARA-Rich Oil (Runke Bioengineering) 
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'" 
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LOO LOO 

Peroxide 11alue 0.60 
<># SV2QL P,Q(C:,m Method; AOAC 9&4.13 1994 

A«ta&.luon: OAklc.S: O.PL•U:292-01-00 & ONAS: U78! 
Pt'l:,te/n <0.1 0,100 O 0' 
Protein F iM:lOf 6.25 

LOO LOO 

1t FL.023 Plant s1er016 8t'ld pl;anl $1llMl5 (not e111id'ledl l.levlod: NMKL 198:20
""' 
14 

Brassicasterol 1227 moi100 o 
Chol&.s:tsrol 6 mg/1009 

Campes1HOI 79 mgf100g 

Campos1anol 3 m;/1009 

~,gmH!el'OI 11 ll'lg/1000 

unidentif.!ed s.terols 139 mg,1000 

Siosterol 62 ll'l\l"100Q 

S11ostanol,. delt&-5-aven8$lerol 20 mw10011 
Oelta--S ,24-$tigm;l~i~nol 3 rn9'100 9 

Oelt~7..Jtiigm.utonol 10 n19•1009 

clah:.1-7-Avenaslarol 2 me,11009 
Cyd~rtMO( 4 111911009 

24-Me!hylenecycloartanol 2 mor,ooo 
Cl!ros-iadleno1 6 mor,ooo 
T Obll p\ant sterols + planl $1&nols 1556 monooo 

1tQAOOI Ni,tJV&fue Met.nod:AOCSCd3d,S3 
Acvcdilalion.1so.,ec 11~2011 A2lA2993.01 

Acid vahJ• (mg KOH/.g) 0,29 

* Free f8:t1y cJeids (as olelc add) 0.15 
0A01L p-Anlsk.llne VaJe Mctlflod: AOCSCd 1&-90 

Accredlt.a1ion: ISO,IIEC 17025;2017 A2LA 2"3,01 

* 
p.An1sld,ne Value 4.9 

OA04€ Residual So!W;nts (GC·MS) MethOd· AOCS Cg 4..$6 

1.1, 1· Trich10roe1hane <0.2 mon.o o.2 

1, 1,2-Trichloroelhene <0.2 mt,,>Q 
1,2-0tchloroechena <0.5 m ... 

.. .., 
1,2-();methoxyethane <1.0 m""' 
1-8u\8nol <1.0 Mt>'kO 
2•Hex:ar'IO(l• <t.O mQ,'kl:I 

A«to.-.. <1.0 n-.g

10 .,.,,, !ky 

Bentene <0. ., 
6u1YI aee1ate <0.50 ,,,,,.. 
C6rt)()(i te~achloride <0.50 ,,,,,.. ••• 
Chlorcbenzene <0.50 mon.o •• 
Chloroform <0.10 m,,... 

... 
0.1 

CyclohtK;eoe <0.20 m .... 02 

OichlorQmt(hane <0.10 m..., .. , 
Ethanol <1.0 m9'"9 
Elhyl acetate <1.0 mglk; 

Hep<&ne <0.20 .,.,.; ., 
Hexane (wm of n-hexant. iso and <0.50 _, 
3-methyl l)'nta,na) 

••• 
lsopropanol <1.0 
Methanol <1,0 mg"'O 
Melh

...... 
)i Elhyl Ketone (MEK) <0.20 mg.~ 02 ' 

, Melh)'t•lert•buty1e!her (MT8E) <0.20 

-· 
<S.0 

uene ...,.. 
m•""' .. , 
n,9,11>'4 

Tol <0.20 .• , 
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lOQ LOO 

Triehloroetllylene <0.10 
Xylenes(sum) <0.20 

'l\'~7 Gl'(cffkle P,olll(! U,ell'IO(I; AOCS C:I llc:-93 

Ofglycerides 5.5 
Glycerol 2.2 
Monog~rid9s 2.0 " 
T riglyl:4fides 92,2 

k OA383 Mo151ur t & Volrim(Ak Oven 1JOC) Me!J'lod: "OCS Ca 2c.-26 
Moisture & Volatile• 0,06 

¼ QA966 VM~ kl 6.la..-:.r 1.lrilod: AOCS C& 6&-40 " ... 
Uns,aponi!i.able m~tter 1, 51 % 

*0005C F¥,ty-..dd5-F'llll0m,egit t ,6&3& T18!'l9%WfW MelhO<t; AOAC996.06mod. "" 
Aoet9Clllilij0n: ISOJIEC 17025:2017 A2LA 2927 01 

C 16:4 (HexadecatetraenoieAcid) <0.02 om 
C 10:0 (Capnc e!Ctd) <0.02 
C 11 :0 (Undec.anoi:: acid) <0.02 " ,., '"' 
C12:0 (Laurie Acid) <0.02 " 
C14:0 (Myri$1k. acid) 0.30 " "' 
C 14:1 (Myristcloieacid) <0,02 " '·" 
C15:0 (Penl.»dec:1nolcacid) 0,10 

'·" 
c1s.;1 (Pet1tadeicenoic acid) <0.0'2 

... 
C16:0 (Patmitie AcicfJ 7.06 " 

... 
C16:1 Omega 7 0.17 

... 
C16:1 Total (Palmitoleic: P-1:.'trJ • isomff'S) 0.22 " 

... , 
Ct6:2 (Hexaclecedienoic Acid) <0.02 

.. 
C 16:3 {Mexadecalrilnoi<: Add} <0.02 " " 

'·" 
C17:0 {Marga.ric Acid} 0.26 

C 17:1 (Hep!adeoenoie Acid) " 
'·" 

0.0(1 
'·" 

C 18:0 (Sto:iri=-Acld) 7,'3 " 
c 1a (Vaec:enicaci .35 

... '·" 
:1 d) 0 " .,, 

C18:1 Omega 9 (Ok!ic Acid) 0.67 " 
C18:1, Total (Oteic Acid T i&omet$) 9.14 " ... 
C 18:2 Omega 6 (Uoolok Acid) 11.91 " 

... ., 
C 18:2, Total (LinoloicAcid • iscrners) 12.26 " 

. .., 
C 18:3 Ome>g~ 3 (Alpha LinolenleAeld) 0.05 
C18:3 Ome,gs 6 {Gamma linolenic 2.18 
A<,kj) " '·" '·" 

C 18;3. Total (tlnolenlc Aad • isomer5) 2.23 .,, 
C 18:4 Omega 3 (Octadecatetra-enoie <0.0'2 " ., 
Acid) " 

. 
C 18:◄ T O(al (O"ade>cill t~ aenoic Acid) <0.02 ..., 
C20.-0 (Arach idic Add) 0.74 
C20;1 Omeg;i 9 (Gonck»c Acid} 0.35 

" ..., 
" .... 

C20;1 To1al (Gol'ldOle Aod • h omers) 0.40 

c20:2 Omega 6 0.49 
" " '·"' 

C20:2 T cl.al (Eicosadienoic Acid) 0.49 " '·" 
C20:3 Omega 3 0.12 " '·" 
C20:30me~6 1.87 " 
C20:3, Total (Eico~rienoic Acid) 1.119 " 
C20·4 Omega 3 <0.02 " ... .,. '·" 

C20-4 Omeg=i 6 (Arach!donic Add) 41,70 " ... 
.... 

C20.4, To~I (E.oosateiraenoicAcid) 41.71 " 
C20:5 Omega 3 (Eiooupentaenoic 0.06 

... , 
" .... 

Add) " 

Pagel/5 
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Resull9 

C21;5 Omega 3 (HeneicosapeMaenoic <0.02 
A<id) 
c22:o {8ehenlc Aotd) 0-06 .., 
C22:1 Omega 9 (Etucic Acid) <0 02 " 042 

C22:·1 Total (Erucic Acid• isomeors) <0.02 " 
C22:2 0000$adi•noic Om•g.11 6 0.03 " '·0." 02 
C22:3 Oooos.1\ri9noie. Omega 3 0.03 " 
C22:4 Oocosatelraonoic Omega 6 0.21 " ... '·" , 
C22:5 Ooc::osapenia.eMk: Omega 3 <0,02 " 
c:n-.,s ooeosapen1ae-ooie Otnega 6 0,06 " "" 
C22,S To!al {Docceapentaenoic Acid> 0.06 " "" 
C22:6 Oocos.ahexaenoic Omega 3 0.25 " "" ., 
C24:0 (Lignocelic Acid) 1.19 " . ., 
C2.4:1 ~ 9 {Nervonic Acid) 0.19 " . 

., 
C24:1 Tolfll (Nervonie A(;ld t bomers) 0.25 " . 

" 0

C4 :0 {!Myrle A.eid) <0.02 
C6:0 (Caproii; acid) <0.02 

.... ,0, 

, 
CS;O (Caprytlc .acid) 

.,,~. 
<0,02 

" " 
.. 

" 0.02 

i:atty Acid P«ldile R~tdHFatty 

T O(al Fat a& T rigtyceride:$ 90.29 " ., 
Total f atty Acids 86.SI 
Toca! Mooounsaturaicd F;10y Acids 9.~ 
Total ~ 3 Isomers 

" 
T 

..•• " .. 
ot.:il Omega, 5 lsomets <O,OS " 

.. 
Tobi Omega 6 lsomel'$ 58-

Om

·
4

... 
Total l

~ 
7 

ega 7 &01T1ers 0,52 " " !I 
.... 

Total Omega 9 Isomers 9.36 

.. 
Total Polyunsaturated Fa;ty Acids 59.29 

'
o.o:. 
·" 

Total Saturatod Fauy Acids 17.14 
" " , ... 

Total Troll\$ Fatty Acids 0.18 " " . 
0.02 

. 
• 00004 i:tee Fa.,y Add$ tFFA.) Mftlhod: AOCS Ce S.,40: AOAC 940.23 

....., 
Actl9dlb:rll0n: ISOJIEC 11025-:2017 A2LA 2927.01 

FFA (F"ree Fafly Acids) 0.13 ., 
8auion.il EnclocoxiM Mefhod: USP 43<8$> " 

Bac'lerlal Endotoxlna 0,096 EUFml 

1'ZME3X Ero11mor11tion (MPNJ of Entfofotia«ef S8kez-,i t.1$IIIOCI; FDA 8AM Ch.rip!OI 29 mod. 

El'llerobacter sak.azaki <-0.3 MPNltO Iii 

COMMENT 
---lrl'lpoiwd coriclusion from Euro6m C.ritral ,.,._1)1kff t.•bor•10,1t, -·-·-· 

- - Imported GOndlslonm;lrn E..a~, I S<:iotnl/nc F'lnland Oy --• 

TEST OHANGE; otdclrod Ft02S tor contlMh lls been chang.d to Fl0'23. 

Tlie ~ (If lou,I p1.,,u•ro1s al'ld plaN s:!anols doo$ no! conlein chole~ and nOl'l~-<ltt l'l'ltf'l\-hltrol, (L• , cyclc.al'!ianct, 
241T1~ylenec,.e1r»nano1, and cllN:i$1otdlonol), 

M'IOl.lflt ol OCJ!;)I GC o111!3!lles is 2088 mg/ 100 SJ 

~•k ~ f'l'r..:GtlQn$ ha'/0 1obe 1rea.1odo-~ -as terolr.ive IOI 1Nt .a;n-•· n,a!!lx 

..,, ,oo .. - ,oo 

Phene +ee ,oo 828 5<188 ,., 
w-.euro6r,s,o, 
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AR-21-SU-116949-01 -EN-:~ eurofins 

SIGNATURE 

Jad<He 
Aulhorized Signa1o,y 

Shine Xie 
Aulhorized Signalo,y 

ClairvWaf)g 
Aulllotized Slgnato,y 

EXPlANATORY NOTE 
LOO: limit of Ouanlif'ocation • CNAS # OAkl<S oCMA
< LOO:Below Limit of Ouantifatioo * means ttie: rest is subcontracted within Eurofins group 
NIA means Nol ~lieablo • ""'-int UMil teit i~ su.bcontr&ctod outo.ldo Evrofina gr0l4) 
Sum ccrnpoonds resul1s are cab.dated from the results of each quantified compound as Ht by regulation 
The uncertainty has not been taken into aocoon1 forstandard& that aJr11dy mclude measurement t1ncer1ainty Of"on expllcil request ot client. 
The Mmplo dcwiption ond lnf«mntion aro provklod by the Chent. Euroflnt $ not re>$p0nsitile for ve<dyfng lh& accoracy. relevancy, adequacy 
and/or completeness of the infonnation provided by the Clienl. 
The analytical result herein Is applicable 10< me sa11'1)1e(s) tesled only. 
This analyticsil roP<)l1 sh3II not b,t excerpted or modlfaed without prior written af)Droval f1om Eurofns. The report $hall be uilizcd tO full. 
The re,ult(s) is(are) only for intemal uso by 1he clieni and not lor publicly av1tlable as evidence.Without 1he wn"en perml$$lon ol ELrofins, any 
party is pr·ohib1ted from using th$ test rest.Its and m, report ra- publieity CN prOOlOtions or msrko1illg. 
The Eurofin, General Terms and Conditiorls appJy to this analytical report. 
For and on beha1 of Eurofins Technology SOf'lice (Suzhou) Co.. Lid 

ENDOF REPORT 

Pnona •Ml 400 e2e soea 

Fax 
W\vw.euro&ns.cn 
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AR-22-SU-033316-02=:~eurofins 

'l'Elli.lnf 
1U!CNAS TESTING 
CNAS L3788 "-,. 

Analytical Report 

Sample Code 502-2022-00037068 Report date 30-Apr-2022 

Certificate No. AR-22-SU-033316-02 

Runke Bioengineering (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: ~lil!t-it : 11004332 !!:.F 8 IVI : 2021.10.04 

Sample descrtb<Jd as: ArachiClcniC aciCI ou /AraChkJonic acid OI 

Sample Packaging: Sealed metal bottle 

Sample reception date: 23-Apr-2022 
Analysis Stelting Date: 24-Apr-2022 
Analysis Endir,g Dato: 29-Apr-2022 

ArTlval Temperature ("C) 21.6 Sample Weight 280g 

Sample Condition Other 

Results Unit LOQ LOO 

"#SU10Z Cronobacter spp. in 10g Method: ISO 22964:2017 
Acerealtatlon: DAKKS:D.PL• 14292•01 -OO&CMA:211020342268&CNAS:L3788 

Cronobader spp Not Detected /10 g 
"# SU1A2 AerObic plate count MethOd: us FDA BAM Chapter 3, Jan 2001 

Accreditation: DAkkS: D-PL-14292-01-00 & CNAS: L3788 
Aerobic Plate Count <10 cfu/9 

• SU1A4 Salmonella MethOd: US FDA BAM Chapter 5. 2021 
Accreditation: ISOIIEC 17025:201 7 CNAS L3788 

Salmonella Not Oeteded /2~g 

"# SU1A7 Yeasts and moulds Method: US FDA BAM Chapter 18. Apr 2001 
Accreditation: DAkkS: O-PL-14292-01-00 & CNAS: L3788 

W.OulOS <10 cfu/g 
Yeast <10 cfu/9 

"# SU1CX E.coli MethOd: ISO 16649-3:20 15 
Accreditation: DAKKS:O.PL -14292-01-00&CMA:211020342268&CNAS:L3788 

E. coli Not Oeteded 125g 

SIGNATURE 

r 
Tracy Li 

Au!hOrized Signatory 

I 

No. 101. Jialingf 

Suzhou 21500 

Jiangsu Provin 

Phone +86 400 828 5088 

Fax #~ 
www.eurofins.cn (( DAk~~,c.. 

:;;;:: Akkreditlerungsstcllc 
O-Pl•l 4292·01-00 
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~-- eurofins 
EXPLANATORY NOTE 
LOO: limit of Quantification • GNAS# DAkkS □CMA 
< LOO: 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 regulalion 
The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicit request of client. 
The sam~e description and infoonalton 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 sampte(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 publidy available as evidence.Without the written permissk>n 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 Condttions apply lo this analytical report. 
For and on behalf of Eurofins Technology Service (Suzhou) Co., Ltd 

END OF REPORT 

Page 2/2 
AR-22-SU-033316-02 

Euroflns Tech. 

Suzhou 215 

Jiangsu Provi 

Phone +86 400 828 5088 

Fax 
www.eurofins.cn 
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AR-22-SU-033317-02-:~ eurofins 

<l'llili>-iiJ 
tU ! C/'VAS' TESTING 

CNAS L3788 

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

Certificate No. AR-22-SU-033317-02 

Runke Bioengineering (FuJlan) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City F ujian Province 

Fax 0596-3552000 

Our raference: 502,2022-00037059/ AR-22-SU-033317•02 

Client Sample Code: -l'f;lil,llt~ : 11008334 !l::l"'El lVI: 2021 .10.08 

Sample desaibed as: A(achidcnic acid oil /Arachidonic ac:id oi 

Sample Packaging: Sealed metal bottle 

Sample recep11on date: 23-Apr-2022 
Anal)'Sls S1artlng Date: 24-Apr-2022 
Anal)'Sls Endlrg 0818: 29-Apr-2022 

Arrival Temperature ('C) 2 1.6 Sample Weight 280g 

Sample Cond111on Other 

Resuns Unit LOO LOO 

•#SU10Z Cronobacter spp. in 1 0g Method: ISO 22964:2017 

Acete<litation: DAKKS:D•PL•14292•01-00&CMA.211020342268&CNAS:L3788 

Cronobacter spp Not Deteded /10 g 
•#SU1A2 Aerobic plate count Methoct US FDA BAM Chapter 3. Jan 2001 

Accreditation: DAkkS: D•PL-14292•01 •00 & CNAS: L3788 

Aerobic Plate Count <10 cfu/9 
• SU1A4 Salmonella MethOd: us FDA BAM Chapter 5, 2021 

Accreditation: 1$O/IEC 17025:2017 CNAS l3788 
Salmonella Not Detected /25 9 

•#SU1A7 Yeasts and moulds MelhOd: us FDA BAM Chapter 18, Apr 2001 

Accreditation: DAkkS: D-PL-14292-01 -00 & CNAS: L3788 
Moulds <10 ctu/g 

Yeast <10 cfu/9 
6#SU1CX E.coli Method: ISO 16649,3:2015 

Accreditation: DAKKS:D,PL-14292-01-00&CMA:211020342268&CNAS:L3788 
i:;. co& Not Detected /25 9 

SIGNATURE 

i I 
Tracy Li 

Authorized Signatory 

"' 

Fax 
www.eurofins.cn 

EIJl'O!lns Tech. Phone +86 400 828 5088 

Suzhou 21500 

Jiangsu Provi 

AceOne RS, Inc. Page 107 



~-- eu rofi ns 
EXPLANATORY NOTE 
LOO: Limit of Quantification • CNAS # DAkkS □CMA 
< LOO: Below limit of OuantifJCation -tr means the test is subcontracled within Eurofins group 
NIA means Not applicable • means the test is subcontracted outside Eurofins group 
Sum compounds results are calculated from the results of each quantified compound as sel by regulation 
The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explte1t request of ciienl. 
The sample desaiption and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy 
and/or c□mpleteness of the infoonali□n 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 publtcity or promotions or marketing. 
The Eurofins General Terms and Conditions apply to this anelytk:al report. 
F□r and □n behalf □f Eur□fins Techn□t□gy Service (Suzhoo) C□., Ltd 

END OF REPORT 

Page 2/2 
AR-22-SU-033317 -02 

No. 101, Jiali 

Suzhou 215 

Jiangsu Provi 

Phone +86 400 828 5088 

Fax 
www.eurofins.cn 
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Page 1/2 
AR-22-SU-033318-02 =:~eu rofi ns 

'l'al"-"f 
ttilllGNAS' TESTING 
CNAS L3788 

Analytical Report 
", 

Sample Code 502-2022-00037070 Report date 30-Apr-2022 

Certificate No. AR-22-SU-033318-02 

Runke Bioengineering (Fujian) Co.,ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

Our reference: 502-2022-00037070/ AR-22-SU-033318-02 

Olent Sample Code: lfilli!!t~: 11012336 !tr"Blffl : 2021.10.12 

Sample desCftled as: Arachidonic acid oil /Arachidonic acid oil 
Sample Pockaging: Sealed melal bottle 

Sample reception date: 23-Apr-2022 
Analysis Starting Date: 24-Apr-2022 
Analysis Ending Date: 29-Apr-2022 

Anfval Temperature ("C) 21.5 Sampl9W~h1 280g 

Sample Condition Olher 

Results Unit LOO LOO 

•# SU10Z Cronob3der spp. in 10g Mett-od: ISO 22964:2017 

Ac<:reditation: DAKKS:D•PL-14292-01 -00&CMA:211020342268&CNAS:L3788 
Cronobacter spp Not Detected 110 g 

•#SU1A2 AerOl>lc plate count Metn0(1: us FDA BAM Cnapter 3, Jan 2001 

Accreditation: DAkkS: O-PL-14292-01-00 & CNAS: L3788 

Aerobic Plate Count <10 cfu/g 
" SU1M Salmonella Mett-od: US FDA BAM Chapter 5. 2021 

Ac<:reditation: ISOIIEC 17025:2017 CNAS L3788 
Salmonena Not Detected /25 g 

A#SU1A7 Yeasts and moulds Method: US FDA BAM Chapter 18, Apr2001 

Ac<:reditation: DAkkS: D-PL-14292-01-00 & CNAS: L3788 

Mould$ <10 cfu/g 
Yeast <10 eluig 

A#SU1CX E.coli Method: ISO 16649-3:2015 

Accredila!ion: DAKKS:D-PL-14292-01 -00&CMA:211020342268&CNAS: L3788 
E.coli Not Detected 125 g 

SIGNA TIJRE 

Tracy Li 
.A!Ahorized Signatory 

No. 101, Jia'in 

Suzhou 21500 

Jiangsu Pro•lin 

Phone +86 400 828 5088 
~ Fax 

www.eurotins.cn 
(( ~ ~~l>che 

A~kredl\'lcnmgsstelle 
O.Pl.-Hl:!>2--01-00 
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EXPLANATORY NOTE 
LOQ· Limit of Quantification • CNAS # DAkkS oCMA 
< LOQ· Below Limit of Ooanlifiealion * means the lest 1s subcontracled within Eurofins group 
N/A means Not applicable • means the test is subcontracted oulstde Eu,ofins group 
Sum compounds results are cak:ulated from lhe results of each quantified oompaund as set by regulation 
The uncer1ainty has not been taken Into account for standards thal already include measurement uncertainty or on exphcit request of client 
The sample description and lnfonnation are provided by the Clienl. Eurofins 1s nol responsible for verifying lhe ac.curacy, relevancy, adeQuacy 
and/0< completeness ol the Information p,ovicled by the Client 
The analytical re,ull herein is applicable for the sample(s) tested only, 
This anal~lcal report shall not be excerpted or modified without prior wrillen approval from Eurofins. The report shall be utlllz.ed In full 
The resull(s) is(are) only fOf' internal use by the client and nol for publicly available as evtdence.Withoul the written permission of Eurofins, any 
party is prohibited from using the test results and the report f0< publicity or p,omotions o, marketing. 
The Eurofins General Tenns and Conditions apply to this analytical repon. 
Fo, and on behalf ol Eurofins T echnotogy Service (Suzhou) Co., Ltd 

END OF REPORT 

Page 2/2 
AR-22-SU-033316-02 

Phone +86 ◄00 828 5088 

Fax 
www.eurofins.cn 
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ARA-Rich Oil (Runke Bioengineering) 

Page 1/2 

AR-23-SU-00740fH>2=:~eu rofi ns 
'f'lliliA'ii/ 
li8!1GNAS' TESTING 

-....., CNAS L3788 

Analvtical Reoort 
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 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Sample Code: 502-2022-00063743 

Olent Sample Coda: lit!} : 11004332 
!Er" El 111! : 2021.10.04 

Sample desall>ad as: Arachidooic aOd oil /Arachidonic acid oil 
Sample Packaging: $""ledmetlll b<>tlf& 

Arrival Temparatu19 (°C) 26.2 -- Sample Weight 100g·2 

Sample Condilion Olher 

Results Unit LOO LOD 

•#SU114 Enterobacteriaceae Method: ISO 21528,2-2017 

Accreditation: DAKKS:0-PL-14292-01--00&CMA:211020342268&CNAS:L3788 
Enterobacteriaceae <10 cftlig 

Sample Code: 502-2023-00005402 

Olent Sample Coda: lit~ : t1004332g;FEIJlll : 2021. 10.04 

Sample desc.rlbed as: Atachidonic acid oil tAfaChidonic acid oil 

Sample Packaging: Sealed metal can 

Arrival Temparalu19 (°C) !L_ ~ pie Weig.bi_ 140g 

Sample Condilion Other 

*
Results Unit LOO LOD 

JK590 Protein content (Rot~ anoquanl) Method: internal method (PV 01498 V2) 
Content of protein <25 µgig 25 

SIGNATURE 

Ally Dong 

Au1hcrized Signatory 

Jack He 

Authorized Signatory 

EXPLANAT RY N TE 
LOO: Limit of Quantification • GNAS # OAJckS DCMA 
< LOO: Below limit of Ouantifia-lion 'R moons the lest $ subcontr.act.ed within Eurofins group 
NIA means Not applicable • means lhe test is subcontracted outside Eurofins group 
Sum compounds results are calculated from the resuts of each quantified compound as set by regulation 
The uncertai," has not been taken into acoount ro, standa,ds that affeady include measurement uncertaint or on ex icit , ve,st d client. 

Phooe +86 400 828 5088 ~...... 
www.eOJrofns.cn 

((~ k~th. 
~ Atkrcdrtltrungsstt lle 

0-PL-14?92-01·00 
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AR-23-SU-007 406-02 

The sample descllp6on and lnfom,ation are provided by the Client. Eu,ofins is nol responsible for verifying the accuracy, relevancy, adequacy 
and/()( oompleleness of lhe Information provided by the Clienl. 
The analytical resull herein is applicable to, Ille sample(s) lesled only. 
This analytical report shall not be excerpled or modified wilhoul prior written approval from Eurofins. The report shall be ulih2:ed in full. 
The result(s) is(are) only lor internal use by the clienl and nol fo, publicty availablo as evidence.Without tne written permission of Eurofins, any 
party is prohibiled from using the lest resulls and the report f()( publicity or pr()(Ootions or marl<etlng 
The Eu,ofins General Terms and Co!ldrlions apply 10 this analytical report. 
Fo, and on behalf of Eurofins Techno"""' Service !Suzhou\ Co. Lid 

END OF REPORT 

Phone +86 400 828 5088 

www.eurofins.cn 

-
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This report Is translated frnm roport AR-23-SU-007407-01 
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ARA-Rich Oil (Runke Bioengineering) 

Page 1/2 
AR-23-SU-007407-02=:~eu rofi ns 

,i,111.i.-r 

tU! 
TESTING 
CNAS L3788 

Analvtical Reoort 
Certificate No. AR-23-SU-007407-02 Report date 30-Jan-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 

Runke Bioengineering (Fujlan) Co.,Ltd. 

J inDu Industrial Park Zhao-an County 

Zhangzhou City Fuj ian Province 

Sample Code: 502-2022-00063744 

Client Sample Code: lit~ : 11006334 
!!cl'° B JIil : 2021 .10.06 

s.. Ar~chidonic ~,cid oil /~chidonic ~cid mp1. cies<,ribed " " ' oil 
Sample Packaging: Sealed metal bottle 

Alrival Temperalln ('C) 26.2 -- Sample Weigtt I00g·2 

Sample Condtion Other 

Results Unit LOO LOO 

•#SU114 Ente<obacteriaceae Method: 1$021526·2·2017 

Aecre<litation. DAKKS.D-PL-14292·01-0o&CMA211020342266&CNAS:L3766 
Enterobacteriaceae <10 cfulg 

Sample Code: 502-2023-00005403 

Client Sample Code: lit~ : 11006334 1!:F B!Ill : 2021 .10.06 

Sample described as: Arachidonic acid oil /Aracndonic acid oi 
Sample Packaging: Sealed metal can 

Arrival Temperallre ("C) 18 Sample Weigtt 140g 

Sample CondtJon Other 

*
Results Unit LOQ LOD 

JK690 Protein content (Roti®-Nanoquant) Method: internal method (PV 01498 V2) 

Con1entof protein <25 uato 25 

SIGNATURE 

Ally Dong 
AuthorlZed Signat°')' 

Jack He 
Auth 0<ized Sigl'\a.tOty 

EXPLANATORY NOTE 
LOO: Limit of Quantification • CNAS # DAkkS OCMA 
< LOO: Below limit of Quantification *means the test is sutx:oitracted withn Eurofins group 
NIAmeans Not applk:.able • means the test is sl..beontracted outside Evrofins group 

Sum compounds results are calculate<l from the results of each quanlifie<l compound as set by regulation 
The uncertainty has not been taken into account for standardS that already inCludemeasurement uncertainty or on e licit request of ctent. 

Phone +86 400 828 5088 ~ 
www.euroflns.cn (( DAkkS 

~ Deutsch<! 
~ Akkrectltiervnas.nelle 

0•PL•l429Z.Ol·OO 
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AR-23-SU-007407-02 

The sample description aod information are provided by 1he Client. Eurofins ls nol responsible f0t verifying lhe accuracy. relevancy. adequacy 
and/or compfeleness of the information PfOvided by the Client. 
The analytical result herein is applicable for the samplo(s) tested only. 
This analytical repo,1 shall nol be excerpled or modified without priOf written approv31 from Eurofins. The report shall be utilized in full. 
The re.50tt(.s) is(afe) only fo- internal use by the dient and nol for publicly avallable as evidence.Wrthoul the written pennission of Eurofins, any 
party is prohibiled from using the test resuUs end the report for publicity or promotions or mal1ceting. 
The Eurofins General Terms and Conditions apply lo this analytical report. 
For and on behalf of Eurofins Technn&nnv SIJfvice tSuzhou\ Co. Lid 

El.lOflns Tech. 

Jiangsu Provi 

Phone +86 400 828 5088 
www.eurofins.cn 

AceOne RS, Inc. Page 114 
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This ~ Is translated from report AR-2$-SU-007408-01 
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ARA-Rich Oil (Runke Bioengineering) 

Page 1/2 
AR-23-SU-007408-02::~ eurofins 

'1'151-iAiiT 
lii!!ICNAS' TESTING 
CNASL3788 

Analytical Report 
Certificate No. AR-23-SU-007408·02 Report date 30-Jan-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28✓an-2023 

Runke Bioengineering (Fujian) Co..Ltd. 

JinDu Industrial Park Zhao-an Counly 

Zhangzhou City Fuj ian Province 

Sample Code: 502-2022-00063745 

O lent Sample Code: lit~: 11012336 
!Erl:llll: 2021.10.12 

5aml)le described as: Arachidonic acid oil /Arachidonic acid oil 
sample Paekaglng: Sealecl metal l>Onle 

Arrival Tomperature ('C) 26.2 -- Sample Weight 1009"2 

Sample Condition Olher 

Resuhs Uni LOO LOO 

"ii SU114 Enlerobacteriaceae Method: ISO 21528,2-2017 

Acete<litation: OAKKS:D-PL-14292-01-00&CMA:211020342268&CNAS:L3788 

Enterobacteriaceae <10 cfu/g 

Sample Code: 502-2023-00005404 

O lent Sample Code: lit-It : 11012336!Ei"8JUI : 2021.10.12 

Sample described es: Araehidonic acid oil /Arachidonk: ~eid oil 

Saml)le Packaging: Sealed metal can 

Amval Temperature ('C) 18 Sample Weight 1409 

sample Condition Olher 
---

Resulls Uni LOO LOO 

-A-JK590 Protein content (Roli®-Nanoquant) MethOd: internal melhod (PV 01498 V2) 

Content o f protein <25 µgig 2~ 

SIGNATURE 

Ally Dong 

AulhOf'iz.ed Signatof'y 

Jack He 

Aulhorized Signal0<y 

N TE 

Limit of Quantification • GNAS# DAkkS 0CMA
~ LOO: Below Limil of Quanlification * means the test is subcontracted within Eurofins group 
NIA 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 tr, regulation 

The l.llcertainl has nol been taken into account for standards that alread in::lude measucement uncertainty or on explicit requesl of cient. 

Phone +86 400 828 5088 ■· @www.eurofins.cn '.·_-:
' . 

"'. . 
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AR-23-SU-007 408-02 

T11e sample desctiplion and information are provided by the Client. Eurofins Is not responsible lo, verifying the accuracy, relevancy, adequacy 
and/oc completeness of the infom,alion p,ovided by the Client. 
The analytieal resull he<ein is applicable loc the sample(s) tested only, 
This analytical repon shall not be excerpted or modified without prioc wrillen approval from Eurofins. The repO<"t shall be utilized in lull. 
The result(s) ls(are) only for Internal use by the clienl and not for publicly available as evideoce.Wilhout the written permission of Eurofins, any 
party is prohibited from using the lest results and the report for publicily or promolioos or markeling. 
The Eurofins General Terms and Conditions apply lo this aneJytical report, 
For and on behalf of Eurofins Tech-~ .. Ser.ice !Suzhou) Co., Lid 

END OF REPORT 

Phone +86 400 828 5088 
www.eurofins.cn 
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A R-22-SU-056888-02=:~eu rofi ns 

Analytical Report 

Sample Code 502-2022-00039299 Report date 03-Jul-2022 

Certificate No. AR-22-SU-056888-02 

Runke Bioengineering (Fujian) Co.,Ltd. 

Jin Du Industrial Park Zhao-an County 

2hangzhou City Fujian Province 

Our merence: 502·2022·00039299/ AR•22•SU•0~888-02 

Olen! Sample Code: !;¥a.lit.it : 11004332 ,!1;.;t:81111: 2021.10.04 

Sample desctlbed as: Arachidonic acid oil /Arachidonic acid di 

Sample rec:ep11on date: 28-Ap<-2022 
Analysis Starting Date: 28-Ap<-2022 
Analysis Ending Date: 0 1·JUl·2022 

Results Unit LOO LOO 

•SUDJD Bacterial Endotoxins Method: USP 43<85> 

Bacterial Endotoxins <0.109 EU/9 

SIGNATURE 

Lucy Liu 

Authorized Si9nato,y 

EXPLANATORY NOTE 
LOO: Lim~ of Quantification A CNAS# OAkkS OCMA 

< LOO: Below Lim! of Quantification *means the test is subcontracted within Eurofins group 
NIA means Nol applicable • means the lest is subcontracted outside Eurofins group 
Sum compounds results are calculated from the results of each quantified ccmPQVnd as set by regulation 

The uncertainly has not been taken into account for standards that already include measurement uncertainly or on explicit request of client. 
The sample description and infonnation are provided by the Client. Eurofins is not responsible lor verifyilg the accuracy, relevancy. adequacy 
and/o, compleleness of the ;nroona1;on pro,nded by the cnent . 
The analytical result herein is applicable for lhe samJ)le(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 fer internal use by the client and not for publiciy available as evidence.Without the Wlitten pennission ot Eurofins. any 
party is prohibited rrorn using the test results and the report for publicity Of promotions or marketing, 

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

END OF REPORT 

Phone +86 400 828 5088 
www.eurofins.cn 
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Page 1/1.•:. f" AR-22-SU-056889-02 -::: eu ro Ins 
Analytical Report 

Sample Code 502-2022-00039300 Report date 03-Jul-2022 

Certificate No. AR-22-SU-056889-02 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Our rafe™1ce: 502-2022-00039300/ AR-22-SU-056889-CYl 

Client Sample Code: "'!i,llt't: 11008334 !t/"BM: 2021. 10.08 

Sample described es: Araehidonic acid oil /Araehidonic acid oil 

Sample recepCJon dale: 28-Apr-2022 
Analysis Startioo Oate: 28-Apr-2022 
Analysis Ending Date: Ohlul-2022 

Results Unil LOO LOO 

• SUDJD Bacterial Endotoxins Metrod: USP 43•85> 
Bacterial Endotoxins <0.109 EU/g 

SIGNATURE 

Lucy Liu 
Authorized Signatory 

J 
EXPIANATORY NOTE 
LOO· Limit of Qu3ntifl~tion A CNAS # 0 Akk$ OCMA 

< LOO: Below Limit ofQuantification *means the test is suboontracted within Eurof,ns group 
N/A means Not applicable • means the test is suboontracted outside Euro/ins group 
Sum compounds results are cslculated from the results of each qu3nt.ified compe>und as set by ,egulation 

The uncertainty has not been taken into account for standards that already include measurement uncertainty or on explicil req.iest o f client 
The sample description and information are IJ(()vided by the Client. Eurofins is not respansible 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 utjlized in lull. 
The fesult(s) is(al'e) o nly fOI' intemal use by the client and not for pvbliely available 3$ evidence.Without lhe Wl'illen penriissio,, of Eu,ori ns, any 

par\y is prohibited from using the test results and the rePOrt for publicity or promotions or marketing. 
The Euro/ins General Terms and Cmditions apply to lhis analytical report. 
For and on behalf o f Eurofins Technology Ser,~ (Suzhou) Co., Ltd 

END OF REPORT 

Phone +86 400 828 5088 
www.eurofins.cn 
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Page 1/1 
AR-22-SU-056890-02=:~eurofins 

Analytical Report 

Sample Code 502-2022-00039301 Report date 03-Jul-2022 

Certificate No. AR-22-SU-056890-02 

Runke Bioengineering (Fujlan) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 
Zhangzhou City Fujian Province 

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

Client Sample Code: ~li'i!lt~ : 11012336 !E1"6JVI : 2021 .10.12 

sample described as: Arachidonic acid oil /Arachidonic acid oil 

sample reoopllon date: 28-Apr-2022 
Analysis Starting Date: 28-Apr-2022 

Analysis Ending Date: 01 -Ju~2022 

Results Unit LOO LOO 

•SUDJD Bacterial EndOtoxins Method: USP 43<85> 

Bacterial Endotoxins <0.109 EU/g 

SIGNATURE

Luc-,, Liu 

Authorized Signatory 

EXPLANATORY NOTE 
LOO: Limtt of Quantification 4 CNAS # DAkk$ OCMA 
< LOO; Below Limit of Quantification -It means the test is suboontraeted within Eurofins grot.Jp 

NIA means Not applicable • means the test is subcontracted ou1side 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 meas...-ement uncertainty oron explicit request of client. 

The sample cteseriplion and information are provided by the Client. Euro fins is not responSible for veriMng lhe accuracy, retevanc-,,. adequacy 
and/or completeness of the information provided by the Client. 
The analytical result herein is applicable 10< the sample(s) tested only. 
This analytical ref)Ott shall not be excerpted or modified without prior wtillen approval from Eurofins. The report shall be utilized in full. 
The resuft(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written perrris.sion ofEurofins, any 
party is prohibited from using the test results and the report for publicity rx promotionsor marketing. 
The Eurofins General Terms and Conditions apply to this analytical report. 

For and on behalfof Eurofins Technoloav Service (Suzhou) Co.. Ltd 

END OF REPORT 

Euroflns Tech. Phone +86 400 828 5088 
www.eurofins.cn No. 101. Jialing 

Suzhou21500 

Jiangsu Provin 
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SHENZHE UNIVERSITY 

Testing Report 

I Chemicals and reagents 
The sterols campesterol, lanosterol, sitosterol (P-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 JO 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 I iquid 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 C 18 column (50 x2.1 mm, I. 7µm). 

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 I 00% solvent A (methanol) over a 2 min period. 

Acquity UPLC system was coupled to a TQS mass spectrometer operated in APCI 
modes. Quantification was perfonned 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: I 000 L/Hr; cone gas flow: 150 L/Hr; collision gas flow: O. I 7mL/ min, MRM and 
SIM as two detection mode, retention time of target compounds, cone hole voltage, and 

collision energy are shown in Table I. 

ARA-Rich Oil (Runke Bioengineering) 

Appendix C. Sterols of ARA-rich Oil 
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Table I. The MS parameters of the sterols 

Detection 

Mode 
compound 

Retention 

time 

(min) 

Parent ion 

(ml=) 

Product ion 

(ml=) 

Cone 
voltage 

( V ) 

Collision 

energy 
( ev ) 

Zymosterol 3.89 
367.42 

367.42 

8 1. 15 

95.14 

20 

20 

34 

30 

Lanosterol 5.15 
409.47 

409.47 

95.14 

191.24 

2 

2 

28 

14 

MRM 

~-Sitoesterol 

Campesterol 

6.00 

5.50 

397.47 

397.47 

383.46 

383.46 

147.14 

16 1.1 9 

147.19 

16 1.1 8 

14 

14 

4 

4 

24 

20 

22 

20 

24-methylene 

Cholesterol 
4.41 

381.44 

381.44 

95. 14 

147.19 

4 

4 

28 

26 

Desmosterol 4.05 
367.42 

367.42 

8 1. 15 

95. 14 

2 

2 

30 

28 

Cholesta-5,25-3!>-ol 4.20* 367.42 - 2 

4a-methyl 

Zymosterol 
4.30* 381.35 - 4 -

24-methyl cholesta-

5,24(25)-dien-3!>-ol 
4.70* 381.35 - 4 -

SIM 
24a-methyl cholesta-

5,25-dien-3~-ol 
4.40* 381.35 - 4 

24j>-methyl cholesta-

5,25-dien-3~-ol 
4.23* 381.35 - 4 -

24,25-methylene 

cholesta -5-en-3j>-ol 
4.92* 381 .35 - 4 -

31-Norlanosterol 4.40* 395.36 - 2 

ARA-Rich Oil (Runke Bioengineering) 
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4. Test results of ARA oil samples from Runke 

Table 3. Types and concentrations ofsterols in ARA oil 

Sample Number 

Sterols 

11 004332 11 008334 11012336 

Sterol concentration showns as average value ± standard deviation (g/ l00g oil) 

'4a-Methyl zymosterol -' -' -' 
' 24-Methyl cholesta-5,24(25 or 28)-dien-3!3-ol C28:2 -' -' e -
'24-methyl cholesta-5,24(25)-dien-3!3-ol 0.0077 ± 0.0024 0.0078 ± 0.0023 0.0088±00012 

"24-methyl choesta-5,25-dicn-3!3-ol C28:2 -' ' - ' -
'24-methyl cholesta-5(25)27-dien-3!3-ol -' ' - ' -
b24-Methylenc cholesterol 0.0044 ± 0.0005 0.0041 ± 0.0002 0.0040 ± 0.0004 

' 24,25-methylene cholesta-5-cn-3!3-ol -' e - ' -
'3 1-Norlanosterol -d d - d -
•eampesterol 0.0071 ± 0.0003 0.0072 ± 0.0004 0.0059 ± 0.0007 

'Cholesta-5,25-dien-3~-ol -e e - -' 
•o esmosterol 0.6290±0.0 149 0.7453±0.D3 19 0.8282 ± 0.0 105 

•Lanosterol 0.0149±0.00 12 0.014 1 ± 0.00 17 0.0122 ± 0.002 1 

•sitosterol 0.0279 ± 0.0022 0.0257±0.0017 0.0171 ± 0.002 1 

•zymosterol -f -( ( -
Unidentified Sterols - -
Total Sterols (g/100 g oil) 0.6978±0.0 160 0.8043 ± 0.030 I 0.8763±0.0 127 

(average ± standard deviation, number of batches indicated) (n=4) (n=4) (n=4) 

"" ' MRM; "b" SIM; "-'"ana lyte concentration was below the instrument detection limit of 6.25x I 0·1 

g/ lOOg, "-d"analyte concentration was below the instrument de tection limit of5.00x 10-7 g/l00g, 

" -'"analyte concentration was below the instrument detection limit of 1.00 x I 0-6 g/l OOg, .. _r"analyte 

concentration was below the instrument detection lim it of2.50 x 10.;; g/1 00g. 

ARA-Rich Oil (Runke Bioengineering) 
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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 Illinois 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 
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ARA-Rich Oil (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, 
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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-MA01. 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%; ≥40% 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). 

AceOne RS, Inc. Page 125 



                                                              

  

 

 

           

     

       

          

     

         

        

         

       

         

 

 

      

            

          

             

      

     

      

      

         

     

         

     

   

 

    

   

    

        

 

       

 

      

      

ARA-Rich Oil (Runke Bioengineering) 

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-3β-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 Oil, 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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ARA-Rich Oil (Runke Bioengineering) 

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 Oil 

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 Oil: 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 Oil: 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 

crit ically evaluated the materials summarized above on the safety of Runke 

Bioengineering's ARA-rich oil and other information deemed appropriate and 

unanimously conclude that Runke Bioengineering's ARA-rich oil, manufactured as 

described in the dossier and consistent w ith 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 formu las at levels 

specified in the accompanying dossier. It is our opinion that other qualified and 

competent scientists reviewing the same publicly available information wou ld reach the 

same conclusions. 

Expert Panel Members: 

George C. Fi hey, Jr, Ph.D. ()r O · · 
Professor Emeritus, University of Illinois at' Urbana-Champaign 

oa/e 

. 
3/21/2024 

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

3Jv/~ JJf 
Susan Cho, Ph.D. Date 
AceOne RS, Inc. 
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