
 

 

 

     

  

 

 

 

 

  

  

 
 

 

 

 

 

       

     

     

  

     

       

  

 

     

 

 

 

 

     

 

GRAS Notice (GRN) No. 1156 
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory 

September 7, 2023 

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 – 
Docosahexaenoic Acid (DHA)-Rich Oil as a Food Ingredient for Use in Infant Formula and 

General Foods 

To Whom It May Concern, 

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

submitting a GRAS notification for docosahexaenoic acid (DHA)-rich oil as a food ingredient. 

The enclosed document provides the notice of a claim that a food ingredient, the DHA-rich oil, 

described in the enclosed notification is exempt from the premarket approval requirement of the 

Federal Food, Drug, and Cosmetic Act because it has been determined to be Generally Recognized 

as Safe (GRAS), based on scientific procedures, as a food ingredient. We believe that this 

determination and notification are in compliance with Pursuant to 21 C.F.R. Part 170, subpart E. 

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

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

Sincerely, 

      September 5, 2023 

Susan Cho, Ph.D.  

Susanscho1@yahoo.com   

Lead Expert Panel Member for  Runke Bioengineering Biotechnology,  Co., Ltd  
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DHA-Rich Oil (Runke Bioengineering) 

PART 1. SIGNED STATEMENTS AND A  CERTIFICATION  

1.  A. Submission of GRAS Notice  

Pursuant to 21 Code of Federal Regulations (CFR) Part 170, subpart E, Runke 

Bioengineering (Fujian) Co., Ltd. (hereinafter referred to as ‘Runke Bioengineering’) submits a 

Generally Recognized as Safe (GRAS) notice and claims that the use of docosahexaenoic acid 

(DHA)-rich oil in foods, as described in Parts 2 through 7 of this GRAS notice, is not subject to 

premarket approval requirements of the Federal Food, Drug, and Cosmetic (FD&C) Act based 

on its conclusion that the substance is GRAS under the conditions of its intended use. 

1.B. Name and Address of the Notifier  

Contact:  Sunny 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:  wangyinan@runke.com.cn  or sales@runke.com.cn  

1.C. Common or Trade  Name  

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

DHA-rich algal oil, DHA algal oil, or DHA oil. 

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

 

 1.D.1. Foods in Which the Substance is to be Used 

(1) Selected conventional foods 

Runke Bioengineering intends for DHA-rich oil to be used in food categories currently 

listed in 21 CFR 184.1472(a)(3), except in egg, meat, poultry, and fish products (Table 1). These 

are the same food categories found in the GRAS notifications for algal oil derived from 

Schizochytrium sp. (GRNs 000137 and 000732) for which the Food and Drug Administration 

(FDA) did not raise any questions as to the safety when the intended uses included the food 

categories identified for menhaden oil. The only difference is that Runke Bioengineering does 

not intend to use its DHA-rich oil in egg, meat, poultry, and fish products. 

(2) Infant formulas 

Runke Bioengineering intends for the DHA-rich oil, produced from Schizochytrium sp., 

to be used as a food ingredient in cow milk-, goat milk-, soy-, amino acid-, extensively 

hydrolyzed protein-based, exempt and non-exempt formula for pre-term and/or low birth weight 

infants, and term infants in combination with a safe and suitable source of arachidonic acid 

(ARA). Runke Bioengineering’s DHA-rich oil will be added to ready-to-drink or powder forms 

of infant formulas from which reconstituted infant formulas can be prepared. Exempt infant 
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formula refers to formulas for pre-term infants only and does not include use in other exempt 

formulas (e.g., hypoallergenic formulas, formulas for inborn errors of metabolism. 

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

Selected Conventional Foods 

As shown in Table 1, Runke Bioengineering intends for the DHA-rich oil (containing 

35% DHA) to be used in the same food categories as those listed in GRN 000137 (future 

intended use levels listed on pages 22-23; stamped page 27-28), GRN 000732 (pages 4-5), GRN 

000933 (page 7), GRN 000934 (page 25) and GRN 001008 (page 24), and in 21 CFR 

184.1472(a)(3) (menhaden oil), except in egg, meat, poultry, and fish products, at maximum use 

levels that are 28.57% of those specified in 21 CFR 184.1472(a)(3), which was finalized in 2005 

(FDA, 2005). Runke Bioengineering intends for the DHA-rich oil will be used as the sole added 

source of DHA in any given food category, or if blended with a source of EPA, the total dietary 

exposure to DHA will be not more than 1.5 g/person/day (g/p/d) and not more than 3.0 g/p/d of 

DHA and EPA combined. 

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

Food category Maximum use levels, % 

Menhaden oil 

184.1472(a)(3) Current notice 

Baked goods and baking mixes (1) 5.0 1.43 

Cereals (4) 4.0 1.14 

Cheese products (5) 5.0 1.43 

Chewing gum (6) 3.0 0.86 

Condiments (8) 5.0 1.43 

Confections and frostings (9) 5.0 1.43 

Dairy products analog (10) 5.0 1.43 

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

Frozen dairy products (20) 5.0 1.43 

Gelatins and puddings (22) 1.0 0.286 

Gravies and sauces (24) 5.0 1.43 

Hard candy (25) 10.0 2.86 

Jams and jellies (28) 7.0 2.00 

Milk products (31) 5.0 1.43 

Nonalcoholic beverages (3) 0.5 0.143 

Nut products (32) 5.0 1.43 

Pastas (23) 2.0 0.57 

Plant protein products (33) 5.0 1.43 

Processed fruit juices (35) 1.0 0.286 

Processed vegetable juices (36) 1.0 0.286 

Snack foods (37) 5.0 1.43 

Soft candy (38) 4.0 1.14 

Soup mixes (40) 3.0 0.86 
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Sugar substitutes (42) 10.0 2.86 

Sweet sauces, toppings, and syrups (43) 5.0 1.43 

White granulated sugar (41) 4.0 1.14 
1The food categories correspond to those listed in 21 CFR 170.3(n). The number in parenthesis following 

each food category is the paragraph listing that food category in 21 CFR 170.3(n). 

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

products. 

Infant Formula 

Runke Bioengineering’s DHA-rich oil may be used at a maximum of 0.5% of total 

dietary fat as DHA. This level corresponds to 1.43% of total dietary fat providing 28-39 mg 

DHA/kg bw/day (or 80 to 111 mg DHA-rich oil/kg bw/day) in term infants and 39 mg/kg 

bw/day (or 111 mg DHA-rich oil/kg bw/day) in pre-term low-birth, very low-, and extremely 

low-birth weight infants (ages from birth to 12 months) with a safe and suitable source of ARA, 

because Runke Bioengineering’s DHA-rich oil has 35% DHA. The ratio of DHA to ARA 

would range from 1:1 to 1:2. The intended use level is similar to all other approved uses for 

incorporation of DHA-rich oil in infant formula (GRN 000553 - stamped page 12 or page 6; 

GRN 000677 - page 6; GRN 000731 - page 5; GRN 000776 - page 3; GRN 000777 - page 3; 

GRN 933-page 8; GRN 000934-pages 24-25; GRN 001008- pages 1, 25, and amendment dated 

November 3, 2021- pages 12-14 ). Runke Bioengineering’s DHA-rich oil will be added to 

ready-to-drink or powder forms of infant formulas from which reconstituted infant formulas can 

be prepared. The use in exempt infant formulas is for formulas for pre-term infants only, not for 

other exempt formulas (e.g., hypoallergenic formulas, formulas for inborn errors of metabolism). 

1.D.3. Purpose for Which the Substance is Used  

The substance will be used as an ingredient in selected foods and in non-exempt and 

exempt infant formulas. 

DHA-rich oil is a free flowing, yellow oil. The use of DHA-rich oil in the 

above-described food categories may also incidentally contribute its own color to the product. Its 

intended use would thus fall outside the definition of "color additive," in accordance with 21 

CFR 70.3(f), "Substances capable of imparting a color to a container for foods----are not color 

additives unless the customary or reasonably foreseeable handling or use of the container may 

reasonably be expected to result in the transmittal of the color to the contents of the package or 

any part thereof. Food ingredients...which contribute their own natural color when mixed with 

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

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

Selected general food applications: The population expected to consume the substance 

consists of members of the general population (aged 1 year or older) who consume at least one of 

the products described above. 
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Infant formula applications: Infants consuming formula (pre-term and/or low birth weight 

infants as well as full-term infants). 

   1.E. Basis for the GRAS Determination 

This GRAS conclusion is based on scientific procedures in accordance with 21 CFR 

170.30(a) and 170.30(b). 

1.F. Availability of Information  

The data and information that are the basis for this GRAS conclusion will be made 

available to FDA upon request by contacting Susan Tsai at Runke Bioengineering at the address 

above. The data and information will be made available to FDA in a form in accordance with that 

requested under 21 CFR 170.225(c)(7)(ii)(A) or 21 CFR 170.225(c)(7)(ii)(B). 

1.G. Availability of Freedom of Information Act Exemption  

None of the data and information in Parts 2 through 7 of this GRAS notice are exempt 

from disclosure under the Freedom of Information Act, 5 United States Code (U.S.C.) §552. 

1.H. Certification  

We certify that, to the best of our knowledge, our GRAS notice is a complete, 

representative, and balanced submission that includes unfavorable information, as well as 

favorable information, known to us and pertinent to the evaluation of the safety and GRAS status 

of the use of the substance. 

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

Name: Sunny Tsai Date: August 31, 2023 

Title: Export Manager 

Address correspondence  to  

Susan S. Cho, Ph.D.  

Lead Expert Panel Member  

AceOne RS, Inc.  

5903 Hampton Forest Way  

Fairfax, VA 22030  

Tel:  +1-301-875-6454  

scho@aceoners.com  or Susanscho1@yahoo.com  
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1.J.  Food Safety and Inspection Service/United States Department of  Agriculture (USDA) 

Statement  

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

products that come under USDA jurisdiction. Therefore, 21 CFR 170.270 does not apply. 

11 



 

 
 

 

  

 

   

  

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  

 

DHA-Rich Oil (Runke Bioengineering) 

PART 2. IDENTITY, MANUFACTURING, SPECIFICATIONS, AND TECHNICAL 

EFFECTS OF DHA  

2.A.1. Identity of the Notified Substance  

  2.A.1.1. Common Name 

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

DHA-rich algal oil, DHA algal oil, DHA oil. 

 2.A.1.2. Chemical Names 

Its systematic name is all-cis-docosa-4,7,10,13,16,19-hexa-enoic acid, and its shorthand 

name is 22:6(n-3). 

Chemical Identity of Ingredients  

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

to glycerol. There are a number of common or usual names for oils extracted from closely related 

microalgae including but not limited to: 

DHA Algal Oil 

DHA Oil 

DHA-rich Oil 

DHA-rich Algal Oil 

Oil from the micro-algae Schizochytrium sp. 

Docosahexaenoic acid-rich single-cell oil 

DHA single cell oil 

  2.A.1.3. CAS Registry Number 

There is no chemical abstract service (CAS) number assigned for DHA-rich oil; however, 

DHA is assigned the CAS number 6217-54-5. Triglycerides (TGs) are assigned the CAS number 

68424-59-9. 

  2.A.1.4. Empirical Formula 

Molecular formula of DHA, C22H32O2  

   2.A.1.5. Molecular Weight 

DHA, 328.488 

  2.A.1.6. Structural Formula 

Figure  1  shows the structure  of DHA. DHA is a  long chain, polyunsaturated  fatty acid, with 

empirical formula  C22H3202. The  complete name is 4,7,10,13,16,19-docosahexaenoic  acid. The  

numbers indicate the  number  of carbon atoms in the molecule (22), the number  of double bonds  

(6), and the number of carbon atoms from the methyl terminus to the first double bond (3).  
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Figure 1. Structure of docosahexaenoic acid (DHA) 

 2.A.1.7. Physical Properties 

 

Density of DHA, 0.943 g/cm3   

 2.A.1.8. Background 

     

       

    

     

   

  

 

 

 

 

DHA is a long-chain polyunsaturated fatty acids (LCPUFAs) that is a primary structural 

component of the human brain, retina, and other tissues. DHA’s structure is a 22-carbon chain 

carboxylic acid with six cis-double bonds; the first double bond is located at the third carbon 

from the omega end (methyl terminus). Thus, it is classified as an omega-3 fatty acid. It can be 

synthesized from alpha-linolenic acid or obtained directly from maternal milk, algal oil, or fish 

oil. 

Runke Bioengineering’s DHA-rich oil is derived from the heterotrophic fermentation of 

the marine alga, Schizochytrium sp. strain FJRK-SCH3. 

  2.A.2. Potential Toxicants in the Source of the Notified Substance 
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Potential toxicants have not been identified in Runke Bioengineering’s DHA-rich oil. 

Runke Bioengineering’s DHA-rich oil is 35.0% pure with an average of 42%. The Certificates 

of Analysis (COAs) for DHA-rich oil are presented in Appendix A. 

Shellfish Poison 

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

Because the manufacturing process involves the fermentation of glucose with yeast 

extracts and mineral sources by Schizochytrium sp. and does not employ any organic solvents, it 

is not expected to have any significant amounts of dioxins and furans, polychlorinated biphenyls 

(PCBs), polycyclic aromatic hydrocarbons (PAHs), or organic solvent residues in the finished 

DHA-rich oil (Appendix A). 

During industrial refining, monochloropropanediols (MCPDs) and glycidyl esters are 

processing contaminants that can form in edible oils: the oils are heated at very high 

temperatures to remove unwanted tastes, colors, or odors via acid-mediated hydrolysis and the 
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use of chlorinated solutions, including municipal water. Concerns regarding contamination of 

infant formula by MCPDs and glycidyl esters have been addressed by the European Food Safety 

Authority (EFSA) Panel on Contaminants in the Food Chain (EFSA, 2016). Due to the fact that 

the DHA-rich oil is not derived from vegetable sources and because there is no acid hydrolysis 

step or use of chlorinated solutions in their production, it is not expected to have significant 

amounts of MCPD and glycidyl esters in the DHA-rich oils. Analysis of 3 batches showed that 

the concentrations of MCPDs (2- and 3-MCPD; both free and ester forms) and glycidyl esters 

were near or below detection levels in the Runke Bioengineering’s DHA-rich oil. Details are 

presented in Appendix A. In addition, Mioso et al. (2014) reported that Schizochytrium sp. did 

not produce any toxins. The bacterial endotoxin content is lower than the limit of quantitation 

(<0.109 EU/g) (Appendix A). 

Overall, it is not expected to have a safety risk associated with potential contaminants 

such as shellfish poison, MCPD, glycidyl esters, and bacterial endotoxins. 

Table 2. Analytical Results for Potential Contaminants 

Limit of 

Quantitation 

11024713 11027715 11030717 Methods of 

Analysis 

Domoic Acid*, 

mg/kg* 

< 1.0 < 1.0 < 1.0 < 1.0 Eurofins internal 

validated method 

2-MCPD, mg/kg 0.1 <0.10 <0.10 <0.10 AOCS Cd 

29b-133-MCPD, mg/kg 0.1 0.14 0.14 0.14 

Glycidol, mg/kg 0.1 <0.10 <0.10 <0.10 

Bacterial 

endotoxins, EU/g 

<0.109 <0.109 <0.109 USP 43<85> 

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

States Pharmacopeia. 

2.A.3. Particle Size  

DHA-rich oil – Not applicable. 

2.B. Method of Manufacture  

DHA-Rich Oil Manufacturing Process 

DHA-rich oil is a yellow to light, orange-colored oil derived from the heterotrophically 

grown marine alga, Schizochytrium sp., intended for use as a food ingredient. The 

Schizochytrium sp. FJRK-SCH3 is grown in a pure culture heterotrophic fermentation process, 

recovered from the fermentation broth. The resulting oil is subjected to centrifugation to separate 

cells from the oil. The crude oil is subsequently refined using processes and techniques common 

in the edible oil refining industry including alkali treatment, decolorizing, winterization, and 

14 



 

 
 

  

 

 

    

      

    

 

 

    

  

 

     

  

 

    

    

  

     

 

 

    

   

 

    

   

  

 

 

  

  

  

      

  

 

DHA-Rich Oil (Runke Bioengineering) 

deodorization. Filtration is the last refining step after the addition of safe and suitable 

antioxidants to ensure stability. The product is packaged in airtight containers. 

a. Fermentation  

An oil rich in polyunsaturated fatty acids (PUFAs) is produced by a heterotrophic 

fermentation process with a single cell marine, micro-algae of the genus Schizochytrium sp. 

(FJRK-SCH3). This organism can be grown to a high cell density using a carbon-based substrate. 

Fermentation medium is composed of baker’s yeast extract, glucose, corn syrup powder, 

sunflower seed oil, magnesium sulfate, potassium dihydrogen phosphate, calcium chloride, and 

sodium hydroxide. Operating parameters, such as temperature, aeration, agitation, and pH, are 

controlled throughout the process to ensure that results, in terms of cell growth and oil 

production, are reproducible. 

b. Separation  

Cells (biomass) from the liquid fermentation medium are separated from crude DHA-rich 

oil via centrifugation. 

c. Refining  

The crude oil is subsequently refined using processes and techniques common in the 

edible oil refining industry including alkali treatment (sodium hydroxide and sodium sulfate), 

decolorizing (activated carbon and activated clay), winterization, and deodorization (steaming at 

high temperature under vacuum). Filtration is the last refining step after the addition of safe 

and suitable antioxidants (vitamin E and ascorbyl palmitate) to ensure stability. The product is 

packaged in airtight containers. Figure 2 presents manufacturing process of DHA-rich oil. 

DHA-rich oil is produced in accordance with Hazard Analysis Critical Control Point 

(HACCP) and current Good Manufacturing Practices (cGMP). All raw materials and processing 

aids used in the fermentation and manufacturing processes are food grade. Fermentation 

processing includes the sterilization of growth media and all vessels/containers/fermenters used 

to grow cells. The fermentation is carried out in the absence of light under axenic conditions. 

Organic solvents are not used in the manufacturing process. All these steps provide conditions 

that minimize the risk of contamination with foreign microorganisms. All processing aids and 

ingredients meet Food Chemicals Codex (FCC) and/or food grade specifications. 

Critical control points are monitored to detect insufficient controls on the process (such 

as incorrect pH, temperature ranges, insufficient fatty acid composition, etc.). If any of the 

control characteristics fail to meet internal specifications, the fermentation is terminated, and the 

batch is rejected. Contamination checks also are conducted in the seed and production 

fermenters. All finished batches of DHA-rich oil undergo rigorous quality assurance testing to 

meet product specifications prior to release. 

15 



DHA-Rich Oil (Runke Bioengineering) 

DHA  (Docosahexaenoic Acid)  Oil Manufacturing Process  

Separation and extraction 

Pretreatment 

Medium preparation 

Storage 

Medium sterilization 

Deodorizing 

Packing 

Warehouse 

Inner package 

cleaning and 

sterilization 

Under high temperature and high vacuum, steam is 

introduced for stripping and deodorization to 

remove odorous substances 

Winterizing 

Filtration 

Sterilize the prepared medium by 
steaming. 

Control pressure: 0.11~0.12 Mpa 

Temperature: 120~122 ℃ 

Sterilization time: 15~30 min 

Caustic refining 

Fermentation cultivation 

Receiving and inspection of raw ingredients 

Decolorizing 

Remove saturated fatty acid by 

freezing to get DHA oil liquid 

at room temperature. 

Use a centrifuge to separate the oil, culture 

fluid and cells from oil and water to extract 

DHA crude oil. 

Strains (add Schizochytrium 

sp. FJRK-SCH3 to a sterilized 

medium for fermentation 

cultivation) 

Use the water for production to dissolve the raw 

ingredients including glucose, yeast extract paste, 

corn syrup powder, sunflower seed oil, magnesium 

sulfate, potassium dihydrogen phosphate, calcium 

chloride, and sodium hydroxide for fermentation. 

Raw ingredients: Glucose, Yeast 

extract paste, Corn syrup powder, 

Sunflower seed oil, Magnesium 

sulfate, Potassium dihydrogen 

phosphate, Calcium chloride, 

Sodium hydroxide 

Strain 

Activated carbon and activated clay are used 

for adsorption and decolorization to control 

the color of the oil. 

Auxiliary for caustic 

refining (sodium 

hydroxide, sodium sulfate) 

to degum and deacidify the 

crude oil 

Stored in a cool, dry 

warehouse and prevented 

from insects, rodents, etc. 

At the end of 

fermentation cultivation, 

the algae cells are broken 

to separate DHA oil out. 

Add antioxidants (Vitamin 

E, ascorbyl palmitate) to 

protect the oil 

Test the final product as per 

the quality standard and 

place into warehouse when 

it is qualified. 

Acceptance and storage 

of packing materials 

Filter before packaging to remove insoluble 

impurities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

 

  

 

 

 

 

 

 

  

   
  

  

  

   

 

 

 

 

  

 

  

  

  

 

  

 

 

 

 

 

 

 

 

 

 

    

  

   

 

   

  

 

  

 

 

 

 

  

 

 

   

 

 

    

  

 

 

 

 

 
 

 

 

  

 

Figure 2. Manufacturing Flow Diagram of DHA-Rich Oil 
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DHA-Rich Oil (Runke Bioengineering) 

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

processing aids. 

Table 3. Raw Materials 

Ingredient Regulatory status 

Fermentation medium 

Baker’s yeast extract 21 CFR 184.1983 

Glucose 21 CFR 168.121 

21 CFR 168.110 

Corn syrup (powder) 21 CFR 184.1865 

Sunflower seed oil GRAS per 21 CFR 170.30 

Magnesium sulfate (heptahydrate) 21 CFR 184.1443 

Potassium dihydrogen phosphate No CFR citation for intended use* 

Calcium chloride 21 CFR 184.1193 

Sodium hydroxide 21 CFR 184.1763 

Auxiliary for caustic refining 
Sodium hydroxide 21 CFR 184.1763 

Sodium sulfate 21 CFR 186.1797 

Antioxidants 

Tocopherols 21 CFR 182.3890 

Ascorbyl palmitate 21 CFR 182.3149 

*CFR, Code of Federal Regulations 

Table 4. Processing Aids 

Processing Aids Regulatory status 

Decolorization agent 

Bentonite - Activated clay 21 CFR 184.1155 

Activated carbon Unpublished GRAS 

Activated carbon – Unpublished GRAS  

https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=FoodSubstances&id=ACTIVATED 

CARBON.  
 

 

The production method (algal fermentation) is similar to those described by other 

companies whose production methods for DHA-rich oil that received ‘no objections’ letters from 
the FDA (GRN 000137 - FDA, 2004; GRN 000553- FDA, 2015; GRN 000677 - FDA, 2017; 

GRN 000731/000732 - FDA, 2018a, 2018b; GRN 000776/000777 - FDA, 2018c, 2018d; GRN 

000836 -FDA 2019a; GRN 000843-FDA 2019b; GRN 000844-FDA 2019c; GRN 000862-FDA 

2020a; GRN 000933 - FDA 2020b; GRN 000934 -FDA 2021; GRN 001008-FDA 2022) for use 

in both exempt pre-term and non-exempt term infant formulas and/or in selected conventional 

foods in the United States. DHA-rich algal oil ingredients are derived from the heterotrophic 

fermentation of the marine alga, a non-toxigenic and non-pathogenic strain of Schizochytrium sp. 

Based on the morphology and 18S ribosomal ribonucleic acid (rRNA) gene sequence analysis, 
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DHA-Rich Oil (Runke Bioengineering) 

Institute of Microbiology Chinese Academy of Sciences (IMCAS) identified Runke 

Bioengineering’s strain FJRK-SCH3 as Schizochytrium sp. (Appendix B). 

Characterization of the Production Microorganism  

DHA-rich oil is produced through a multi-step fermentation and refining process using a  

non-pathogenic, non-toxigenic, non-genetically  modified, wild type marine microalgae,  

Schizochytrium  sp. FJRK-SCH3. The  production organism  has been authenticated by 

morphological and ribosomal  deoxyribonucleic  acid (rDNA)18S sequence.  

Schizochytrium sp. is a thraustochytrid and a member of the Chromista kingdom 

(Stramenopilia) which includes the golden algae, diatoms, yellow-green algae, haptophyte and 

cryptophyte algae, and oomycetes. Schizochytrium sp. microorganisms are widespread and are 

commonly found in marine environments throughout the world. The literature indicates that 

thraustochytrids, especially those of the genus Schizochytrium sp., are regularly consumed as 

food by a wide range of invertebrates. Based on existing published and unpublished scientific 

data, there have never been any reports of toxic compounds produced by these microorganisms. 

There are no reports of this organism producing toxic chemicals nor is it pathogenic. Field tests 

confirmed the widespread occurrence of thraustochytrids in a typical marine food chain. 

Consumption by man of thraustochytrids, especially those of the genus Schizochytrium sp., is 

primarily through consumption of mussels and clams. Indirect consumption, through the marine 

food chain (fish and shellfish), is more widespread. Strain identification report is shown in 

Appendix B. Bluegreen algae and dinoflagellates produce most of the toxic compounds produced 

by microalgae. Schizochytrium sp. is in a separate kingdom from both types of microalgae. As 

stated in Part 2.A.2., samples of oil from the micro-algae Schizochytrium sp. FJRK-SCH3 have 

been analyzed for algal toxin domoic acid (Appendix A). Chemical analysis of the finished 

DHA-rich oil ingredient confirmed the absence of common shellfish toxin, domoic acid. The 

taxonomic classification of Schizochytrium sp. is presented in Table 5. 

Table 5. Taxonomic Classification of Schizochytrium sp. 

Class Scientific Classification 

Kingdom Chromista 

Subkingdom Harosa 

Phylum Bigyra 

Subphylum Sagenista 

Class Labyrinthulea 

Order Thraustochytrida 

Family Thraustochytriaceae 

Genus Schizochytrium sp. 

Strain Schizochytrium sp. FJRK-SCH3 

18 



 

 
 

    

      

        

   

    

 

 

  

   

     

    

    

    

    

     

      

  

 

   

      

     

 

     

 

 

  

    

       

   

       

 

 

 

       

DHA-Rich Oil (Runke Bioengineering) 

2.C. Specifications and  Composition  

Product specifications for the DHA-rich oil are set for DHA content, acid value, free fatty 

acids, trans-fatty acids, unsaponifiable content, peroxide value, p-anisidine value, moisture, and 

heavy metals (arsenic, cadmium, mercury, and lead) (Table 6). Physical and chemical tests 

applied to the QC characterization of the oil are mostly adapted from American Oil Chemist’s 

Society (AOCS), Association of Official Analytical Chemists (AOAC), or the Official Methods 

and Recommended Practices of International Standardization Organization (ISO). 

Table 6 presents the specifications of Runke Bioengineering’s DHA-rich oil in 

comparison with those described in GRNs 137 (page 21, stamped page 26), 553 (pages 17-18, 

stamped pages 23-24), 677 (page 15), 731 (page 18), and 933 (pages 17-18). The specifications 

of Runke Bioengineering’s DHA-rich oil were also compared with the Food Chemicals Codex 

(FCC) standards for DHA-rich oils derived from Schizochytrium sp. and from Crypthecodinium 

cohnii. The bioequivalence of two algal sources of DHA-rich oils was established when 

administered in a blend with ARA oil to preweaning farm piglets and human infants 

(Fedorova-Dahms et al., 2014; Yeiser et al., 2016). Thus, it is reasonable to compare the 

specifications and fatty acid profiles of Runke Bioengineering’s DHA-rich oil with FCC 

standards for DHA-rich oils derived from the two algal sources (FCC, 13th edition, 2022). 

Table 7 summarizes the analytical values for Runke Bioengineering’s DHA-rich oil. 

Three lots of DHA-rich oil were subjected to analytical testing for a wide variety of parameters. 

These data demonstrate a reproducible and representative process capable of meeting the 

proposed product specifications. Analytical parameters included DHA, acid value, free fatty 

acids, trans-fatty acids, unsaponifiable content, peroxide value, p-anisidine value, moisture, and 

heavy metals to ensure that Runke Bioengineering’s DHA-rich oil meets the specifications. 

The DHA content is comparable to those described in previous GRAS notices derived 

from Schizochytrium sp. sources. The DHA specification for Runke Bioengineering’s DHA-rich 

oil meets the FCC specifications for DHA-rich oils: 30-40% and 35-47% DHA for DHA-rich 

oils derived from Schizochytrium sp. and from Crypthecodinium cohnii, respectively. The 

specification for free fatty acid (as % oleic acid), unsaponifiable matter, peroxide value, and 

p-anisidine value meet or exceed the FCC standards. 

Fatty Acid Composition  

The  identified components present in DHA-rich oil  have  a  demonstrated history of safe  

consumption. The  lipid fraction of Schizochytrium sp. algae  is comprised mainly of fatty acids  

and sterols. Fatty acids (Tables 8 and 9)  are  found  esterified  to glycerol (tri- and  

diacylglycerides).  

Tables 8 and 9 show the fatty acid profile of Runke Bioengineering’s DHA-rich oil and 

its comparison with those described in GRNs 000137 (page 24, stamped page 29), 000553 (pages 
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DHA-Rich Oil (Runke Bioengineering) 

18-20, stamped pages 24 -26), 000677 (page 20), 000731 (pages 20-21), and 000933 (pages 

20-23). The fatty acid profile of DHA-rich oil is substantially equivalent to DHA-rich oils 

previously concluded to be GRAS (GRNs 000137, 000677, 000731, and 000933); palmitic acid 

and DPA (n-6) are the predominant fatty acids next to DHA (Tables 8 and 9). 

The analytical values for docosapentaenoic acid (DPA) are comparable between the 

subject of this GRAS notice (10-15%) and FCCs for algal DHA oil derived from Schizochytrium 

sp. (10.5-16.5%). The eicosapentaenoic acid (EPA) content of Runke Bioengineering’s 
DHA-rich oil is comparable to the FCC specifications for the DHA oil from Schizochytrium sp. 

and from C. cohnii (Runke Bioengineering vs. FCCSchizochytrium sp. vs. FCCC. cohnii: DPA [n-6], 11.9 

vs.10.5-16.5 vs. ≤0.1%; EPA, 0.42 vs.1.3-3.9 vs. ≤0.1%). 

The specifications for Runke Bioengineering’s DHA-rich oil do not include 

dihomo-γ-linolenic acid (DGLA; a 20-carbon ω−6 fatty acid) and ARA that are not present in 

large quantities. Compared to the specifications listed in the FCC monograph for algal oil, the 

levels of DGLA and ARA in Runke Bioengineering’s DHA-rich oil are below the FCC 

specifications for corresponding fatty acids (Runke Bioengineering vs. FCCSchizochytrium sp.: 

DGLA, 0.25 vs. 1.7-2.8%; ARA, 0.21 vs. 0.6-1.3 %). Thus, the resulting exposure to DGLA, 

ARA, EPA, and DPA in the finished product will be less than oils that comply with the FCC 

specifications. 

Overall, it is concluded that the major fatty acid profile of Runke Bioengineering’s 
DHA-rich oil is comparable to those described in the above-mentioned GRAS notices and FCC 

specifications and that the presence of DGLA, ARA, EPA, and DPA in the Runke 

Bioengineering’s DHA-rich oil (smaller amounts compared to FCC grade algal oil) would not 

impact the safety of the oil. 

20 



 

 
 

  

 

      

 

 

  

 
         

 

 

 

  

 

         

  

 

   

 

      

 

         

 

         

 

         

 

 

         

         

          

         

           

          

          

 

           

 

 

          

  

          

DHA-Rich Oil (Runke Bioengineering) 

Table 6. Specifications of DHA-Rich Oil 

Parameter Current 

notice 

GRN 

137a 

GRN 

553b 

GRN 

677b 

GRN 

731b 

GRN 

933 

FCCc FCCd Methods of Analysis 

for the Current Notice 
DHA, % 35 32 – 45f 

35f 35f >45e 
36e 30-40f 

30 

35-47f 

35 

AOAC 996.06 mod. 

Acid value, mg 

potassium hydroxide 

(KOH)/g 

≤0.8 ≤0.5 ≤0.5 < 0.5 ≤0.8 NS AOCS Cd 3d-63 

Free fatty acid, as % 

oleic acid 

≤0.4 ≤0.4 < 0.1 ≤0.4 ≤0.4 ≤0.4 AOCS Cd 3d-63 

Trans fatty acids, 

relative area % 

≤1.0 ≤2.0 ≤3.5 ≤2.0 <1.0 ≤1.0 NS AOCS 996.06 mod. 

Unsaponifiable matter, 

% 

≤3.5 ≤4.5 ≤3.5 ≤3.5 <1.0 ≤3.0 ≤4.5 ≤3.5 AOCS Ca 6a-40 

Peroxide value, 

meq/kg 

≤5.0 ≤5.0 ≤5.0 ≤5.0 <5.0 ≤5.0 ≤5.0 ≤5.0 AOCS Cd 8b-90:2017 

Moisture (direct 

drying method), wt% 

≤0.1 ≤0.1 ≤0.02 ≤0.05 <0.1 ≤0.1 NS AOCS Ca 2c-25 

Lead, ppm ≤0.1 ≤0.2 ≤0.1 <0.1 <0.1 ≤0.1 ≤0.1 ≤0.1 BS EN ISO 17294-2 2016 

mod. Arsenic, ppm ≤0.1 ≤0.5 ≤0.1 <0.1 <0.1 ≤0.1 ≤0.1 ≤0.1 
Cadmium, ppm ≤0.1 ≤0.1 <0.1 ≤0.1 
Mercury, ppm ≤0.04 <0.2 ≤0.04 <0.1 <0.01 ≤0.04 ≤0.1 ≤0.1 BS EN 13806:2002 

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

Total oxidation value NS ≤26 
Docosapentaenoic 

acid (DPA, n-6), % 

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

Arachidonic acid 

(ARA), % 

NS 0.6-1.3 AOAC 996.06 mod. 

Eicosapentaenoic 

acid (EPA), % 

NS ≤10 1.3-3.9 0-0.1 AOAC 996.06 mod. 

AOAC = Association of Official Analytical Chemists; AOCS = American Oil Chemist’s Society; BS-EN = British adoption of a European (EN)  

standard;  mod=modifications;  meq = milliequivalents; NS = not  specified.   
aDHA-rich oil derived from  Schizochytrium  sp. for selected general food applications;   

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

cFCC  specifications for DHA oil derived from  Schizochytrium  sp.;   
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dFCC specifications for DHA oil derived from  Crypthecodinium cohnii.  
e wt% (Eurofins’ COAs have reported the DHA content in wt%);    

frelative area%.  
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Table 7. Summary of Analytical Values for Runke Bioengineering’s DHA-Rich Oil* 

Parameter 

Analytical Values 

LOQ Mean 11024713 11027715 11030717 

DHA, wt% 43.01 41.71 42.76 0.02 42.49 

Acid value, mg KOH/g 0.23 0.37 0.21 0.05 0.27 

Free fatty acids as oleic acid, % 0.12 0.19 0.11 0.01 0.14 

Free fatty acids, % 0.08 0.10 0.08 0.01 0.09 

Total trans fatty acids, % 0.25 0.22 0.26 0.02 0.24 

Unsaponifiable matter, % 1.19 1.28 1.33 0.05 1.27 

Peroxide value, meq/kg 0.36 0.48 0.24 0.05 0.36 

p-Anisidine value 8.8 7.8 9.6 1 8.7 

Moisture and volatiles, % <0.01 <0.01 <0.01 0.01 <0.01 

Protein, μg/g <25 <25 <25 <25 <25 

Diglycerides, % 3.9 4.7 3.7 1 4.1 

Glycerol, % 2.8 2.9 2.7 1 2.8 

Monoglycerides, % 2.2 3.2 1.8 1 2.4 

Triglycerides, % 94.2 92.1 94.5 1 93.6 

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

Lead, mg/kg <0.05 <0.05 <0.05 0.05 <0.05 

Arsenic, mg/kg <0.005 <0.005 <0.005 0.005 <0.005 

Cadmium, mg/kg <0.005 <0.005 <0.005 0.005 <0.005 
*Samples were taken from 3 non-consecutive batches. LOQ = limit of quantitation. 
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DHA-Rich Oil (Runke Bioengineering) 

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

Oil 

Parameters, wt% Lot number 

Mean 11024713 11027715 11030717 

C16:4 (Hexadecatetraenoic acid) <0.02 <0.02 <0.02 <0.02 

C10:0 (Capric acid) <0.02 <0.02 <0.02 <0.02 

C11:0 (Undecanoic acid) <0.02 <0.02 <0.02 <0.02 

C12:0 (Lauric acid) 0.04 0.03 0.04 0.04 

C14:0 (Myristic acid) 0.31 0.29 0.36 0.32 

C14:1 (Myristoleic acid) <0.02 <0.02 <0.02 <0.02 

C15:0 (Pentadecanoic acid) 0.05 0.04 0.06 0.05 

C15:1 (Pentadecenoic acid) <0.02 <0.02 <0.02 <0.02 

C16:0 (Palmitic acid) 15.93 15.53 16.36 15.94 

C16:1 Omega 7 0.09 0.08 0.09 0.09 

C16:1 Total (Palmitoleic acid + isomers) 0.26 0.23 0.26 0.25 

C16:2 (Hexadecadienoic acid) <0.02 <0.02 <0.02 <0.02 

C16:3 (Hexadecatrienoic acid) <0.02 <0.02 <0.02 <0.02 

C17:0 (Margaric acid) 0.06 0.05 0.06 0.06 

C17:1 (Heptadecenoic acid) <0.02 <0.02 <0.02 <0.02 

C18:0 (Stearic acid) 1.35 1.32 1.33 1.33 

C18:1 (Vaccenic acid) 0.17 0.15 0.16 0.16 

C18:1 Omega 9 (Oleic acid) 3.88 4.05 3.54 3.82 

C18:1 Total (Oleic acid + isomers) 4.09 4.24 3.75 4.03 

C18:2 Omega 6 (Linoleic acid) 8.24 9.13 7.50 8.29 

C18:2 Total (Linoleic acid + isomers) 8.46 9.32 7.81 8.53 

C18:3 Omega 3 (Alpha linolenic acid) 0.12 0.13 0.12 0.12 

C18:3 Omega 6 (Gamma linolenic acid) 0.13 0.11 0.14 0.13 

C18:3 Total (Linolenic acid + isomers) 0.25 0.25 0.26 0.25 

C18:4 Omega 3 (Octadecatetraenoic acid) 0.19 0.19 0.21 0.20 

C18:4 Total (Octadecatetraenoic acid) 0.19 0.19 0.21 0.20 

C20:0 (Arachidic acid) 0.24 0.21 0.24 0.23 

C20:1 Omega 9 (Gondoic acid or 

11-eicosenoic acid) 

0.02 0.03 0.03 0.03 

C20:1 Total (Gondoic acid + isomers) 0.04 0.05 0.06 0.05 

C20:2 Omega 6 <0.02 <0.02 0.03 <0.02 

C20:2 Total (Eicosadienoic acid) <0.02 <0.02 0.03 <0.02 

C20:3 Omega 3 <0.02 <0.02 <0.02 <0.02 

C20:3 Omega 6 (DGLA) 0.26 0.20 0.28 0.25 

C20:3 Total (Eicosatrienoic acid) 0.26 0.20 0.28 0.25 

C20:4 Omega 3 0.61 0.52 0.62 0.58 

C20:4 Omega 6 (ARA) 0.19 0.22 0.23 0.21 

C20:4 total (Eicosatetraenoic acid) 0.80 0.73 0.85 0.79 

C20:5 Omega 3 (EPA) 0.42 0.46 0.37 0.42 

C21:5 Omega 3 (Heneicosapentaenoic 

acid) 

<0.02 <0.02 <0.02 <0.02 
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C22:0 (Behenic acid) 0.22 0.20 0.24 0.22 

C22:1 Omega 9 (Erucic acid) 0.28 0.21 0.35 0.28 

C22:1 Total (Erucic acid + isomers) 0.28 0.21 0.35 0.28 

C22:2 Docosadienoic Omega 6 <0.02 <0.02 <0.02 <0.02 

C22:3 Docosatrienoic, Omega 3 0.16 0.12 0.17 0.15 

C22:4 Docosatetraenoic Omega 6 <0.02 <0.02 0.02 0.02 

C22:5 Docosapentaenoic Omega 3 0.08 0.07 0.08 0.08 

C22:5 Docosapentaenoic Omega 6 12.31 10.60 12.60 11.84 

C22:5 Total Docosapentaenoic acid (DPA) 12.40 10.68 12.68 11.92 

C22:6 Docosahexaenoic Omega 3 43.01 41.71 42.76 42.49 

C24:0 (Lignoceric acid) 0.13 0.11 0.13 0.12 

C24:1 Omega 9 (Nervonic acid) <0.02 <0.02 <0.02 <0.02 

C24:1 Total (Nervonic acid + isomers) 0.10 0.04 0.07 0.07 

C4:0 (Butyric acid) <0.02 <0.02 <0.02 <0.02 

C6:0 (Caproic acid) <0.02 <0.02 <0.02 <0.02 

C8:0 (Caprylic acid) <0.02 <0.02 <0.02 <0.02 

Total Fat as Triglycerides 92.85 89.86 92.47 91.73 

Total Fatty Acids 89.13 86.26 88.77 88.05 

Glycerides composition 

Diglycerides 3.9 4.7 3.7 4.1 

Glycerol 2.8 2.9 2.7 2.8 

Monoglycerides 2.2 3.2 1.8 2.4 

Triglycerides 94.2 92.1 94.5 93.6 
LOQ: 0.02% for individual fatty acids and 0.1 wt% for total fat as triglycerides. 
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Table 9. Comparison of Fatty Acid Profiles of DHA-Rich Oils (wt% Unless Noted Otherwise) 

Current GRN GRN GRN GRN GRN FCCc,* FCCd,* 

notice 137a 553b,* 677b,* 731b 933 

DHA (Docosahexaenoic acid) specifications 35 32 - 45 35 35 >45 36 35-40; 35-47; 

30 35 

Actual content, % 42.5 35.0 43.3 40.22 50.7 38.87 

Fatty Acid Profile, g/100g 

C 6:0 (Caproic acid) <0.02 < 0.02 

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

C 10:0 (Capric acid) <0.02 < 0.02 <0.02 

C 12:0 (Lauric acid) 0.04 0.4 <0.10 0.91 0.10 0.08 

C 14:0 (Myristic acid) 0.32 10.11 1.18 11.87 0.82 1.29 

C 14:1 (Myristoleic acid) <0.02 <0.10 <0.10 < 0.02 <0.12 

C 15:0 (Pentadecanoic acid) 0.05 0.24 0.52 0.06 1.05 

C 15:1 (Pentadecenoic acid) <0.02 0.07 <0.02 

C 16:0 (Palmitic acid) 15.94 23.68 13.78 25.43 20.96 26.20 

C 16:1 (Palmitoleic acid) 0.09 1.76 <0.10 3.42 0.51 0.19 

C 17:0 (Margaric acid or Heptadecanoic acid) 0.06 <0.10 <0.12 0.08 0.84 

C 18:0 (Stearic acid) 1.33 0.45 1.65 0.82 1.30 1.12 

C 18:1 (Oleic acid) 3.82 NA 4.77 0.27 1.83 

C 18:1n7 (Vaccenic acid) 0.16 Trace-1.3 0.26 0.51 

6 

C 18:2n6 (Linoleic acid) 8.29 2.01 <0.33 < 0.02 3.85 NA 0-1.0 

C 18:3n3 (alpha-Linolenic acid) 0.12 <0.10 NA 0.14 0.48 

C 18:3n6 (gamma-Linolenic acid) 0.13 NA 0.23 0.09 0.12 

C 20:0 (Arachidic acid) 0.23 0.32 <0.10 0.29 0.20 

C 20:1 (Eicosenoic acid) <0.06 < 0.02 <0.03 

C 20:2n6 (Eicosodienoic acid) <0.02 0.13 < 0.02 <0.03 

C 20:3n3 (Eicosatrienoic acid) <0.02 <0.1 1.34 <0.03 

C 20:3n6 (homo-gamma-Linolenic acid) 0.25 <0.1 <0.11 0.21 0.19 1.7-2.8 0-0.1 

C 20:4n6 (Arachidonic acid; ARA) 0.21 0.94 0.69 0.70 0.15 1.01 0.6-1.3 

C 20:5n3 (Eicosapentaenoic acid; EPA) 0.42 2.63 6.23 1.18 0.70 0.31 1.3-3.9 0-0.1 
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C 21:0 (Heneicosanoic acid) 0.04 

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

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

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

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

C 22-5n6 (Docosapentaenoic acid; DPA) 11.84 13.5 2.53 7.81 10.33 8.76 10.5-16.5 0-0.1 

C 23:0 (Tricosanoic acid) < 0.02 

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

C 24:1 (Nervonic acid) <0.02 0.41 <0.02 
NA= not available; aDHA-rich oil derived from Schizochytrium sp. for selected general food application; bDHA-rich oil derived from 

Schizochytrium sp. for infant formula application; cFCC specifications for DHA oil derived from Schizochytrium sp.; dFCC specifications for DHA 

oil derived from Crypthecodinium cohnii. 

*Fatty acid contents were reported as relative area%. 
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  Lot number Method of 

Analysis   11024713 11027715   11030717 

 Aerobic plate counts,  <10  <10  <10 US FDA BAM Ch 

 cfu/g  3, Jan 2001 

Yeast, cfu/g   <10  <10  <10 US FDA BAM Ch 

 Molds, cfu/g  <10  <10  <10  18, April 2001 

 Escherichia coli/25 g  Absent in 25 g Absent in 25 g  Absent in 25 g  ISO 16649-3:2015  

Cronobacter sp./10 g   ND  ND  ND ISO 22964:2017  

 Salmonella/25 g  Absent in 25 g Absent in 25 g  Absent in 25 g  US FDA BAM Ch 

5, April 2001  

Enterobacteiaceae,  <10  <10  <10 ISO 21528-2-2017  

 cfu/g 
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Microbiology  

Analysis of 3 non-consecutive  batches showed that Escherichia coli  (absent in 25 g),  

Cronobacter  sp. (absent  in 10 g),  and  Salmonella  (absent in 25 g) are  not present in  Runke  

Bioengineering’s DHA-rich oil  (Table  10). Total aerobic  plate  counts, yeast, molds, and 

Enterobacteriaceae  counts are  below the detection limit  (<10 cfu/g). COAs are  presented in  

Appendix A.  

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

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

Sterols  

As stated in GRN 000137 (stamped page  14),  the lipid fraction of Schizochytrium  sp.  

algae  is comprised mainly of fatty acids and sterols and the non-saponifiable fraction of the 

DHA-rich oil  consists  primarily of squalene, sterols, and carotenoids. These  components are  all  

present in the food  supply. Fatty acids (not just  DHA) and sterols/stanols that are  present in the 

algal oil (35% DHA) are also common to the diet from other food sources. The safety of dietary 

cholesterol and phytosterols is well documented in the scientific literature (Brownawell  and Falk,  

2010). The  major  sterols found  in the DHA  algal oil  are  found  in human breast milk and 

commercially available infant formula (Mellies et al., 1976).  

A few scientific  papers reported that main sterols present in infant formulas are  

cholesterol (0.03-2.58 wt%/v) and demosterol (0.05-0.31 wt%/v) (Claumarchirant et al., 2015).  

These  sterols are  also present in human milk (cholesterol, 0.065-2.92 wt%/v). In infant formulas, 

total plant sterol (%wt/v)  ranged from 0.31 to 0.50. 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).  
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DHA-Rich Oil (Runke Bioengineering) 

Total plant sterol and stanol (wt%/v) content in Runke Bioengineering’s DHA-rich oil 

was 0.571 wt% (Table 11-1). Cholesterol was the most abundant sterol (0.32 wt%), followed 

by sitosterol (0.112), delta-7-stigmastenol (0.05), stigmasterol (0.031), brassicasterol (0.017), 

delta-7-avenasterol (0.01), and campesterol (0.01). Table 11-2 presents the sterol content of 

Runke Bioengineering’s DHA-rich oil in comparison with those described in GRNs 000553 

(pages 21-22, stamped pages 27-28), 000677 (page 21), and GRN 000137 (stamped page 30). 

This level is comparable to the average total sterol values calculated from the values reported in 

GRN 553 (0.54 wt%) and GRN 677 (0.15 wt%), but much lower than the value reported in GRN 

137 (3.1 wt%). It is noteworthy that GRN 000137 reported much higher total sterol 

concentrations compared to other GRAS notices. These sterols are commonly present in infant 

formulas. However, all the sterols that are present in subject of this GRAS determination were 

not directly quantified to compared to the subject of GRNs 000553 and 000677. It is likely that 

the unidentified fraction could be 24-methylene cholesterol, clerosterol, delta-5,23-

stigmastadienol, delta-5- avenasterol, delta-7-campesterol, ergosta-7,22-dien-3-ol, and 

ergosta-7,24-dien-3-ol (whose values were included in GRN 000137, 000553, and/or 000677). 

Some peaks were difficult to clearly identified, thus, were summed and reported as unidentified 

sterols in the COAs (Appendix A). Chen et al. (2014) reported that sterol extract from alga 

Schizochytrium sp included lathosterol, ergosterol, stigmasterol, 24-ethylcholesta-5,7,22-trienol, 

stigmasta-7,24(24(1))-dien-3β-ol, and cholesterol. 

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

Parameters, g/100 g Lot 

#11024713 

Lot 

#11027715 

Lot 

#11030717 
Mean 

24-Methylenecycloartanol 0.002 0.004 0.003 0.003 

Brassicasterol 0.018 0.016 0.018 0.017 

Campestanol 0.002 0.002 0.002 0.002 

Campesterol 0.009 0.011 0.009 0.010 

Cholesterol 0.318 0.319 0.324 0.320 

Citrostadienol 0.007 0.008 0.006 0.007 

Cycloartenol 0.007 0.006 0.008 0.007 

Delta-7-avenasterol 0.011 0.009 0.011 0.010 

Delta-7-stigmastenol 0.054 0.043 0.054 0.050 

Delta-5,24-stigmastadienol 0.020 0.014 0.020 0.018 

Sitostanol + delta-5-avenasterol 0.006 0.007 0.005 0.006 

Sitosterol 0.112 0.115 0.109 0.112 

Stigmasterol 0.031 0.032 0.031 0.031 

Unidentified sterols 0.328 0.286 0.326 0.313 

Total plant sterols + stanols 0.591 0.537 0.584 0.571 
* The values represent total sterols in fats (wt%). Like other DHA-rich oil (GRN 677), it is assumed that 

Runke Bioengineering’s DHA oil is composed of 99-100% fats. 

NR=not reported. 
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Table 11-2. Comparison of Plant Sterols/Stanols in DHA-Rich Oils 

Parameters, wt% Current 

Notice 

GRN 

553* 

GRN 

677* 

GRN 

137 

24-Methylenecholesterol NR 0.0080 0.0064 NR 

24-Methylenecycloartanol 0.003 NR NR NR 

Brassicasterol 0.017 0.0070 <0.0045 0.465 

Campestanol 0.002 0.0005 <0.0002 NR 

Campesterol 0.010 0.0097 0.0035 NR 

Cholesterol 0.320 0.0664 0.0345 0.775 

Citrostadienol 0.007 NR NR NR 

Clerosterol NR 0.0086 0.0188 NR 

Cycloartenol 0.007 NR NR NR 

Delta-7-avenasterol 0.010 0.0049 0.0065 NR 

Delta-5-avenasterol NR 0.0095 0.0045 NR 

Delta-7-campesterol NR 0.0022 <0.0044 NR 

Delta-7-stigmastenol 0.050 0.0103 <0.0129 NR 

Delta-5,23-stigmastadienol NR 0.0045 <0.0069 NR 

Delta-5,24-stigmastadienol 0.018 0.0022 0.0086 NR 

Sitostanol NR 0.0028 <0.0003 NR 

Sitostanol + delta-5-avenasterol 0.006 NR NR NR 

Sitosterol 0.112 NR NR NR 

Stigmasterol 0.031 0.3413 <0.0204 0.589 

Stigmastadien-3-ol NR NR NR 0.248 

Ergosta-7,22-dien-3-ol NR NR NR 0.155-0.217 

Ergosta-7,24-dien-3-ol NR NR NR 0.155-0.186 

Unidentified sterols 0.313 NR NR NR 

Total plant sterols + stanols 0.571 0.54 0.15 3.1 
* The values represent total sterols in fats (wt%). 

NR=not reported. 

2.D. Stability   

Three non-consecutive lots of DHA-rich oil filled with nitrogen in tightly closed original 

aluminum container were stored at ≤ 25°C and -10°C for testing DHA content, acid value, 

peroxide value, and anisidine value every four months. As shown in Table 12, Runke 

Bioengineering’s DHA-rich oil is stable for 12 months at ≤ 25°C and -10°C. Based on the 

stability data, the proposed shelf life of Runke Bioengineering’s DHA-rich oil is 12 months. 
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Table 12. Stability Testing for DHA-Rich Oil 

Batch 

Number 

Parameters Storage Time (months) 

0 4 8 12 

Storage at ≤ 25°C 

11024713 

Acid value 0.14 0.14 0.15 0.1 

Peroxide value <0.1 0.6 1.6 1.8 

Anisidine value 3.5 8.8 10.1 11.4 

DHA% 43.4 43.4 43.5 43.3 

11027715 

Acid value 0.37 0.29 0.31 0.29 

Peroxide value <0.1 1.2 1.8 1.9 

Anisidine value 5.5 8.6 10.4 11.6 

DHA% 44.3 44.3 44.2 44.7 

11030717 

Acid value 0.17 0.18 0.18 0.16 

Peroxide value <0.1 0.6 1.1 1.5 

Anisidine value 4.7 6.1 7.8 10.2 

DHA% 44.0 43.9 43.9 44.5 

Storage at -10°C 

11024713 

Acid value 0.14 0.14 0.14 0.13 

Peroxide value <0.1 <0.1 <0.1 0.4 

Anisidine value 3.5 3.4 3.6 4.6 

DHA% 43.4 43.5 43.5 43.4 

11027715 

Acid value 0.37 0.32 0.31 0.31 

Peroxide value <0.1 <0.1 <0.1 0.3 

Anisidine value 5.5 5.6 5.4 6.9 

DHA% 44.3 44.3 44.4 44.5 

11030717 

Acid value 0.17 0.18 0.17 0.16 

Peroxide value <0.1 <0.1 <0.1 0.5 

Anisidine value 4.7 4.1 4.8 5.2 

DHA% 44.0 43.9 43.8 44.2 

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

Acid value, unit, mg KOH/g; acid values meet the specification (≤ 0.8 mg KOH/g). 

Peroxide value, unit, meq/kg oil; peroxide values meet the specification (≤ 5.0 meq/Kg oil). 

Anisidine values meet the specification (≤ 20.0) 

2.E. GMO Status  

No genetically modified ingredients or genetic modification technology is used in the 

production of the DHA-rich oil and powder. 

2.F. Allergens  

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

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

oil would be allergenic. 

2.G. Intended Technical Effects   

The DHA-rich oil will be used as a food ingredient in selected conventional foods and in 

non-exempt term and exempt pre-term infant formulas. 
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PART 3. EXPOSURE ESTIMATES  

3.A. Exposure Estimates  

Selected General Foods 

In accordance with 21 CFR 184.1(b)(2), the ingredient may be used in food to ensure that 

the total intake of EPA or DHA does not exceed 3.0 grams/person/day (21 CFR 184.1472). The 

DHA-rich oil will be added to the same food categories, excluding egg, meat, poultry, and fish 

products, as those currently listed in 21 CFR 184.1472(a)(3) (menhaden oil) and GRN 000137 at 

maximum use levels that are 28.57% of those specified in that regulation. As discussed in GRN 

000137, the proposed use levels of the DHA-rich oil are expected to result in a maximum dietary 

exposure of less than 1.5 g of DHA per day. Because the DHA-rich oil is intended to be used as 

an alternative to menhaden oil, there will be no increase in exposure to DHA from the intended 

use as described in Table 1. Runke Bioengineering’s DHA-rich oil is not to be combined with 

any other added oil that is a significant source of DHA or EPA. It would be possible, however, to 

blend DHA-rich oil with other sources of DHA and/or EPA. 

The 28.57% value was derived from the following factors: 

1)  Since  menhaden oil  is considered GRAS at a  level providing no more  than 3 grams of  

DHA and EPA per day, the  use  levels in each food category are  decreased by 50%  so that  

the total daily consumption of DHA from the  DHA-rich oil  will  be  no more  than 1.5  

grams per day.  

2)  The  levels of use  are  based on the quantity of DHA-algal oil  that can be  added to each  

product. Additional adjustment is needed  because  the DHA-algal oil  has a  different 

concentration of DHA  than that  found  in  menhaden oil. DHA-algal oil  contains 

approximately 35 wt%  compared to about 20%  of combined EPA and DHA in menhaden 

oil. An additional adjustment of 57.143%  (20/35)  is needed to accommodate the different 

concentrations of DHA in the two oils.  

3)  The  28.57%  adjustment is calculated by multiplying the 50%  adjustment that is needed in 

accordance  with the first  bullet point  above  by the 57.143%  adjustment that is needed in  

accordance with the second bullet point above, i.e., (0.50) x (0.5714) x 100 = 28.57%.  

 

These are the same food categories (except egg, meat, poultry, and fish products) found 

in the GRAS notifications for DHA-algal oils (GRN 137, stamped pages 10 to 12 and 27 to 28 -

FDA, 2004; GRN 732, pages 4 to 5 - FDA, 2018b) for which the agency did not raise any 

objections to the companies’ conclusion that DHA-algal oil derived from Schizochytrium sp. 

would be considered GRAS when used in the food categories identified for menhaden oil. 

The estimated dietary intakes (EDIs) of DHA established in the early 2000s when the 

menhaden oil rule was finalized (FDA, 2005) and when DHA-rich oil derived from 
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Schizochytrium  sp. (GRN 137 - FDA, 2004)  received no question letters  from the FDA  are  still  

applicable. Our comparative  National Health and Nutrition Examination Survey (NHANES)  

analysis (2001-2002 vs. 2015-2016)  revealed that the total number  of food servings consumed 

was slightly decreased in the mid-2010s when compared to the  early 2000s. For  example,  the  

mean and 90th  percentile  numbers of total food servings of the 26 food categories specified in 

Table 1 were  11.8 and 20.0 servings, respectively, in 2001-2002 and 11.0 and 18.9 servings, 

respectively,  in 2015-2016 for  individuals in  the American  population aged 1-99 years  (detailed  

analytical data not shown).  

In summary, when the subject of this notice (≥35% DHA) is used as an ingredient as the 
sole added source of DHA in any given food category, or if blended with a source of EPA, the 

total dietary exposure to DHA will be not more than 1.5 g/person/d and not more than 3.0 

g/person/day of DHA and EPA combined for the U.S. population 2 years of age and older. 

EDIs of DHA for Term Infants 

According to tables of daily energy intake by formula-fed infants provided by Fomon 

(1993), the 90th percentile energy intakes were approximately 140 kcal/kg bw/day in infants 

aged 14-27 days (141.3 and 138.9 kcal/kg bw /day in boys and girls, respectively). Assuming 

that approximately 50% of calories in infant formula are provided by fats, this indicates intake of 

approximately 70 kcal from fat/kg bw/day, or 7.8 g fat/kg bw/day (1 g fat=9 kcal/g). In infant 

formulas for which DHA provides 0.5% of the fatty acids, the 90th percentile intake of DHA 

would be 39 mg DHA/kg bw/day (7,800 mg fat/kg bw/day x0.005=39 mg/kg bw/day). Since an 

average new infant (<1mo) weighs approximately 4 kg, an EDI of DHA would be ~156 

mg/infant/day. 

As the infant grows, formula intake increases, but more slowly than weight gain, so that 

consumption assessed as the amount of formula or calorie intake/kg bw decreases for infants 

older than 27 days. In infants aged 86 to 195 days, the 90th calorie intake/kg bw/day are 

decreased to approximately 110 kcal/kg bw/day. Using the same assumption that 50% of calories 

in infant formula are provided by fats, EDIs for fat would be approximately 6.11 g/kg bw/day. 

Because DHA provides 0.5% of the fatty acids, the 90th EDIs of DHA would be 30.5 mg/kg 

bw/day (6,111 mg fat/kg bw/day x0.005= 30.55 mg DHA/kg bw/day). The intake estimates are 

similar to those estimated in GRN 000041 (30 mg DHA/kg bw/day based on DHA addition at 

0.5% of total fatty acids). 

Assuming older  infants consume  approximately 100 kcal/kg bw/day (corresponding to 

5.55 g fat/kg bw/day), the  EDI  of DHA would be  27.8 mg DHA/kg bw/day in older  infants at  

around  11.5 months of age. Since  an average  older infant weighs approximately 10.2 kg, an EDI 

of DHA would be ~284 mg/infant/day.  
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DHA-Rich Oil (Runke Bioengineering) 

Overall, daily intakes of DHA for term infants are estimated to be in the range of 28 to 39 

mg/kg bw/day depending upon the age of the infant. After considering body weight of infants, 

daily intakes of DHA under the intended use are estimated to be 156, 214, and 284 mg/infant/day 

in infants aged 0.5, 4.5, and 11.5 months, respectively (as corresponding average body weights 

are 4, 7, and 10.2 kg, respectively). For example, 39 mg DHA/kg bw/day x 4 kg bw/infant = 156 

mg DHA/person/day for infants aged 0.5 months. 

Runke Bioengineering’s DHA-rich oil may be used at a maximum use level of 1.428% of 

total dietary fat because it has 35% DHA (0.5% total fat/0.35=1.428% as DHA). Because the 

intended use will result in 27.8 to 39 mg DHA/kg bw/day, EDIs for DHA-rich oil would be 79 to 

111 mg/kg bw/day. For example, 27.8 mg DHA/kg bw/day is divided by 0.35 to get 79.4 mg 

DHA-rich oil/kg bw/day. 

These estimated DHA intakes of 28-39 mg/kg bw/day are consistent with current DHA 

recommendations for term infants of 18 to 60 mg/kg bw/day (Koletzko et al., 2014a, 2014b). 

EDIs of DHA for Pre-term Infants 

The dietary exposure of pre-term low-, very low-, and extremely low-birth weight infants 

to DHA via infant formulas containing DHA-rich oil was calculated using two calculation 

methods as shown below and summarized in Table 13. 

The maximum amount of fat allowed in infant formula is 6 g/100 kcal according to 21 

CFR 107.100. The recommended calorie intake for pre-term very low-birth weight infants is 

110-130 kcal/kg bw/day (Koletzko et al., 2014a). Because DHA will be used at a maximum 

use level of 0.5% of total fatty acids (i.e., a maximum of 0.5% total fat as DHA), it is likely that 

practical maximum amount of DHA is expected to be 39 mg/kg bw/day based on the following 

formulas: 6,000 mg fat/100 kcal x 130 kcal/kg bw/day x 0.005 (0.5% fat as DHA)= 39 mg 

DHA/kg bw/day. 

To calculate EDIs in terms of per infant, body weights were considered. It is expected 

that EDIs of DHA in terms of per person per day would be 97.5, 58.5, and 39 mg 

DHA/person/day in pre-term low- (2.5 kg bw), very low- (1.5 kg bw), and extremely low- (1 kg 

bw) birth weight infants, respectively. For example, daily DHA intake/person/day in pre-term 

low-birth weight infants would be 39 mg DHA/kg bw/day x 2.5 kg bw/person =97.5 mg 

DHA/person/day. 

The maximum of 39 mg DHA/kg bw/day corresponds to 111.4 mg DHA-rich oil/kg 

bw/day as DHA-rich oil contains a minimum of 35%. Thus, EDIs of DHA-rich oil would be 278, 
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167, and 111 mg DHA-rich oil/person/day in low- (2.5 kg), very low- (1.5 kg), and extremely 

low- (1 kg) birth weight pre-term infants. 

In summary, the daily intakes of DHA are estimated to be 28-39 mg/kg bw/day in term 

infants. In pre-term infants, the practical maximum EDI of DHA is expected to be 39 mg/kg 

bw/day. These EDIs are consistent with current DHA recommendations for pre-term infants of 

18 to 60 mg/kg bw/day (Koletzko et al., 2014a, 2014b, 2020). 

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

mg DHA/kg 

bw/day 

mg DHA/ 

person/day 

mg DHA-rich 

oil/kg bw/day 

mg DHA-rich 

oil/person/day 

Term infants 28-39 156-284 79-111 446-811 

Pre-term infants 

Low-birth weight (2.5 

kg) 

39 97.5 111 278 

Very low-birth weight 

(1.5 kg) 

39 58.5 111 167 

Extremely low-birth 

weight (1 kg) 

39 39 111 111 

General population 1,500 4,286 

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

Runke Bioengineering’s DHA-rich oil is intended for use in infant formula in a similar 

manner as the currently approved oils. Runke Bioengineering’s DHA-rich oil is expected to be 

used as an alternative to existing DHA-rich oils, thus, cumulative EDIs are not expected to be 

changed. 

3.B. Food Sources of DHA  

The DHA-rich oil is intended to provide DHA to term and pre-term infants and the 

general population. These formulas will either be the sole source of DHA, in combination with a 

suitable, safe source of ARA for the infants 0 – 12 months of age or will augment breast milk 

during that period. Because formula will be used as a substitute for breast milk and the levels of 

DHA in formula are similar to those in breast milk, the DHA exposure is not expected to change. 

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

human milk is 0.32 -0.37% of total fatty acids and ranges from 0.06% to 1.4% (Brenna et al., 

2007; Fu et al., 2016). Fish oil and egg yolks also are known to be excellent sources of DHA. 
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3.C. Estimated Daily Intakes (EDIs) of Naturally Occurring DHA  from the Diet  

A meta-analysis of human milk DHA concentrations (Brenna et al., 2007) found that the 

mean and standard deviation of DHA concentration as a percentage of total fatty acids was 0.32 

± 0.22% (range: 0.06-1.4%). The highest concentrations were observed in coastal regions, 

possibly due to the ingestion of sea foods (up to 1.4% of total fatty acids as DHA). 

The average daily intake of DHA from food sources is about 160 mg in American 

juveniles aged 12-19 years (Zhou et al., 2023) and approximately 58 mg in American women 

aged 20–44 years (Wang et al., 2022). 

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

 

   EDIs of Sterols Under the Intended Use 

The EDIs of sterols under the intended use were calculated using the EDI values 

described in Part 3 of this GRAS determination and the ratio of total sterols to DHA present in 

Runke Bioengineering’s DHA-rich oil. Daily intakes for total sterols were estimated to be 4.5, 

1.6, and 24 mg/person/day for term infants, pre-term infants, and general population, 

respectively. 

Infants 

To calculate EDIs of sterols/person/day, EDIs of sterols/kg bw/day were calculated first. 

EDIs of sterols were calculated as 0.45-0.62 mg/kg bw/day for term infants and 0.58 mg/kg 

bw/day for pre-term infants using the following formulas: 1) total sterols and DHA content 

present in 1 gram of Runke Bioengineering’s DHA-rich oil is 5.7 mg and 350 mg, respectively. 

Thus, the ratio of total sterols to DHA is 0.016:1. 2) EDIs of DHA were 28-39 mg DHA/kg 

bw/day for term infants and 39 mg/kg bw/day for pre-term infants (please see pages 33-35 for 

details). Thus, to calculate the EDIs of sterols for term infants, EDIs of DHA (28-39 mg/kg 

bw/day) were multiplied by 0.016 to get EDIs of sterols. For example, 28-39 mg DHA/kg 

bw/day was multiplied by 0.016 to get 0.45 -0.62 mg sterols/kg bw/day. 

Then, after considering body weight of infants, daily intakes of DHA under the intended 

use are estimated to be up to 284 mg/infant/day in term infants aged 11.5 months weighing 10.2 

kg (27.8 mg DHA/kg bw/day x 10.2 kg=284 mg/infant/day). These levels correspond to up to 4.5 

mg sterols/infant/day for term infants (284 mg DHA x 0.016 sterols/DHA=4.5 mg sterols). 

The EDI of DHA would be 97.5 mg DHA/person/day in pre-term low-weight infants 

weighing 2.5 kg; this level may correspond to the EDI of 1.56 mg sterols/infant/day. 

These intakes are well below the amount of sterols already consumed as natural 

constituents in infant formulas because mean total sterol intake was estimated at 41−66 mg/day 
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in infants aged 0.5- to 5-month-old infants consuming infant formulas (Claumarchirant et al., 

2015). Thus, the estimated intake of sterols through the proposed uses of DHA-rich oil would not 

have an impact on the relative amount of cholesterol and phytosterols already consumed via 

infant formulas. 

Similarly, for the general population, the maximum EDI value of DHA (1,500 

mg/person/day) was multiplied by 0.016 to get 24 mg sterols/person/day. This level (24 mg 

sterols/person/day) is well below the amount of sterols already consumed as natural constituents 

in the diet (up to 463 mg/person/day; Andersson et al., 2004), and thus, the estimated intake of 

sterols under the intended uses of DHA-rich oil would not have a significant impact on the 

relative amount of total sterols already consumed in the diet. Therefore, the dietary exposure to 

total sterols including cholesterol, sitosterol, delta-7-stigmastenol, delta-5,24-stigmastadienol, 

and others from the intended use of DHA-rich oil would not be expected to produce adverse 

effects on human health. 

Taken together, the estimated intake of sterols through the proposed uses of DHA-rich oil 

would not pose a safety concern. 

All fatty acids present in DHA-rich oil are components of a normal diet or normal 

metabolites of fatty acids. 

Infants 

Analysis of 3 lots of DHA-rich oils indicates total DPA concentration of approximately 

11.9% (Table 8). The ratio of total DPA to DHA is 11.9:35. The EDIs of DHA were 28-39 mg 

DHA/kg bw/day for term infants and 39 mg/kg bw/day for pre-term infants (please see pages 

33-35 for details). Thus, to calculate the EDIs of DPA for term infants, EDIs of DHA (28-39 

mg/kg bw/day) were multiplied by 11.9:35. to get EDIs of DPA. For example, 28-39 mg 

DHA/kg bw/day was multiplied by 11.9:35. to get 9.52 -13.3 mg DPA/kg bw/day. 

Based on the fatty acid composition of DHA algal oil  derived from Schizochytrium  sp. 

algae, the estimated intake  of DPA (n-3 and n-6) through the intended  conditions of use  of 

DHA-rich oils would amount  to a  maximum  of  0.51 g/person/day assuming all  foods listed in  

Table 1 containing the maximum  use  level of oil  would be  consumed daily by a  consumer. The  

daily intake  of 0.51 g DPA was calculated by the following formulas; the maximum  daily intake  

for  DHA is 1.5 g/person/day; Runke  Bioengineering’s DHA-rich oil  contains at least 35%  and 

12%  of DHA and DPA, respectively. Thus, 1.5 g x 12/35=0.51 g DPA/person/day. This intake  is  

within the range  of levels of DPA provided via seafood consumption. Thus, DPA intake  under 
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the intended use is not expected to produce adverse effects in humans. The actual daily average 

intake of DPA[n-6] should be significantly less than 0.51 g/person/day for the general population 

because it is not likely that a consumer would choose all foods in the marketplace within the 

proposed food categories that contain DHA algal oil as a substitute for another edible oil. 

Analysis of the fatty acid component of DHA-rich oil revealed the presence of 2 forms of 

DPA (22:5): n-6 DPA (11.8%), and n-3 DPA (0.08% total fatty acids). Both DPA isomers are 

component acids of fish oil (Byelashov et al., 2015). It is also known that n-6 DPA is β-oxidized 

to arachidonic acid, and that the deficiency of n-3 essential fatty acids in animals causes a 

compensatory rise in the n-6 DPA level in the brain/retina (Tam et al., 2000). Seafood is a 

good source of DPA: for instance, raw salmon provides up to 393 mg DPA per 100 g of edible 

portion (https://wicworks.fns.usda.gov/resources/usda-food-composition-databases). The 

consumption of 12 ounces of salmon alone would provide up to 191 mg DPA per day. Thus, 

estimated daily intake (EDI) of DPA was calculated to be 1.7 to 4.0 g DPA (Byelashov et al., 

2015). On the other hand, the EFSA’s review reported that the mean daily intakes of DPA from 
food only were between 25 -75 mg/day, and that the 95th percentile intakes of DPA from food 

only were between 100 mg/day (Belgium, women, 18-39 years) and 138 mg/day (France, men, 

45 years). 

Thus, DPA present in DHA-rich oil is not expected to produce adverse effects in humans 

under the intended use. 

For general food  applications, DHA-rich oil  will  be  added to the  same  food  categories as  

those currently listed in 21 CFR  184.1472(a)(3) (menhaden oil) at the maximum use  levels, with  

the exception of egg, meat, poultry, and fish products.  The  proposed use  levels of the  DHA-rich  

oil  are  expected to result  in a  maximum  dietary exposure  of  1.5 g of DHA  per day.  To ensure  the  

safe use of the substance, the DHA-rich oil is intended to be the sole source of DHA in any given  

food category.   

For infant formulas, the intended use  will  result  in 28 - 39 mg DHA/kg bw/day (or  79  - 

111  mg DHA-rich oil/kg bw/day) for  term infants and 39 mg DHA/kg  bw/day for  pre-term  

infants, which are  consistent with current DHA  recommendations for term and pre-term infants 

of 18  - 60 mg/kg bw/day depending on the gestational age.  

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

present in Runke Bioengineering’s DHA-rich oil would not have an impact on the safety in 

pre-term and term infants as well as in general population. 
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PART 4. SELF-LIMITING USE LEVELS  

No known self-limiting levels of use are associated with the DHA-rich oil. 
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PART 5. HISTORY OF CONSUMPTION  

EXPERIENCE BASED ON COMMON USE IN FOODS BEFORE 1958 

The statutory basis for the conclusion of the GRAS status of the algal DHA-rich oil in 

this document is not based on common use in food before 1958. The GRAS determination is 

based on scientific procedures. 
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PART 6. NARRATIVE  

6.A. Current Regulatory Status  

Due to the compositional similarity and DHA content of fish-, marine algal-, and 

egg-derived oils to DHA-rich oil, the available scientific literature on the safety of these oils 

supports the safety of DHA-rich oil. Menhaden oil is a refined marine oil that is produced from 

the Brevoortia species of fish. In 1997, in response to the GRAS Petition (GRASP) 6G0316 

submitted by the National Fish Meal and Oil Association (NFMOA), the FDA affirmed the 

GRAS status of menhaden oil and partially hydrogenated menhaden oil with an iodine number 

between 11 and 119, provided that under the conditions of intended use in foods, the total EPA 

plus DHA daily intake does not exceed 3 g/person/day (FDA, 1997). At that time, the FDA 

raised concerns about the consumption of high levels of EPA and DHA, which may increase 

bleeding time, increase levels of low-density lipoproteins cholesterol (LDL-C), and influence 

glycemic control in subjects with type 2 diabetes (menhaden oil final rule; 62 Federal Register 

[FR] 30751; June 5, 1997). Based on this review, the FDA concluded that a combined intake of 

EPA and DHA of up to 3 g/person/day would not result in any adverse health effects (FDA, 

1997). NFMOA later submitted a petition to amend rule § 184.1472 (21 CFR 184.1472). In 2005, 

FDA issued a final rule on menhaden oil, reallocating the use levels and categories of use within 

the GRAS affirmation, but ensuring daily intakes of EPA and DHA do not exceed 3 g/person/day 

(FDA, 2005). As DHA represents approximately one half of the combined DHA plus EPA, it is 

reasonable to consider that the acceptable daily intake (ADI) of DHA is 1.5 g/person/day. 

Subsequently, numerous algal and marine sources of DHA have been evaluated by the 

FDA over the past 20 years for the proposed incorporation in food for human consumption. 

GRAS notifications for DHA-rich oils (derived from algae, krill, and fish) have received “no 
questions” responses from the FDA. In this review, GRAS notices on DHA-rich oils derived 

from Schizochytrium sp. only are summarized. 

As shown in Table 14, algal DHA-rich oil derived from Schizochytrium sp. received 

GRAS notice status within the United States (U.S.) These include FDA’s no question letters for 
infant formula applications (GRN 000553 - FDA, 2015; GRN 000677 - FDA, 2017; GRN 

000731 - FDA, 2018a, GRNs 000776/000777 - FDA, 2018c, 2018d; GRN 000862 – FDA, 2020a; 

GRN 000933 – FDA, 2020b; GRN 000934 – FDA, 2021; GRN 001008-FDA, 2022) and selected 

conventional food applications (GRN 000137 - FDA, 2004; GRN 000732 - FDA, 2018b; GRN 

000836 - FDA 2019a; GRN 000843/000844 – FDA, 2019b, 2019c; GRN 000862 – FDA, 2020a; 

GRN 000933 – FDA, 2020b; GRN 000934 – FDA, 2021; GRN 001008-FDA, 2022). 
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Table 14. Regulatory Approvals for Use of DHA-Rich Oil Derived from Schizochytrium sp. in 

Foods and Infant Formulas 

Item Year DHA content; Schizochytrium sp. strain 

name 

Selected foods with intended uses as a direct food ingredient in the same 

categories as considered GRAS for menhaden oil [21CFR184.1472(a)(3)] 

Intended use and 

EDI 

GRN 000137 2004 32-45%; strain name, not disclosed The same food 

categories as 

those listed in 21 

CFR 

184.1472(a)(3) 

(menhaden oil); 

EDI, <1.5 g 

DHA/person/day 

GRN 000732 2018b >45% DHA; strain LU310 

(except products under USDA 

jurisdiction) 

GRN 000843 2019b 35% DHA; strain FCC-1324 

GRN 000844 2019c 55% DHA; strain FCC-3204 

GRN 000862 2020a ~40% DHA (oil) or ~10% (powder); 

strain ONC-T18 

(except products under USDA 

jurisdiction) 

GRN 000933 2020b 36% DHA; strain DHF 

(except products under USDA 

jurisdiction) 

GRN 000934 2021 ≥35% DHA; strain CABIO-A2 

GRN 001008 2022 45% DHA; 

Schizochytrium limacinum TKD-1 

Foods with intended uses in selected conventional foods 

GRN 000836 2019a 50-60% DHA; strain HS01 90th PCTL, 460 

mg/p/d 

Infant Formula applications 

GRN number, 

infant types 

Year DHA content; Schizochytrium sp. strain 

name 

Intended use 

level and EDI 

GRN 000553, 

pre-term and term 

2015 35% DHA; strain name, not disclosed 0.5% of total fat 

as DHA in 

combination 

with a safe and 

suitable source 

of ARA (at a 

ratio 1:1 to 1:2 

of DHA to 

ARA); 

EDI, 27-33 mg 

DHA/kg bw/day 

GRN 000677, 

pre-term and term 

2017 35% DHA; strain ONC-T18 

GRN 000731, 

pre-term and term 

2018a >45% DHA (oil) or >8% DHA 

(powder); strain LU310 

GRN 000776, 

pre-term and term 

2018c 35% DHA; FCC-1324 

GRN 000777, 

pre-term and term 

2018d 55% DHA; FCC-3204 

GRN 000862, 

pre-term and term 

2020a ~40% DHA (oil) or ~10% (powder); 

strain ONC-T18 

GRN 000933, 

pre-term and term 

2020b 36% DHA; strain DHF 

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

GRN 001008, 2022 45% DHA; Amendment to 
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pre-term and term Schizochytrium limacinum TKD-1 45 and 30-40 

mg/kg bw/day 

for pre-term and 

term infants, 

respectively 

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

percentile. 

6.B. Review of Safety Data  

The safety of Runke Bioengineering’s DHA-rich oil derived from Schizochytrium sp. 

FJRK-SCH3 was evaluated in a battery of toxicity studies including a bacterial reverse mutation 

test, an in vitro chromosomal aberration test using human blood peripheral lymphocyte, and a 

mammalian erythrocyte micronucleus test as well as in acute toxicity studies, including, a 28-day 

subacute toxicity study, and a 90-day subchronic toxicity study (Lewis et al., 2016), and 

developmental and reproductive toxicity studies (Falk et al., 2017). 

As the DHA-rich oil in this GRAS notice has similar specifications and chemical 

composition compared to those described in the previous FDA GRAS notices involving algal 

DHA-rich oil (Table 6), it is recognized that the information and data in those GRAS notices are 

pertinent to the safety evaluation of the DHA-rich oil in this GRAS notice. The safety of 

DHA-rich oil derived from Schizochytrium sp. was evaluated in animal toxicity studies and/or 

mutagenicity/genotoxicity studies by many research groups, and the data are presented in the 

published papers (Fedorova-Dahms et al., 2011a, 2011b; Schmitt et al., 2012a, 2012b) and 

previous GRAS notices. Therefore, this notice incorporates by reference the safety and metabolic 

studies discussed in those GRAS notices and will not discuss previously reviewed references in 

detail. Additionally, this notice discusses human studies that have been published between 

January 2021 and May 2023 in addition to key human clinical studies of DHA-rich oil 

ingredients related to gastrointestinal tolerance and allergy. 

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

et al., 1993)  

The DHA content varies considerably among organs, being particularly abundant in 

neural tissue, such as brain and retina. DHA is obtained directly in the diet or biosynthetically 

produced via desaturation and elongation of dietary precursor essential fatty acids. DHA is 

mainly found in the form of triglycerides, although they also occur in phospholipids in breast 

milk (Martin et al., 1993). 

Available evidence indicates that the absorption, distribution, and metabolism of DHA 

are similar to other dietary fatty acids. The digestive process for the triglyceride form of DHA, 

the form present in DHA-rich oil from Schizochytrium sp., is complex and requires lipase 
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activities of lingual, gastric, intestinal, biliary, and pancreatic sources. Gastric lipase and 

pancreatic lipase, the quantitatively most important enzymes in humans, are primarily specific to 

the sn-1 and sn-3 positions of triglycerides to produce predominately sn-2 monoglycerides and 

free fatty acids. 

This facilitates the absorption of PUFAs at the sn-2 position and the transfer to tissues. 

These products are then integrated into bile acid micelles for diffusion into the interior of the 

intestinal epithelial cells for subsequent incorporation into new or reconstituted triglycerides 

(Kroes et al., 2003). These reconstructed triglycerides enter the lymph in the form of 

chylomicrons for transport to the blood, which allows distribution and incorporation into plasma 

lipids, erythrocyte membranes, platelets, and adipose tissue. The chylomicron-containing 

triglycerides are hydrolyzed by lipoprotein lipase during the passage through the capillaries of 

adipose tissue and the liver to release free fatty acids to the tissues for metabolism or for cellular 

uptake with subsequent re-esterification into triglycerides and phospholipids for storage as 

energy or as structural components of cell membranes. The metabolism of fatty acids occurs in 

the mitochondria following their transport across the mitochondrial membrane in the form of 

acylcarnitine. 

Fatty acids are metabolized predominantly via beta-oxidation, a process that involves 

shortening of the fatty acid carbon chain and the production of acetic acid and acetyl coenzyme 

A, which combines with oxaloacetic acid and enters the citric acid cycle for energy production. 

The degree of transport of fatty acids across the mitochondrial membrane is contingent upon the 

length of the carbon chain; fatty acids of 20 carbons or more are transported into the 

mitochondria to a lesser degree than shorter chain fatty acids. Therefore, long chain fatty acids, 

such as DHA, may not undergo mitochondrial beta-oxidation to the same extent (Kroes et al., 

2003). Instead, they are preferentially channeled into the phospholipid pool where they are 

rapidly incorporated into the cell membranes of the developing brain and retina. These fatty 

acids may be conditionally essential depending on the essential fatty acid availability. 

Bioequivalence of two types of algal DHA-rich oils  

Numerous GRAS notices have  considered that DHA  from algal sources is equivalent to  

that of fish  oil. In addition, the bioequivalence  of  two types of algal DHA-rich oils (derived from  

either Crypthecodinium cohnii  [DHASCO®] or Schizochytrium sp. [DHASCO-B®]) has been 

demonstrated in preweaning farm piglets and in humans when administered in a  blend with ARA  

oil (Fedorova-Dahms et al., 2014;  Yeiser et al., 2016).  

In the study by Fedorova-Dahms et al. (2014), blends of DHA- and ARA-rich oils were 

tested for both types of DHA-rich algal oils; a lower dose provided 0.32% and 0.64% of total 

fatty acids as DHA and ARA, respectively, and a higher dose provided 0.96% and 1.92% of total 

fatty acids as DHA and ARA, respectively. The high doses of DHA correspond to 283.9 and 
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305.4 mg/kg bw/day for  males and  females, respectively, in the  DHASCO-B®  groups and  288.4 

and 294.4 mg/kg bw/day, respectively, in the  DHASCO®  group. There  were  no  treatment-related 

effects of DHA/ARA on piglet growth and development, hematology, clinical chemistry, 

urinalysis, and terminal necropsy parameters. No  significant group  differences were  noted in the 

DHA concentrations in plasma, red blood cell  (RBC), heart, liver,  and brain, but  showed  

dose-related accumulation. The  authors  concluded that the dietary  exposure  to the two  types of 

DHA-rich  algal oils was well  tolerated  by the neonatal piglets during the 3-week  dosing period  

right after birth, and both DHA-rich algal oils were bioequivalent.  

In addition, the study  by Yeiser  et al. (2016) demonstrated that DHASCO®  (derived from 

C. cohnii) and  DHASCO-B®  (derived  from Schizochytrium sp.)  were  equivalent sources of  DHA  

as measured by circulating RBC  DHA in infants. Healthy term infants  were  randomized to  

receive  one  of the study formulas (17 mg DHA/100 kcal), either DHASCO®  (n=140) or 

DHASCO-B®  (n=127) from 14 to 120 days of  age. The  study  formulas were  provided  as  

ready-to-use  liquids  (20 kcal/fluid ounce) with ARA (34 mg/100 kcal) and a  prebiotic blend of  

polydextrose  and galactooligosaccharide  (GOS)  at 4 g/L (1:1 ratio).  Compared to the control 

formula  (DHASCO®), the 90%  confidence  interval for  the  group  mean (geometric)  total  RBC  

DHA ratio for  the DHASCO-B®  group  was 91-104%. These  values fell  within the pre-specified  

equivalence  limit of 80 to 125%. In addition, no significant group  differences were  noted in  

growth rates, RBC  concentrations of total or individual saturated and monounsaturated fatty acid 

concentrations, and tolerance. This study  demonstrated that both types of DHA-rich oils were  

safe,  well-tolerated, and associated with normal growth. The  results from this study  indicate that  

both types of algal DHA-rich oils are  bioequivalent when circulating RBC  DHA is used as a  

biomarker.  

The results from these studies indicate that the data obtained from studies of the two 

types of DHA-oils can be interchangeable. 

     

   

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

Schizochytrium sp. 

Due to the abundance of literature, the review of mutagenicity and genotoxicity studies 

focused on studies of DHA-rich oil derived from Schizochytrium sp. only instead of DHA-rich 

oil from various sources. 

Bacterial Reverse Mutation Assays for Runke Bioengineering’s DHA-Rich Oil  

The  safety of Runke  Bioengineering’s DHA-rich oil  from Schizochytrium  sp. strain was  

evaluated in mutagenicity and genotoxicity studies (Lewis et al., 2016).  
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To test for mutagenicity, S. typhimurium strains TA98, TA100, TA1535, and TA1537, 

and E. coli strain WP2 uvrA were exposed to 0.062, 0.185, 0.556, 1.667, 2.5, 3.75, or 5 mg/plate 

using the plate incorporation and preincubation methods in the absence and presence of S9. In 

the absence of S9, the positive controls were 2-nitrofluorene (TA98), sodium azide (TA100 and 

TA1535), 4-nitroquinoline 1-oxide (E. coli WP2 uvrA), and 9-aminoacridine (TA1537). The 

positive control in the presence of S9 was 2-aminoanthracene for all bacteria. No revertant 

colonies that exceeded three times the mean of the solvent control and no dose-related increases 

were observed at any DHA-rich oil dose regardless of S9 (Table 15). Thus, it was concluded that 

the DHA-rich oil was not mutagenic under the test conditions. 

In Vitro  Chromosomal Aberration Test Using Human Blood Peripheral Lymphocyte with Runke  

Bioengineering’s DHA-Rich Oils  

The  potential of Runke  Bioengineering’s DHA-rich oil  to induce  chromosomal 

aberrations was evaluated in human peripheral blood lymphocyte cultures (Lewis et al., 2016; 

Table 15). The  chromosomal aberration tests consisted of two phases. For phase  I  in the absence  

and presence  of  S9, the exposure  period was  4 hours, the recovery period was approximately 20  

hours, and the harvesting period was after 25 hours. For phase  II, the exposure  period was 4 

hours and the harvesting period was 24 hours with no recovery period in  the absence  of S9. In  

the presence  of S9, the conditions were  the same as in the  absence  of S9 with an addition of  a  

recovery period of 20.5 h. The  peripheral blood lymphocyte  cultures were  exposed to 1.25, 2.5, 

or 5.0 mg/mL  DHA-rich  oil  and controls.  The  positive controls were  ethyl  methanesulfonate in 

the absence  of S9 and cyclophosphamide  in the presence  of S9. The  mean percentage  of aberrant  

cells was determined. The DHA-rich oil doses did not induce a significant increase in the number  

of chromosomal aberrations in the absence  or presence  of S9, while treatment with positive  

controls resulted in a  significant increase  in percent aberrant cells. The  increased frequency of 

aberrations observed in the  concurrent positive  control groups (Phase  I  and II) demonstrated the  

sensitivity of the test system and the  suitability of  the methods  and conditions. It was concluded  

that the DHA-rich oil  doses up to 5 mg/mL were  not mutagenic or clastogenic under the  

experimental conditions.  

In vivo  Mammalian Erythrocyte Micronucleus Test for Runke Bioengineering’s DHA-Rich Oil   

The  potential of Runke  Bioengineering’s DHA-rich oil  to induce  micronuclei in 

polychromatic erythrocytes (PCEs) of the bone  marrow was evaluated in Wistar rats (Lewis et  

al., 2016). Wistar rats received 1,000, 2,500, or 5,000 mg/kg bw/day DHA-rich oil  or vehicle  

corn oil  for  two days (5 male  and 5 female  rats/group). The  positive  control, cyclophosphamide, 

was administered on the  second dosing day. All  doses were  well  tolerated, and no adverse  

clinical signs  were  observed. There  was no effect of treatment on the body weight  of animals, 

and there  was no evidence  of toxicity and no mortalities. The  bone  marrow  of each animal was  

collected 24 h after the final dose  of control or DHA and bone  marrow  smears were  prepared.  

Mean frequencies of PCE to normochromatic  erythrocytes (%PCE)  and individual frequencies of 
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DHA-Rich Oil (Runke Bioengineering) 

micronucleated (MN) PCE were assessed. These parameters were not significantly different 

among the DHA-rich oil and control groups. Compared with the rats treated with the negative 

control, rats that were treated with the positive control had significantly elevated numbers of MN 

PCE. The data indicated that the assay system was considered valid. It was concluded that 

DHA-rich oil showed no evidence of genotoxicity when administered to rats at doses of up to 

5000 mg/kg bw/day under the experimental conditions. 

Table 15. Summary of Studies Showing No Mutagenicity and/or Genotoxicity of Runke 

Bioengineering’s DHA-Rich Oil 

Test Test system Concentration/dose of 

DHA-Rich Oil 

Results 

Bacterial reverse 

mutation assay 

S. typhimurium 

TA98, TA100, 

TA1535, TA1537, 

E. coli WP2 uvrA 

Up to 5.0 mg/plate, plate 

incorporation and preincubation 

± S9 

No mutagenicity 

In vitro chromosomal 

aberration test using 

human blood 

peripheral lymphocyte 

Human blood 

peripheral 

lymphocytes 

Phase I: Concentration of 0.0, 

1.25, 2.5, and 5 mg/mL culture ± 

S9; 

Phase II: 1.25, 2.5, and 5.0 g 

mg/mL culture ± S9 (2%) 

No mutagenicity 

Mammalian 

erythrocyte 

micronucleus test 

Polychromatic 

erythrocytes in 

bone marrow of 

treated rats 

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

bw/day 

No evidence of 

genotoxicity 

Adapted from Lewis et al. (2016), Table 8. 

ARA= arachidonic acid; bw= body weight; DHA= docosahexaenoic acid. 

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

In GRNs 000553 (stamped pages 36-38, 47-50, 54-55), 000677 (pages 35-36, 39-40), 

000731 (pages 28-30), 000732 (pages 31-33), 000776 (pages 17-23), 000777 (pages 15-21), 

000836 (pages 32-37, 42), 000843 (pages 19-24), 000844 (pages 18-24), 000933 (page 34), 

000934 (pages 32-34), and 001008 (pages 39-41), it was summarized that no studies found 

mutagenicity or genotoxicity of DHA-rich oil or DHA-rich microalgae (DRM) from 

Schizochytrium sp. The studies reviewed in these GRAS notices include bacterial reverse 

mutation assays (Hammond et al., 2002; Fedorova-Dahms et al., 2011a, 2011b; Schmitt et al., 

2012a), chromosome aberration assays (Fedorova-Dahms et al., 2011a, 2011b; Hammond et al., 

2002; Schmitt et al., 2012a), in vivo micronucleus tests in mice and rats (Fedorova-Dahms et al., 

2011a, 2011b; Hammond et al., 2002; Schmitt et al., 2012a), and in vitro Chinese hamster ovary 

(CHO) AS52/XPRT gene mutation assay (Hammond et al., 2002). These studies reported that 

the DHA-rich oils were not mutagenic or genotoxic under the test conditions. 
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DHA-Rich Oil (Runke Bioengineering) 

Due to the abundance of literature, the review of animal toxicity studies focused on 

studies of DHA-rich oil derived from Schizochytrium sp. instead of DHA-rich oil from various 

sources. The results of various animal toxicity studies are summarized in Table 16. 
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DHA-Rich Oil (Runke Bioengineering) 

Table 16. Animal Toxicity Studies of DHA-Rich Oil or DRM from Schizochytrium sp. 

Study Design Dose 

(purity) 

Duration Species Primary Observations NOAEL 

mg/kg bw/d unless 

noted otherwise 

Reference 

Toxicity Studies of Runke Bioengineering’s DHA-Rich Oil 

Acute 

toxicity 

5,000 mg/kg bw 

(41.37% DHA 

of total FAs in 

DHA-rich oil) 

Single dose; 

observed for 14 

d 

Rats No treatment-related 

adverse effects 

LD50 > 5,000 mg/kg bw Lewis et al., 

2016 

28-day 

toxicity 

1,000, 2,500, or 

5,000 mg/kg 

bw/d (41.37% 

DHA of total 

FAs in 

DHA-rich oil) 

28 d Rats No treatment-related 

adverse effects 

5,000 Lewis et al., 

2016 

Subchronic 

toxicity 

(gavage) 

1,000, 2,500, or 

5,000 mg/kg 

bw/d 

(41.37% DHA 

of total FAs in 

DHA-rich oil) 

90 d Rat No treatment-related 

adverse effects 

5,000 (M) 

5,000 (F) 

Lewis et al., 

2016 

Maternal/ 

paternal 

reproductive 

and 

develop-ment 

al toxicity 

(oral gavage) 

1,000, 2,500, or 

5,000 mg/kg 

bw/d 

(41.37% DHA 

of total FAs in 

DHA-rich oil) 

M - 98 d (84 d 

premating + 14 

d mating; 

F - 71 d (14 d 

premating + 

14 d mating+ 

22 d pregnancy 

+ 21 d lactation) 

Rat No treatment-related 

adverse effects 

5,000 for maternal 

toxicity and 

embryo/fetal 

development; 5,000 for 

paternal or maternal 

treatment-related 

reproductive toxicity 

Falk et al., 

2017 

DHA-Rich Oil Studies Reviewed in Previous GRAS Notices 
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DHA-Rich Oil (Runke Bioengineering) 

Acute oral 5,000 mg/kg Single dose; Rat No treatment-related LD50>5 g/kg Schmitt et al., 

toxicity (40.23 area% observed for 14 adverse effects 2012a 

(gavage) DHA in 

DHA-rich oil) 

d 

Subchronic 0.5, 1.5, or 5 90 d Rat Reduced food 3,149 (M) Fedorova-Da 

toxicity (diet) wt% in diet 

(37% DHA of 

total FAs in 

DHA-rich oil) 

consumption in all 

treatment and fish oil 

control groups; 

attributed to high fat 

content rather than 

treatment. 

3,343 (F) hms et al., 

2011a 

Subchronic 1, 2.5, or 5% in 90 d Rat No treatment-related 3,305 (M) Schmitt et al., 

toxicity (diet) diet (40.23 

area% in 

DHA-rich oil) 

adverse effects 3,679 (F) 2012a 

Reproductive 0.5, 1.5, or 5 F0: M & F-28 d Rat No treatment-related F0 premating: Fedorova-Da 

and develop- wt% in diet premating and adverse effects 3,466 (M), 4,013 (F); hms et al., 

mental (43% DHA of ≤14 d mating F0 gestation: 3,469 (F); 2011b 

toxicity total FAs in 

DHA-rich oil) 

periods; 

F-followed by 

gestation and 

lactation period; 

F1: 90 d with an 

in utero phase, 

followed by a 4 

wk recovery 

phase 

F0 lactation: 8,322 (F). 

F1 90 day with in utero 

exposure phase: 4,122 

(M), 4,399 (F) 

Prenatal 400, 1,000, or Gestation days Rat No treatment-related 2,000 for both maternal Schmitt et al., 

develop- 2,000 mg/kg 6 to 19 adverse effects and embryo/fetal 2012b 

mental bw/d (~42% development toxicity 

toxicity DHA in 

(gavage) DHA-rich oil) 
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DHA-Rich Oil (Runke Bioengineering) 

Reproductive 

and develop-

mental 

toxicity 

0, 1.0, 2.5, or 

5% in diet (42% 

DHA in 

DHA-rich oil) 

F0 M - 89-91 d; 

F0 F - 75-77 d 

Rat No treatment-related 

adverse effects 

F0: 5% (both M and 

F) in diet; F0 during 

premating, 3,421 (M), 

3,558 (F); after mating, 

2,339 (M); 

F0 during gestation, 

3,117 (F); F0 during 

lactation, 7,464 (F) 

Schmitt et al., 

2012b 

F1 M- 106-107 

d with an in 

utero phase; 

F1 F -110-111 d 

with an in utero 

phase 

Rat Developmental 

toxicity-5% in diet for 

both M and F. 

Systematic toxicity-No 

treatment-related 

adverse effects in the 

5% group males; Higher 

food consumption, body 

weight, and body 

weight gain in the 5% 

F1 female group 

F1: 5% in diet (both M 

and F); F1: 3,526 (M), 

4,138 (F); 

Systematic toxicity-

3,526 (M) and 2,069 

(F). 

DRM Studies Reviewed in Previous GRAS Notices 

Sub-chronic 1.169, 2.680, 2.680 kg Pig (M) No treatment-related No feed consumption Abril et al., 

toxicity (diet) 3.391, or 5.746 

kg DRM per pig 

(22.3% DHA on 

a dry wt basis) 

DRM/pig-120 

d, a whole-life 

exposure; 

1.169, 3.391, or 

5.746 kg 

DRM/pig 

during the last 

42 d 

adverse effects for low-, 

mid-, and high-dose 

groups (261, 756, and 

1,281 g DHA per pig 

during expt. period) 

data on a mg/kg bw 

basis; no NOAEL was 

reported 

2003 

Subchronic 400, 1,500, or 13 wk Rat No treatment-related 4,000 DRM Hammond et 

toxicity (diet) 4,000 mg/kg 

bw/d (8.7% 

DHA on a dry 

adverse effects (corresponding to 348 

DHA**) 

al., 2001a 
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DHA-Rich Oil (Runke Bioengineering) 

wt basis) 

Reproductive 

and 

develop-ment 

al toxicity 

(diet) 

0.6, 6.0, or 30% 

DRM in diet 

(8.7% DHA on 

a dry wt. basis) 

Gestation days 6 

to15 

Rat No treatment-related 

adverse effects 

Both maternal and 

developmental toxicity 

- 22,000 DRM 

(corresponding to 1,914 

DHA**) 

Hammond et 

al., 2001b 

Single-genera 

tion 

reproduction 

toxicity (diet) 

M-15 wk; F-2 

weeks prior to 

mating, during 

mating, and 

throughout 

gestation and 

lactation (10 

wk) 

Rat No treatment-related 

adverse effects 

17,847 DRM 

(corresponding to 1,512 

DHA**) (M); 20,669 

DRM (corresponding to 

1,680 DHA**) (F) 

Hammond et 

al., 2001c 

Reproductive 

and 

develop-ment 

al toxicity 

(gavage) 

180, 600, or 

1,800 mg 

DRM/kg/d 

(8.7% DHA on 

a dry wt basis) 

F0 mother-13 d 

(gestation days 

6 to 18) 

Rabbit High-dose (1,800) DHA 

oil and fish oil groups: 

F0 mothers had reduced 

food consumption and 

body weight and a 

slightly higher abortion 

rate (but within the 

historical limits for the 

laboratory). NS effect 

on post-implantation 

loss, mean foetal body 

weight/litter, or 

morphological 

developments. 

F0: 600 DRM 

(corresponding to 52 

DHA**) (F); 

F1: Developmental, 

1,800 DRM 

(corresponding to 157 

DHA**) (both M and 

F) 

Hammond et 

al., 2001b 

bw = body weight; d = day; DHA = docosahexaenoic acid; DRM = DHA-rich microalgae; F = females; FAs = fatty acids; LD50 = median lethal 

dose; M = males; NOAEL = no-observed-adverse-effect-level; wt = weight. 

*Conversion from DHA to DHA-rich oil quantity was based on the assumption that a typical DHA-rich oil used in various studies would contain 

40% DHA. 

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

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

DHA-Rich Oil (Runke Bioengineering) 

The  acute toxicity of Runke  Bioengineering’s DHA-rich oil  was evaluated in rats (Lewis 

et al., 2016). The  study  was completed in  compliance  with “Guidelines for  Toxicity, FDA, 

Chapter  IV C.2: Acute Oral Toxicity Tests”.  

Five female Wistar rats aged 8-10 weeks (180-189 g prior to dosing) were fasted for 16– 
18 h and then were orally administered 5000 mg/ kg bw of DHA-rich oil (41.37% DHA) at a 

maximum dose volume of 10 mL/kg body weight. The rats were starved for 3 to 4 h after dosing 

and were observed for clinical signs at 30 min, 1, 2, 3, and 4 h post dosing. From days 2 through 

14, the rats were observed in the morning and evening for mortality and clinical signs. Body 

weight was determined on days 0 (prior to dosing), 7, and 14. When the observation period 

ended, the surviving rats were sacrificed, and gross pathological examinations were performed. 

No unscheduled deaths occurring during the 14-day observation period. Thus, an additional 

group of 5 rats received 5,000 mg/kg bw/day DHA-rich oil and was observed for 14 days to get 

similar results from the first group of rats. Morbidity, mortality, and body weight were monitored. 

During the observation period, no mortality and no clinical signs were observed as well as no 

internal or external abnormalities. Body weights of all rats increased normally and were within 

the typical ranges. 

Therefore, the acute oral median lethal dose  (LD50) of the DHA-rich oil  was above  5,000 

mg/kg bw for  both  male  and female  rats. The  data indicate that the DHA-rich oil  is  ‘practically 

non-toxic’ (Altug, 2003).  

Lewis et al. (2016) conducted a  28-day oral toxicity study  in compliance  with 

“Toxicological Principles for  the Safety Assessment of Food Ingredients. Redbook 2000 Chapter  
IV.C.3.a. Short term Toxicity Studies with Rodents” and OECD Principles of Good Laboratory  
Practice  as revised in 1997 and adopted on November  26, 1997  by decision of the OECD  

Council [C(97)186/Final].  

Male and female Wistar rats aged 6-8 weeks old were randomly assigned to one of 5 

treatment groups: 1,000, 2,500, or 5,000 mg/kg bw/day DHA-rich oil (purity, 41.37%), distilled 

water (control), or corn oil (vehicle control) by gavage for 28 days. Morbidity and mortality were 

monitored. Detailed clinical observations included changes in skin, fur, eyes, or mucous 

membranes, occurrence of secretions and excretions, autonomic activity, changes in gait, posture, 

and response to handling, and presence of clonic or tonic movements, stereotypy, and bizarre 

behaviors. Body weight and food and water consumption levels were measured. Surviving 

animals completed clinical pathology examinations. 
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DHA-Rich Oil (Runke Bioengineering) 

Hematology included white blood cells (WBCs), RBCs, hemoglobin, hematocrit, mean 

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), and platelets. Clinical biochemistry parameters were 

albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), cholesterol, 

creatinine, glucose, total protein, triglycerides, alkaline phosphatase (ALP), chloride, sodium, 

and potassium. Urinalysis analyzed urine output, color, appearance, specific gravity, pH, protein, 

glucose, bilirubin, blood cells, leukocytes, urobilinogen, ketones, and water intake. Necropsy 

was completed after the animals were fasted overnight. Macroscopical examination was done for 

the cranial, thoracic, and visceral cavities. Histopathological examinations were also completed. 

No mortality was observed. There were no differences in body weight in the DHA groups, 

and the mean body weights were similar among all groups. No treatment-related clinical signs or 

symptoms were found. In the control and high-dose groups, the ophthalmological examinations 

were normal. No treatment-related abnormalities were found in feed consumption, hematology, 

urinalysis, and mean body weights. There were no significant adverse effects at DHA doses up to 

5,000 mg/kg bw/day. The NOAEL of the DHA-rich oil was 5,000 mg/kg bw/day (Lewis et al., 

2016). 

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

Male and  female  Wistar  rats aged 6-8 weeks old were  randomly assigned to one  of 5 

treatment groups (n =  20 males and 20 females per group): 1,000, 2,500, or  5,000 mg/kg  bw/day 

DHA-rich oil  (purity, 41.37%), distilled water  (control), or corn oil  (vehicle  control) by oral 

gavage  for 90 days after which they were  sacrificed  (Lewis et al., 2016).  Two additional groups 

of animals (20/group/sex) were  treated with vehicle  control (corn oil) or  5,000 mg/kg bw/day 

DHA-rich oil  for  additional 14 days. At day 105, rats in recovery groups  were  sacrificed after  

fasting overnight.   

Body weight and water and feed consumption were measured. Hematology and 

coagulation parameters, clinical biochemistry analysis, and urinalysis results were assessed. On 

day 91, necropsy and detailed gross pathological evaluation were completed for all surviving 

animals except the control and high recovery groups, which completed the analyses at day 105. 

Histopathological examination was completed. 

No unscheduled deaths were observed. No abnormal effects were found in the 

ophthalmological examination, detailed neurobiological examination, physical examination, 

home cage observation, handheld examination, open field observation, and sensory reactivity 

tests. However, paper biting was observed on all study days. 

Body weight and body weight changes in the DHA groups were comparable to the water 

and vehicle controls during the 90-day treatment and the recovery periods. Food consumption 
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DHA-Rich Oil (Runke Bioengineering) 

was increased in the corn oil and male DHA groups compared to the water control with no 

difference between the corn oil and male DHA groups. In females, transient differences in food 

consumption were observed in the corn and DHA groups compared to the water control. The 

differences in food consumption were resolved by week 9. Compared to the vehicle (corn oil) 

control, the difference in feed consumption was sporadic and observed only in the low-dose 

group at week 6. 

No biologically significant differences among groups were observed in hematological 

measurements including WBC, RBC, hemoglobin, hematocrit, MCV, MCH, MCHC, platelets, 

mean platelet volume, prothrombin time, activated partial thromboplastin time, or in neutrophil, 

lymphocyte, monocyte, eosinophil, and basophil counts (Table 17). Statistically significant 

hematological changes included small changes in RBC counts, hematocrit, neutrophil counts; 

however, these changes were not considered to be adverse because they were observed in one 

sex, resolved during the recovery period, and were not dose dependent. 

No biologically significant differences among the groups were observed for clinical 

chemistry measurements including albumin, cholesterol, creatinine, glucose, total protein, 

triglycerides, chloride, sodium, potassium, gamma-glutamyl transferase, sorbitol dehydrogenase, 

calcium, urea, phosphorous, total bilirubin, globulin, and lactate dehydrogenase (Table 18). The 

small increases were noted in cholesterol and triglycerides in all DHA-rich oil doses for both 

sexes. Triglycerides for the female ARA-rich oil treated group remained slightly elevated after 

discontinuation of the treatment compared to the water control but equivalent to the corn oil 

control group (data not shown). These changes were considered to be related to the consumption 

of a high-fat diet and non-adverse, and were resolved by the end of the recovery period. 

Small increases in ALP, ALT, and AST were reported (corn oil control vs. mid- vs. 

high-dose: males, ALP, 144 vs. 147 vs. 151 IU/L; ALT, 60 vs. 74 vs. 76 IU/L; AST, 106 vs. 113 

vs. 115 IU/L; females, ALP, 142 vs/ 148 vs. 151 IU/L; ALT, 62 vs. 70 vs. 71 IU/L; AST, 108 vs. 

115 vs. 112 IU/L; P values of all high- and mid-doses, <0.05 relative to corn control; Table18). 

However, the differences were small in magnitude, were resolved by the end of the recovery, and 

were not accompanied by histopathology. Increases in the concentrations of bilirubin, albumin, 

total protein, phosphorus, globulin, and lactate dehydrogenase were small in magnitude (corn oil 

control vs. high-dose: bilirubin, males, 0.31 vs 0.41, females, 0.26 vs. 0.34 mg/dL; albumin, 

males and females, 4.2-4.3 vs. 4.5; total protein, females, 6.5 vs. 6.8 mg/dL; phosphorus, males 

and females, 6.0-6.1 vs. 6.7-6.8 mg/dL; globulin, females, 3.8 vs. 3.9 g/dL; and lactate 

dehydrogenase, females, 76 vs. 83 IU/L). These differences were small in magnitude, occurred 

mostly in one sex, and were resolved during the recovery period. Thus, these increases were 

considered non-adverse. 
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No significant differences were found in most urine chemistry parameters compared to 

the controls. Differences in volume and specific gravity were observed in the DHA groups, and 

decreased pH was observed in the low-dose group compared to the water control (data not 

shown). These changes were resolved during the recovery period, not dose dependent, and were 

comparable to those found in the vehicle control group. Thus, the changes in urine chemistry 

were considered as non-adverse. 

DHA treated animals had significant differences in the absolute weight of the adrenal gland 

and the absolute weight of the pituitary gland (Table 19). However, gross pathological analyses, 

physical parameters, microscopic examination, and organ weights were not different among the 

groups. No treatment-related gross pathological lesions were found. Histopathology analyzed the 

brain, thymus, spinal cord, sternum, heart, aorta, lungs, trachea, esophagus, liver, kidneys, 

adrenals, spleen, stomach, caecum, colon, duodenum, ileum, jejunum, rectum, epididymis, and 

ovary/testis. Non-specific histopathological changes were observed in some organs and were 

irrespective of the doses. Thus, the authors concluded that the DHA-rich oil did not induce 

pathological changes. 

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

for 90 Days 

Dose (mg/kg bw/day) 

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

Males 

RBC x 106 µL 7.7±0.4b 7.4±0.3a 7.5±0.4a 7.6±0.4a 7.6±0.4 

HCT, % 41±3 43±4 45±5 45±3a 44±3 

MCV, µm3 54±3 54±3 56±2 55±3 56±3 

Hgb, g/dL 15±1 15±1 15±1 15±1 15±1 

MCH, pg 18±1 18±1 18±1 18±1 18±1 

MCHC, g/dL 35±5 36±1 36±2 36±1 36±1 

Platelets 952±50 963±69 972±73 980±75 985±57 

MPV 54±2 55±2 55±2 55±2 55±2 

WBC x 103 µL 8.6±1.1 8.5±1 8.7±1 8.8±0.9 8.9±0.9 

Neutrophil 13±2b 12±2a 13±2b 14±2b 14±2b 

Lymphocyte 84±2 83±2 83±2 84±2 84±2 

Monocyte 2.2±1.0 2.7±0.9 2.4±0.9 2.5±1.0 2.6±1.0 

Eosinophil 1.4±0.9 1.6±0.8 1.7±0.7 1.3±0.9 1.6±0.7 

Basophil 0±0 0±0 0±0 0±0 0±0 

PT 11±1 11±1 11±1 11±1 11±1 

aPTT 16±1 16±1 16±1 16±1 16±1 

Females 

RBC x 106 µL 7.5±0.3b 7.7±0.4a 7.5±0.4 7.6±0.3 7.5±0.4 

HCT, % 44±3 44±3 45±3a 46±4a 46±4 

MCV, µm3 53±2 53±2 53±1 53±1 53±2 

Hgb, g/dL 15±1 15±1 15±1 16±1 16±1 

MCH, pg 18±1 18±1 18±1 18±1 18±1 

MCHC, g/dL 35±1 36±2 36±2 37±2 37±1 

Platelets 944±48 936±60 973±58 963±62 957±58 

MPV 55±2 54±3 54±2 54±3 54±2 

WBC x 103 µL 8.0±0.9 7.9±1.0 7.8±0.9 7.7±1.1 8.0±1.1 

Neutrophil 11±3 12±2a 13±2a 12±2a 14±2a 

Lymphocyte 83±2 82±2 83±2 83±1 84±2 

Monocyte 2.5±0.9 2.2±1.1 2.2±1.0 2.1±1.0 2.2±1.0 

Eosinophil 1.5±0.7 1.4±0.8 1.4±0.8 1.2±0.7 1.5±0.9 

Basophil 0±0 0±0 0±0 0±0 0±0 

PT 11±1 12±1 11±1 11±1 12±1 

aPTT 16±1 16±1 16±1 16±1 16±1 
Adopted from Lewis et al. (2016) Table 2. Values are mean±SD for group of 20 rats treated for 90 days 

prior to sacrifice. ap<0.05 vs water control; bp<0.05 vs vehicle control. 

aPTT = activated partial thromboplastin time; bw = body weight; HCT = hematocrit; Hgb = hemoglobin; 

MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; MCV = 

mean corpuscular volume; MPV = mean platelet volume; PT = prothrombin time; RBC = red blood cell; 

WBC = white blood cell. 
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DHA-Rich Oil (Runke Bioengineering) 

Table 18. Blood Biochemistry for Wistar Rats Administered DHA-Rich Oil for 90 Days 

Dose (mg/kg bw/day) 

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

Males 

Glucose, mg/dL 113±6.6 114±7.9 113±6.3 114±5.8 114±6.2 

Cholesterol, mg/dL 61±3.9 60±3.4 67±4.2a,b 70±3.7a,b 70±3.3a,b 

Triglyceride, mg/dL 64±3.4b 60±4.5a 73±2.7a,b 76±2.8a,b 76±3.0a,b 

ALT, IU/L 60±3.9 60±4.8 71±3.5a,b 74±3.1a,b 76±3.6a,b 

AST, IU/L 107±3.6 106±4.2 109±5.7 113±6.1a,b 115±5.9a,b 

ALP, IU/L 144±4.0 144±3.7 148±3.9a,b 147±4.6b 151±5.0a,b 

SDHIU, /L 18±3.8 17±3.5 17±3.2 17±3.7 17±3.2 

Calcium, mg/dL 14±1.2 14±1.3 14±1.6 14±0.9 15±1.1 

Urea, mg/dL 16±1.4 15±1.0 16±1.8 17±1.7b 17±1.6b 

Phosphorus, mg/dL 5.9±0.8 6.1±0.9 6.4±0.8 6.5±0.8a 6.8±0.6a,b 

Albumin, g/dL 4.2±0.3 4.3±0.3 4.4±0.2 4.4±0.2 4.5±0.3a 

Total protein, g/dL 6.8±0.4 6.7±0.4 6.6±0.3 7.0±0.4 7.0±0.5 

Total bilirubin, 

mg/dL 

0.33±0.10 0.31±0.10 0.40±0.20b 0.34±0.09 0.41±0.13b 

Creatinine, mg/dL 0.46±0.2 0.40±0.2 0.46±0.16 0.38±0.15 0.39±0.18 

Globulin, g/dL 3.9±0.7 4.2±0.6 3.7±0.6 3.9±0.7 4.2±0.60 

LDH, IU/L 79±7.1 80±7.0 82±8.4 83±11.1 85±10.1 

GGT, IU/L 0.16±0.06 0.16±0.06 0.14±0.07 0.14±0.07 0.15±0.06 

Sodium, mmol/L 146±3.3 146±3.5 146±3.3 147±3.2 146±3.9 

Potassium mmol/L 5.7±0.77 5.9±0.48 6.2±0.52 5.9±0.6 6.2±0.6 

Chloride, mmol/L 104±1.6 104±1.3 105±1.2 104±1.7 104±1.4 

Females 

Glucose, mg/dL 109±5.2 109±6.4 110±6.8 112±6.7 112±7.8 

Cholesterol, mg/dL 58±5.3 60±2.8 67±3.6a,b 71±6.6a,b 70±3.3a,b 

Triglyceride, mg/dL 61±3.7 62±3.4 72±2.1a,b 72±3.7a,b 73±4.2a,b 

ALT, IU/L 57±4.6b 62±3.7a 66±3.6a,b 70±3.1a,b 71±4.2a,b 

AST, IU/L 106±3.4 108±5.1 112±6.0a 115±7.3a,b 112±5.7a 

ALP, IU/L 144±4.4 142±4.4 149±5.3a,b 148±5.9a,b 151±5.4a,b 

SDHIU, /L 16±2.5 16±2.9 18±3.1 17±2.8 17±3.6 

Calcium, mg/dL 13±1.2 13±1.3 13±1.5 13±1.4 15±0.8a,b 

Urea, mg/dL 13±1.5 14±0.9 14±1.1 14±1.4 15±1.0a 

Phosphorus, mg/dL 5.4±0.4 6.0±0.5 5.8±0.6 6.4±0.9a 6.7±0.8a,b 

Albumin, g/dL 4.2±0.3 4.2±0.2 4.4±0.2a 4.2±0.3 4.5±0.2a,b 

T. protein, g/dL 6.6±0.3 6.5±0.3 6.8±0.3b 6.7±0.3 6.8±0.5b 

T. bilirubin, mg/dL 0.24±0.09 0.26±0.06 0.27±0.12 0.32±0.12 0.34±0.12a,b 

Creatinine, mg/dL 0.40±0.13 0.36±0.12 0.42±0.15 0.44±0.15 0.39±0.14 

Globulin, g/dL 4.3±0.4b 3.8±0.7a 4.6±0.4b 4.34±0.4b 3.9±0.8b 

LDH, IU/L 74±7.6 76±9.0 82±7.6a,b 80±11 83±9.9a 

GGT, IU/L 0.13±0.05 0.13±0.06 0.17±0.06 0.13±0.07 0.16±0.06 

Sodium, mmol/L 145±3.4 146±3.3 147±3.7 147±3.2 146±3.4 

Potassium mmol/L 5.7±0.5 5.7±0.4 5.9±0.4 5.9±0.4 5.7±0.4 
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DHA-Rich Oil (Runke Bioengineering) 

Chloride, mmol/L 103±1.7 103±1.3 103±1.5 104±1.1 104±1.3 
Adopted from Lewis et al. (2016) Table 4. Values are mean±SD. ap<0.05 vs water control; bp<0.05 vs. 

vehicle control. 

ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; GGT = 

gamma-glutamyl transferase; LDH = lactate dehydrogenase; SDH = sorbitol dehydrogenase. 

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

Dose (mg/kg bw/day) 

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

Males 

Brain 2.65±0.12 2.67±0.15 2.63±0.13 2.65±0.11 2.73±0.12 

Adrenals 0.094±0.01 0.094±0.01 0.093±0.01 0.095±0.01 0.096±0.01 

Pituitary 0.013±0.001 0.012±0.001 0.013±0.001 0.013±0.002 0.013±0.002 

Prostate/S.V 1.78±0.10 1.79±0.10 1.51±0.08 1.50±0.08 1.48±0.08 

Prostate/uterus 0.74±0.06 0.75±0.07 0.52±0.09 0.54±0.08 0.56±0.08 

Testes/ovaries 4.24±0.14 4.20±0.11 4.20±0.12 4.20±0.13 4.19±0.13 

Epididymis 1.96±0.09 1.93±0.06 1.90±0.06 1.9±0.06 1.93±0.05 

Heart 1.56±0.11 1.49±0.14 1.28±0.11 1.30±0.10 1.39±0.11 

Liver 12.7±0.50 12.7±0.88 12.3±0.73 11.9±1.12 12.33±0.98 

Kidneys 2.75±0.17 2.76±0.13 2.66±0.19 2.56±0.18 2.52±0.26 

Spleen 0.74±0.08 0.75±0.06 0.75±0.10 0.72±0.11 0.73±0.09 

Thymus 0.48±0.19 0.49±0.10 0.33±0.08 0.32±0.08 0.45±0.09 

Females 

Brain 2.21±0.12 2.18±0.13 2.16±0.12 2.16±0.17 2.12±0.15 

Adrenals 0.057±0.01 0.068±0.01 0.064±0.01 0.067±0.01 0.069±0.009 

Pituitary 0.012±0.001 0.012±0.001 0.12±0.002 0.012±0.001 0.012±0.001 

Prostate/S.V. - - - - -

Prostate/uterus 0.783±0.04 0.781±0.05 0.800±0.06 0.792±0.05 0.811±0.04 

Testes/ovaries 0.279±0.02 0.288±0.01 0.289±0.01 0.284±0.02 0.280±0.02 

Epididymis - - - - -

Heart 0.92±0.29 0.98±0.07 0.85±0.39 1.00±0.09 1.00±0.233 

Liver 9.2±0.78 9.4±0.70 9.5±0.56 9.6±0.51 9.6±0.51 

Kidneys 1.53±0.08 1.56±0.06 1.56±0.06 1.55±0.05 1.58±0.09 

Spleen 0.51±0.06 0.55±0.05 0.56±0.05 0.54±0.06 0.54±0.06 

Thymus 0.51±0.05 0.49±0.05 0.50±0.05 0.50±0.05 0.51±0.05 
Adopted from Lewis et al. (2016) Table 6. Values are mean±SD. 

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

DHA-Rich Oil (Runke Bioengineering) 

The  developmental toxicity of a  DHA-rich oil  from Schizochytrium  sp. was evaluated in 

rats (Falk et al., 2017). In the prenatal developmental toxicity study, healthy female  Wistar rats 

(aged 6-7 weeks old) were  randomly assigned to one  of 5 dose  groups: control (untreated), 

vehicle  control (corn oil), 1,000, 2,500, or 5,000  mg/kg bw/day DHA-rich oil  via oral gavage  

from day 6 to day 20 of gestation. Body weight  was measured at 3-day intervals. Dosing of  

animals occurred sequentially in group  order at close to the same time of day. There  were  no  

premature  deaths of dams, clinical signs  that were  indicative  of toxicity treatment-related  

changes in body  weight, or differences in premating or lactation periods. There  were  no 

differences in food consumption, treatment-related lesions, or the weight of the reproductive  

organs  among  the DHA-rich oil and control groups.  

 Fetal Data 

There were no significant differences between any DHA-rich oil dose groups and the 

control group for mean litter size, sex ratio, live birth index, weaning index, number of 

implantation sites, corpora lutea, and pre- and post-implantation loss (data not shown). No 

significant or dose dependent differences compared to the control were found for the external 

observations including fetal size, generalized arrested development, kinked tail, bent tail, bulged 

eyelid, microphthalmia, subcutaneous hemorrhage, or malformed head (Table 20). 

Minor visceral anomalies observed in the high-dose group included dilated lateral 

ventricles in the brain, hemorrhagic foci in the liver, brownish discoloration of the lung, and 

small or absent renal papillae. The mid-dose group had dilated lateral brain ventricles, brownish 

discoloration around the cerebral hemisphere, small or absent dilated renal papillae, dilated renal 

pelvis, and brownish discoloration in the lung. The low-dose group exhibited Grade 2 dilated 

lateral ventricles in the brain with fragile and ruptured cerebral hemisphere, small or absent renal 

papillae, and dilated renal pelvis. The observed malformations in the DHA-rich oil groups were 

also found in the vehicle control with comparable frequencies (Table 20). 

The  DHA-rich oil  groups showed no dose-dependent changes in the skeleton. In all  

DHA-rich oil  and control  groups, the incidences of supernumerary ribs (14th  pair, 14th  unilateral), 

rudimentary rib, wavy  and bent ribs,  few detached ribs, absent hyoid,  ischium  pubis, tympanic  

ring, widen fontanellae  with holes in the parietal and inter parietal, misshapen and misaligned  

sternebrae, biolobed centra, and incomplete  or delayed ossification in the cranial bones were  all  

within historical control ranges. These  changes  were  considered as spontaneous and incidental 

(Table 21).  
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DHA-Rich Oil (Runke Bioengineering) 

Healthy Wistar rats (aged 6-7 weeks old) were randomly assigned to one of 5 dose 

groups (n=24/group): control (untreated), vehicle control (corn oil), 1,000, 2,500, or 5,000 mg/kg 

bw/day DHA-rich oil. The effect of DHA-rich oil on spermatogenesis were investigated by 

dosing male rats during the growth period and for a minimum of one complete spermatogenic 

cycle (84 days). To study the effects of treatment with DHA on the estrus cycle, female rats in 

the parent generation were dosed for two complete estrus cycles (14 days). One male per 2 

female rats were cohabitated until all females became pregnant as evidenced by a sperm positive 

(E+) vaginal smear. Once a female rat gave a sperm positive smear, it was housed individually 

and the day on which this occurred was designated as gestation day 0. Dosing occurred for rats 

of both sexes during the mating period, during pregnancy for 22 days, and during the nursing and 

lactation period which lasted for 21 days. 

Female rats were observed for signs of difficult or prolonged parturition. For each litter, 

the pups were examined for the number and sex of pups, the number of still and live births, and 

the presence of gross observations such as ear opening, eye opening, hair growth, tooth eruption, 

and gross anomalies. Physical and behavioral abnormalities in the dams were noted. In order to 

determine the length and pattern of the estrus cycle and to confirm sperm positive (E+ females), 

vaginal smears were performed for two weeks including before mating, during the gestation 

period, with care being taken to avoid disturbing the mucosa while acquiring vaginal/cervical 

cells. Clinical pathological analyses of animals were performed on day 15 and day 45 and before 

necropsy. The animals were fasted overnight for approximately 16 to 18 hours before being 

sacrificed. Blood samples were collected for clinical chemistry tests. Morbidity, mortality, body 

weight, food consumption, gross pathological examination, histopathological examination, 

clinical signs and symptoms, detailed clinical examination, and parturition were analyzed. 

Fetuses were examined for weight, sex, external malformations, abnormalities in soft tissues, and 

anatomical changes. 

 F0 generation 

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

course of the study. For the F0 generation, no significant differences in mean body weight were 

observed between control group and groups treated with DHA-rich oil. A slight increase in the 

body weight gain of male rats was observed from day 1 to day 64 (30-37%) for the mid-and 

high-dose groups. Gross necropsy of the animals in all treatment groups in the F0 generation 

revealed no external or internal abnormalities. No differences between the groups were observed 

during the pre-mating, mating, and lactation period. 

Histopathological analysis of the corn oil and high-dose groups included testes, 

epididymides, seminal vesicles, prostate, and pituitary in males and uterus, ovary, cervix and 
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DHA-Rich Oil (Runke Bioengineering) 

vagina, and pituitary in females. The only abnormality observed was polymorphonuclear cell 

infiltration of the uterus in one female in the high-dose group. There were no significant 

differences in absolute and relative organ weights as well as eye opening, ear opening, hair 

growth, or tooth eruptions between any of the experimental groups. No significant differences 

were observed among the groups for female fertility index, gestation index, fecundity index, 

estrus cycle length, or gestation period (Table 22) as well as mean litter size, sex ratio, live birth 

index, weaning index, number of implantation sites, corpora lutea, and pre- and 

post-implantation loss (data not shown). 

  F1 Generation 

For the pups, no treatment-related clinical signs were found (Table 23). In addition, no 

differences were noted among the groups for mortality, clinical signs, body weight or body 

weight gain. Male rats in the low-dose group had higher food consumption during weeks 5, 9, 

and 10 compared with the control group. During gestation, female rats in the low-and mid-dose 

groups had higher mean food consumption during days 4–6 and females in the high-dose group 

had higher mean food consumption during day 4–6 and days 13–15. 

In addition, gross necropsy of the animals in all F1 generation groups revealed no 

abnormalities in external or internal changes. Pups that died prematurely had weakened body 

condition, cannibalized injuries on the neck, thoracic cavity, shoulder region, and neck and 

empty stomach (no milk). Red discoloration of the brain was associated with hemorrhage. 

Congestion, hemorrhage, and atelactasis were observed in the lungs. Injuries on the brain, 

thoracic cavity, and neck were associated with cannibalization. Liver pallor was noted in one 

animal in the low-dose group. None of these findings had a dose-related pattern and the number 

of findings was sparse. There were no significant differences in absolute and relative organ 

weights. 

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

or fetal development and for paternal and maternal treatment-related reproductive toxicity was 

5,000 mg/kg bw/day, the highest level tested. 
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DHA-Rich Oil (Runke Bioengineering) 

Table 20. Changes in Fetal Development in the Prenatal Developmental Toxicity Study 

Untreated Corn Oil DHA LD DHA MD DHA HD 

No. of fetuses (litters) 203 ± 22 186±22 269 ± 24 279 (24) 242 (24) 

General external observations – Number (% of total) 

Smaller in size 2 (1.0%) 6 (3.2%) 2 (0.7%) 8 (2.9%) -

Larger in size 3 (1.5%) 4 (2.2) 4 (1.5%) - 9 (3.7%) 

Generalized arrested 

development 

1 (0.5%) - - - 1 (0.4%) 

Subcutaneous hemorrhage - - 3 (1.1%) 7 (2.5%) 4 (1.7%) 

Number of fetuses 100 96 83 102 107 

Minor Visceral Anomalies – Number (% of total) 

Dilated lateral ventricles 

brain 

1 (1.0%) 2 (2.1%) 1 (1.2%) 6 (5.9%) 7 (6.5%) 

Dilated and fragile 

ventricles brain 

- 3 (3.1%) - - 1 (0.9%) 

Dilated and fragile 

ventricles brain with 

dilated neural canal, small 

spinal cord 

- 3 (3.1%) - - -

Dilated lateral ventricles 

brain with fragile and 

ruptured cerebral 

hemisphere 

- - 3 (3.6%) - -

Brownish discoloration 

around cerebral 

hemisphere 

- - 1 (1.2%) 4 (4.0%) -

Hemorrhagic foci – liver 1 (1.0%) 1 (1.1%) 1 (1.2%) 2 (1.9%) 4 (3.7%) 

Subcutaneous hemorrhage - - - - -

Yellowish perivascular 

areas liver 

- - - - -

Small or absent renal 

papillae 

4 (4.0%) 4 (4.4%) 5 (6.0%) 4 (4.0%) 4 (3.7%) 

Brownish discoloration 

lung 

3 (3.0%) 1 (1.1%) 1 (1.2%) 4 (3.9%) 2 (1.9%) 

Common Variants 

Dilated renal pelvis 2 (2.0%) 6 (1.0%) 2 (1.2%) 2 (1.9%) 1 (0.9%) 
Adopted from Falk et al. (2017). 

HD = high-dose; LD = low-dose; MD = mid-dose. 
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DHA-Rich Oil (Runke Bioengineering) 

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

Developmental Toxicity Study 

Untreated Corn Oil DHA LD DHA MD DHA HD 

Number of pups 100 96 83 102 107 

Major Malformations – Number (% of total) 

Cranial skeletal 15 (15%) 11 (11%) 12 (14%) 17 (17%) 14 (13%) 

Ribs 5 (5%) 7 (7%) 6 (5%) 4 (4%) 4 (4%) 

Vertebral 12 (12%) 26 (28%) 24 (21%) 18 (16%) 18 (16%) 

Sternebrae 12 (12%) 26 (28%) 24 (21%) 18 (16%) 16 (16%) 

Limbs 7 (7%) 7 (7%) 5 (4%) 8 (7%) 4 (4%) 

Malformed 

head 

1 (0.5%) - - - 1 (0.4%) 

Kinked tail - 2 (1.1%) 3 (1.1%) 5 (1.8%) -

Bent tail 1 (0.5%) 1 (0.5%) 2 (0.7%) - -

Bulged eyelid 2 (1.0%) 2 (1.1%) - 6 (2.2%) 6 (2.5%) 

Microphthalmia - 1 (0.5%) 5 (1.9%) 1 (0.4%) 8 (3.3%) 

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

Cranial 38 (39%) 12 (13%) 27 (24%) 39 (35%) 27 (27%) 

Sternebrae 2 (5%) 5 (5%) 1 (1%) 2 (2%) 4 (4%) 

Ribs 1 (1%) - 2 (2%) 2 (2%) 2 (2%) 
Adopted from Falk et al. (2017). 

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

Table 22. F0 Fertility and Reproductive Performance in the Reproductive Toxicity Study 

Fertility Indices Corn Oil DHA LD DHA MD DHA 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* 3.89±0.54 3.93±0.40 4.05±0.55 3.98±0.61 

Gestation period* 21.67±0.56 21.17±0.82 21.58±0.72 21.33±0.76 

Percent males 59.5 58.2 56.1 52.2 

Pups delivered 245 219 255 232 

Mean male pup weight day 0 5.74 ± 0.64 5.74 ± 0.60 5.63 ± 0.35 5.74 ± 0.55 

Mean male pup weight day 22 34.58 ± 5.84 35.34 ± 5.30 33.47 ± 4.47 35.27 ± 5.08 

Mean female pup weight day 0 5.45 ± 0.61 5.55 ±0.49 5.43 ± 0.29 5.50 ± 0.45 

Mean female pup weight day 22 33.63 ± 5.71 35.36 ± 4.47 32.37 ± 5.59 34.76 ± 5.08 
Adopted from Falk et al. (2017). *Mean days±SD 

HD = high-dose; LD = low-dose; MD = mid-dose. 
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DHA-Rich Oil (Runke Bioengineering) 

Table 23. Physical Observations and Gross Necropsy Findings of F1 Newborn Pups in the 

Reproductive Toxicity Study 

Physical Observations – Mean 

days ± SD 

Corn Oil DHA LD DHA MD DHA HD 

Males 

Eye opening 13.90±0.89 13.52±1.13 13.24±1.05 13.08±0.95 

Ear opening 15.68±1.36 15.83±0.88 15.69±1.01 15.46±1.05 

Hair growth 6.04±0.97 6.04±1.14 5.49±1.09 5.43±1.08 

Tooth eruption 11.75±1.04 11.86±0.94 12.04±0.90 11.79±0.82 

Females 

Eye opening 14.36±0.89 13.56±1.08 13.50±1.27 13.46±0.90 

Ear opening 16.1±0.94 15.09±0.85 15.93±1.76 16.02±0.85 

Hair growth 6.37±0.96 6.30±1.2 5.88±1.16 5.85±0.98 

Tooth eruption 11.96±1.12 11.65±0.92 12.07±1.0 12.04±0.87 

Gross Necropsy Findings – Number of animals 

Pups 245 219 255 232 

Dead 8 17 22 12 

Cannibalism 19 13 14 12 

Weak animal 0 2 0 0 

Stomach: Empty, no milk 9 10 4 4 

Lung: Atelactasis 0 4 0 0 

Lung discoloration 0 2 0 0 

Liver: Pallor 0 1 0 0 

Brain: Red discoloration/ 

hemorrhage 

0 0 3 0 

Thoracic and shoulder region 

hemorrhage 

0 0 1 0 

Thoracic cavity blood clot 0 0 0 1 

Neck region hemorrhage 0 0 0 0 
Adopted from Falk et al. (2017). Mean days±SD 

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

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

In GRNs 000553 (stamped pages 37-47, 40-54), 000677 (pages 33-41), 000731 (pages 

30-34), 000732 (pages 33-37), 000776 (pages 17-24), 000777 (pages 15-22), 000836 (pages 

32-34, 38-45), 000843 (pages19-25), 000844 (pages 18-25), 000862 (pages 29-38), 000933 

(page 34-40), 000934 (pages 35-44), and 001008 (pages 42-45), the safety of DHA-rich oil or 

DHA-rich microalgae (DRM) from Schizochytrium sp. was extensively reviewed. Therefore, this 

notice incorporates by reference the safety studies discussed in those GRAS notices and will not 

discuss previously reviewed references in detail. 
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DHA-Rich Oil (Runke Bioengineering) 

Briefly, the NOAELs of  other  sources of DHA-rich oil  and DRM are  summarized as 

follows:  

1)  For DHA-rich oils, the NOAELs, established from subchronic  toxicity studies, ranged  

from 3,149 to 5,000 mg/kg bw/day in rats (Fedorova-Dahms et al.,  2011a; Lewis et al.,  

2016; Schmitt  et al.,  2012a). The  LD50  was determined to be  over  5 g/kg bw, the highest  

dose tested, in rats (Schmitt et al., 2012a).   

 

2)  From reproductive  and developmental toxicity studies of DHA-rich oils, the NOAELs for  

F0  were  found  to range  from 2,000 (Schmitt  et al., 2012b)  to 8,322 mg/kg bw/day (F0  

females during lactation) in rats (Fedorova-Dahms et al., 2011b).  

 

3)  In  subchronic  toxicity studies with an in  utero  phase, the  NOAELs  for  F1  ranged from  

2,069 (females - Schmitt  et  al., 2012b)  to 4,399 mg/kg  bw/day (females - 

Fedorova-Dahms et al., 2011b) in rats.   

  Studies of DRM from Schizochytrium sp. 

1)  For DRM, the highest dose  tested was 5.746 kg DRM per pig, corresponding to 1.281 kg  

DHA per pig (DRM contained 22.3%  DHA)  (Abril et al., 2003). The  DHA 

supplementation at all  doses did not result  in  treatment-related adverse  effects on 

measured  outcomes such as clinical observations, body weights, food  consumption,  

mortality, hematologic  values, gross necropsy findings, organ weights, or histopathology  

in pigs. However, the authors did not provide  the  feed  consumption or NOAEL on a  kg  

bw/day basis. This level may correspond to roughly 297 mg DHA/kg bw/day.  

For a  very rough  estimate  of DHA intake  in  mg/kg bw/day, the  following calculation  

method was used. The  abstract and page  79 stated that the total DHA administered during  

the last 42-day period was 1,281 g of DHA for  pigs in the high-dose  DRM groups. To  

calculate the average  daily intake  of DHA, we  divided the total DHA administered to  

each pig (mg/pig) by 42. For T4, the high-dose  group, we  got 30,500 mg DHA/day. In  

the absence  of average  body weight  during  the last 42-day period, we  assumed that the  

body weight  gain was constant during the 120-day period. Based on the initial and final 

body weight  values listed on Tables  5 to 6  in the  article  and the  daily body weight  gain  

shown in Table 7 in the article, we  calculated the  average  body weight  at day 79 for  the  

T4 group. For  example,  body weight  of  T4 at day 79 was  calculated  using  the following  

formula: (122.32 kg  bw  at day  120) –  (42 days  x 0.943 kg body  weight gain/day) =  

122.32 - 39.61  =  82.71 kg at day 79. To calculate  the average  body weight  during the  last  

42 days, we  took an average  value between 82.71 and 122.32 kg, which is 102.515 kg  

bw. Then,  we  divided the  average  daily intake  value of 30,500  mg DHA/day by 102.515  

kg bw to derive  297.5 mg DHA/kg bw/day for the T4 group,  the high-dose  group.  
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DHA-Rich Oil (Runke Bioengineering) 

However, because the authors did not provide feed consumption or NOAEL on a mg/kg 

bw basis, we did not present such a roughly estimated value in Table 16. 

2)  In the  study  by Hammond et al. (2001a), the authors reported that the NOAEL as 4,000  

mg DRM/kg bw/day in rats and that DRM contained 8.7%  DHA  on a  dry weight  basis  

(page  193).  The  corresponding DHA level was calculated based  on  the following  

formula: x  mg DRM x 0.087 (%  DHA on a  dry wt. basis) =  y  mg DHA. Thus, the 

corresponding  DHA  level is 348 mg/kg bw/day  (4,000 x 0.087 =  348  mg DHA)  on  a  dry  

weight basis.  

3)  In  a  subchronic  toxicity study  on another  source  of DRM, which  contains  8.7%  DHA  on  

a  dry weight  basis  (page  193),  the authors reported the NOAEL as 4,000  mg DRM/kg  

bw/day in rats (Hammond et al.,  2001a). The  corresponding DHA  level was calculated  

based on the following formula: x  mg DRM x  0.087 (%  DHA on a  dry wt. basis) =  y  mg  

DHA. Thus, the  corresponding DHA level is 348 mg/kg bw/day (4,000 x 0.087 =  348 mg  

DHA). Assuming a  typical DHA-rich oil  contains an average  of 40%  DHA,  the  

corresponding DHA-rich  oil  level was obtained by dividing the DHA level by 0.4, which 

corresponds to 870 mg/kg bw/day of DHA-rich oil  (y  mg DHA/0.4 =  z  mg DHA-rich oil  

or 348 mg/0.4= 870 mg DHA-rich oil).  

4)  However, in a  reproductive  and developmental toxicity study  in rabbits by  Hammond et  

al. (2001b),  both the high-dose  (1,800  mg/kg/day)  DRM and the  fish oil control groups  

experienced marked and  sustained reduction in food consumption during the prenatal  

period and a  slight increase  in abortions. In this the developmental toxicity  of DRM in  

rabbits study, DRM was provided at levels of 180, 600, and 1800 mg/kg  bw/day by oral  

gavage  on  GD  6–19.  One  female  in the fish oil  group and two females in the high-dose  

DRM group  aborted on gestational days 23 and 25/26, respectively. The  authors 

suggested that the  presence  of higher  levels  of dietary fat may  have  contributed to food  

intake  reductions, leading to disruption of normal development and/or maintenance  of 

pregnancy and abortions in these  groups. Two of  the three  rabbits that aborted also had 

lower numbers of implantation sites (one  to three  per dam), although corpora  lutea  counts, 

which have  an inverse  association with an increased risk of abortion, were  within normal  

limits. No other  treatment-related abnormalities were  observed in intrauterine growth,  

survival, or other  developmental toxicity parameters at all  dose  levels. In summary, the 

NOAELs were  determined to be  600 mg/kg bw/day for  maternal toxicity and 1,800  

mg/kg bw/day, the highest level tested,  for  developmental toxicity  in  rabbits.  These  levels  

correspond  to 130 mg  DHA-rich oil/kg bw/day for  maternal toxicity and 392  mg 

DHA-rich  oil/kg bw/day  for  developmental toxicity in rabbits. However, the authors 

noted that abortions occur spontaneously more  frequently in rabbits than in other  

commonly used laboratory species and  that the  incidences of abortions in both the  
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DHA-Rich Oil (Runke Bioengineering) 

high-dose DRM and the fish oil control groups fall within the historical limits for the 

laboratory. 

It is noteworthy that the same DRM substance was well tolerated with no adverse effects 

in a reproductive and developmental toxicity study in rats conducted by the same 

research group (Hammond et al., 2001b). In this developmental toxicity of DRM in 

Sprague–Dawley rats, DRM was provided in the diet at 0.6, 6, and 30% on GD 6–15. In 

rats, the NOAEL was estimated to be 22,000 mg DRM/kg bw/day for both maternal and 

development toxicity. This level corresponds to 1,914 mg DHA/kg bw/day, assuming the 

DHA content in DRM was 8.7%. 

5)  In a  single  generation reproductive  toxicity study, the NOAEL was estimated to be  

17,847 and 20,669 mg DRM/kg bw/day for  males and females, respectively (Hammond  

et al., 2001c). The  authors stated that these  levels of DRM intake  correspond to an intake  

of approximately 1,512 and 1,680 mg/kg bw/day for  DHA (page  358 of Hammond et al.,  

2001c).  

 Conclusion 

The NOAEL of Runke Bioengineering’s DHA-rich oil was determined to be 5,000 mg/kg 

bw/day from a single generation subchronic toxicity study in rats. However, for the purpose of 

the safety evaluation, the NOAEL was determined to be 2,069 mg/kg bw/day which was found 

in females from a subchronic systematic toxicity study with an in utero exposure in rats (Schmitt 

et al., 2012b). 

 6.B.4. Human Clinical Studies of DHA 

All previous GRAS notices provided information/clinical study data that supported the 

safety of the proposed DHA ingredients for use in infant formula. In all the studies summarized 

in these notifications, there were no significant adverse effects/events or tolerance issues in 

infants attributable to DHA-supplemented formulas when compared to the control infant formula 

group. Although these human clinical trials were not designed as safety studies, the absence of 

adverse effects provide some evidence of the safe use of DHA-rich oils. 

A key concept in evaluating the safety of a substance is related to substantial equivalence. 

The 1996 joint consultation by the Food and Agriculture Organization (FAO) and the World 

Health Organization (WHO) recommended that “if a new food or food component is found to be 
substantially equivalent to an existing food or food component, it can be treated in the same 

manner with respect to safety (i.e., the food or food component can be concluded to be as safe as 

the conventional food or food component)” (Joint FAO/WHO, 1996). 

69 



 

 
 

    

  

   

  

 

     

    

      

   

      

    

     

     

  

 

   

   

    

 

    

    

 

 

    

  

    

   

 

 

     

   

   

 

 

    

  

        

 

 

DHA-Rich Oil (Runke Bioengineering) 

Numerous GRAS notices have considered that DHA derived from algal oil is equivalent 

to that of fish oil. Thus, the GRAS panel convened by Runke Bioengineering also has considered 

that the FDA’s 1997 final rule on menhaden oil is applicable to DHA-rich oils derived from 

Schizochytrium sp. 

In addition, because DHA-rich oils derived from C. cohnii and Schizochytrium sp. have 

similar compositions and that the two types of algal DHA-rich oils were demonstrated to be 

bioequivalent (Fedorova-Dahms et al., 2014; Yeiser et al., 2016), the findings from the study of 

DHA-rich oils derived from C. cohnii may be pertinent when evaluating the safety of those 

derived from Schizochytrium sp. Thus, our review included the studies of DHA-rich oil derived 

from C. cohnii as corroborative data to support the safety of algal oil derived from 

Schizochytrium sp. for infant formula applications. In this review, it was assumed that unknown 

sources of algal DHA manufactured by Martek/DSM were derived from either Schizochytrium 

sp. or C. cohnii. 

All the studies of algal DHA-rich oil reported no adverse events/effects on the measured 

outcomes (Tables 24 to 26). The DHA-rich oil in this GRAS determination has similar 

specifications compared to the those in the previous GRAS notices (Table 6), it is recognized 

that the information and data in those GRAS notices are pertinent to the safety of the DHA-rich 

oil in this GRAS determination. Therefore, this notice incorporates, by reference, the safety and 

metabolic studies discussed in the previous GRAS notices and will not discuss previously 

reviewed references in detail. 

 Studies of DHA in Adults 

Since January 2021, no new studies of DHA from Schizochytrium sp. or algal sources 

have been published in adults. Previous GRAS notices reported that daily doses of up to 2 g 

DHA from algal sources were not associated with treatment-related adverse effects (Molfino et 

al., 2017, 2019; MacDonald and Sieving, 2018; Sanders et al., 2006; Smith et al., 2018) (GRN 

933 pages 41 and 44; GRN 1008, pages 61-62). 

The studies by Molfino et al. (2017, 2019) employed a daily dose of 2 g DHA derived 

from Schizochytrium sp. to assess DHA incorporation in RBC membranes and serum 

concentrations of epoxy-DHA, metabolites of the DHA in breast cancer patients and in healthy 

controls. 

MacDonald and Sieving (2018) employed a daily dose of 2 g algal DHA for 3 months to 

assess measures of retina function, visual acuity, serum DHA concentrations, and adverse events. 

There were eight adverse events reported by four participants, and all eight events were 

considered not related to the DHA supplementation. 
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DHA-Rich Oil (Runke Bioengineering) 

Overall, doses up to 2 g DHA/day were well tolerated with no side effects in adults 

(Molfino et al., 2017, 2019; MacDonald and Sieving, 2018). 

   Studies in Children 

Since January 2021, no new studies of DHA were published in children. GRN 1008 

included the study by Ingol et al. which was published in June 2019 (Table 24). 

Briefly, Ingol et al. (2019) examined the effects of DHA and ARA on growth and 

adiposity in toddlers born pre-term. In a randomized, placebo-controlled trial, 377 children born 

at <35 weeks of gestation who were 10-16 months in corrected age (mean unadjusted age for 

prematurity of 17.3-17.4 months; mean adjusted age for prematurity of 15.6-15.7 months) were 

orally administered 200 mg/day algal DHA from Schizochytrium sp. and 200 mg/day fungal 

ARA from Mortierella alpina (Maretek Biosciences Corporation/DSM), or placebo (corn oil) for 

180 days. Growth, adiposity, adherence, and adverse events were measured. A total of 683 

adverse events were reported by 256 children; most reported adverse events were minor 

gastrointestinal illness and respiratory infections. The authors concluded that DHA 

supplementation had no effect on short-term growth or adiposity if it is implemented after the 

first year of life. 

  Studies of DHA in Pregnant Women and Offspring 

Since January 2021, a few new studies of DHA derived from Schizochytrium sp. in 

pregnant women were published (Fougѐre et al., 2021; Garmendia et al., 2021) (Table 24). 

Fougѐre  et al. (2021) characterized the breast milk fatty acid profile  among mothers who  

delivered  very  prematurely. From the  Maternal Omega-3 Supplementation to Reduce  

Bronchopulmonary Dysplasia  in Very Pre-term Infants (MOBYDIck) trial in neonatal intensive 

care units in Canada, 461 mothers (mean age of 31 years) of pre-term infants (before 29 weeks of 

gestation)  were  randomized within 72  h of delivery, to receive DHA  rich-algae  oil  providing  

1.2  g/day of DHA or a  placebo (a  mix of corn and  soy oils) until  their  infant reached 36  weeks of  

postmenstrual age. Algal oil  derived from Schizochytrium  sp. contained  45%  DHA, 19%  n-6 

DPA, and 17% palmitic acid while the major  fatty acids in the placebo were  52%  linoleic  acid, 

26%  oleic  acid,  and 11%  palmitic acid. Breast milk fatty acid composition was analyzed. No  

adverse  effects were  reported on the measured outcomes. The  results demonstrated that DHA 

supplementation increased the DHA content of breast milk.  

From the Maternal obesIty/overweight control throuGh Healthy nuTrition (MIGHT) 

study, Garmendia et al. (2021) evaluated the effects of DHA supplementation among 1002 obese 

and overweight pregnant women on metabolic control in mothers (18 years of age or older) and 

their offspring. Pregnant women were randomly allocated to one of the four parallel arms: 1) 
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DHA-Rich Oil (Runke Bioengineering) 

Home-based  dietary counseling +800 mg/day  DHA  (source,  DHA-S: Schizochytrium  sp., DSM);  

2) 800 mg/day DHA only;  3) Home-based dietary  counseling +200 mg/day DHA; 4) 200 mg/day  

DHA only. Intervention  started from <  15 weeks of gestation until delivery. Measurements 

included the overall  incidence  of gestational diabetes mellitus, the incidence  of macrosomia 

(birthweight  >4000 g),  and neonatal insulin  resistance  (cord blood Homeostasis  Model 

Assessment for  Insulin Resistance) and glucose  concentrations. No adverse  effects of  DHA 

supplementation were  reported on measured outcomes.  

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

the previous GRAS notices (GRNs 000137, 000732, 000862, 000933, 000934, and 001008) that 

intake of DHA is safe as long as the daily intake does not exceed 1.5 g/person/day. 
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DHA-Rich Oil (Runke Bioengineering) 

Table 24. Human Studies of DHA from Algal Sources in Children and Women during Pregnancy and/or through Postpartum* 

Objective Subject Dose Duration Measurements Reference 

To examine the effects 

of supplementing 

toddlers born pre-term 

with DHA and ARA 

on growth and 

adiposity 

377 children 

born pre-term (at 

<35 gestation) 

who were 10-16 

mo in corrected 

age 

2 groups: DHA (200 

mg/d) (Schizochy-

trium sp. source; 

Martek Biosciences 

Corp/DSM,) plus 

ARA (200 mg/d) or 

corn oil placebo 

180 d Growth and adiposity; 

adherence and adverse events 

Adverse events: 

Mainly minor gastrointestinal 

illness and respiratory 

infections; not 

treatment-related 

Ingol et al., 

2019 

To characterize the 

breast milk fatty acid 

profile among mothers 

who delivered very 

prematurely after a 

neonatal DHA-rich 

algae oil 

supplementation 

461 mothers who 

delivered before 

29 wk of gestation 

from the 

MOBYDIck trial; 

mean age 

30.9-31.1 y 

2 groups: DHA 

rich-algae oil (1.2 g/d 

DHA; algal DHA from 

Schizochytrium sp., 

composed of 45% 

DHA, 19% n-6 DPA, 

and 17% palmitic acid) 

or placebo (corn and 

soy oils) 

From <72 h 

after delivery 

until their 

infant reached 

36 wk of 

postmenstrual 

age 

Breast milk fatty acid 

composition 

Fougѐre et 

al., 2021 

To evaluate the effects 

of DHA 

supplementation 

among obese and 

overweight pregnant 

women on metabolic 

control in mothers and 

their offspring 

100 obese or 

overweight 

pregnant women; 

a subsample of 

226 newborns; 

Maternal 

obesIty/over-wei 

ght control 

throuGh Healthy 

nuTrition 

(MIGHT) study 

4 groups: 1) 

Home-based dietary 

counseling + 800 

mg/day DHA (source, 

Schizochytrium sp., 

DSM); 2) 800 mg/day 

DHA only; 3) 

Home-based dietary 

counseling +200 

mg/day DHA; 4) 200 

mg/day DHA only 

From < 15 

weeks of 

gestation until 

delivery 

The overall incidence of 

gestational diabetes mellitus, 

the incidence of macrosomia, 

and cord blood Homeostasis 

Model Assessment for Insulin 

Resistance and glucose 

concentrations. 

Garmendia 

et al., 2021 

*Excluding studies of DHA from fish oil source or DHA-ethyl ether; ARA = arachidonic acid; d = day; DHA = docosahexaenoic acid; mo = 

months; MOBYDIck = Maternal Omega-3 Supplementation to Reduce Bronchopulmonary Dysplasia in Very Pre-term Infants. 

None of these studies reported adverse effects of DHA on measured outcomes. 
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DHA-Rich Oil (Runke Bioengineering) 

No studies published since January 2021 have been identified from the literature. 

However, this review includes a key term infant study as well as the published papers related to 

gastrointestinal tolerance and allergenicity of DHA-rich oils in term infants (Table 25). 

A few studies employed DHA-rich oil from C. cohnii or fish oil sources to evaluate the 

efficacy and safety in term infants. Because it is not expected that safety profiles of DHA derived 

from fish oil and algal oil would be different, the findings from studies employing DHA from 

fish oil sources or C. cohnii are pertinent when evaluating the safety of DHA from algal oil. 

Thus, the findings from these studies of DHA from fish oils or C. cohnii were included as 

corroborative data to support the safety of DHA-rich oil derived from Schizochytrium sp. 

 Gastrointestinal Tolerance and Potential Allergy 

Studies of term infants have not reported adverse events or adverse effects on allergies 

associated with DHA-supplemented infant formulas. 

From the DHA Intake and Measurement of Neural Development (DIAMOND) study, 

Birch et al. (2010a) determined the effect of varying amounts of DHA supplementation on the 

visual acuity as well as visual acuity maturation, RBC fatty acids, tolerance, anthropometric 

measures, and adverse events of formula fed term infants at 12 months of age. In this study, 343 

healthy term infants were randomized to 1 of 4 infant formulas with varying amounts of DHA 

(source, algal DHA oil derived from Crypthecodinium cohnii): 0% (control), 0.32%, 0.64%, or 

0.96% of total fatty acids with the fixed amount of ARA (M. alpina source) at 0.64% of total 

FAs. The assigned formulas were fed from the time of enrollment (1 to 9 days of life) through 

age 52 weeks. Two hundred forty-four infants completed the study. The DHA levels correspond 

to daily intakes of up to 51 - 61 mg DHA/kg bw/day. The daily intake values of DHA were 

obtained based on the following assumptions: 1) infants consume about 100-120 kcal/kg bw/day; 

2) 51 mg DHA/100  kcal was provided by the formula  containing 0.96%  DHA-rich  oil  (Colombo 

et al., 2017, page  3);  and 3) infants consuming 100  kcal/kg bw/day  will  consume 51 mg DHA/kg  

bw/day (51 mg DHA/100 kcal x 100 kcal/kg bw/day=51 mg/kg bw/day), and those consuming  

120 kcal/kg bw/day will  consume  61 mg DHA/kg  bw/day (51 mg DHA/100 kcal x 120 kcal/kg 

bw/day=61.2 mg/kg bw/day).  DHA/ARA supplementation in the first year of life  had no adverse  

effects on developmental outcome. No differences were  observed  in the proportions of infants 

with at least 1  adverse  event or in the numbers with at least 1 serious adverse  event in any of the  

86 symptoms  assessed, with the exception of watery eyes (increased only in the 0.64%  DHA 

group; 0.64%  DHA group  vs. other  3 groups:  5%  vs. 0 to  1%; P<0.05).  The  association  

between 1 case  of sepsis in an infant in the 0.64%  DHA group  and the formula  was not  

determined. The  authors  stated that  infants tolerated all  formulas well  and had normal growth  

throughout the first 12 months of life.  
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DHA-Rich Oil (Runke Bioengineering) 

From the same DIAMOND  study, Birch et al. (2010b)  investigated the effects of DHA  

(0.32-0.36%  of  total FAs) and ARA (0.64-0.72%  of total FAs)  the incidence  of  allergic  and  

respiratory diseases through age  3 years in children fed DHA- and ARA-supplemented formula  

during the first 12 months of life.  Blinded study nurses  reviewed medical charts for upper 

respiratory  infection, wheezing, asthma, bronchiolitis, bronchitis, allergic  rhinitis, allergic  

conjunctivitis, otitis media, sinusitis, atopic  dermatitis (AD), and urticaria. The  authors  

concluded that DHA/ARA supplementation was not associated with incidence  of upper  

respiratory infection and common allergic diseases up to 3 years of age.  

The study by Burks et al. (2008) evaluated the DHA and ARA supplementation to an 

amino acid-based formula on overall growth, tolerance, and safety in 164 healthy term infants. 

Study 1 compared the effects on growth, tolerance, and safety in healthy infants of an amino 

acid-based formula (Nutramigen, Mead Johnson) to a control extensively hydrolyzed formula 

(casein based). Amino acid–based formulas are fed to infants who are highly sensitive to cow’s 
milk and cannot be managed using extensively hydrolyzed formula. Both formulas were 

supplemented with DHA (0.32% of total fatty acids; 17 mg/100 kcal, source was not specified) 

and ARA (0.64% of total fatty acids; 34 mg/100 kcal). These levels were similar to those in 

human milk worldwide. The formulas were fed from 14 ± 2 through 120 ± 4 days of age. No 

differences were observed between the groups in the overall growth, formula acceptance, 

tolerance, and adverse events, in particular, the number of subjects who experienced at least 1 

adverse event or the incidence of serious adverse events. However, two exceptions were noted: 

1) parent-reported fussiness was lower in the control group  (P<0.05)  at age  90 days (data not 

shown)  and 2) the incidence  of diarrhea  was significantly higher  in the control group  (control vs.  

test groups, 9 vs. 0 infants, P<0.001). The  authors concluded that the amino acid-based formula  

supplemented with DHA and ARA  at levels similar to those in human  milk worldwide was  

hypoallergenic and safe  in healthy term infants. The  results of the same study  were  briefly  

reported in Vanderhoof (2008).  

Study 2 (Burks et al., 2008) evaluated the hypo-allergenicity of the amino acid-based 

formula containing DHA and ARA in 32 infants and children (8 months to 10 years of age) with 

hypersensitivity to cow’s milk. Any indication of allergy (extent and severity of rash, pruritus, or 

urticaria/angioedema; upper or lower respiratory symptoms; or gastrointestinal symptoms) and 

adverse events were assessed throughout the double-blind, placebo-controlled food challenge 

and open challenges. If the open challenge response was also negative, an extended observation 

was followed in a 7-day home feeding period during which the child’s parent or guardian kept a 
daily diary of acceptance and tolerance measures and any adverse events were monitored. Of the 

32 subjects, 29 completed both double-blind, placebo-controlled food challenge and open 

challenge. Ongoing allergic manifestations were noted in 24 of 29 subjects at study entry. 

Allergic gastrointestinal manifestations included allergic enterocolitis, esophagitis, and 

gastroesophageal reflux. All the 29 children were fed formulas in randomized order after a 
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pre-challenge elimination period, followed by an open challenge if the response to the food 

challenge was negative. As determined by daily parental record, acceptance and tolerance of the 

new amino acid-based formula were generally good. No serious adverse events occurred during 

the double-blind food challenge, open challenge, or extended 7-day feeding period on the amino 

acid-based formula and the subsequent open challenge reported no serious adverse events 

demonstrating the hypo-allergenicity of the formula containing DHA. 

In a  study  by Hoffman et al. (2008), 244 healthy term infants received one  of 2 formulas:  

(1)  control, soy formula  without  supplementation (Enfamil ProSobee1, Mead Johnson &  

Company, IN) or (2) DHA  +  ARA, soy formula  supplemented with a  minimum of 17 mg  

DHA/100 kcal from algal oil  and 34 mg ARA/100 kcal from fungal oil (Enfamil ProSobee1 

LIPIL1,  Mead Johnson & Company, IN),  from  14 to 120 days of  age.  These  levels correspond to  

approximately 0.3%  of total fatty acids as DHA and 0.6%  of total fatty acids as ARA. Of  the 244 

infants enrolled,  182 infants completed  the study. Measurements included anthropometric  

measurements, atopic  dermatitis, tolerance, and adverse  events. The  incidence  of adverse  events, 

formula  intake, stool  frequency and characteristics, and parental assessment of fussiness, 

diarrhea, and  constipation  were  comparable  between the  groups. In addition, no statistically 

significant difference  was noted in the  atopic  dermatitis scores, as assessed by mean SCORing  

Atopic Dermatitis  (SCORAD) indices at 120 days of age  between the 2  groups (control,  2.9 ± 

0.76; test, 2.3 ± 0.72), indicating a very low occurrence of atopic dermatitis. The only differences  

noted were  higher gastrointestinal reflux (control vs. test: 12 vs.  3 infants, P  =  0.009)  and  the 

incidence  of excessive  gas (15%  vs. 5%, P  =  0.026) which were  noted more  in the control group  

than in the test group  at 60 days  of  age.  In  the subset infants, no statistically significant 

differences were  noted in blood chemistry profiles (total RBC  lipids and plasma  phospholipids, 

glucose, and kidney, liver, and pancreas function markers)  between the  2 groups at 14 or 120  

days of age  (data not shown). The  authors concluded that both formulas were  well  tolerated and 

supported normal growth.  

In the study by Fleddermann et al. (2014), 213 healthy term infants were randomized to 

receive 1 of 2 isoenergetic formulas: a test formula containing DHA (10.7 mg/100 kcal from egg 

and fish oil), ARA (10.7 mg/100 kcal), and alpha-lactalbumin, or a control formula with standard 

whey and no DHA and ARA from less than the first 28 days to 120 days of life. Breast-fed 

infants served as the reference group. Both formulas were well-accepted, and no differences 

were reported for stool consistency and color, colic, flatulence, and regurgitation or vomiting. 

The number of serious adverse events was higher in the test group than in the control group (10.2 

vs. 3.3%), with 1 serious adverse event in each formula group considered as a potential 

association to the study formula (test formula: vomiting, blood in stool, and reflux; control 

formula: vomiting and blood in stool). However, the total number of adverse events (adverse 

event plus serious adverse event) was much lower in the test formula and reference groups than 

the control formula group (test vs. reference vs. control: 24% vs. 24% vs. 45%). The types of 
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adverse events were similarly distributed across the test and control groups. The authors 

concluded that all infants accepted the test formula supplemented with DHA and ARA well and 

that no adverse effects were found for all parameters tested. 

In the Infant Fish Oil Supplementation study, healthy term infants of 420 allergic women 

were randomized to daily fish oil capsules (providing 0.280 g DHA + 0.110 g EPA) or placebo 

capsules (olive oil) from birth to 6 months (D'Vaz et al., 2012). Because of the supply issue, the 

final 27 children received similar capsules of fish oil (250 mg DHA and 60 mg EPA) or olive oil. 

A clinical follow-up was completed in 323 infants at 12 months of age. Measurements included 

PUFA concentrations in erythrocytes and plasma in infants at 6 months of age and those in their 

mothers' breast milk at 3 and 6 months. In addition, clinical outcomes, such as eczema, food 

allergy, asthma, and sensitization, were monitored in 323 infants at the 12 month-follow up. No 

statistically significant differences were noted in the prevalence of allergic outcomes (any 

allergic disease, overall sensitization, specific sensitization, eczema, or food allergy) between the 

2 study groups at 12 months of age. None of the children had a diagnosis of asthma by 12 

months of age. There were no significant differences in recurrent wheeze or persistent coughing 

between the study groups at 6 or 12 months. The supplementation of DHA from fish oil did not 

impact the allergy parameters at 6 and/or12 months in term infants. 

Taken together, DHA supplementation did not result in any serious or non-serious 

adverse events, tolerance, food allergies, or other allergies in term infants consuming 

non-exempt infant formula. In addition, GRNs 000553 (pages 55-57; FDA, 2015), 000677 

(pages 29-33; FDA, 2017), 000731 (pages 35, 37-38; FDA, 2018a), 000776 (pages 24-25; FDA, 

2018c), 000777 (pages 22-24; FDA, 2018d), 000862 (pages 40-43; FDA, 2020a), 000933 (pages 

42-43, 47; FDA, 2020b), 000934 (pages 45-53; FDA, 2021), and 001008 (pages 59-60; FDA, 

2022) presented comprehensive summaries of clinical study literature regarding supplementation 

of DHA from algal oil sources to term infant formula. These GRAS notices concluded that 

supplementation of DHA (from algal sources), in combination with ARA, to infant formula was 

safe in term infants. Overall, algal DHA, up to 0.96% of total fatty acids (or up to 51-61 mg 

DHA/kg bw/day), in combination with ARA (0.64% of fatty acids) was well tolerated with no 

side effects in term infants. 

 Overall Conclusion for Infant Formula Applications for Term Infants 

In summary, algal DHA, up to 0.96% of total fatty acids (or up to 51-61 mg DHA/kg 

bw/day), in combination with ARA was well tolerated, and no adverse effects were noted on the 

measured outcomes including gastrointestinal tolerance, adverse events, growth, RBC 

concentrations of fatty acids, visual acuity, cognitive function, and/or school readiness in both 

pre-term and term infants. Thus, it is concluded that the literature supports the intended use of 

DHA at 0.5% of total fatty acids in term infants. 
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Table 25. Human Studies of DHA from Algal Sources in Term Infants* 

Objective Subject Dose Duration Measurements Reference 

To determine the effect 343 term DIAMOND study: 3 From the Visual acuity, visual acuity Birch et al. 

of varying amounts of infants concentrations of DHA time of maturation, red blood cell (2010a) 

DHA supplementation (derived from C. cohnii): enrollment fatty acids, tolerance, 

on visual acuity, growth, 0.32, 0.64, or 0.96% of (1 to 9 days anthropometric measures over 

safety, and clinical fatty acids as DHA (or 0, of life) the 52-week period 

chemistry parameters 17, 34, or 51 mg 

DHA/100 kcal) with a 

fixed conc. of 0.64% ARA 

(or 34 mg ARA/100 kcal; 

from M. alpina); or control 

– unsupplemented 

cow-based formula 

through age 

52 weeks 

To determine the effect 179 term DIAMOND study; From the Incidence of upper respiratory Birch et al. 

of varying amounts of infants DHA/ARA supplemented time of infection and common (2010b) 

DHA supplementation formula (DHA, enrollment (1 allergic diseases 

on allergic reactions 0.32-0.34% DHA/ARA, 

0.64-0.72% of FAs) vs. 

unsupplemented formula 

to 9 days of 

life) through 

age 52 

weeks; 

follow-up up 

to 3 y of age 

up to 3 years of age 

To determine the effects 

on growth, tolerance, 

and safety in healthy 

infants of an amino 

acid-based formula 

164 healthy 

term infants 

DHA (0.32% of total FAs; 

17 mg/100 kcal, source 

was not specified) and 

ARA (0.64% of total FAs; 

34 mg/100 kcal) 

From 14 ± 2 

through 120 

± 4 days of 

age 

Growth, formula acceptance, 

tolerance, and adverse events 

Burks et al. 

(2008) 

To evaluate the 

hypo-allergenicity of the 

32 infants 

and children 

Double-blind 

and open 

Allergy (extent and severity 

of rash, pruritus, or 
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amino acid-based with challenges, urticaria/angioedema; upper 

formula containing hyper-sensit followed by or lower respiratory 

DHA and ARA ivity to 

cow’s milk 
a 7-day home 

feeding 

period 

symptoms; or gastrointestinal 

symptoms); and adverse 

events 

To evaluate the 

DHA+ARA 

supplementation on 

growth, atopic 

dermatitis, tolerance, 

and adverse events in 

term infants 

244 term 

infants 

Control, soy formula with 

without supplementation 

of DHA + ARA (17 mg 

DHA/100 kcal from algal 

oil and 34 mg ARA/100 

kcal from fungal oil) 

From 14 to 

120 days of 

age 

Anthropometric 

measurements, atopic 

dermatitis, gastrointestinal 

tolerance, and adverse events 

in all infants; clinical 

chemistry parameters in 

subset infants 

Hoffman et 

al. (2008) 

To assess the effect of a 213 healthy A test formula containing From less Growth, gastrointestinal Fledder-ma 

modified infant formula term infants DHA (10.7 mg/100 kcal than the first tolerance, and adverse events nn et al. 

on growth and safety from egg and fish oil), 

ARA (10.7 mg/100 kcal), 

and alpha-lactalbumin, or 

a control formula 

28 days to 

120 days of 

life 

(2014) 

To assess the effect of Healthy Fish oil capsules From birth to PUFA concentrations in D'Vaz et al. 

fish oil supplementation term infants (providing 25 - 28 mg 6 months; erythrocytes and plasma in (2012) 

on PUFA concentrations of 420 DHA + 60 - 110 mg EPA) follow-up at infants 6 months of age; 

in erythrocytes and allergic or placebo capsules (olive 12 mo of age clinical outcomes such as 

plasma in infants 6 women oil) eczema, food allergy, asthma, 

months of age and and sensitization 

allergy parameters 
*Excluding studies of DHA from fish oil source or DHA-ethyl ether; 

ARA = arachidonic acid; DHA = docosahexaenoic acid; DIAMOND study =DHA Intake And Measurement of Neural Development study 
IQ = intelligence quotient; mo = months; y = years. 

None of these studies reported adverse effects of DHA on measured outcomes. 
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Frost et al. (2021) determined the feasibility of providing a concentrated emulsified 

DHA-ARA supplement to 30 very low birth weight infants and evaluated blood LCPUFA 

concentrations at 2 and 8 weeks. In this prospective, randomized, double-blind, 

placebo-controlled trial in neonatal intensive care units, 192 very low birth weight infants with a 

mean birth weight of 1,040 g (mean gestational age of 28 weeks) received 1 of the following 3 

treatments for 8 weeks or until discharged, whichever came first: a placebo control supplement 

containing sunflower oil, supplements containing 40 mg/kg bw/day DHA (source, manufacturer, 

and country not specified) and 80 mg/kg bw/day ARA, or supplements providing 120 mg/kg 

bw/day DHA and 240 mg/kg bw/day ARA. Whole blood LCPUFA levels were measured. No 

adverse effects were reported on the measured outcomes. 

Hewawasam et al. (2021) determined whether DHA supplementation in pre-term infants 

improves attention at 18 months’ corrected age. This follow-up study was conducted from the 

N-3 (omega-3) Fatty Acids for Improvement in Respiratory Outcomes (N3RO) trial (Collins et 

al., 2017) conducted at neonatal centers in Australia, New Zealand, and Singapore. A total of 192 

pre-term infants with 15-30 months’ corrected age from the trial in South Australia (mean age of 

3.0-3.5 days) received an enteral emulsion of 60 mg/kg bw/day DHA from tuna oil 

(manufacturer and country not specified) or control (soya oil) from within the first days of birth 

until 36 weeks postmenstrual age. Assessments of attention, cognition, language, and motor 

development were completed. No adverse effects were reported on the measured outcomes. 

In a double-blind parallel clinical trial by Bernabe-García et al. (2021), 225 pre-term 

newborns (birth weight 1000- 1500 g) with an expected functional gastrointestinal tract were 

recruited and received an enteral dose of 75 mg of DHA/kg bw (source, DSM, algal type, not 

specified) diluted in high-oleic sunflower oil as a vehicle or high-oleic sunflower oil (control) 

daily for 14 days from the first enteral feed after birth. Primary endpoint was the incidence of 

necrotizing enterocolitis (NEC), an inflammatory bowel disease based on Bell's scale from stage 

IIa and IIb. No adverse effects of DHA on the measured outcome were reported. In addition, 

adverse events (apart from the incidence of NEC; including death, median platelet counts, 

bleeding events such as periventricular /intraventricular hemorrhage grade≥II and upper 

gastrointestinal tract and /or pulmonary bleeding) and fatty acid profile of erythrocyte 

membranes from pre-term infants were not different between groups although alpha-linolenic 

acid was higher in the DHA-group. Thus, it is concluded that supplementation of DHA at a daily 

dose of 75 mg of DHA/kg bw did not result in adverse effects on the incidence of NEC and fatty 

acid profile of erythrocyte membranes from pre-term infants. 
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A few pre-term infant studies specifically discussed the effects of DHA supplementation 

on gastrointestinal adverse events or food allergy. These studies did not report adverse effects or 

events associated with DHA supplementation in pre-term infants (Clandinin et al., 2005; Manley 

et al., 2011). The studies by Gunaratne et al. (2019) and Manley et al. (2011) employed DHA 

from fish oil sources to evaluate allergy parameters in pre-term infants. As it is not expected that 

safety profiles of DHA derived from fish oil and algal oil would be different, the findings from 

studies employing DHA from fish oil sources are pertinent when evaluating the safety of DHA 

from algal oil. Thus, the findings from these 2 studies of DHA from fish oils were included as 

corroborative data to support the safety of algal DHA oil derived from Schizochytrium sp. 

In an Australian DHA for the Improvement of Neurodevelopmental Outcome (DINO) 

trial, Manley et al. (2011) evaluated the effect of DHA (fish oil source) supplementation on 

long-term atopic and respiratory outcomes in 657 pre-term infants of <33 weeks of gestation. 

They consumed expressed breast milk from mothers taking either tuna oil with high-DHA (tuna 

oil) or standard-DHA (soy oil) capsules. Lactating women with their infants were randomly 

assigned to the high-DHA group (3 g tuna oil per day) or the standard-DHA group (3 g soy oil 

per day) to achieve a breast milk DHA concentration that was 1% or 0.35% of total fatty acids 

without altering the naturally occurring concentration of ARA in breast milk. If supplementary 

formula was required, infants were given a high-DHA pre-term formula (1% fatty acids [FAs] 

as DHA and 0.6% FAs as ARA) or a standard pre-term infant formula (0.35% DHA and 0.6% 

ARA). The intervention in both groups continued until infants reached their expected date of 

delivery. Median duration of treatment was 9.4 weeks. The primary objective of the DINO trial 

was to determine the effect of meeting the estimated DHA requirement of pre-term infants on 

neurodevelopment. However, this study reported secondary outcomes, such as allergic (hay 

fever, eczema, asthma, or food allergy) and respiratory parameters (including the incidence of 

bronchopulmonary dysplasia) over the first 18 months’ corrected age. No adverse effects of 
high-DHA supplementation (1% of total fatty acids) were noted on the measured outcomes 

including requirement for special diet for food allergy in pre-term infants of <33 weeks of 

gestation. 

From the DINO study described above, Gunaratne et al. (2019) tested the efficacy and the 

safety of DHA from fish oil on allergy parameters. Primary endpoints were parent-reported 

incidence of respiratory allergic disease symptoms including wheeze and rhinitis at 7 years 

corrected age and other outcomes included the incidence of eczema symptoms, severity of any 

symptoms, and the incidence of wheeze, rhinitis, rhinoconjunctivitis, and eczema from birth to 7 

years corrected age. Data were available for 569 of 657 children originally randomized. No 

adverse effects were reported on the measured outcomes. 
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In a study by Clandinin et al. (2005), 361 pre-term infants of < 35 postmenstrual age were 

randomly assigned to 3 study formula groups: 1) control, formula with no added DHA or ARA; 

(2)  algal-DHA, formula  with 17 mg DHA/100 kcal from algal oil  and 34 mg ARA/100 kcal from  

fungal oil  (Martek Biosciences, algal type was not specified); or (3)  fish-DHA, formula  with 17 

mg DHA/100 kcal from  tuna fish  and 34  mg ARA/100 kcal from fungal oil. These  levels  of  

DHA and ARA were  similar to those present in a  typical mature  human milk (approximately 0.3  

wt%  of fatty acids as DHA  and 0.6 wt%  as ARA). The  study  formulas were  the sole source  of  

nutrition for  the  pre-term  subjects until 57 weeks  postmenstrual age  (or  4 months after  term)  and  

the primary source  of  nutrition until 92 weeks postmenstrual age. DHA  supplementation was 

stopped at 92 weeks postmenstrual age, and the subjects were  monitored until 118 weeks  

postmenstrual age  (18  months after term). Term infants breast-fed for  4 months  or longer  were  

the reference  group.  All infants were  assessed at birth and at 40, 44, 48,  53, 57, 66, 79, 92, and  

118 weeks postmenstrual age. Measurement endpoints included growth, tolerance, adverse  

events, and Bayley development scores. There  were  no differences in caloric  intake  from the  

formula, daily gastric residuals, stool  frequency  and consistency, or abdominal distention among  

the pre-term groups during hospitalization (data not shown). In  addition, there  were  no  

differences in parents reporting fussiness, diarrhea, or constipation (data  not shown), although  

infants in the algal DHA  and fish DHA-supplemented groups had more  gas than usual at 40 and 

44 weeks postmenstrual age  (p<0.05), which reached no differences at 53 or 57 weeks. Overall, 

the authors concluded that DHA supplementation (either algal oil  or fish oil  source) did not  

increase  morbidity or adverse  events in pre-term infants. In addition, no adverse  effects of DHA 

supplementation were  reported on the measured outcomes.  

In addition, GRNs 000553 (stamped pages 55-57), 000677 (pages 29-32), 000731 (pages 

35-36, 39-40), 000862 (pages 42-43), 000933 (page 43), and 001008 (pages 46-58) presented 

comprehensive summaries of clinical study literature regarding supplementation of DHA from 

algal oil sources to pre-term infant formula. These GRAS notices concluded that 

supplementation of DHA (from Schizochytrium sp.), in combination with ARA, to infant formula 

was safe in pre-term infants. In particular, previous GRAS notices reviewed the studies by 

Almaas et al. (2015, 2016) that tested the hypothesis that DHA/ARA supplementation in very low 

birth weight infants would influence cerebral white matter measured by diffusion tensor imaging 

and behavioral and cognitive outcomes at 8 years of age. In these studies, human milk 

supplemented with 32 mg DHA (0.86% of total fatty acids as DHA; source not specified) and 31 

mg ARA (0.91% of total fatty acids) per 100 mL was fed to pre-term infants each day for 9 weeks 

after birth with an 8-year follow-up. A recently published study (Bernabe-García et al., 2021) 

confirmed that supplementation of algal DHA (algae type, not specified) at 75 mg of DHA/kg 

bw/day (may correspond to 1.3% of total fatty acids as DHA) did not result in adverse effects in 

pre-term newborns with an expected functional gastrointestinal tract. 
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From a meta-analysis of 4 RCTs from five reports (1,966 neonates), Tanaka et al. (2022) 

reported that DHA supplementation did not increase the risk of BPD at 36 weeks of 

postmenstrual age among pre-term infants and the risk of other neonatal morbidities including 

death, necrotizing enterocols, intraventricular hemorrhage, severe retinopathy of prematurity, or 

sepsis. 

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

-1.3% of total fatty acids as DHA is not expected to adversely impact the pre-term infants who 

would be consuming these exempt infant formulas. 
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Table 26. Human Studies of DHA in Pre-Term Infants* 

Objective Subject Dose Duration Measurements Reference 

To determine feasibility 

of providing a 

concentrated emulsified 

LCPUFA supplement 

to very low birthweight 

infants and to evaluate 

blood LCPUFA 

concentrations at 2 and 

8 weeks of study 

supplementation 

30 very low 

birthweight 

infants; mean 

birthweight 

1,040 g; mean 

gestational age 

28 wk 

LCPUFA-120 (40 

mg/kg bw/d DHA 

+ 80 mg/kg bw/d 

ARA); 

LCPUFA-360 (120 

mg/kg bw/d DHA 

+ 240 mg/kg bw/d 

ARA) (DHA 

source not 

specified); placebo 

(sunflower oil) 

8 wk or until 

discharge 

Whole blood LCPUFA 

levels 

Frost et al., 

2021 

To determine whether 

DHA supplementation 

in infants born pre-term 

improves attention at 

18 months’ corrected 

age 

192 infants born 

<29 gestational 

wk within 3 d of 

first enteral 

feeding who 

participated in 

the N3RO trial; 

mean birthweight 

905.3-927.8 g; 

mean age at 

randomization 

3.0-3.5 d 

DHA (60 mg/kg 

bw/d DHA) (DHA 

source not 

specified); control 

(soya-oil) 

Until 36 wk of 

postmenstrual 

age 

Attention assessment; 

assessments of cognition, 

language, and motor 

development 

Hewawasam et 

al., 2021 

To evaluate the 225 Pre-term 75 mg of algal 14 days The incidence of NEC, Bernabe-García 

efficacy of the enteral infants with birth DHA/kg/d or high adverse events, erythrocytes et al., 2021 

DHA to prevent NEC weight of 1,000 oleic sunflower oil fatty acid profile 

in pre-term infants to 1,499 g (control) 

To determine the effect 

of meeting the 

estimated DHA 

requirement of pre-term 

DINO trial, 657 

pre-term infants 

of <33 weeks of 

gestation 

High-DHA 

pre-term formula 

(1% DHA from 

fish oil and 0.6% 

Until infants 

reached their 

expected date of 

delivery; FU at 

Allergic (hay fever, eczema, 

asthma, or food allergy) and 

respiratory parameters 

(including the incidence of 

Manley et al., 

2011 
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infants on allergic 

and/or respiratory 

parameters 

ARA) or a standard 

pre-term infant 

formula (0.35% 

DHA and 0.6% 

ARA). 

12 and 18 mo bronchopulmonary 

dysplasia) 

Until infants 

reached their 

expected date of 

delivery; FU at 

7 y CA 

Incidence of eczema 

symptoms, severity of any 

symptoms, and the incidence 

of wheeze, rhinitis, 

rhinoconjunctivitis, and 

eczema 

Gunaratne et 

al., 2019 

To evaluate safety and 

benefits of feeding 

pre-term infants 

formulas containing 

docosahexaenoic acid 

(DHA) and arachidonic 

acid (ARA) until 92 

weeks postmenstrual 

age (PMA), with 

follow-up to 118 weeks 

PMA 

361 pre-term 

infants of < 35 

postmenstrual 

age 

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, or (3) 

fish-DHA formula 

with 17 mg 

DHA/100 kcal 

from tuna fish and 

34 mg ARA/100 

kcal. 

Reference 

group-term infant 

breast milk fed (~ 

0.3 wt% of FAs as 

DHA and 0.6 wt% 

as ARA) 

Intervention 

until 92 weeks 

postmenstrual 

age; FU until 

118 weeks 

postmenstrual 

age; Reference 

group for 4 

months starting 

between birth 

and 4 weeks of 

age 

Growth, gastrointestinal 

tolerance, adverse events, 

and Bayley development 

scores 

Clandinin et 

al., 2005 

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

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

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

Acids for Improvement in Respiratory Outcomes; wk = weeks; y = year. 
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The FDA raised concerns about the consumption of high levels of EPA and DHA, 

which may increase bleeding time, increase levels of LDL-C, and influence glycemic control 

in participants with type 2 diabetes (menhaden oil final rule; 62 FR 30751; June 5, 1997). To 

assure that the combined exposure to EPA and DHA would not exceed 3 g/person/day, the 

FDA established the maximum levels of use for menhaden oil that would be permitted in 

specified food categories [21 CFR 184.1472(a)(3)]. No studies on type 2 diabetics have 

reported increased glucose levels in plasma when higher amounts (4.5 to 6.9 g/person/day) of 

omega-3 fatty acids were ingested (Bucher et al., 2002; Buckley et al., 2004). Overall, our 

review of human clinical trials supports the ADI of 1.5 g/person/day for DHA in adults. 

 Safety of Sterols 

No adverse effects of DHA in infant formula up to 0.96% of total fatty acids (51-61 

mg DHA/kg bw/day) were reported. 

Safety of sterols present in Runke Bioengineering’s DHA-rich oil can be justified 

from the two aspects: 1) animal safety studies and 2) EDIs of sterols under the intended use 

relative to total sterols already consumed via the diet. 

 Animal Safety Studies 

Chen et al. (2014) reported that supplementation of sterol extract from Schizochytrium 

sp. source at a dose of 0.30 g/kg diet for 5 weeks did not result in adverse effects on lipid 

metabolism as measured by plasma total cholesterol as well as activities of intestinal 

acyl-CoA:cholesterol acyltransferase 2 (ACAT2) and hepatic 3-hydroxy-3-methylglutaryl 

-CoA (HMG-CoA) reductase in male golden hamsters. In other words, no adverse effects of 

sterol extract derived from Schizochytrium sp. were reported on measured outcomes. More 

importantly, a subchronic 90-day oral toxicity and a developmental and reproductive toxicity 

study of Runke Bioengineering’s DHA-rich oil did not find any adverse effects on safety 

parameters in rats and the no observed adverse effect level (NOAEL) was determined to be 

5,000 mg/kg bw/day, the highest level tested (Falk et al., 2017; Lewis et al., 2016). Thus, the 

sterols present in the Runke Bioengineering’s DHA-rich oil are not expected to pose safety 

concerns. 
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6.C. Safety Determination  

Numerous human and animal studies have reported health benefits of DHA with no 

major adverse effects. There is broad-based and widely disseminated knowledge concerning 

the chemistry of the DHA-rich oil. This GRAS determination is based on the data and 

information generally available and consented opinion about the safety of DHA. 

The following safety evaluations fully consider the composition, intake, and 

nutritional, microbiological, and toxicological properties of the DHA-rich oil as well as 

appropriate corroborative data. 

1. Analytical data from multiple lots indicate that the DHA-rich oil reliably complies 

with established specifications and meets all applicable purity standards. Its purity 

is over 35.0% DHA. No significant amounts of domoic acid, MCPDs, glycidyl 

esters, and other contaminants have been detected from Runke Bioengineering’s 
DHA-rich oil. 

2. As the DHA-rich oil in this GRAS notice has similar specifications and 

composition to those described in previous FDA GRAS notices, it is concluded 

that Runke Bioengineering’s DHA-rich oil is substantially chemically equivalent 

to those described in GRNs 000137, 000553, 000731, and in particular to those 

described in GRN 000677. Thus, the information and data presented or reviewed 

in the GRN notices are pertinent when evaluating the safety of the DHA-rich oil in 

this GRAS notice. As noted above, the FDA did not question the safety of 

DHA-rich oil for the specified food uses in response to GRAS notifications on 

DHA-rich oil derived from Schizochytrium sp. 

3. Runke Bioengineering’s DHA-rich oil will be added to the same food categories as 

those currently listed in 21 CFR 184.1472(a)(3) (menhaden oil), excluding egg, 

meat, poultry, and fish products, at maximum use levels that are 28.57% of those 

specified in that regulation. Based on the final rule on menhaden oil described in 

21 CFR 184.1472(a)(3), the ADI for DHA has been established as 1.5 

g/person/day. In addition, algal DHA-rich oils derived from Schizochytrium sp. 

(GRNs 137 and 732) received FDA GRAS notice status to result in a maximum 

dietary exposure of less than 1.5 g of DHA per day. Furthermore, historical 

consumption of DHA supports the safety of DHA as long as the consumption level 

does not exceed 1.5 g/person/day. Recently published studies continue to support 

the safety of DHA as a food ingredient. 

4. Runke Bioengineering’s DHA-rich oil may be used at a maximum use level of 

0.5% of total fat as DHA or 1.43% of dietary fat as Runke Bioengineering’s 
DHA-rich oil in infant formulas for term and pre-term infants. The intended use 

will result in 28 to 39 mg DHA/kg bw/day or 80 to 111 mg DHA-rich oil/kg 

bw/day. This estimated DHA intake is consistent with current DHA 
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recommendations for pre-term and term infants of 18 to 60 mg/kg bw/day 

depending on gestational age. The intended use level is the same as other approved 

uses for incorporation of DHA-rich oils in infant formula for term and pre-term 

infants (GRNs 000553, 000677, 000731, and 000776/000777). Recently published 

studies continue to support the safety of DHA as a food ingredient for infants. 

5. It is assumed that Runke Bioengineering’s DHA-rich oil derived from 

Schizochytrium sp. will replace currently marketed DHA or other DHA sources. 

Thus, cumulative exposures are not expected to change. 

6. In previous GRAS notices to the FDA, the safety of DHA has been established in 

toxicological studies in animals, and mutagenicity and genotoxicity studies, and is 

further supported by clinical studies in human. The NOAEL was determined to be 

2,069 mg/kg bw/day in a subchronic toxicity study in rats. The EDIs under the 

intended use are far less than the estimated safe intake levels in infants. 
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6.D. Conclusions and General Recognition of the Safety of DHA-Rich Oil  

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

Several sources of DHA or DHA-rich oil derived from Schizochytrium sp. have been 

evaluated by the FDA over the past 16 years for the proposed incorporation of DHA in foods for 

human consumption. Relevant U.S. GRAS notifications include GRNs 000137 (FDA, 2004), 

000553 (FDA, 2015), 000677 (FDA, 2017), 000731/000732 (FDA, 2018a, 2018b), 

000776/000777 (FDA, 2018c, 2018d), 000836 (FDA, 2019a), and 000843/000844 (FDA, 

2019b, 2019c), 000862 (FDA, 2020a), 000933 (FDA, 2020b, 000934 (FDA, 2021), and 001008 

(FDA, 2022). All the GRAS notices provided information/clinical study data that supported the 

safety of the proposed DHA ingredients for use in human foods. In all the studies summarized 

in these notifications, there were no significant adverse effects/events or tolerance issues 

attributable to DHA. Due to the compositional similarity and DHA content of algae-derived 

oils to Runke Bioengineering’s DHA-rich oil, the available scientific literature on the safety 

of these oils supports the safety of Runke Bioengineering’s DHA-rich oil derived from 

Schizochytrium sp. Given this safety evaluation was based on generally available and widely 

accepted data and information, it satisfies the so-called “common knowledge” element of a 
GRAS determination. 

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

In addition, the intended uses of DHA have been determined to be safe though 

scientific procedures as set forth in 21 CFR 170.3(b), thus satisfying the so-called “technical” 
element of the GRAS determination. The specifications and fatty acid profile of the proposed 

GRAS substance, Runke Bioengineering’s DHA-rich oil derived from Schizochytrium sp., is 

substantially equivalent to those that have received FDA’s ‘no question’ letters. 

This GRAS determination for DHA is based on scientific procedures. Numerous 

human and animal studies examined safety-related parameters of DHA-rich oil. For general 

population, there are no reports of safety concerns in any of the studies as long as the 

consumption level does not exceed 1.5 g/person/day in the general population. In infants, no 

adverse effects of DHA in infant formula up to 0.96% of total fatty acids were reported. 

Runke Bioengineering observes the principles of HACCP-controlled manufacturing 

process and cGMP and rigorously tests its final production batches to verify adherence to QC 

specifications. The information and data provided by Runke Bioengineering in this report and 

supplemented by the publicly available literature/toxicity data on DHA and DHA-rich algal 

oil provide a sufficient basis for an assessment of the safety of DHA-rich oil from 

Schizochytrium sp. for the proposed use as an ingredient in food. 

It is concluded that Runke  Bioengineering’s DHA-rich oil, manufactured as described 

in the dossier and consistent with cGMP, and meeting appropriate  food grade  specifications,  

is GRAS based on scientific  procedures for use  as an ingredient in term and pre-term infant  

formulas and selected conventional foods at levels specified in the accompanying dossier. It is 
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our opinion that other qualified and competent scientists reviewing the same publicly 

available information would reach the same conclusions. 

6.E. Discussion of Information Inconsistent with GRAS Determination  

We are not aware of information that would be inconsistent with the finding that the 

proposed use of DHA, meeting appropriate specifications and used according to cGMP, is 

GRAS. 
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7.B. References  That Are Not Generally Available  

Not applicable. 
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Total Omega 3 Isomer; , " .... .. , 
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Acaoliil.1betn: ISO.'IEC 17025:2017 A2LA 2927 .0-1 
FFA (Fteo Fatly Acidt) 0.08 

• R290Z 8:ttlctrial EndcltOxins MelhOc!( USP A.3<85> 
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Sample Code 502-2022-00002952 Reportdate 27-Jan-2022 

Certificate No. AR-22-SU-007858-02 

i1iITiiiiffiTITI1iITTmi' Runke Bioengineering {Fujian) Co . .Ltd. 
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A« f'fd.li:ltlon: ISOAEC 17025:2017 A2lA 2990.01 
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Certificate No. AR-22-SU-033313-02 

GNAS 
4'111<'-"f 
IHI 
TESTING 
CHAS L3788 

Page 1/2 
AR-22-SU-033313-02 

ti1ifff ij fiITTTI1mmrr1nr~rn11~ Runke Bioer9ineering (Fujian) Co.,Ltd. 

JinOu llld'ustrial Park Zhao-an County 

Zhangzhou City Fuj ian Province 

Fax 0596-3552000 

O.r teterence: 502-2022-00037065' AR-22-SU-033313-02 

Cierc ~ Cod!: N.ffi tltit : 11024713 !t.F a• : 2021.1024 

5anl>le described as: Oocos.3hexaenoic acid oiJOHAa'g.ae oi 
s.n-i,le Pack,gi,g: Sea:e<i ~ oo:tle 

5anl>le receptioo date: 23-Apr-2022 
Analy,is Staning Date: 2~-Apr-2022 
~ Fnrlno 0::or,,· ?j:l • .:.r,,-., o:n 

AmvalT..,.,.,..un('C) 21.6 ~mnle WeirH 280g 
~ e Conditic.n °"'" 

Results \ht LOQ LOO 
~ SIJ10Z O'onob.ie1a- spp . ., 10g ~ : 1SO22964:2017 

Acaed'rtation: DAIOCS:o.PL-14292-01-00&CMA:2110203422~:L3788 
Cronobacte.r s pp Not Detected /10 g 

Ly SIJ1A2 Aerobic pl.ite COi.ft M:thod: US FDA BAM Oupw 3, Jan 2001 
Accreditation: DAkkS: D-PL-14292-01-00 & CN4.S: L378S 

Aerobic ? la:e Count <10 cfu/g 
&SIJtM SamoneHa ~thod; US FDA SAM O\apw 5, 2021 

Acaed'rtation: ISO/IEC 1702-5:2017 CNAS L37S8 
Salmonella Not Detected 125 g 

~ SIJ1A7 Yeasts and moucts Method: US FDA BAM O,ap:er 18. Apr 2001 

Acaed'rtation: DAkkS: D-Pl-14292-01-00 & CN4.S: L378S 
Moulds <10 cfu/g 
Yeast <10 cfu/g 

~SIJ'ICX C.coi t.ioe1hod: tXl 1CC40<l:201S 

Accreditation: DAIOCS:o.PL-142'92-01-00&CMA:2110203422~:L37S8 
E. coli Not Detected 125 g 

SGNAl\JRE 

I 

Elofins T 
No. 101. 

Su.hou 21 
Jiargsu •~ 

'1.Qcnu i 

PhoM +86 400 828 5098 
Fax 
't'N IW.ewofns.c:n 

Tracy Li 
A.u!horE~ Sig-ia1ory 
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=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

EXPLANATORY NOTE 
LOO; Lirrit of C,..antificafon .:. CNAS # OAkkS :CMA 
< LOQ: 8elOW' Limit ot Quantification * ~ans the te'SI: is subcoraac?ed \Whin E~ g~ 
NIA means Nota;,plicab:e "'means the tes1 is sobcootraaed outside El.l"O-~ g-oop 
SI.IT! cOfll)Ol.l')Ct> results are caicula::~ from tM results of ~ ch q.i31'1tified c0nl)O'Jnd as ¾( by reguiaticn 
The uncauny has 00( ~ t~E!'l into accoum 00( stJndaitds 1h31 alreadj include tl'WNSUtema\l uncertanty or on explicit request of cE~t. 
The $31'1'pe desaiption Mid information are provid:d by thE: ~ nt El.l'Ofm is not ~sible for verifying the accuracy. re'.~ancy. ade(p.lJcy 
Mdror con1)k-ta,ess of the information J)l'O'o'ided by tf'I':- Cliffl:. 
The analytical result Mrein is applicab..½- for lhe $ll'll)le(s) tn ied o~ . 
lhs analytica1 rep)lt sha'I 00( !>a- e.xcerp:ed or mod'fiedwilhoul prior \\.tin~ ape:rovaJ frorn E~ . The repon shl!I be utili~ in tul. 
The resul(s) is(are) only for intEmll us-: b)t lhe cf.ent and not for pl.tllidj available as ew:tence.W-movt lhe ll.rir.En p,:nrisSlOl'l oi El.l"O-~. :JnY 
party is protw~ irom usi,g the te'SI: results and tf"l'a-~ for l)IJ)licity or prcmotior6 or m.ll'keting. 
The Eurofns Ge"lera1 Terms and Conditions apply to this analytical report 
For and on beh.llf of Eurofns Technology Setvi:e (Suzhou) Co .. Ltd 

ENO OF REPORT 

Page 212 
AR-22-SU-033313-02 

No. 101. 

Suzhou 21 ro ins ~ 
J• "U!.• ~ 

laT'lgSU -#), 

'lbJ.r,.1~ 

PhoM +86 400 828 50S8 
Fax 
VNIW.eoo:Jfns.c:n 

■ .... -,., 
~ ; . 

' . 
It, · ~ (Ill, _ __ _ 
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DHA-Rich Oil (Runke Bioengineering) 

Page1/1 
AR 22-8Ufle8885 02 

Analytical Report 

Ser'1'1eCode 502-2022-00039296 Report elm 03-,Jul-2022 

Certlftclll8 No. AR-22-SU-056885-02 

__ ...,_, ., (r...,) Co.,IJd. 

JinOu lncl.fstrial Paric Zt\ao.an Courty 

Zhangzhou City Fuj lan Province 

0..---.,..,. 

--!-. ---
50Z·2022-0J039296' AR-22-SU-05883S-02 
tU l M : 11D317 1l ta;;te,e : 2021.10.2.-

000()s&he(8ef\Cic:: add OI JDW. 819&! di 

2&.Af)(-2022 
2&.Af)(-2022 

--.i-. 0Wll-2GZ:2 

• 8UDJD BadEriaf E~ Metrod! USP43<85> 
""' LOO W O 

Bacterial EndoD>Wls ~108 .... 

---

,._,,......, Lucy Liu 

IDO'IANATORY HOM 
LOO: Urrilo l 0.Jaf\ffeab'I 
< LOQ Bdt:INUtril d OuM.fftealiel'I 1\-tnYMlhe l~iS SIA>oot1ttJetedv.iN'I EU'Ohgt°'-1) 
N/A tl'H!flif\S t,b1 8")ie&be • trH!fliM lhe 1eS1 - ~led OU!ide EutOWgt°'-1) 
SUn ~ t e9ufts ae edcdaled 111:Xn M , es\lts ot eed'I quat1iied 00t'l1)().w\d as set by t egda.b'I 

The U\Oef'8ir\ty twl.S t'OI beetl lSetl in.tc> aoc::CI.W\1 10( S1Mda'cf:S NI alreedy indude tnefl.9'..W'etnet1 WCMaiMy « otl eit,:iieil t ec:µest ot elef\t 
The~ <Melpiotl Md inlcnna.b'I «e l)«)"Ad,ed bf lie OliMt. EutOWiS nc:t I'~ 10(~ lhe &OeU'&Cy, t ekNMCy ,&deQua,Cy 
&«JI« eo.,~.essot lie inlo«natbtl Pf'O'IAd!d by lie OliEr\1. 
Thea,,etyUeS , es1.11 hEteiniS8'll)lea>le lO(the ~s) tesledetty. 

ThiS~lealt ep::w1 std rot beetoe4),ted«tn0diied~ prtwwlitletla,:::p(O'YStOtn Eu«>W. Thet ep::w1 std beuiliZedil'I h.l. 
Thetes\ll(s)i9(ate)odyl«il'Utt\81u9eby lhe diei\1800"°1 twjM.bic:ty a,8il&ljea, ~ .Wih:M.d lhe 'Mlletlpert'l"is'!b\ot Eu'OW, &hf 

pa1y iS p-oNtited ltO'n \.8~ the leSI , esdts 8'\d lie t l!'!4)0t1 1« p1)lc:ity « p-~ « tnair1i:etnQ. 
The EU'OWGet\Etal Tem,s MdCOt\dlier\s aps:,ty totws~lealt ep:)rt. 
FOi atld O'l beNII OI Eur'd".-.S T 5elvi0e 9Jzhou CO., lid 

END OF REPORT 
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DHA-Rich Oil (Runke Bioengineering) 

Page 1/2 
AR-23-SU-007 403-02 

Analytical Report 
Certificate No. AR-23-SU-007403-02 Report date 30-Jan-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 

'Pl:riliAliJ 
~fj 
TESTING 

CNAS L3788 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Sample Code: 502-2022-00063740 

Client Sample Code: lit~ : 11024713 
~i"'Blffl : 2021.10.24 

Sample described as: Oocosahexaenoic acid oil /OHA algae oil 

Sample Packaging: Sealed metal bottle 

Arrival Temperature (°C) 26.2 Sample Weight 1009•2 

Sample Condition Other 

Results LOO LOO 

"#SU114 Enterobacteriaceae Method: ISO 21528-2-2017 

Accreditation: DAKKS:D-PL-14292-01-00&CMA:21 1020342268&CNAS:L3788 

Enterobacteriaceae <10 cfu/g 

Sample Code: 502-2023-00005399 

Client Sample Code: lit~ : 11024713 ~i"'Blffl : 2021.10.24 

Sample described as: Docosahexaenoic acid oil /DHA algae oil 

Sample Packaging: Sealed metal can 

Arrival Temperature (°C) 18 Sample Weight 140g 

Sample Condition Other 

* 
Results Unrt LOO LOO 

JK590 Protein content (Roti®-Nanoquant) Method: internal method (PV 01498 V2) 

Content of protein <25 µgig 25 

SIGNATURE 

Ally Dong 

Authorized Signatory 

Jack He 

Authorized Signatory 

No. 101, Jialingj" 

Suzhou 21500 

Jiangsu Provi na 
"'-~~;J.11-t"ffilfi: s 

&Teslio;;l~.t?'/ 

CX;ySf.¢~ 

Phone +86 400 828 5088 

www.eurofins.cn 

report 

107 

EXPLAINATORY NOTE 

LOO: Limit of Quantification " GNAS # OAkkS □CMA 
< LOO: Below Limit of Quantification * means the test is subcontracted w rthin Eurofins group 
N/A means Not applicable o means the test is subcontracted outside Eurofins group 
Sum compounds results are calculated from the results of each quantified compound as set by regulation 

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



=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

Page2/2 
AR-23-SU-007 403-02 

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

The analytical result herein is applicable for the sample(s) tested only. 
This analytical report shall not be excerpted or modified without prior written approval from Eurofins. The report shall be utilized in full. 
The result(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written permission of Eurofins, any 
party is prohibited from using the test results and the report for publicity or promotions or marketing. 
The Eurofins General Terms and Conditions apply to this analytical report. 
For and on behalf of Eurofins Technolom, Service (Suzhou) Co., Ltd 

END OF REPORT 

No. 101, Jialingf 

Suzhou 21500 

J1angsu Prov1 na 
.d~~iJ.11--liffll;'i; S 

&T~S.-0': 

CX;y,,J,1f5,~ 

Phone +86 400 828 5088 

www.eurofins.cn 

repM 
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DHA-Rich Oil (Runke Bioengineering) 

Page 1/1 
AR-22-SU-047148~2 

Analytical Report 
Sample Code 502-2022-000458S7 Report date 08-Jun-2022 

Certificate No. AR-22-SU-04714S.02 

i ilITTf ;if 1iiCTITI1Tiff 1ITrn1'f. Runke Bioengineemg (Fuj an) Co .. Ltd. 

JinOu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

5Ck2-2£W-0004S887/ AA-22·SU-047l 48-oa Ourtldermc:e: 
CientSample Code: It~ : 11024713 

~ EUii : 2021.10.2A 
s.mpte d,u c:nbed • -5; OoeO'"..ui~noc :icid oil /OH. .. $ 9M: oil 

s.m,:h rec:q:,tiori daie:: 1 S.M.~ -2022 
Mal/~"is Startil'lg Da:e: 13-M~-2022 
MaJ/~"is Ending o.t.e: 07-Jun-2022 

LOO LOO 

• SUD07 Domoic :icid Me,tiod: htffn:d Method (TPM001 Ve,,-..ion 12 2021-06) 
Oomoicacid <1 ...... 

SIGHAl\fflE 

Phone +86 400 628 5088 ,~ 
,.ww.el.ll)l'ln&.-cn ■ 

. 

' . 
_ er, _ ., __ 

EXPLANATORY NOTE 
LOO: Lirrit d Q,..:i;n,itiai.:on 
< LOO: & b.Y Limit of 01,i.,,.,.~ 'It ~ ~ e t.e:.~ i: :ubc«Tncted wi-.hin E~: goup 
NIA rne:im Nest appkallc • rne:im the tie:;t i: ~cr.ed ~ Eurotim gl'Cll.f) 
Sum compo11ncl: = !-~ - c~~«I from th-., re--...u!-~ od" c.:.ch (Fl~ed COfflpo~ ~ = t,f re!J,l~on 
The r.nc~rr:/ ~ nest beff'I IMen imo .xcount foe $~:tnd'~-cb Ni a~df include me~ remen: unc:elU!nr{ OI' on explici: teque!-~ d diffit. 
The ,;.,mpte W...cription n inio=tion MC provided t,{ ~ Clien.:. Eurof'in,, ~ notre:pon:iblc k,, Vfflf{,r19 th-., :.o:uw:{. ~~. :d~u::,:f 
::ind'OI" comp'e:cn~: of the i~tion ptO'o\ded t,f "'e Oiettt. 
The /fltl:f,.."f1k:A =It herein iupp(Qble for the ~ (:* e,;ted onl{. 
~ ~a'l/tk.:Al repor: : ha l no: be exce,pted Of' mocloed' 'Mi:hov: pn0I' wri:'::en ;:ip~ from E~:. The report ~:di be ~~.zed in L il 
~ rt'...U:'(, ) i, (- ) on'( for i~m.lll u: e b{ the diettt and not for pibkf{ ~:,ii~ .» evidence.. Vfrthov: ~ wri:'::Cl'I 1i,errr.,,ion of E~rdim. ¥1{ 
r,:,rt{ i, ptdlibil.ed from u: W'lg tfte t.e:.~ reM$ ;md the report k,, publici:/ Of' p~ Of' m"'11eting. 
~ Eurof'in,Gene~ Tenn, ;:ind" Concf':tion, ~ p<f 10 thi, ;:in~tic~ repott. 
f o,andon beh.s'fd euom, Tectinobg(Servie.e (Suzhou) Co., l td 

END CF REPORT 
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DHA-Rich Oil (Runke Bioengineering) 

cf:ll!l~if 
IHI 
TESTING 
CKASU78i 

Page 1/4 
AR•21-SU-1 t6945-0t•EN 

11111rn~m EIII II l~~ll]l llllirnlllllil 

Analytical Report 

Sample Code 502-2021-00126362 Report dale 30-Dec-2021 

cettlflcato No. AR•21-SU-116!M5-01-EN 

R..,ke Bioengln .. ring (Fuilan) Co,.Ltd. 

JflDu lnd~i31 Park Zh&o-en CCU\ty 

Zhangthov Ctty FuJlan Province 

Fax 0596-3552000 

502-202Ml012S3&2/ A.R·21-SU·11694~1.£N Our refeter.ee: 
Cllenl Semple COdl: M'-lil!l,,. : 11027715 £FIHI\ : 2021,10,27 

$ample do,aibed ,e: Ooco,ahllxoonoic 1cid oil J[)ti.r., $1gll(I Oil 

Sar.nplo P.cbgln;: seaieo ,ne1&1 bOClle 

S11tnplo nteoplion dole:: 29-Nov-2021 
Maly,&$ Sta,$-Q Dfllt. 'li-Nov-20:21 
Malv,le, Ending 0..: 29-0oe-2021 

21.8 S#l"I ow ht 1400"12 

Unll LOO LOO 

"# SU007 Mon:uryiMS) tAolhod: 8S EN 13806:2002 
AtcredUliOn.. DAKKS!D-A.• 14Z92.0U)O&CMk2110203'2268&CNAS1.J738 

M•rcury (HO) <0,005 m1>%1 ,..,. 
• $UOSO leild (ICP•MS) M&U'IO<I &SEN ISO 17294-2 2015 rnod. 

Act:rodiladon: IS0.1E·C 17ffl:i017 OAkkS O.Pl-1,2t2-01,oo 
l•;.d (Pb} <0.05 ln9-'k9 

# SU05£ Mcmic (ICP,MS) " Method: 6S EN ISO 1'7294-2 201irnod. 
... 

Ao:redila'fon: ISO.'IEC 17025:2017 M.!t.S 0-Pl.-14292.01.00 
Arsenic (As) <O 005 mgikg .,.. 

# SU06G Cw:lmiuil'l(ICP·MS) M9't!Od: e s EN ,so 112&,!-2 201& mod. 
Aocr!<k ti1icw 1$0/IEC 17(125:2017 OAttS D-PL-14292.() t .00 

Cadmium Cd «>.DOS m ~ ..... 
LOO LOO 

A#SU1A2 
Acctolli!11tion. OAU:S: O·Pl.•142$'2.01-00 & CNAS: L378t 

Aerobic Plal• Coum <1.0 
• SU1M $.al-nonctla. l loe!ho:I: US FDA SAMChei:O!et S. '2021 

Ao:rttdil&Ciol"I. t.$0.'IEC HOZ5'2017 ems urea 
$.llmonella Not Oet~td 

IJ.# SU1A7 Yeu~ 8(1(1 mould:& Metnocl: us FDA8AM Ch.apllll 1&.Ap1 2001 
Aor:feefl~n: OAkkS: D-PL• 142iM)1.00& CNAS; U 788 

Mould& <1.0 
<1.0 

,., SUIC)( £ ,coll Mo!hod: lSO t&tWi-3!20-15 
Ac:~i!i,!ion: OAKKS:O.f'\.•14292-0t-OO&CMA~l1020342268&CNAS13788 

E. coll NOC Oetecied 125 ml 
Rewb LOO l OO 

• SU207 P9h»JOiVilkl• 1"81.hod: AOCS Cd 81:1,90:2017 
""' 

A(;(f$Clll,.,i;iol'I; tsOJ1£C 11026:2(>17 et.AS L,788 

No. 10-1, Jia1 

Phone •-86 .WO 6211 50911 

'" w-.euf'Or111,.tt1 
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Phono ♦38 400 82,6 5088 , .. 
'fiiW\lf.eurof,-,s.c:t1 

DHA-Rich Oil (Runke Bioengineering) 

Page 214 
AR•2l•SU• 116945-0t-EN 

LOO LOO 

Peroxide value 0.48 """ 
m1qi\g •05 

q SU20L Prokirl t..!ethO<I· AOAC 984.1:! 1 ~ 
Aoc:i~liOll, OAkkS· O.f"L-1'1292.()1.00$. CNAS: L3788 

Protein <0.1 ,., 
"'" Q Protein Fae.tor 6,25 .... LOO LOO 

* Fl.023 

~·-
Pllll'II fflrolund 91b!l\ mn0f$ (IIOI ffl"ktKld) t.lei!lod: NMl<l 198:2014 

Bras&1CaSterol 16 moMOO0 
319 mgt1009 

campubllrol 11 mQ/100 o 
Campestanol 2 mc,'100g 

S(igm;ist.rol 32 mg1100g 
Unidentified sterols 2&6 M~100g 

Si:o&terol 115 mi>' 100g 

Silosta.-.ol-+ dell8•5-aven~terol 7 fr,ol100g 

Oe!te-5.24-i(igmi$1oldienol 14 !l"qtOOg 

O.lt.l-7-V.igmastenol 43 "'9'1009 
de!la, 7-Avetl:ts-l&tot 9 m,1100' 

Cydoartenol 
24•Me~ll!r'lecycl0aftanol 
Cl!rostadlenof 

• 
6 mgf100 g 

mg/100 9 
e mC(tOOg 

* 
Total pl.int storols • plaM stan<,;s 537 mW1Mg 

QA.001 AclclValuo 1/,e!hod: A.OCS Cd 3d-4l 
Aecro:lt.:l!ion: ISOJIEC 1702S:2017 A2t.A 29U.01 

Acid value (mg K.OHlg) 0.37 mg KOH(g .... 
* 

Free ,,tty adds {as oleic aad) 0.19 " 0,01 

OAOI L p.Anisid.-wl Val.le MWIQCt AOC$ Cd ta..90 
Aet,ei:llltc:lon: IS01EC 11025:20t7 A2LA 2993.01 

* p.A.risidiM Value 7.8 
Oo\307 Gtycerkte Pr0me Metho(I· AOCS Cd 11c.-93 

Oigt,-cericles 4,7 
GC~erol 

MMoglyceodes 
•
3.2 
-• 

T rigityc.erid• 92. 1 
'k QAJ&J >Jei$1ln & Vollll!IH (.A.. Oven 130Cl Me«t'lo4" AOCS C• 2,.2:s " 

Moistute & Votatie& <0.01 
1r QA966 lklHpofliMle , .... 111.__ Met:nod: AOCS ca 66-40 " 

Un~il'ifble ma1ter 1.28 1' 0.0, 

VQOOSC F~ttyA.o~.Ful OmeQll 9.6&)& Tr&M%W/W •.te1riod:AOJ.C9S$.C6mod. 
Atcrodilaflclrl: 1$0.'IEC 170:2:$:'2017 A21.A 2927 .01 

C 16;4 (Ht.xad•~tetr.tenoie Acid) <0.02 
C10:0 (Caprie add) <0.02 

... 
C11 :0 (Undecanoic add) <0 .., M2 

.02 
C12:0 (l.au!i: Acid) 0 .03 " 
C14:0 (MyrlsUc acid) 0.29 " 0,., .02 

C14:1 (Myri$tQleic ;icid) <0,02 " 0.0, 

C 15;0 (Pen~d&eal\Ole acid) 0.04 " 
C 15-: 1 (Pentadecenoic ac:id) <0.02 " 
C 16:0 15,53 .

'
0.02 

(Pa!miic Add) 0.·" 02 

C 161 Omega 7 o.oe 0.0< 

C 16: 1 Total {Patmitoltic Acid • i$0mers) 0.23 
C16:2 (HexadeC$dlenolc Acid) <0.02 " .. 
C16:3 (Hexadeoatrienoic Acid) <0.02 

... 
C17:0 ,.., OOQ 

(Marg.iric Acid) 0.05 
C17:1 (KeptadeeenoleAcid} <0.02 " 0.0, 

111 
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Eurolins f 

""' ,. 

PhOr'le <f>-86 400 823 5088 

DHA-Rich Oil (Runke Bioengineering) 

Page 3/4 
AR-21-SU-1 1694S-01-EN 

,LOO 

C18:0 (Stwio Ac~ 1.32 .., 
C 18:1 (Vaecenie acid) 0.15 ,.., 
C 18: 1 Omeg,a 9 (Oleie Acid) 4,0S " 
Cl8: t. Total (Ollie Acid• isomert} 4.2-t " '·" 
C1S'"2 Ome;a 6 (Lirdeic Acid) 9.13 " '·" 
C18:2. Total (UnoleioAcid • isomecs) 9.32 " .,, '" 
C 1 &:3 Omeg.11 3 (Alpha linolenic Acid) 0.13 " .,, 
0:18:3 Omega 6 (Gan'lmtl 1.#lolenic 0.11 " 
Acid) " ... 
;18:3, TOW (Llnolen!cAcld • ~ omer$) 0.25 ,.., 
: 18:, Omega 3 (Octade~t•••noie 0.19 " ,., 
l\od) " 
:;18.4 Total tOC1adecatetraenoic Al:W) 0.19 
C20:0 (Aract.:lic Acid) 0.21 " .'·,, " 
C20.1 Om&Q& 9 (GoooolcAcid) 0.03 " 
C20:1 Total (Gondoic AQd + isomers} 0.05 " .,, ... 
C20:2 Omega 6 <0,02 " 
C20:2 Tola! (£'te0sadleooic Acid) <0.02 " '-" 

C20:3 Omega 3 <0.02 " ... ,.., 
C20:3 Omega 6 0,20 " 
C20:3 , TOia! (EicosauitnoioAcid) 0.20 " , .oz 

C20:" Omega 3 0.52 " '·" 
C'l0:4 Omo;,;i 6 (Arachldonle Acid) 0.22 " .,, '·" 
C20:4, Total (Eico&at~r.,enoic Acid) o.r~ ., 
C20:5 Orn• ;a 3 (Eicos.apenlaenole 0,46 

" " 
. .

A<"'l " 
C21 :5 Omega 3 (Kenti~ niaenoie <0,02 
Acid) " ... 

,, 

C22:0 (Behenie Add) 0.20 
C22; I Omega 9 (Etuek Add) 0.2·1 " ... 
c22~1 Tot:il (ErueieAeld • isomer$) 021 " 

:'2 Oocos;edle <0.02 " ... '·" 
C22 nole Omega 6 ., 
C22:3 ~:ntnolc, Omega 3 0.12 " . 
C22:4 oooosa:etraenoic Omega 6 <0.02 

.. .,, 
C22:5 Oooo$apentaenoic Omega 3 0.07 " ... 
C22:5 Doeosape(ltae.'IOIC Om~ 6 10.60 " ... 
C22:5 Total (Ooeo&apentaenoic Acid) 10.68 " ... ,,,, 
C22:6 Ooco&&hexHnoiQ Omoga 3 •1.11 " ,., 
C24;0 {Ugnoceric Acid') 0.11 " ,., 
C24:1 Omega 9 (Nervonic k id') <0.02 " 
C24:1 Total(N'tNOtlic Acld• lsomet'$) 0.04 " '·" 

0.02 

C4:0 (Blllyric Acid) <0.02 " 
0 6:0 (Caproic add) <0.02 " ... ., 
C8:0 (Capryllc acid) <0.02 " 
Fatty Acid Profoe as Fatty " 

. 
Reported '" 

To~ F:n as Triglyo&rides 
Aci:ls 

-· 89.86 ,, 
Total Fatty 86.26 " .. , 
Total Mo~ u tur:itod Fatty Acids 4.63 " 
Total om• 3 Isomers 43.20 " o.OS 

TOia! Omegi: S 1$0mors <O.OS " ... 
T Olal Om• ga 6 I somerS 20.28 " ... 
Total Omega 7 Isomer; 0.23 " ... .,. 
Total Omega 9 f &Om-1($ 4,33 " 
Tot.ii ~ nM ttJrate-d Falty Acid& 63.60 " 
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eurofins 

DHA-Rich Oil (Runke Bioengineering) 

LOO 

AR·21·SU-116!MS-01-EN "-"" 

R-... Ubl LOO 

Total Sal!Jt•led Fd)'Ac:ld5 17.81 % at& 

* Total Trans Fatty Acid5 0.22 " om 
0 0094 Free Faay .id:;f$ ~ Mlllhr:t:I: AOCS Cf! ~: A.OAC 9-&0 28 

,Acete<fcalio\, iS6l£C 17m:S:2017 A2l..A 2927.01 
FFA{FreeFallyAdd$) 0,10 " 0.01 

• R2iOZ 1;1;11,dan,a1 ~ ~ U$P 4)<85> 

* 
8.cttrial Endolol!M O.U1 lU'lrll 

ZME3X Cnu--.:in (Mf'N!ol' ~ UQT.-,i llcHhod: FDA 8AM 0.,..,, 'Zt.::IIS 

Enttrobl,cw ~ < 0 3 MPMl'tO• 

COMMf.iNT 
UST CHA.NOi:' Ol'IN'M n.m b aadiM 

°' .. ,...., _.. 
N• bHI! CN'IOtCI 10 JII.O:J 

Tht COflltnl Wllil ....... ,.. OOH Ml oonc.., Ci'lolttl.rol 11'14 l"O'I 1 •• t :w,..- ..,_ (i• cyolOtMnOI 
24•mit11v,ltM~ WIS 1 4" 

Shine Xie 

-'ulhori%od S19nallll')' 

E111on119 to 
No 101, Jl&il!I 

Phan. •M•OOS21SOM , .. 
W.VW.t\llofl"I-.Cl'I ■ ---·--

OCPLANATORY NOTE 
LOO' UMI ol 0u,anlllic.,1ic,a • a.lAS # OAklS eCMA 
< LOO. BelOw U!'llitO! Qur,;in..,_. * mean, ltMt 1•111 subalnlradll!d,.... ~ oroup 
ti'A fl'le#'IS NQI appk.,._ • -•mi IN IIH1 is SUbcOl!e'__,....,. ~ Q1C1U11 

S..wn compounds ,..... .. •• ~--1M result• cl e1ch Qu&N#ltcl ~•Mt tip...,...._ 
Tti• vnc•IM'lt)' hMnot ~ ----~ bl IQll'lo.llS lhlll alr•lldv~ .,... $ .. ~ Of 011 exl)lidl.re(l11oMtOl ~ 
fhe ,1mpl1 dlllaipbon a,,cf ~ .. ~by b Oien!. EwOflM ii Ml, ......... ~ .. ec:o..acy, lfllt WINft ad.c,.,Ky 
llldo'OI COll"C)ltltntN of.,.........,__ ........ tJt'lnt CIWll, 
TN an1lylkuil ,.._.II lltl'II". ~ b 1W ..,,_..,i.(1) IMltd art; 
~ ..,-,11c-1 r..x,rt INI III04 N _,...., Of l"OCllflflO wll!IM lll'IOI W!IIWift .,.,,..., ,.,_ c.-. TM NiPOft ...... M Ulililff lfttul 
h 11t'-'1(1)11(t1t)OIVYtl:lt ........ ~ei.~allcino110tpubllClyMl'lltllllt........._._..,.tP!lllln.,_.INltlClnoilIUt0fln•.""'I 
Plfly 11 fl'OtlNlld km ualfiro lflit ....... end 1htNIIPOl'I IOI p!A!h:lly 01 p10n'ICllloM or~ 
fll, l111on111 Ottill'II fMM .... C.... ~ ID 1111, ·~•I NIPOf'I 
~ IN.I 01'1 bltillf d flll'OIIN l a.me» luthou C~. LIO 

ENO OF REPORT 
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::~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

Page 1/1 
AR-22-SlJ.00785S-02 

i1miiiim TI TI1iITT~fil1i· 

Analytical Report 

Sample Code 502-2022-00002953 Report date 27-Jan-2022 

Certificate No. AR-22-SU-007859-02 

Runke Bioengineering (Fujian) Co . .Ltd. 

J inOu Industrial P ark Zh.:t~ .Jn County 

Zhangzhou City F\4ian Province 

Fax 0596-3552000 

Our ndotOnOO: >C-2· 20.?-"-J!l!l!l.?~S~ A.~.?.?-3u-oonS9-0.? 

ctenlS

-
a

--
flllli'Cocllc tt>! : 1102n1:. 

~re• : ~1.10.21 
~ dMotlbod .-: ~ -ac~ ol /DHA,IIQ;Moll 

S~P~ Se;ibdmo\alboUlo 

,._,
10-Ja~ 
10-J,a~ ~-Sliltlng Dato: 

AM¥'-Endk'Q OIIIO: ..,,,,, 
Arffwl Tempo,.-.. ("C) 14.0 ... ,,. " 

140g·2 

LOO LOO 

1"0Ml4G M6Mol.hblojY~l'lldlOl9 (l llm « h e :illd K ,en) Mlilllod! AOCS C6 
"
2Sb.13 
"' 

A«f'Ol1tHlon: ISOAEC 17025:2017 A2lA 2993.01 
TOid 2-MCPO (free ~ncl boul'lcl) <0.10 . , 
Tot:113-MCPO (h e ~ncl bound) 0.1, 

.... . , 
• OMINO Gl)ddyl OSIOt'JI (GC-WISMS) Method: IDCS Cd ;lgb.13 

.... 
..... 

A«f'Od..l.lllon: ISOAEC 17025:2017 A2lA 2993.01 
Gl{cidol {ui'cul-'t~ <0.10 . , 

'""" --a.wewane 

DPLANAl o«f NOTE 
LOO: uw.t ol 0..1¥1\tk.lllon 

* 
• CHA.SIii OANlS CCWA 

< LOO: 8obN Llmll ol Ollilfllillc;:illon moans lho llell:115 ,JxOfllracb:ld <roffllb Eurotns voup 
WA mO¥l5 Hot ,applkal'Ao • mc;ins ll'IO lest 1$ St.bcuotao10d OIJ!Slde &.colffl 9roup 
a. compou'lds. ""'-'Is - Gllclllattla lr0'.1'1 .. naSI.Ats OI CMCII qllilllliliod oompound Ill H I b)' n,gulnon 
Tl'lo unoort:ilnly l'l.u noc boon t:lkon nlO ;a,ooo,S11 b s.~s. flat alrNOy ~ meas -.,,._. unGOll't:llnty o, on 04lld roquos.t oc d lcnl. 

Tllo Iii~ Ocscq:illon and k'dotmallon ltep«M<)Od by ll'IOCkffl. Eurollnll$not~ lot~ ltlo aocur.acy, relo"'11W)', ~ 
andfor ~lot ltlo lnlonnallon ~ by lhO aOffl. 
Tllo ;lll;llyllo,lli tMUII ~ II, ~ IOf ltlo Hmpk,(I,) los&tld only. 
Thll anal)'l,GII f'Clf)0l'I $NII not be~ Of ~lod Wthoul pt!« wrtnon app-o,r;all frOl'l'I Eurolos. TM f'Clf)0l'I stlll be U1lllod n U I. 
Tllo f'OSUll(I) 15(,co) onl)'b k'IWnal \de by ffle•ent and not lotp,J:ikly-r.:ite ,n ~ .w.thoutltlo wt~ ~slon ol Eurolhf. a"' 
paf1'1 1s p!Ohlblled tom usine lhO 1c,,1 -11$ ¥Id ,_ JOport lot p,J:,lklt)' o, p!OfflO(lon5 « ~nq. 
Tllo Eurollnl Gonor.11 TfflnS and C0Mltlon5 apply ID lhll anal)'l,GII f'Clf)0l'I. 
F«.atldonbeNllol EurollM 1'eellnol09ySeMC:o(Sl,a'J'lol,) co_w 

-END OF RE.?ORT 

--
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114 



=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

CNAS 
~IIIU..iif 
IHI 
TESTING 
CNASL3788 

Page 1/2 
AR-22-SU-033314~ 2 

Ii1mi;1 r 1iiii1TI1TI1ffiirmnr

Analytical Report 

Sample Code 502-2022.00037066 Report dal e 30-Apr-2022 

Certificate No. AR-22-SU.033314-02 

1 

Runke Bioengineering (Fujan) Co.,Ltd. 

JinOu Industri al Pari< Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

0 1.rre!wettee: 502-2022-00037066/ AR·22·SU-033314-Q2 

C&ntSample Code: W&Hlt~ : 11027716 !c.1"'S JII : 2t321.10.Z7 

~deKrikd• s; Oo:>O:"'ex.:o,enoi,: ~ id oil JOH.'\ d g :.~ c;I 
~ P.xbging: ~ ~ ed rr~:.,I b:-ll!e 

~ r«eptien daie: 23-Af,r-2022 
Anal{ s."if. St.,.ring CW.e:: 24./lp'-2022 
M aJ{s."if. Ending Date: 29-Af,r-2022 

Anwa1r,,...,~ r c> 21.6 <>- --'e Wei~ ,. 
Sal'l'lple Condition 00,tt 

.. 
fu:?JI:$ ..,, LOO LOO 

>OSU10Z ~~m :Fi). in 10g M1d 1«!: IS022964:2017 

... ..,,.., 
Accredbtic-t1: OAKKS:0-PL-1~2-01.oo&CMA.'21100)S-"22fa&CNAS:LS78a 

Cronobacter spp Not~tected no• 
/1.etd)i,: ~~:e c,o,..m W+'thod: US FO..t,, 5."-MCh~ er S.J:i.n2001 
Accredbticn: OAJdtS: D-P!.-1429'2.<)1.0,) & CNAS: L378e 

Aerobic Pla1e Count <10 
.a.SU1M S~mcr;elb i,,~ 11-,:,d: US FDA 5.1\.M Ol~tet 6, 21c)21 "'• 

Accredbticn: ISQilEC 17-026:2017 CHAS L378S 

Salmonella NOi Detected a,; 9 
~ S01A7 YIN!:;!$ ~rid rno'-'ld'-,. Medlod: US FOA SAM Ch.:if<~r 18, P+Jr 20)1 

Accredbtic-t1: ONdtS: D-P!.-1.i29'2.JJ1.0,) & CNAS: L378S 

Moulds <10 
Yeast <10 "'• 

~ S01CX E.cci ~,t,cd: ISO 16649-3:2-015 "'• 
Accredbtic-t1: OAKKS:0.PL.1~2-01.oo&CMA.'21100)S-"22fa&CNAS:L378S 

E. coli NOi Detected a,; 9 

?hc.,e +86 400 828 5088 ,~ 
'AWW.etl'Ol!n&.-cn 
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=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

Page 212 
AR-22-SU-033314~2 

?he.,e +86 400 628 5088 

:'.:,.x 
,.ww,el.ll)l'ln&.-cn 

EXPLANATORY NOTE 
LOO: Li~e-iOt.r.m0tic~':on 
.., LOO: 6-ele.w Lirr,it of Ov:m:~tic-n 1f~tM-:I= M ~ t e-$~ i:. :.'-'bcc-n:r.:,n ~ WT.l!in. EUTOffl:. 'i1WP 
NtA me= Nc.t .:.fPk~le Q 1M ee:;i i:. ,:\lxc-mr.:,ct-NJ o~~ Eurotit1$ 9m,..:, 
Sum ccmpo\.lno~b re,ul::. .:sre c:ilW..:.:ed frcm th,e re:i:ub d e~ q.,Mtified CCfflp:u.fld .:,1 :::e: bf ~~c..-. 
TM unt eruin.:f 1»1 not beeti wil:en iru,o ,:,,.:,,:,o,..1".11 for $:~ ,tn,. tt»t .:.~,;/induct-! me= remen: unc.eruir'.lif ,:,on ex~ ici: req.;e-$: e-icfff!t. 
T~ $.:IIT!Fle ~ ~ptic.-. ~ in¼m•~tk n ,re promf~ bf~ CGen.:. EurofiM ~ ne-tre:.p«i:.ible :Cr vmff,rr.9 ~ .:.ccuw:f , ~ •u,,:f. ,:,,!,eqi..:,:{ 
.:mcl'cr cc-fT!p"e:eMn of die inftnn.:,,j(ft p,'0\-ide,:1 ti{ ':le Oient. 
T~ .m~fC.c,:iJ re--..,_,lt herein i::. .:,~Ne :Cr lhe $:'IITl)le(: ) m •ted onlf . 
T~ .:,n.:,!f:~ I repo~ :J,..:,I ne : be exce,p~ d e,modfu>d v.~eu: prier Wfl.~ en "PFtOV~ irom E~:.. The re pcrt 1h:ill be t.r-e'i::ed in fall 

Ttie res~s) is(ore) ooif fuin:: m.sl use bf lhe client ortd not forpl.tlldf ovci!att: .»evilfcncc.Vfllhou; the wn'::en pemissiln of Olrdins. Mf 
p,,rtf i: pdlit<~ ~ u:.r,9 ~ l e-$1 re:.ub ;)l)d die repc-.-i kr publici:f C# promotic-1'1:. er m~ttm ing, 
T~ Eurofin-:. Ge~~ T effn$ ~ d Cc.,dil:l'on$ ~ p.f xi i:hi$ ~~lie ,I repcr,,. 
Fe,~rtd on beh~e-i E~$ TechrtoJogf Servke (Su:h«1) Co., b d 

END OF REPORT 
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=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

Page1/1 
AR 22-&U058886 02 

Analytical Report 

Ser'1'1eCode 502-2022-00039297 Report elm 03-,Jul-2022 

Cel1lftcD No. AR-22-SU-056886-02 

i 1D1]iITiii1i1Dl1ifli' 11·11 c · 
__ ...,_, .,(F...,)Co.,IJd. 

JinDt.t lnclJslnal Pa11< Zhao-an Courty 
Zhangzhou City Fujlan Pn,vinc:e 

0.. 50Z

Clonl-Codo< ---
·2:022-0J0392971 AR-22-SU-056886-02 

t¥1iM : 1102111s ~re • : 2021.1021 

,_ _.,,_ 
000()s&he(8ef\Cic:: add OI JDW. 819&! di 
2&.Ap(-2022 
2&.Ap(-2022 

0Wlf-2GZ:2 

U ril LOO WO 

• 8UDJD B&e:Ceriaf E~ Metrod! USP 43<85> 
Bacterial EndoD)Wls q).108 ElNg 

---__ _ 
,._,.,.....,, Lucy Liu 

IDO'IANATORY NOii! 
LOO: Lirrilot 0.Jattffea.b'I 
< LOO. Bdt:,,tlirril d OuM.ilieelier\ 'ktneaMlh! l~iS 9ut>oot1:taeted.,,... Elf'OWg,'04) 

N/A tneet\St<b18")1ea.be • tne&Mlh! test• ~tedOIJ!ide EuroWg,'04) 
SU'n ~ ,esu11s ae cac::tJa.1ed 111:Xn M ,es\l!s ot eed'I quat1iied OOt'l1)()..W'\d ~ set bytegda.b'I 

The U\Oel18iMy hlS rot beetl IS:Etl il'\1o aoc::OJM 10( sta'\da'cfs NI 81r'eed'y il'\dude tne89..W'etnet1 '-«a18iMy « 0tl etjlic:il t ec:µesl ot eleot 
The satr1)6e <Melpiotl atld iricnna.ton ate l)«)",tied ~ l\e OiMt. Eut<>WiS net t ~ 10(~ lh! 80CU'&Cy, t ekNMt::y ,adiequa,cy 
&tYJIO(co.,~.essot M irio«natbtlip(O'\Ad!!d by M Olieilt. 
Thea,,etyu ea , esdl hEteil'liSafll)leaile IO(lh! ~s) 1esled(dy. 

ThiS~lealtep:x1 stMA ro1 beetoe'l)ted«tnOCHed~ prtwwlilletl8")(0'Y8f t oo, Eu«>W. Thetep:x1 stMa tl!uiliZedil'I It.I. 
Thet es\ll(s)iS(ate)odyl«ir1Et"81u:9eby lh! dier\1 &tYJf\01 IO(jMJ)iety &lailaHe&S ~ .Witw)u'llh! 'Mlletlj)EiW'iS'9icl'IOI Elf'OW. at\' 
pa1yiS t)'oMi'led IKm \&irll lhe leS1 (e&\IIS and Ile ( fl)Of1 lot~ Of j1'0t'lll)i00SO(~ 
The Elf'OWGetw'!tal Tem,s a'\d COt\Cllier\s 8Pl)ty 10 Hs ~leal t ep:)rt. 
FOi &tYJ Ci1 behdl ot Eutdit'IS T 5elvi0e 9Jzhou CO., lid 

END OF REPORT 
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=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

Page 1/2 
AR-23-SU-007 404-02 

Analytical Report 
Certificate No. AR-23-SU-007404-02 Report date 30-Jan-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 

' GNAS 
'PliiAiiT 
fH! 
TESTING 
CNAS L3788 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Sample Code: 502-2022-00063741 

Client Sample Code: J!t-l} : 11027715 
!Ei"'Blf!l: 2021 .10.27 

Sample described as: Oorosahexaenoic acid oil /DHA algae oil 

Sample Packaging: Sealed metal bottle 

Arrival Temperature ("C) 26.2 Sample Weight 100g'2 

Sample Condition Other --
Results Un~ LOO LOO 

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

Accreditation: DAKKS:D-PL-14292-01-00&CMA:21 1020342268&CNAS:L3788 

Enterobacteriaceae <10 cfu/g 

Sample Code: 502-2023-00005400 

Client Sample Code: !!t-ll-: 11027715 !Ei"'Blf!l : 2021.10.27 

Sample described as: Docosahexaenoic acid oil /DHA algae oil 
Sample Packaging: Sealed metal can 

Arrival Temperature ("C) 18 Sample Weight 140g 

Sample Condition Other 

* 
Results LOO LOO 

JK590 Proten content (Roti®-Nanoquant) Method: internal method (PV 01498 V2) 

Content of protein <25 µgig 25 

SIGNATURE 

-1 

Ally Dong 

Authorized Signatory 

Jack He 

Authorized Signatory 

EXPLANATORY NOTE 
LOO: Limit of Quantification • CNAS # DAkkS □CMA 
c:: LOO: Below Limit of Quantification * means the test is subcontracted within Eurofins group 
N/A means Not applicable o means the test is subcontracted outside Eurofins group 
Sum compounds results are calculated from the results of each quantified compound as set by regulation 

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

I } I 

No. 101, Jialingf 

Suzhou 21500 

Jiangsu Provin 

~Qlvs,~I 

Phone +86 400 828 5088 

www.eurofins.cn II ~ ( ~ ~~~~~:e,ungsstelle 
D-Pl-14292-01-00 

118 



=:~ eurofins 

DHA-Rich Oil (Runke Bioengineering) 

Page 2/2 
AR-23-SU-007 404-02 

The sample description and information are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy 
and/or completeness of the information provided by the Client. 
The analytical result herein is applicable for the sample(s) tested only. 
This analytical report shall not be excerpted or modified without prior written approval from Eurofins. The report shall be utilized in full. 
The result(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written permission of Eurofins, any 
party is prohibited from using the test results and the report for publicity or promotions or marketing. 
The Eurofins General Terms and Conditions apply to this analytical report. 
For and on behalf of Eurofins TechnoloQY Service (Suzhou) Co., Ltd 

No. 101, Jialingj" 

Suzhou 21500 

END OF REPORT 

Phone +86 400 828 5088 

www.eurofins.cn II 
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=::: eurofins 

DHA-Rich Oil (Runke Bioengineering) 

P::igc 1H 
AR-22-SU-047149-02 

Analytical Report 

Sample Code 502-2022-00045888 Report date 08-Jun-2022 

Certificate No. AR-22-SU-047149-02 

Runke Bioengineemg (Fuj.an) Co .. Ltd. 

JinOu Industrial Park Zhao-.ln County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

O11re!"ermc:e: 502-2022-000458881 AA2'1·SU-047l49-02 

CkntSample Code: lt:1'° : l HU /110 

~ a• : 2021.10.21 
~ d,ucnbed • $; Ooeo--.Ml-noie W d oiliOH..,_ $9M: oil 

~ recq:,tiori da1e-: 15-M~-2022 
hra1f~"is Staring O.:e:: 15-M~-2022 
Al'ra1f~"is Ending o.t.e: 07-Jun-2022 

LOO LOO 
• SUD07 Don-,o,ic:icid Me~od: htffn:11 Method (TPM001 Ve,,-..ion 12 2021-06) 

Oomoicacid <1 ...... 

StGNAl\JRE 

Phone +86 400 828 5088 

Fu 
,.ww.el.ltll!n&.-cn 

EXPLANATORY NOTE 
LOO: LirritdOu.:inli!iai.:on '" CW>.s N O.~S =CM..._ 
< LOO: & b.v t..irr,it of O..~~ 1/f m~ ~ e t.e:.~ i: :ubc«rnct.ed wi-.hin EUJ'Om: 9"C"IP 
AA me- Not appk o301e • me- the tie:;t i: ~tr3«ed ~ Euro6~ 9f'OI.P 
S-..m compound: = t-~ - c:;:itc,,t~ttl mm the re--...u!-~ o! : .:di qu~ed c:ompo....,d ~ = t,f t"e!J,b tion 
n e unc:tttarr:/ ~ not bcffl ~en irito .xcount foe !-~~d'.,-cb !Nit an4df include mc~ ~ men: t.meemin( Of' on explici: re(!Ue$~ d dietil 

Tl-e =plie W...cription .mcl irdorm:rtion Me provided t,{ th: Clien.:. Eurol'ir\$ ~ notre:pon:ible :c,,. wriff."9 the ao:urx{, ~~. :.deqi.~ 
.iird'u comp"e:~e,;.: of the ~Qon p,-ow:lttl b{ "'" Oitnt. 
TI-e :in:/{'C.c::, = It herein ~ a ppk,:,blc k,, the ~ (: ) i= ~ onl{. 
T& ~a!f~ repor: : hal no~ be excetpted Of' modif>ed 'Mlhov: pn0I' wri:'::en ;:ip~ from E~:. The report ~:ill be ~~.zed in L il 
TI-e re--Ai'(t ) it (are) on.,, for i~m.:,1 u:c b{ the diettt and !QI for pibkf{ ~:,ii~ .» evicfence.. Vfrthov: ~ wri:'::cn p~JT,..ttion of E~rdim. ¥1{ 
p:rt{ it ptOhibir.ed from u:Fl9 th.e le:.~ ,e,;uu .mcl the tq)Oltfol' publici:/ Of' p~ Of' m"'11eting. 
Tl-e Eurof'i~ Gene~ T ennt :ind" Concf'!liont ::,prJ.{ ~ thit :u-,~tic:il repott. 
f a and on beh.sl d EU'Omt TKtinobs'{ SetV« (Suzhou] Co., l td 

END CF REPORT 
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=:~ eurofins 

CNAS 

DHA-Rich Oil (Runke Bioengineering) 

'PIii< 'l 
IHI 
TESTING 

CNAS U788 

Page 114 
AR-21-SU· 116946-01--EN 

Analytical Report 

Sample Code so2-2021-00126363 Report date 30-Dec-2021 

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

Runke 8ioenginooring (Fuj• n) CO.,ltd. 

JinOu h-.ctu,crial Paric Zhao-an County 
Zh.-nga:hou Clly FoJlan Pro\Mee 

Fox 0596-3552000 

o .. ,.-ence: 502-202UICU2636ll AA-21.su.,,~.Ol•EN 

ClentS.i~ eoa.; ff&llll : 110-30717 tt'BII : 2021.10.30 
Sompledoscribct6as: Dooou~.aenailc. ado QI !"OHA l!l;tao o• 

Sampfo PKk11~ Sed!ed mollll bollle 

Sampto reoopllon d;i&o: 2&.NciY,2021 
Malys3 Ster1iog OW: 2~No ... ·202"1 
AnillYtlf E~ Date.: 2'-0K-202"1 

21.8 1,40g·12 

. ...... Uni LOO LOO 

A# SU007 Mora..y (MS) Alelhcld: 8S EN 13'06:2002 
Acc16di!atlon: OAKKS.;0,,PL, 14292.0t-OO&CMA:211020-34226S&CNAS;L3788 

Mercury (Hg) <0.005 mg'kg 
• SUOSO Leed~ICP.t.iS) Melholt. 8$ EN ISO 1729<1-2 2018 tnO<t. 

··"' 
Accredila':lilln: 1$0.!tEC 17025:2017 OAkliS O.Pl•14291-o1·00 

l •..cl (Pb> c0.05 ~9 .,. 
• SUOSE AtslKWC (ICP,MS) Mltlhod: 8S EN 4$0 17294-2 2016 mod. 

Ao:redts!ion: ISOJIEC 17025;2017 OAAkS O.PL• 1429Z-01·00 

Amini,;; (A.s) ~ .OOS mgtkg .,., 
tSUOSG CadmiumitCP•MS) I.I~ 8$ EN ISO 1729-'·22016 tnod, 

Aocr~!bn: ISOJIEC H025::2017 DAAAS O.f'l-14292-01-otl 

Cacftmum (Cd <0.005 o.oo, 
Rtsull& Vnll LOO LOO 

.., SU1A2 AetOblt plate counl l.180'IO<t USfOA 8AIA Cl'lol,pl,er 3. J.in 2001 
Acacdb!ion.: OAIJlS: l).PL•14292.01.00& CN.11S: U788 

Aerobic P!ilt• Col.JOI <1.0 aurmt 
• S\11A4 Salmonell.i Me,;hod· US mAe:AI.I O'lai:t-6, 2021 

Acaed1!11~ 1$011:EC 17025:2017 CNA.$l3788 

$alrnonella Nol De1ecceel J2Sml 
• I SUIA.7 Ye,,isls ond m011kls Methe,¢_ VS FDA BAM Ch8Plel' 18,APf 2001 

Acefedi111t1on: CIA~ : l).Pl.-14292·01.00 & CH•s· L3788 
MOl.llds <1.0 clllfrnl 

Y&a.$l <1,0 CflJl'ml 
• # SU1CX E.c:o1 I.IOO'lod: ISO 1S649-3;21lt1S 

Acc1edi!~: OAl(t<SL)..PL•l4292-01.00&CMA.:2t 10203422ea&CNAS:L3788 

E. CCII Not Oeteded n.s m& 
, oo LOO 

• SU207 Ptf<I.ICiele vlllue M8lh0d: A.OCS•Cl:l et>-90;2017 

...... 
Acc,~n: ISQJIEC '7(12$:21)17 CN,t,S 1..31ea 

Phone .,.,86 400 828 5088 , .. 
IO'.V'W,81ll'Ol"U:ll'I « DAkkS ...... 

Alomdllf,.,.,.swlle 
(l,ft..J•~l-01.«) 
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::~ eu rofins 

DHA-Rich Oil (Runke Bioengineering) 

Page 214 
AR-21-SU-116946-01-EN 

RHlll!s ""' LOO LOO 

P-erox.icle value 0.24 ....... 
" " SIROI. Proutin Met'llod: A.CAI; IIM.13 199' 

Acoedell1ion: DAU:.S: l).PL• \4292,0HIO 3 CtlA.S U7$8 
PY'otM\ 
Ptctem Factor ..... <0.1 

6.25 " 
LOO LOO 

* Fl023 Pim &:11mts and plant star,,a irool emcfled) ~thod: NMKL 198'.201• 

Brusica9-letOI 18 Mt>'lOOO 
CholesterOI 324 m9't009 
C,.in'C)Oslerol $ ~1000 
Ca~slanot 2 fl"~l100g 

Stigmasterol 31 mg.11009 
Unidentified sterols 328 fl'-'$1100 g 
Slloeterol 109 mgf10!l g 
Sit0&1enol+ d• !t.i-5-avon;ulerol 5 mgr,oo o 
Oda•S,24...sdgm:astadlenol 20 M0{100Q 

Oelt.8-7 *&bgmastenol 54 mgHOOg 
delta• 7-A"-naittfQI 11 l'l'lg,'100g 

CydOattenol 8 mgl'tOOo 

24~hyle~rtMol m1JI009 
Citrnstadienol Mt>'IOOg 
Total plant &t♦rol$ + l)Wlt it.inol, m9•1009 

'A'. OAOOI Acid V$~ M $1Ch0d:AOCS Cd 3d.$) 

AW'tdl1ildon: 1so.•1ec 11025:2011 A2LA 2993.0t 
Acid Vlli!Lt! {mg KOHtg) 0 ,21 mg KOH.'9 
Free fatty acid$ (H oloic: ,eid) 0.11 ,. 

'it QA01L p.Anlsldino Val ue Molhocl: AOCS Cd 18•90 

... 
Aomtdi!N.ion: ISOJIEC '7025:2017 A2lA 2993,01 

p.Ani&idin• Viilue 9.6 
fl QA301 Gly,:ori:111 PrOOlo Mo1hod: A.0CS Cd 11c>9l 

o~rldH 3,7 
2.7 G~•rol 

Monoglycerides 1,8 

T tigfycef'ldes 
• o.ues Moiaue & VOi~ (Al• OYtn uoq Md'loct AOCS Ca 

..
2<-25 
.. " 

Moiitln & Vol.atAH <0.01 
tt QA.95& lklsaponifiable Mlltlf!I' ME-11'«1: A.OCS C8 6e,-40 

Unsaponifiablec mati•r 1.33 ~ 

"ll 0006C Fatty Ad0$-F\III QmeQ,I 9.6&l4 Tnins %W/W Mechod: Al:>At:. 996.06 mod. 
'·" 

Accrtdl1MOn· ISO.'ll!C 17025~011 A21.A 292"7 .0 1 
C 16.4 (Hexadecate-1raenoic Acid) <0.02 

C10:0 (Caprie &dd) <0.02 .,, 
c 11 :O (Undecanoic acid) <0,02 

" "' 
. ., 

C 12:0 (Laurie At:id) 0.04 " .... ... 
Ct4:0 (Myri51ic acid) 0.36 
Ct4:1 (M)ffitOleic acid> <0.02 

" ... .... 
C1S:O (Pent~oii; acid) 0.06 
C 15;1 ( eniadece-.1\0le add) <0.02 
C16:0 (Palmitic Acid) 16 .36 " 

0.00 

P ... ,.., 
C16:1 Omega 7 0.09 
C16!1 (Palmltole!cAcld • tsOl'Tl91'$) 0.26 

" , ... 
Total 

C16:2 (~il~enoic Add) <0.02 
" , " ... 

C16:3 (Hu.itdeicat1ienoie Aad) <0.02 
'·., " 

C17:0 (Mat09rleAeld) 0 ,06 

. 
C 17: 1 decffi:>ic Acid) <0.02 " . ., 

{Hept.it " ... 
No 101.J· 

Suzhou 21 rO lnS ~ 
J1oan9W p • ..,. • 11,:_ i 

ff. 
ll.\i, $,.~ 

Photle •:86 400 &2~ ,oee, ... 
~ .eurof,,.u•'I 
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-:~ eurofins 
..... 

" 
EurollM T 

No. 101, JI 

Su:rhou21 

" 

Phone •M 400 a2a soaa 
Fu 

DHA-Rich Oil (Runke Bioengineering) 

Poge314 
AA·21·SU·116946-01-EN 

... . 
Ullil l QQ LOO 

C18:0 (Stea,ieAeid) 1.33 
C18:1 (VaOOMlleacid) 0.16 " 
C18:1 Omeg.a 9 {Oloic Acid) 3.54 " 0.00 .., 
c1s:1, TO'.at {OfeleAcld • Isomers) 3,75 .. " , ... 
C 18:2 Omega 6 (llnoleie~id), 7.50 , ... 
C18 2, TO!JI (Llnoteic Acid .. isomers) 7,81 " 
C18:3 Omega 3 ~ a ... 0.01 

Ulol•r.ic: Ac:id) 0.12 " , 
Ct8:3 Om~ 6 (G;amm.1 linolenic 0.14 " ,_., 
Add) " 
C18:3, Total {linolenic:Ac;id • i$0mersl 0.26 0.02 

C18:4 Omega 3 (Oct.adeca!etraMOio 0.21 " 
Aeid} " ~" 
C'18:4 Total (Oct.adecatwatnoic A¢1d) 0.21 
C20:0 (~chidic Aeid) 0 .24 

.... " 
C20: I Omega 9 •Gonc:lo~ Add) 0.03 " ... ,.., 
C20:1 Tol.11 (Gondoic Add • i~ ) 0.06 

.. ,.., 
C20:2 Omega 6 0,03 

Eicosadienoic Aud) 0.03 
.. " ,., 

C20:2 Total { o•.w 
C20:3 Omeg;i 3 <0.02 
C20':3 Omeg.a 6 0,28 

" " "" 
C20:3, TOia! {EicoutrieoolcA.cid) 0.28 " '·" 

Ml 

C20A0m~l 0,6:2 " 
C20:4 omega 6 (Ara<:hidonic Acid) 0.2:l " "" 
C20:4, Tot.ii (Eicouto.1raenoic:Acld) 0.85 " "" 
C20:5 Omeg• 3 {El~ntael'IOic 0.37 " ..... .. 
Acid) " 
C21 :5 Omco• 3 (Heneioosa,:,entaenoic <0.02 
Acid) " ... 
C22:0 {"Behef'ilC Acid) 0.24 
C22:1 Omega 9 (Erucic Adel) 0,35 

.. . ... ., 
C22:1 Total (ErucicAcid • i5omers} 0.35 " . ,.., 
C22:2 Oocosadienoic Om• ga 6 <0.02 " 
CZ2.3 Doc:oScatrienoic. Omega. 3 0,17 

.... " 
C22:• Ooccsatetraenoic Ome;µ, 6 0.02 " "'" 
C22::5 Ooc;owpentaenoic Om~a 3 o.oe " "'" 0.
C22:5 Oooosapentaenoic Om,..g.a 6 12.60 " 02 

C22:5 TO!a1 (O°'°sapent;iol'tOlk Acid) 12.68 " 0.02 

C22:6 ()QoQ$allox.aenoie~a 3 42.7$ " O.M 

C24:0 (IJgl"IOCetic Acid) 0.13 " o.c, 
om 

C24:1 Omeg~ 9 (N ..... orue Acid) <0.02 " 00, 

C24:1 To!al (Nervonlc Acid • isomers) 0 ,07 
C4:0 (!Myrie Acij) 

.. " 002 

<0.02 O.«I 
C6:0 (Caproic. acid) <0.02 

.. 
ca;o (Capryllc acid) <0.02 " . ., 

0.02 

Fa.tty Acid Profil• Reported as Fetty " 
Acids 

Tota! Fat as T~ eridss 92.◄7 " o., 
Total Fatty Acids 88.n o., 
Tot"! Monout,satutated Fatly Acids 4,31 " 
Total Omega 3 l &Offl$t'S 44.3,4 
Toi.ii Omega S tsom~ <O,OS 

.. " .. 0.06 .. 
To~I omega 6 laomen 20.80 " .. ... 
Total Clmt>g.1 7 1$0m,en 0.2S 

.. 
TotalOme,g.29 1somers 3.95 

.... .. 
" .... 

Total Potyunsatt.ncc:e~d_F~•ttvc,..;"'-.;.;.;;d;;• _______ 6_5 • .;;3.;.S __ -", " 
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·:- f" -:.• euro ins 

DHA-Rich Oil (Runke Bioengineering) 

.. w .. ""' LOO 

Total Satur8led Fatty Acids 18.&4 .,. LOO 

Total Trans Fatty Ac,ds 0,26 " 0.0:l: 

•a- F1&eF&ayAeii:,&(fFA) M81h00: AOCS C;i S...40; 1'DAC. !IJ0.28 
Acer&d.1&1i0n: ISOJIEC 17025·2011 A2lA 29:21,1)1 

" 
FFA (Free Fatty Acid,) 0 ,08 

• "''°' Bac!Oflill £ndclloodns Moctlod: USP 4).c'.8S,. " ... 
Eaotelial E~otoxins 0 .133 EU/ri 

1r ?M£3)1 En1nera!ion (MPH) QI Enterc6ocler 111ka?aldi MelhOcl: FOABAM Cll8$)W 2$ MOd, 

Enterobacter $&k.iz.;ikii <0.3 MPN.'IOml 

COMMENT 
TESf Ch.ANGE; Ofdat-.:1 ftLD25 kw cilimlc$ h3$ bc<ll'I cha~ kl FL023. 

Th• contfnl °' local plant~~ ~nd pbnl st:anols dou not eonuiin chojo~ o1'd nori-4-dffn'lelh)i ster<e (I.e. cycfl)a"tenol, 
24-fNIIY,ltnoc)'dOarunQJ. and oftrosl~lonol) 

Amoln ct ,ot.,I GC eh.t~ble, is 13"&Smgl 100 g 

P9ak idonfi:~ t-.we to be trNled onlv as 2111:l'i.,e b am Ym"'e maltb:. 

SIGNATl~E 

Page 4/4 
AR-21-SU-116946-01-EN 

r- ~l r~ 
-H• 

Authorlzod Slgnacaiy 
...,, x. 

Aulhoriu<I Si;ioatoty 

EXPl.ANATORY NOTE 
l OO; Unilol~ani~ • CNAS Ii OAAltS oct.V. 
( LOO: EefoW U'llil "'OJa~ncagon tr mNn$ the test G subc01'11rac!ed 'M!hin EufO!inS group 
fftA me,a,s Not "pplicable • m~ns lhe Ifft is tubcon1taeted ~ e~ oroui> 
Sum 00nl)(ltllds r"'-'118 ere ea,lQJ181&0 liom Irle •t&ijl!& ot ~ch QP.1111-.0119'1 compound as sat by rogu\won 
Tho W'artairity Ms n« bc«1 ta\en il!Co 11ccoun1 kit slal'lderde 1na.1 &l•HO'f 11\Clij(I,& MN5Ufem,en1 vnoenal~ or on oxplt:11 niquos1 ol di""1. 
Tho saim,lo dost~ion an:! intol!'l'letion are p,~lded by IN Client. eijronns 1$ not resr,on&IO!e for Wirifying ltle ~Y rol11.wnc:y. acklqm1cy 
11M10t ccmplotoness cl tho ll"llormadon ptOYidod bf lho Clieot. 
The anat,lieel re9ijll Mfei'I "eppGeeble tor 1he ~fllPN<•> kltt11.donly, 
Thi, alWl'/OC,11 roport 's.llall not ,be exoeipled or rnoc1-i "'llhout p ier w,!'ille1, 8Pl)fOY81 l'rOn'I Etll'Ollr'4. ll\t 1&9Qft N I be il!il~ In &JI 
There,,,.l,(S) 1'(art) Of'l'(fOr lnctmal UM by 11\8 ctMII ancl nO( 1ot ptA:i,ely ;rv;1~kl as Q'Wdltnco.Wl!hDU! 1M Millen oemissbi cl Eurofhs. al'rt 
~11)' b p-Dhbilod tom usi ..... the lest resullll &rid fie 

'° 
rep,orl kW pub!~ Of P,Off'IOl!oo6 Of tn8fl(t1Jng. 

"°' The Eu1<llne Qe,ner111 Tenn, and conc:11110·u, 11ppty !tis al'lal)tilcah opo!t. 
and WI behalf ol EurofiM T ed'lnOI~ se,Viee (~) Co . LI<! 

atO OF REPORT 

ad,. SNO 

rofi 
' .. 

l t\;~11.• 

Phil:lne .-.S& 400 el$ 50St 

'" W'<Wl.ei;t'Or""• ·M ■ _Oft _ _ _ _ 
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::~ eurofins 
Analytical Report 

Sample Code 502·2022-00002954 Report d ate 27-Jan-2022 

Certificate No. AR-22-SU-007860-02 

Page 1/1 
AR-22-SlJ-007860-02 

i1iITTiiimTITI1iITTmlT' Runke Bioengineering (Fujian) Co . .Ltd. 

JinOJ h:tu:strial Park Zha~ an County 

Zhangzhou City F\4ian Province 

Fax 0596-3552000 

Our ndotOnOO: >C-l · A'2-"'-J!l!l!l2~~ • N N ~~2 

ClenlSafllll,tCocllc It>! : 11030717 
~r a• : ~ .,o.30 

~dMotlbod .-: ~ -ac~ ol /DHA,IIQ;Moll 

S~ P~ S, e;ilodmo\alboUlo 

1

... ...-
0-Ja~ ~-

AM¥'----Sliltlng Dato: 
Endk'Q OIIIO: ,._,,.,,,,, 

Arffwl Tempo,.-.. ("C) 14.0 

,,. 
M 140g"2 

LOO LOO 

• OM><G Monochbtop"OJliffllldlots (sum OC h o and os.10n) M

... 
olhOd: AOCS C4 

""' 
29b.13 

A«f'Ol1tHlon: ISOAEC 17025:2017 A2tA 2993.01 
TOid 2-MCPO (free ~ncl bourtd) <0.10 ., 
Tot:113-MCPO (h e ~ncl bouri<I) 0.1' 

.... .... ., 
• OMINO Gl)ddyl OSIOt'JI (GC-MSMS) Medlod: AOCS Cd 29).13 

A«f'Od..l.lllon: ISOAEC 17025:2017 A2tA 2993.01 
Gl{cidol {ui'cul-'t~ <0.10 - ., 

..... TIJRE 

-a.wewane 

DPLANAl o«f NOTE 
LOO: uw.t ol 0..1¥1\tk.lllon • CHIISJI OAlo:kS CClM 
< LOO: 8obN Llmll ol Ollilfllillc;:illon * moans. ltlo tie5115 illJXOflll'acbKJ <roffllb Eurolns voup 
WA mO¥l5 Hot ,applkal'Ao • mc;ins ll'IO lest ll l,,bcuo'taC!led OIJ!Slde &.eolfls 9roup 
a. compou'lds. ""'-'Is ..-o Gllculattld lrcrn ffl ""'-'Is ol a.:11 qUilllllflod oompound as. H I b)' n,gula1on 
Tl'lo unoort:ilnly l'l.u noc boon t:1kon nlO ;a,ooo,,.d b s.~s. ttat alrNOy bobde-as , -.,,._. .inGOl'l.llnty o, on 04!1:l ,oquos.t oc d ~ 

Tllo Ill~ Ocscq:illon and k'dotmallon l tepr<M<lOd by lhOCknl. Eurollnslsno4n.5f)OMtfo fot~oq ltlo aocur.a.:y, ~WIW)', ~ 
;:ind;(., ocqic~.eu : ot ltlo lnlonnallon p!O,f<!Od by ll'IO a...nt. 

Tllo anal)'tlo,II ..-ill betob Is olf)f)llolblo IOf ltlo sample(") lostcd only. 
This anal~ f'Clf)0l1 SNII not bo-rpted °' ffll)diflod wdlovt pno, wnnon app-o,ral from Eurd.ns. Tllo f'Clf)0l1 SNII be utlllod n ut. 
Tllo f'OSUll(S) ls(¥o) only b k'!Wnal u,o by ho d ent and not lot p,J:lkly -t.:ll'Ao M ~ .WJhoul ltlo \WOHi pcffMslon ol Euroln5, an.y 
party II p!Ohlbl!Od tom using lhO lesl JOSUl!s ~ ho nlport lot p,J:,lklty o, p!OfflOllon$ Of ~nq. 
Tllo Eurollns GoflOr.11 TOffll5 ilnd C0Mltlon5 apply ID lt!ls i111111)'1,G11 f'Clf)0l1. 
F« ~ on beNII ol Eurollns 1'ecllnology ScMC:o (&aJ'lou) co_ Lid 

-ENO OF RE?ORT 

--

JlangsuP 

Pl'IOnO •$640082$ $CU 

F M 
.,,v,w.~n~l'I II _ ___ .,_ ,_ 

DHA-Rich Oil (Runke Bioengineering) 
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=:~ eurofins 

Analytical Report 

Sample Code 502-2022.00037067 Report dal e 30-Apr-2022 

Certificate No. AR-22-SU.033315-02 

1 

CNAS 
'PIIIU..iif 
IH I 
TESTING 
CNASL3788 

Page 1/2 
AR-22-SU-033315~ 2 

l ilffii;i f 1iiii1TI1TI1ffiii i'11 Runke Bioengineering (Fujian) Co.,Ltd. 

JinOu Industrial Par1< Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

O1.rre!wettee: 502-2022-00037067/ AR-22-SU-033315-02 

C&nt Sample Code: W&Hlt~ : 11030717 !c.1"'S JII : 2t321.10.SQ 

~deKrikd• s; Oo:>O:"'ex.:o,enoi,: ~ id oil JOH.'\ d g :.<: c;I 

~ P.xbging: ~~ed rr~:.,I b:-ll!e 

~ r«eptien daie: 23-Af,r-2022 
Anal{ s."if. St.,.ring CW.e:: 24./lp'-2022 
M aJ{s."if. Ending Date: 29-Af,r-2022 

~ IT!tt'1'en,,ir!f C) 21.6 q_.,,_.ie Wei.-M 28()g 
Safl'IPh Cendition O<htt 

~ ?JI-~ ..,, LOO LOO 
... ..,,oz ~ e~m :Fi). in. 10g Me:it«!: 1$0 22964:2017 

Accredbticn: OAKKS:0-PL.1~2-01.oo&CMA.'21100)S-"22U&CN.I\.S:LSi8S 

Cronob...cier spp NOi Ofttected no • 
~ S01A2 Aetd:lic ~:,:,: c,o,..n: Mritod: US FD.I\ 5.1\.MCh,)f):<:r S.Jl.tl 2001 

Accredbtic-t1: ONdtS: D-P!.-1.i29'2J)1.0,) & CNAS: L378a 
Aerobic Pla1e Count <10 

.a.SU1M S~mc-nelb 1,;~it-,:,d: US FDA 5.1\.M Ol~tet 6, 21c'21 "'• 
Accredbtic-n: 1$0.ilEC 17-026:2tJ17 CHAS L378a 

Salmonella Not ~tected a,; 9 
~ S01A7 Y~ m ~l'ld 1T>Ould'1, Medlod: US f DA SAM Ci»~~r 18, >er 20)1 

Accredbtien: OAJdtS: D-P!.-1429'2.<)1.0,) & CNAS: L37ae 
Moulds <10 
Y ast <10 "'• ,....,,ex e E.cdi ~,t,cd: ISO 16EJ.9.3:2-015 "'• 

Accredbtien: OAKKS:0.PL.1~2-01 .<JO&CMA.'21100)S-"22U&CN.I\.S:L37aa 
E. coli Not ~tected 123 9 

?hc.,e +86 400 828 5088 
f ~ 
'AWW, etll)('Jn&.-cn 

DHA-Rich Oil (Runke Bioengineering) 
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=:~ eurofins 
EXPLANATORY NOTE 
LOO: Li~ e-iOt.r.m0tic~':on 
.., LOO: 6-ele.w l.irr,it of Ov:m:~tic-n 1fme-:i~ ~ t e-$: is :. ... bcc.,.,:r.:,n~ Wl'.l!in. E'-'1'0ms 'i1WP 

NtA me= Nc.t .:.fPk ~ le O me=~ te:::t is :::llxc-t1ir.:,cted o~~ Eurotit1$ 9m,..:, 
Sum ccmpo\.lno~b re,ul:::: .:sre c:ilW..:.:ed frcm ~ re:::ul-.$ d e~ q.,Mti!ied CCCTlp:u.r,d .:,::: :::e: bf ~ .:,tic-<"1 
TM unt eruin.:f I»:: not beeti wil:en iru,o ,:,,.:,,:,01,mt for :.::lnd'~ tt»1.:.'re-:tdf induck me,y;uremen.: 1,nt erui.n'rf ,:,on ex~ici: req.;e-$: e-icfff!t. 
T~ $.:IIT!Fle ~ ~pticn. ~ in¼m•~tkn ,re provid"~ bf 1M ~n.:. EurofiM ~ ne-<re:.p«i:.iNe k r wriff,n9 ~ .:.ccuw:f , ~ •u,,:f. ,:,,!,eqi..:,:{ 
.:mcl'cr cc-fT!p"e:eM n of die inftnn.:,,j(ft p,'0\-ided bf ':le Oient.. 

T~ .m~fC.c,:iJ re--..,_,lt herein i::. .:,~Ne :Cr lhe ~ !Tl'le(:::) m •ted onlf . 
T~ .:,n.:,!f:~ I repo~ :J,..:,I ne: be exce,p~ d ,:,modified wil:hcu: pnc,-Wfl.'::en. ;lf)~ov,:/J from E~:.. The repcrt :::h:ill be t.r-e'i::ed in fall 
T~ re:::..t:{s) i:.(.:,re) c-n.,, ft-f' in.:em-SI u:.e bf die client .:,rid not for pokil.cf.f .:,v~ I~ -M eviC.etic e.Vfllhou: 1M Wfl.~ <:n perrh:.:.ion of :Urcii...,., Mf 
~rt/ is pdlit<tM rtCffl 1.1:.r,9 the t~: re:::Ub ~ lhe repc-n kr puNici:f C# promoticn:, er m"'11eo:ing. 
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Analytical Report 
Certificate No. AR-23-SU-007405-02 Report date 30-Jan-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 

'Pl:riliAliJ 
~fj 
TESTING 

CNAS L3788 

Page 1/2 
AR-23-SU-007 405-02 

Runke Bioengineering (Fujian) Co.,Ltd. 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Sample Code: 502-2022-00063742 

Client Sample Code: lit~ : 11030717 
~i"'Blffl : 2021.10.30 

Sample described as: Oocosahexaenoic acid oil /OHA algae oil 

Sample Packaging: Sealed metal bottle 

Arrival Temperature (°C) 26.2 Sample Weight 1009•2 

Sample Condition Other 

Results LOO LOO 

"#SU114 Enterobacteriaceae Method: ISO 21528-2-2017 

Accreditation: DAKKS:D-PL-14292-01-00&CMA:21 1020342268&CNAS:L3788 

Enterobacteriaceae <10 cfu/g 

Sample Code: 502-2023-00005401 

Client Sample Code: lit~ : 11030717 ~i"'Blffl : 2021.10.30 

Sample described as: Docosahexaenoic acid oil /DHA algae oil 

Sample Packaging: Sealed metal can 

Arrival Temperature (°C) 18 Sample Weight 140g 

Sample Condition Other 

* 
Results Unrt LOO LOO 

JK590 Protein content (Roti®-Nanoquant) Method: internal method (PV 01498 V2) 

Content of protein <25 µgig 25 

SIGNATURE 

-I 
Ally Dong Jack He 

Authorized Signatory Authorized Signatory 

EXPLAINATORY NOTE 

LOO: Limit of Quantification " GNAS # OAkkS □CMA 
< LOO: Below Limit of Quantification * means the test is subcontracted w rthin Eurofins group 
N/A means Not applicable o means the test is subcontracted outside Eurofins group 
Sum compounds results are calculated from the results of each quantified compound as set by regulation 

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

~ 

No. 101, Jialingj" 

Suzhou 21500 

Jiangsu Provi na 
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Phone +86 400 828 5088 
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AR-23-SU-007 405-02 

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

The analytical result herein is applicable for the sample(s) tested only. 
This analytical report shall not be excerpted or modified without prior written approval from Eurofins. The report shall be utilized in full. 
The result(s) is(are) only for internal use by the client and not for publicly available as evidence.Without the written permission of Eurofins, any 
party is prohibited from using the test results and the report for publicity or promotions or marketing. 
The Eurofins General Terms and Conditions apply to this analytical report. 
For and on behalf of Eurofins Technolom, Service (Suzhou) Co., Ltd 
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Analytical Report 
Sample Code 502-2022.00045889 Report date 08-Jun-2022 

Certificate No. AR-22-SU.047150-02 

Page 1/1 
AR-22-SU-047150-02 

i i1mr;i r 1iin1TI1nn1rnnr , Runke BioengineeMg (Fujan) Co .. Ltd. 

JinOu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

Ourtldermc:e: 5Ck2-2£W-0004S88'91' AA·22·SU-047151Hk2 

Chnt Sample Code lt:"S' : 110:,0111 
~ a • : 2021.10.so 

~de K:1'1~#; Ooeo--.MleXMnoie W d oil /OHA .ii9U: oil 

~ ~ eptiond.ie-:: 15-M~-2022 
MaJ/~"is Staring Da:e:: 15-M~-2022 
Mal/~"is Ending Dale: 07-J.in-2022 

Res-~!-~ LOO LOO 

• SUD07 Dcmoic W d Me':locl: ht.etn~ Mechod (TPM001 Vet""..ion 12 2021-06) "'" 
Oornoic acid <1 ..... ' 

SIGNATURE -Stwie Xie 

Authori=d' S'9n.;:,v4 
EXPLANATORY NOTE 
LOO: Lirrit d Q,-,li!iatfon .o.ex>.s NO.~S=CM.._ 
< LOO: & b.Y Limit of Ou~~ 1/f ~ ~ e t.e:-1 i: :11bcon-.rxted wi-.hin Eurofri: 9"C"IP 
NIA me- Nell appko301e • me- the te:;t i: ~~a.ed ~ Euroli~ gf'OI.I) 
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The =plie W...cription .mcl irdorm:rtion Me provided t,{ the Clien::. Euro/in,; ~ n« ~:pon:ible for wriff."9 the ao:uw:-{, ~~. :.deqi.~ 
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TEST REPORT 

IMCAS Report No. 2ol">:J~IS) 

Applicant, Fuji1111 RULke 810<DgU10<nng Corp .• Ltd. 

Semple deS<:nbcd, M,, robw cultun, (llnlin FJRK-SCIU) 

Sample qu~m1ity: One -.train Dute of ):ampling1 20'-3.04 

Tested by, Bing-Da ~IJ1' Signature, 

Appruved by, Yu-Ou na 7H0l, Siipm1urc1 

(The nu1 rtsuhi on•y rdtr to lllt rttthtd sample,., Tbt name, lnni1u1t or 
Microbiology Chines Atad~my or Stitatt!. shall not be used for rommtrtial 

purpoie without the J•rior 'lllri:tte■ COD.M'Dt o(tbe scn•ke 1>rovidrr.) 

Concluion or ldcnti(ution1 

According 10 1he re•1ills of die mor!Jl,ologjeal. physiological propeJties. sequence 

of 18S rRNA gene. the stnun fJRK-SCHJ belongs to, 

Schl:o,:h>1rlum sp 

ln~ IJUe of 1'lkroblolo&l 
Chl11coe M•~t•~ of S<ltllffl 

J••· ~ 2023 
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Appendix B. Identification of Runke Bioengineering’s Strain  

Institute of Microbiology Chinese Academy of Sciences (IMCAS) Report 
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TEST REPORT 

fMCAS Report No. )O~JhtS] 

Applicant, Fujian Runkc Bioengineering Corp .. Lid. 

(continue) 
I. Morphological propertle• 

Fast growing on seawater agnr 
meWum~ 2--4 mm diam after five 
days of incubation at 25 °C, 
colonies large by conlinuous 
binary ceU divisions, white, 
becoming light browr when old. 
ThaUus thin-walled globose, 
1ransparcot. pale orange, 6.>--18.0 
tlm. Ec1oplasmic nets and 
Zoospores not obsen•o.i. 

2. Partial sequence of J8S ,RNA ge,ne 
rar1 I:~' • GCATGTGTAAG"ATAAGCGAATTATACIGTGAAACTGCGAACGGCTCATTATAT,ACiTTATMTCCCTTCG<i 
TAGTTCCTTTAlACCiGATACCTGCAGTAATTCTGGAATTAATA.CGTOCTGTACGGGCCCGACTTTCGGGGAGGGCCGCACTTA 
TTAGGTCTAAGCCAACTCTCTTGGTGAGTCATGATAATTGAGCAGATCGCTTTTCGGAGCGATGAATCGTTTGAGTTTCTGCC 
CCATCAGTTGTCGACGGTAGGGTATTGGCCTACGGTGAC'TATAACGGGTGACGGGGAGTTAGGGCTCGACTCCGGAGAGGGAG 
CCTGAGAul\CGGCTACCACATCCAAGGAAGGCAGCAGGCGCGTAAATTACCCAATGTGGACTCCA.CGAGGTAGTGACGAGAAA 
TATCAATGCGGGGCGCTTCGCGTCTTGCTATTGGAA.TGAGAGCAATGTAAAACCCTCATCGAGGATCAACTGGAGGGCA.AGTC 
TGGTGCC.AGCAGCCGCGGTAATTCCAGCTCCAGAAGCGTATGCTAAAGTTGTTGCAGf1AAAVIGCTCGTAGTTGAATTTCTG 
GCGTGGGAGCCCAGGCCTGGG'r5CGAATGTGCCTTGTTATTGCCTTGCGGCTC(.TTTGCCATCClCGTCTATCTTTGTGATAG 
GCGTCCTTCA-CTGTAATCAAAG!:AGAGTGTTCCAAGCAGGCCGTAGGGCCGG'TATGTTTATTATGGGATGATCAGATAGGACT 
CGGGTGCTATmG'fTGGmGLACA1CTGAGTAATGATTAATAGGAACAGTCGGGGGTATCCGTATTTAGGAGCTAGAGGTG 
AAATTCTTGGATTTCCGAAA,GO,t:GAACTACAGCGAAGGC.ATTTACWGCATGTTTTCATTAATCAAGAACGAAAGTCTGGGG 
ATCGAAGA tGA TT AGA T ACCA T -.GT A.GTCf AGAC CG T AAACGATG • ) 1 

Part 2: s• · TTGCTTTGTCG(MGGCATGGCTAATCCTTTGAACGCCCAlCGTGCTGGGGCTAGATITTTGCAATTATTA 
ATCTCCAACGAGGAATTCCTAGlAAACGCAAGTCATCAGClTGCATTGAATACGTCCCTGCCCITTGTACACACCGCCCGTCG 
CACCTACCGATTGAACGGTCCGATGAAACCATGG6ACTACCTTnGAGCGTTT ·3' 

J. Phylogenetic analysis ba.se on rRNA gent sequencing datll 

SOhl-f'IVIII,,_ •P N8R¢ 1012617 

M ,------n,,-1,xh'ytrio.ln'l •tt1"11<1m Al'Q0 24473 

L------ -n-...-1oct1y1r1..-.. •-n'I ATOC $,ll,30ol 
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Appendix C. Expert Panel Consensus Statement  

Introduction  

Runke Bioengineering (Fujian) Co., Ltd. (“Runke Bioengineering”) convened a panel of 

independent scientists (the "Expert Panel"), qualified by their scientific training and relevant 

national and international experience to evaluate the safety of a food ingredient, to conduct a 

critical and comprehensive evaluation of the available pertinent data and information on 

docosahexaenoic acid (DHA) and to determine whether the proposed uses in food would be 

Generally Recognized as Safe (GRAS) based on scientific procedures. The Expert Panel 

consisted of the following qualified experts: George C. Fahey, Ph.D. (Professor Emeritus, 

University of Illinois at Urbana-Champaign), Joanne Slavin, Ph.D., R.D. (Professor, 

University of Minnesota), and Susan S. Cho, Ph.D. (AceOne RS, Inc.). 

The Expert Panel, independently and collectively, critically evaluated scientific information 

and data compiled from the literature. The Expert Panel evaluated other information deemed 

appropriate or necessary. To the best of our knowledge, this determination is a complete, 

representative, and balanced submission that includes unfavorable information, as well as 

favorable information, known to us and pertinent to the evaluation of the safety and The 

Generally Recognized as Safe (GRAS) status for the uses of this ingredient in food. 

Common Knowledge Element of the GRAS Determination  

The  first common knowledge  element for a  GRAS  determination is that data and information 

relied upon to establish safety must  be  generally  available  through published, peer reviewed 

scientific  papers related to the safety assessment.  These  scientific  articles  include  published  

preclinical studies and human clinical studies as well  as scientific  review articles. The  second  

common knowledge  element required for  a  GRAS determination is  consensus among  

qualified scientists that the safety of the proposed uses of the  substance  has been  

demonstrated. Numerous  GRAS notifications were  submitted to the U.S.  FDA  regarding the  

use  of DHA  as  an ingredient in infant formulas and selected conventional foods. These  

include  FDA’s no question letters for  infant formula applications (GRN 000553 - FDA, 2015;  

GRN 000677 - FDA, 2017; GRN 000731 - FDA, 2018a, GRNs 000776/000777 - FDA, 

2018c, 2018d; GRN 000862 –  FDA,  2020a; GRN 000933 –  FDA, 2020b; GRN 000934 –  

FDA, 2021; GRN 001008-FDA, 2022) and selected conventional food applications (GRN  

000137 - FDA, 2004; GRN 000732 - FDA,  2018b; GRN 000836 - FDA  2019a; GRN  

000843/000844 –  FDA,  2019b, 2019c; GRN 000862 –  FDA, 2020a; GRN 000933 –  FDA,  

2020b; GRN 000934 –  FDA, 2021; GRN  001008-FDA,  2022).  These  notifications all  

received ‘no question’ letters from the U.S. FDA. Exempt  infant formula  refers to formulas 

for  pre-term  infants only and does  not include  use  in  other  exempt  formulas (e.g.,  

hypoallergenic formulas,  formulas for inborn errors of metabolism). In addition, FDA  issued  
134 
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a final rule on menhaden oil ensuring daily intakes of EPA and DHA do not exceed 3 

g/person/day (FDA, 2005). 

The Expert Panel agrees that there are adequate data in the scientific literature to conclude 

that DHA is a common component of infant formulas, that various DHA-rich oils have been 

reviewed and approved as food ingredients for human use by the U.S. FDA and other expert 

panels, and that the weight of the available evidence demonstrates that the proposed uses are 

safe. 

Technical Element of the GRAS Determination  

DHA is a long-chain polyunsaturated fatty acid (LCPUFA) that is a primary structural 

component of the human brain, retina, and other tissues. DHA’s structure is a 22-carbon chain 

carboxylic acid with six cis-double bonds; the first double bond is located at the third carbon 

from the omega end (methyl terminus). Thus, it is classified as an omega-3 fatty acid. It can 

be obtained directly from maternal milk, algal oil, or fish oil. 

Runke Bioengineering intends to market the DHA-rich oil as an ingredient in exempt 

(pre-term and/or low birth weight infants; amino acid- and/or extensively hydrolyzed 

protein-based) and non-exempt infant formulas (term infants; soy-, whey-, and/or milk-based; 

ages from birth to 12 months) in combination with a safe and suitable source of arachidonic 

acid (ARA). The maximum use level will be 0.5% of total fat as DHA. This level corresponds 

to a maximum use level of 1.43% of dietary fat as DHA-rich oil because it has 35% DHA. 

The ratio of DHA to ARA would range from 1:1 to 1:2. Runke Bioengineering’s DHA-rich 

oil will be added to ready-to-drink or powder form of infant formulas from which 

reconstituted infant formulas can be prepared. The intended use level is similar to all other 

approved uses for incorporation of DHA or DHA-rich oil in infant formula (GRNs 000553, 

000677, 000731, 000776, 000777, 000862, 000933, 000934, and 001008). In addition, Runke 

Bioengineering intends for the DHA-rich oil (containing 35% DHA) to be used in the same 

food categories as those listed in GRNs 000137 and 000732 and in 21 CFR 184.1472(a)(3) 

(menhaden oil), except in egg, meat, poultry, and fish products, at maximum use levels that 

are 28.57% of those specified in 21 CFR 184.1472(a)(3), which was finalized in 2005 (FDA, 

2005). 

Runke Bioengineering’s DHA-rich oil is produced by a fermentative process using the 

non-toxigenic, non-pathogenic Schizochytrium sp. strain. All raw materials and processing 

aids used in the fermentation and manufacturing processes are food grade. Runke 

Bioengineering observes the principles of Hazard Analysis Critical Control Point 

(HACCP)-controlled manufacturing process and current Good Manufacturing Practices 
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(cGMP) and rigorously tests its final production batches to verify adherence  to quality control  

specifications. Based on  certificates of analysis (COAs), the Expert Panel concluded that 

Runke  Bioengineering’s  DHA-rich oil  meets specifications for  chemical  identity, fatty acid  

profile, and  contaminants (heavy  metals) and is free  of  contaminants such as domoic  acid and  

monochloropropanediols (MCPDs)  and glycidyl esters.  

The  bioequivalence  of two types of algal DHA-rich oils (derived from either  

Crypthecodinium cohnii  [DHASCO® ] or Schizochytrium sp. [DHASCO-B® ]) was 

demonstrated in preweaning farm piglets and in humans when administered in a  blend with  

ARA oil (Fedorova-Dahms et al., 2014;  Yeiser et al., 2016).  

Animal Toxicity Studies  

The  DHA  content of Runke  Bioengineering’s  DHA-rich  oil  is at least 35%  by weight,  

comparable to concentrations described in the previous  GRAS notices (GRNs 000137,  

000553, 000677, 000731, 000732, 000776, 000862, 000843, 000933, 000934, and 001008)  

which are  acknowledged as GRAS by the  FDA. The  no-observed-adverse-effect-level  

(NOAEL)  of Runke  Bioengineering’s DHA-rich oil  was determined to be  5,000 mg/kg  

bw/day, the highest level tested in a  battery of toxicity studies including  a  90 day toxicity  

study  with an in utero exposure  (Lewis et al., 2016)  and developmental and reproductive  

toxicity studies (Falk et al., 2017).  

Other sources of DHA-rich oil  and DHA-rich microalgae  (DRM) have  been evaluated by in 

vitro and in vivo genotoxicity studies, subchronic  toxicity studies in rats with and without  in 

utero  phase, maternal and developmental toxicity in rats and rabbits, and reproductive  and  

developmental toxicity in rats. DHA was reported as non-mutagenic and non-clastogenic in 

all  studies conducted. In subchronic  toxicity studies with an in utero  phase, the NOAELs for  

F1  ranged from 2,069 (females - Schmitt  et al., 2012b)  to 4,399 mg/kg bw/day (females - 

Fedorova-Dahms et al., 2011b)  in rats.  From reproductive  and  developmental toxicity studies 

of DHA-rich oils, the NOAELs for  F0  were  found to range  from 2,000 (Schmitt  et al., 2012b)  

to 8,322 mg/kg bw/day (F0  females during lactation) in rats (Fedorova-Dahms et al., 2011b).  

However, in a  reproductive and developmental toxicity study  in  rabbits by Hammond et al.  

(2001), both the high-dose  (1,800 mg/kg/day)  DRM and fish oil  control groups experienced  

marked and sustained reduction in food consumption during the prenatal period and a  slight  

increase  in abortions. The  NOAELs were  determined to be  600 mg/kg bw/day for  maternal  

toxicity and 1,800 mg/kg bw/day, the  highest level tested,  for  developmental toxicity in 

rabbits (corresponding to 130 mg DHA-rich oil/kg bw/day for  maternal toxicity and 392 mg 

DHA-rich oil/kg bw/day for  developmental toxicity). However, the authors noted that  
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abortions occurred spontaneously more  frequently in rabbits than in other  commonly used  

laboratory species and that the incidences of abortions in both  the high-dose  DRM and fish oil  

control groups fell within the historical limits for the laboratory.  

On the basis  of  these  findings, the Expert  Panel concluded that  NOAEL of Runke  

Bioengineering’s DHA-rich oil  was 5,000 mg/kg bw/day  in rats. However, in subchronic  

toxicity studies  with an in utero  phase, the NOAELs for  F1  ranged from 2,069 (females - 

Schmitt  et al., 2012b)  to 4,399 mg/kg bw/day  (females - Fedorova-Dahms et al., 2011b) in  

rats.  

Human Clinical Studies  

Human clinical studies reported daily doses of DHA instead of DHA-rich oil. This review 

includes studies published between January 2021 and May 2023. 

Studies of DHA in Adults  

Since January 2021, no new studies of DHA from Schizochytrium sp. or algal sources have 

been published in adults. Previous GRAS notices reported that daily doses of up to 2 g DHA 

from algal sources were not associated with treatment-related adverse effects (Molfino et al., 

2017, 2019; MacDonald and Sieving, 2018; Sanders et al., 2006; Smith et al., 2018) (GRN 

000933 pages 41 and 44; GRN 001008, pages 61-62). 

Studies of DHA in Pregnant Women and Offspring  

Since January 2021, a few new studies of DHA derived from Schizochytrium sp. in pregnant 

women were published (Fougѐre et al., 2021; Garmendia et al., 2021). No adverse effects of 

DHA supplementation were reported on measured outcomes. 

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

previous GRAS notices (GRNs 000137, 000732, 000933, 000934, and 001008) that intake of 

DHA is safe as long as the daily intake does not exceed 1.5 g/person/day. 

Term Infants  

No studies published since January 2021 have been identified from the literature related to 

algal DHA intake in term infants. Previous GRAS notices stated that algal DHA, up to 0.96% 

of total fatty acids (or up to 51-61 mg DHA/kg bw/day), in combination with ARA was well 

tolerated, and no adverse effects were noted on the measured outcomes including 

gastrointestinal tolerance, adverse events, growth, RBC concentrations of fatty acids, visual 

acuity, cognitive function, and/or school readiness in both pre-term and term infants. In 

addition, studies of term infants have not reported adverse events or adverse effects on 
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allergies, tolerance, or adverse events associated with DHA-supplemented infant formulae 

when DHA was supplemented up to 0.96% of total fatty acids (Birch et al., 2010a, 2010b; 

Burks et al., 2008; D'Vaz et al., 2012; Fleddermann et al., 2014; Hoffman et al., 2008). 

Thus, it is concluded that the literature supports the intended use of DHA at 0.5% of total 

fatty acids in term infants. 

Pre-term Infants  

A few pre-term infant studies specifically discussed the effects of DHA supplementation on 

gastrointestinal adverse events or food allergy. These studies did not report adverse effects or 

events associated with DHA supplementation in pre-term infants (Clandinin et al., 2005; 

Manley et al., 2011). The studies by Gunaratne et al. (2019) and Manley et al. (2011) 

employed DHA from fish oil sources to evaluate allergy parameters in pre-term infants. As it 

is not expected that safety profiles of DHA derived from fish oil and algal oil would be 

different, the findings from studies employing DHA from fish oil sources are pertinent when 

evaluating the safety of DHA from algal oil. Thus, the findings from these 2 studies of DHA 

from fish oils were included as corroborative data to support the safety of algal DHA oil 

derived from Schizochytrium sp. 

Recently published clinical trial by Bernabe-García et al. (2021), Frost et al. (2021), and 

Hewawasam et al. (2021) reported that daily doses up to 75 mg of DHA/kg bw 

(corresponding to 1.3% of total fatty acids as DHA) did not result in any adverse effects on 

whole blood long chain polyunsaturated fatty acid levels, cognition, or the incidence of 

necrotizing enterocolitis (NEC) and fatty acid profile of erythrocyte membranes from 

pre-term infants. In addition, GRNs 000553, 000677, 000731, 000776, 000777, 000862, 

000933, 000934, and 001008 presented comprehensive summaries of clinical study literature 

regarding supplementation of DHA from algal oil sources to infant formula (FDA, 2015, 

2017, 2018a, 2018c, 2018d, 2020a, 2020b, 2021, 2022). These GRAS notices concluded that 

supplementation of DHA (from Schizochytrium sp.), in combination with a safe source of 

ARA, to infant formula was safe in term and pre-term infants. 

In summary, based on the substantial equivalence of Runke Bioengineering’s DHA-rich oil to 

other algal DHA-rich oils whose safety has already been established, the intended use levels 

commensurate with safe dose levels tested in human clinical studies, animal toxicology 

studies, and mutagenicity and genotoxicity studies on various DHA-rich oil ingredients, and 

the history of safe use in humans, the Expert Panel concluded that Runke Bioengineering’s 

intended use of its DHA-rich oil in term and pre-term infant formula and selected 

conventional foods is safe. 
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Conclusion 

We, the undersigned members of the Expert Panel, have individually, collectively, and 

critically evaluated the materials summarized above on the safety of Runke Bioengineering’s 

DHA-rich oil and other information deemed appropriate and unanimously conclude that 

Runke Bioengineering’s DHA-rich oil, manufactured as described in the dossier and 

consistent with cGMP, and meeting appropriate food grade specifications, is GRAS based on 

scientific procedures for use as an ingredient in term and pre-term infant formula and selected 

conventional foods at levels specified in the accompanying dossier. It is our opinion that other 

qualified and competent scientists reviewing the same publicly available information would 

reach the same conclusions. 

Expert Panel Members: 
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