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PART 1. SIGNED STATEMENTS AND A CERTIFICATION 

1.A. Submission of GRAS Notice 

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

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

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

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

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

Act based on its conclusion that the substance is GRAS under the conditions of its intended 

use. 

1.B. Name and Address of the Notifier 

Contact: Sunny 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 from Schizochytrium sp. FJRK-SCH3, DHA-rich oil 

from Schizochytrium sp. FJRK-SCH3, DHA-rich oil, docosahexaenoic acid-rich algal oil, 

DHA-rich 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 (GRNs) for algal oil 

derived from Schizochytrium sp. (GRNs 000137, 000732, and 001008) for which the United 

States Food and Drug Administration (U.S. 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 from GRN 000137 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 
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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 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 (U.S. FDA, 2005). Runke Bioengineering‘s 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 

eicosapentaenoic acid (EPA), the total dietary exposure to DHA will be not more than 1.5 

g/person/day and not more than 3.0 g/person/day 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 

9 



 

  

DHA-Rich Oil (Runke Bioengineering) 

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 

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 in exempt (pre-term and/or low birth weight infants; amino acid- and/or 

extensively hydrolyzed protein-based) and non-exempt infant formulas (term infants; soy-, 

whey-, and/or dairy such as bovine or goat milk-based; ages from birth to 12 months) in 

combination with a safe and suitable source of ARA. This level corresponds to 1.43% of total 

dietary fat providing 28-39 mg DHA/kg body weight (bw)/day (or 80-111 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 contains 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 000067, page 6; GRN 000731, page 

5; GRN 000776, page 3; GRN 000777, page 3; GRN 000933, 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. 

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 
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additives unless the customaiy 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 pait thereof. Food ingredients ...which contribute their own natural color when mixed 
with other foods are not regai·ded as color additives .... 11 

• 

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 (Table 1). 

Infant fo1mula applications: Infants consuming fo1mula (pre-te1m and/or low bi1th 
weight infants as well as full-te1m 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 info1mation that are the basis for this GRAS conclusion will be made 

available to the U.S. FDA upon request by contacting Susan Cho at AceOne RS, Inc. or Sunny 
Tsai at Runke Bioengineering at the address above. The data and info1mation will be made 
available to the U.S. FDA in a fonn 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 Pru.ts 2 through 7 of this GRAS notice ai·e exempt 

from disclosure under the Freedom oflnfo1mation 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 info1mation, as well as 
favorable info1mation, known to us and pe1tinent to the evaluation of the safety and GRAS 

status of the use of the substance. 

1.1. Name, Position/Title of Responsible Person Who Signs Dossier, and Signature 
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Name: Sunny Tsai Date: April 1, 2024 

Title: Export Manager 

Address correspondence to 

Susan S. Cho, Ph.D. 

Lead Expert Panel Member 

AceOne RS, Inc. 

14631 Route 29, Suite 313 

Centreville, VA 20121 

Tel: +1-301-875-6454 

scho@aceoners.com or Susanscho1@yahoo.com 

1.J. Food Safety and Inspection Service/United States Department of Agriculture 

(USDA) Statement 

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

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

EFFECTS OF DHA 

2.A.1. Identity of the Notified Substance 

2.A.1.1. Common Name 

Docosahexaenoic acid-rich oil from Schizochytrium sp. FJRK-SCH3, DHA-rich oil 

from Schizochytrium sp. FJRK-SCH3, Docosahexaenoic acid-rich oil, DHA-rich oil, 

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

docosahexaenoic acid-rich single-cell oil, or DHA single cell oil. 

2.A.1.2. Chemical Names 

Its systematic name is all-cis-docosa-4,7,10,13,16,19-hexa-enoic acid (22:6) (Figure 

1) esterified to glycerol and its shorthand name is 22:6(n-3). 

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) have several CAS 

numbers including 32765-69-8. 

2.A.1.4. Empirical Formula 

Molecular formula of DHA, C22H32O2 

2.A.1.5. Molecular Weight 

DHA, 328.488 g/mol 

2.A.1.6. Structural Formula 

Figure 1 shows the structure of DHA. Docosahexaenoic acid is a long chain, 

polyunsaturated fatty acid (PUFA), 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). 

4 

7 

HO 
1 

0 
10 

16 

19 

'\ 3 

0) 1 

Figure 1. Structure of Docosahexaenoic Acid (DHA) 
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2.A.1.7. Physical Properties 

Density of DHA, 0.943 g/cm3 

2.A.1.8. Background 

Docosahexaenoic acid is a long-chain PUFA that is a primary structural component of 

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

with six cis-double bonds; the first double bond is located at the third carbon from the omega 

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

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

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

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

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

Potential toxicants have not been identified in Runke Bioengineering’s DHA-rich oil. 

Runke Bioengineering’s DHA-rich oil is 35.0% pure with an average of 42.5%. 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 (see Table 2 and 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 

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 the manufacturing process, it is not expected 

to have significant amounts of MCPDs and glycidyl esters in the DHA-rich oils. Analysis of 3 
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batches showed that the concentrations of MCPDs (2- and 3-MCPD) and glycidyl esters were 

near or below detection levels in the Runke Bioengineering’s DHA-rich oil (Table 2). 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) (Table 2; Appendix A). 

Overall, Runke Bioengineering’s DHA-rich oil is not expected to have a safety risk 

associated with potential contaminants such as shellfish poison, MCPDs, 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 

and 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 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 
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An oil rich in DHA is produced by a heterotrophic fermentation process with a marine 

micro-algae of the genus Schizochytrium sp. (strain 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 

Once the fermentation is complete, the fermentation broth is transferred to the shear 

agitator, and then the fermentation broth is heated to 50-100℃ with stirring at 50-300 rpm for 

4-20 hours to break algal cells, followed by centrifugation to separate crude DHA-rich oil from 

algal cells. The resulting supernatant, also known as the DHA-rich crude oil, is collected in 

stainless steel tanks and overlaid with nitrogen. 

c. Refining 

For caustic refining, sodium hydroxide is added to crude DHA oil and stirred at 60-80℃ 

for a period of time. The resulting gums (hydrated phosphatides) and soap stock (neutralized 

fatty acids) are removed by settling or centrifugation. Crude oil is heated to 70-90℃ and is 

washed with pure hot water (70-100℃) to remove the water-soluble impurities that could not 

be removed in the settling (or precipitation) or centrifugation process. In the process of oil 
washing, sodium sulfate can be added according to 0.1-1% of the amount of alkali to prevent 

the emulsification of oil, and the excess water is removed by vacuum after the oil washing is 

completed. 

The oil phase is collected and is bleached with activated clay. The clay is removed using 

a stainless-steel plate filter. The bleached oil is chilled and is held to crystallize any remaining 

waxes, as necessary to achieve the desired level of clarity. Solids from this step may be 

removed by centrifugation and/or filtration. Winterized oil is deodorized with steam at high 

temperature under vacuum. The product is then cooled, and tocopherols and sunflower oil are 

added to prevent oxidation and standardize DHA content. Filtration is the last refining step 

after the addition of safe and suitable antioxidants (vitamin E and ascorbyl palmitate) to ensure 

stability. 

d. Packaging 

The product is packaged in airtight containers. Figure 2 presents the 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 
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processing aids are used in accordance with applicable regulations, are GRAS for their 

intended use, or are the subject of an effective food contact notification. They are commonly 

used in food ingredient manufacturing processes and all production processes used are 

processes traditionally used in food manufacturing. 

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 are also 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. 

17 
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DHA (Docosahexaenoic Acid) Oil Manufacturing Process 

Receiving and inspection of raw ingredients 

Raw ingredients: Glucose, Yeast 
extract paste, Com symp powder, 

Sunflower seed oil, Magnesium 
sulfate, Potassium dil1ydrogen 
phosphate, Calcium chl01ide, 
Sodium hydi·oxideStorage 

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

Medium p:paration Use the water for production to dissolve the raw
ingredients including glucose, yeast extract paste, 
com syrup powder, sunflower seed oil, magnesium 
sulfate, potassium diliydi·ogen phosphate, calcium 
chloride, and sodium hydroxide for fe1mentation. 

Medium ste1ilization 

I 14--• . I 
I ~1 

+Sterilize the prepared medium by 
I :4l steaming. 

Control pressure: 0.11-0.12 Mpa ~I I 
Temperature: 120-122 °C • I 
Sterilization time: 15-30 min 

Fermentation cultivation 

+ 

Strains (add Schizochytrium 
sp. FJRK-SCH3 to a sterilized 
medimn for fermentation 
cultivation)

Strain 

Pretreatment I 
At the end of fermentation • cultivation, the algae cells 
are mechanically broken to 
separate DHA oil from 
algal cells. 

Separation and extraction I I+--- + I 

r---+l 

Mechanical separation using an agitator at 
high temperature, followed by centrifuge to
separate the oil from algal cells 

Caustic refining I •I 
Caustic refining (sodium 
hydi·oxide and sodium 
sulfate) to degum and 
deacidify the ciude oil 

Decolorizing I+-
- • ~ 

Activated carbon and activated clay are used 
for adsorption and decol01ization to control 
the color of the oil. 

Winterizing I 

Chilling to remove any 
ste1ines and waxes •• - I Deodorizing ~ 

Under high temperatme and high vacuum, steam is 
introduced for snipping and deod01ization to 
remove odorous substances 

Add antioxidants (Vitamin ~ 

~ 

E, ascorbyl palmitate) to ,. 
protect the oil I Filtration ~ Filter before packaging to remove insoluble 

impmities 
,,

Packing 
Acceptance and storage 
ofpacking mate1ials 

Inner package 
cleaning and 
sterilization 

Test the final product as per 
the quality standard and ~I ~ 
place into warehouse when 
it is qualified. 

~ 

', 

I Warehouse I 

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

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

companies whose production methods for DHA-rich oil received ‘no question’ letters from the 

U.S. FDA (GRN 000137 – U.S. FDA, 2004; GRN 000553 – U.S. FDA, 2015; GRN 000677 – 
U.S. FDA, 2017; GRN 000731/000732 – U.S. FDA, 2018a, 2018b; GRN 000776/000777 – 
U.S. FDA, 2018c, 2018d; GRN 000836 – U.S. FDA 2019a; GRN 000843 – U.S. FDA 2019b; 

GRN 000844 – U.S. FDA 2019c; GRN 000862 – U.S. FDA 2020a; GRN 000933 – U.S. FDA 

2020b; GRN 000934 – U.S. FDA 2021; GRN 001008 – U.S. 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 a non-toxigenic and non-pathogenic strain of the marine alga Schizochytrium sp. 

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. Based on the morphology and 18S ribosomal ribonucleic acid 

(rRNA) gene sequence analysis, Institute of Microbiology Chinese Academy of Sciences 

(IMCAS) identified Runke Bioengineering’s strain FJRK-SCH3 as Schizochytrium sp. 

(Appendix B). 

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

(Stramenopila). 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 Schizochytrium sp. 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 

humans 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. 

Chemical analysis of the finished DHA-rich oil ingredient confirmed the absence of common 

shellfish toxin, domoic acid (Table 2; Appendix A). The taxonomic classification of 

Schizochytrium sp. FJRK-SCH3 is presented in Table 3. 
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Table 3. 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 

2.C. Specifications and Composition 

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

fatty acids (FAs), trans-FAs, unsaponifiable content, peroxide value, p-anisidine value, 

moisture, and heavy metals (arsenic, cadmium, mercury, and lead), docosapentaenoic acid 

(DPA, n-6), ARA, eicosapentaenoic acid (EPA), and microbiology parameters (such as 

Escherichia coli, Cronobacter species, and Salmonella) (Table 4). Physical and chemical tests 

applied to the quality control (QC) characterization of the oil are mostly adapted from 

American Oil Chemists’ Society (AOCS), Association of Official Analytical Chemists 

(AOAC), or the Official Methods and Recommended Practices of International 

Standardization Organization (ISO). All analytical methods were validated for their intended 

use. 

Table 4 presents the specifications of Runke Bioengineering’s DHA-rich oil in 

comparison with those described in GRNs 000137 (page 21, stamped page 26), 000553 (pages 

17-18, stamped pages 23-24), 000677 (page 15), 000731 (page 18), and 000933 (pages 17-18). 

The specifications of Runke Bioengineering’s DHA-rich oil were also compared with the 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-rich oil to preweaning farm piglets (Fedorova-Dahms et al., 

2014) and human infants (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, 2023). 

Table 5 summarizes the analytical values for Runke Bioengineering’s DHA-rich oil. 

Three non-consecutive lots of DHA-rich oil were subjected to analytical testing for various 

parameters. These data demonstrate a reproducible and representative process capable of 

meeting the proposed product specifications. Analytical results ensured that Runke 
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Bioengineering’s DHA-rich oil meets the specifications. The specifications for DHA, free fatty 

acid (as % oleic acid), unsaponifiable matter, peroxide value, anisidine value, total oxidation 

value, DPA, ARA, and EPA meet or exceed the FCC standards (Table 5). 

Algal oil (≥35% DHA) consists of a mixture of TGs where the predominant fatty acid 

is DHA (on average ~42.5% of total FAs). 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. 

Fatty Acid Composition 

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

consumption. Tables 6 and 7 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 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 (15.5-16.4%) and DPA n-6 (10.6-12.3%) are the predominant FAs next 

to DHA (Tables 6 and 7). Minor FAs include oleic acid (3.5-4.0%), stearic acid (1.32-1.35%), 

ARA(0.19-0.23%), and EPA (0.37-0.46%). All FAs present in DHA-rich oil are present in the 

diet from vegetable and animal sources and, thus, do not pose a safety concern. 

The analytical values for DPA are comparable between the subject of this GRAS notice 

(10-15%) and FCC specifications for algal DHA oil derived from Schizochytrium sp. (10.5-

16.5%). Compared to the specifications listed in the FCC monograph for algal oil from 

Schizochytrium sp., the levels of dihomo-γ-linolenic acid (DGLA), ARA, and EPA in Runke 

Bioengineering’s DHA-rich oil are below the FCC specifications for corresponding FAs 

(Runke Bioengineering vs. FCCSchizochytrium sp.: DGLA, 0.25 vs. 1.7-2.8%; ARA, 0.21 vs. 0.6-

1.3 %; EPA, 0.42 vs. 1.3-3.9). Thus, the resulting exposure to DGLA, ARA, EPA, and DPA 

in the finished product will be equal to or less than oils that comply with the FCC 

specifications, whereas the amount of DHA exceeds the DHA specification in the FCC 

monograph. It is noteworthy that the subject of this notice is intended to be used as a source of 

DHA, consumers will be exposed to equal to or less amounts of DLGA, ARA, EPA, and DPA 

when the subject of this GRAS Notice is used to deliver the same target DHA level as algal 

oils that comply with the specifications listed in the FCC monograph. Because the oil contains 

similar amounts of these long chain PUFAs (the sum of DHA, DLGA, ARA, EPA, and DPA) 

compared to FCC specifications (Runke Bioengineering vs. FCCSchizochytrium sp: 53.1-56.2 vs. 

~54.5%), the differences in FA profile are not expected to impact the stability or the amount 
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of antioxidants added to the DHA-rich oil to maintain stability. Overall, differences in FA 

profile in the DHA, DGLA, ARA, EPA, and DPA content compared to food-grade algal oil 

meeting the FCC specifications do not affect Runke Bioengineering’s conclusion that the 

subject of this notice is safe for intended use. 

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 Runke 

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

impact the safety of the oil. 
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Table 4. Specifications of DHA-Rich Oil 

Parameter Current 

notice 

GRN 

137a 

GRN 

553b 

GRN 

677b 

GRN 

731b 

GRN 

933 

GRN 

1008 

FCCc FCCd Methods of Analysis 

for the Current 

Notice 
DHA, % 35 32 – 45f 

35f 35f >45e 
36e 

≥45 30 f 35-47f 

35 

AOAC 996.06 mod. 

Acid value, mg potassium 

hydroxide (KOH)/g 

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

Free fatty acid, as % oleic 

acid 

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

Trans FAs, relative area 

% 

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

Unsaponifiable matter, % ≤3.5 ≤4.5 ≤3.5 ≤3.5 <1.0 ≤3.0 ≤3.5 ≤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 ≤5.0 AOCS Cd 8b-90:2017 

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

Total oxidation value ≤20 NS NS NS NS NS NS ≤26 NS 

Moisture (direct drying 

method), wt% 

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

Lead, ppm ≤0.1 ≤0.2 ≤0.1 <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 NS ≤0.1 
Cadmium, ppm ≤0.1 ≤0.1 <0.1 ≤0.1 ≤0.2 NS NS 

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

DPA, n-6, % ≤16.5 10 - 20 NS NS NS NS NS ≤16.5 0-0.1 AOAC 996.06 mod. 

ARA, % ≤1.3 NS NS NS NS NS NS ≤1.3 AOAC 996.06 mod. 

EPA, % ≤2.0 NS ≤10 NS NS NS NS ≤3.9 0-0.1 AOAC 996.06 mod. 

Escherichia coli/25 g Absent 

in 25 g 

NS NS NS NS NS NS NS NS ISO 16649-3:2015 

Cronobacter sp./10 g ND in 

10g 

NS NS NS NS NS NS NS NS ISO 22964:2017 

Salmonella/25 g Absent 

in 25 g 

NS NS NS NS NS Absent 

in 375 

g 

NS NS U.S. FDA BAM Ch 

5, April 2001 
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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.; dFCC specifications for DHA oil derived from 

Crypthecodinium cohnii; e wt% (Eurofins’ COAs have reported the DHA content in wt%); frelative area%. 

Abbreviations: 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; ND = not detected; NS = not specified. 

Sources: GRN 000137, p 24 (stamped p 29); GRN 000553, p 17 (stamped p 23); GRN 000677, p 15; GRN 000731, p 18; GRN 000933, p 17; 

DHA specification, GRN 001008, DHA from Agency response letter and other parameters from p 4 of the amendment dated 11/3/21. 

Table 5. 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 FAs as oleic acid, % 0.12 0.19 0.11 0.01 0.14 

Free FAs, % 0.08 0.10 0.08 0.01 0.09 

Total trans FAs, % 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 

Total oxidation value 9.52 8.76 10.08 9.4 

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 

Escherichia coli/25 g Absent in 25 g Absent in 25 g Absent in 25 g Absent in 25 g 
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Cronobacter sp./10 g ND in 10 g ND in 10 g ND in 10 g ND in 10 g 

Salmonella/25 g Absent in 25 g Absent in 25 g Absent in 25 g Absent in 25 g 
*Samples were taken from 3 non-consecutive batches. Total oxidation values were calculated using the following formula: anisidine value +2 

peroxide value = total oxidation value. 

Abbreviations: DHA = docosahexaenoic acid; FA = fatty acids; LOQ = limit of quantitation; ND=not detected. 

Table 6. Fatty Acid Profile and Glyceride Composition of Runke Bioengineering’s DHA-Rich Oil 

Parameters, wt% Lot number Mean Range 

11024713 11027715 11030717 

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

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

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

C12:0 (Lauric acid) 0.04 0.03 0.04 0.04 0.03-0.04 

C14:0 (Myristic acid) 0.31 0.29 0.36 0.32 0.31-0.36 

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

C15:0 (Pentadecanoic acid) 0.05 0.04 0.06 0.05 0.04-0.06 

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

C16:0 (Palmitic acid) 15.93 15.53 16.36 15.94 15.5-16.4 

C16:1 Omega 7 0.09 0.08 0.09 0.09 0.08-0.09 

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

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

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

C17:0 (Margaric acid) 0.06 0.05 0.06 0.06 0.05-0.06 

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

C18:0 (Stearic acid) 1.35 1.32 1.33 1.33 1.32-1.35 

C18:1 (Vaccenic acid) 0.17 0.15 0.16 0.16 0.15-0.17 

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

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

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

C18:2 Total (Linoleic acid + isomers) 8.46 9.32 7.81 8.53 7.81-9.32 
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C18:3 Omega 3 (Alpha linolenic acid) 0.12 0.13 0.12 0.12 0.12-0.13 

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

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

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

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

C20:0 (Arachidic acid) 0.24 0.21 0.24 0.23 0.21-0.24 

C20:1 Omega 9 (Gondoic acid or 11-

eicosenoic acid) 

0.02 0.03 0.03 0.03 0.02-0.03 

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

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

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

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

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

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

C20:4 Omega 3 0.61 0.52 0.62 0.58 0.52-0.61 

C20:4 ARA, Omega 6 0.19 0.22 0.23 0.21 0.19-0.23 

C20:4 Total (Eicosatetraenoic acid) 0.80 0.73 0.85 0.79 0.73-0.85 

C20:5 EPA, Omega 3 0.42 0.46 0.37 0.42 0.37-0.46 

C21:5 Omega 3 (Heneicosapentaenoic 

acid) 

<0.02 <0.02 <0.02 <0.02 <0.02 

C22:0 (Behenic acid) 0.22 0.20 0.24 0.22 0.20-0.24 

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

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

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

C22:3 Docosatrienoic, Omega 3 0.16 0.12 0.17 0.15 0.12-0.17 

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

C22:5 Docosapentaenoic Omega 3 0.08 0.07 0.08 0.08 0.07-0.08 

C22:5 DPA, Omega 6 12.31 10.60 12.60 11.84 10.6-12.3 

C22:5 Total Docosapentaenoic acid (DPA) 12.40 10.68 12.68 11.92 10.7-12.7 

C22:6 DHA, Omega 3 43.01 41.71 42.76 42.49 41.7-43.0 

C24:0 (Lignoceric acid) 0.13 0.11 0.13 0.12 0.11-0.13 
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C24:1 Omega 9 (Nervonic acid) <0.02 <0.02 <0.02 <0.02 <0.02 

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

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

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

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

Total Fat as Triglycerides 92.85 89.86 92.47 91.73 89.9-92.9 

Total FAs 89.13 86.26 88.77 88.05 86.3-89.1 

Glycerides Composition 

Diglycerides 3.9 4.7 3.7 4.1 3.7-4.7 

Glycerol 2.8 2.9 2.7 2.8 2.7-2.9 

Monoglycerides 2.2 3.2 1.8 2.4 1.8-3.2 

Triglycerides 94.2 92.1 94.5 93.6 92.1-94.5 
LOQ: 0.02% for individual FAs and 0.1 wt% for total fat as triglycerides. 

Abbreviations: ARA = arachidonic acid; DGLA = dihomo-γ-linolenic acid; DHA = docosahexaenoic acid; DPA = docosapentaenoic 

acid; EPA = eicosapentaenoic acid; FAs = fatty acids; LOQ = limit of quantitation. 

Table 7. Comparison of Fatty Acid Profiles of DHA-Rich Oils (wt% Unless Noted Otherwise) 

Current 

notice 

GRN 

137a 

GRN 

553b,* 

GRN 

677b,* 

GRN 

731b 

GRN 

933 

GRN 

1008 

FCCc,* FCCd,* 

DHA (Docosahexaenoic acid) 

specifications 
35 32 - 45 35 35 >45 36 45 30 35-47 

Actual content, % 41.7-43.0 35.0 43.3 40.22 50.7 38.87 57.32 

Other Fatty Acids, g/100g 

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

C 20:4n6 (Arachidonic acid; ARA) 0.19-0.23 0.94 0.69 0.70 0.15 1.01 0.14 ≤1.3 

C 20:5n3 (Eicosapentaenoic acid; EPA) 0.37-0.46 2.63 6.23 1.18 0.70 0.31 0.47 ≤3.9 0-0.1 

C 22-5n6 (Docosapentaenoic acid; DPA) 10.6-12.3 13.5 2.53 7.81 10.33 8.76 13.95 ≤16.5 0-0.1 

Sum of DHA, DGLA, ARA, EPA and 

DPA 

53.1-56.2 ~54.5 35-47.3 

C 6:0 (Caproic acid) <0.02 < 0.02 
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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 0.06 

C 14:0 (Myristic acid) 0.32 10.11 1.18 11.87 0.82 1.29 0.55 

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 0.08 

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

C 16:0 (Palmitic acid) 15.94 23.68 13.78 25.43 20.96 26.20 18.26 

C 16:1 (Palmitoleic acid) 0.09 1.76 <0.10 3.42 0.51 0.19 0.23 

C 17:0 (Margaric acid or Heptadecanoic 

acid) 

0.06 <0.10 <0.12 0.08 0.84 0.08 

C 18:0 (Stearic acid) 1.33 0.45 1.65 0.82 1.30 1.12 1.06 

C 18:1 (Oleic acid) 3.82 NA 4.77 0.27 1.83 1.27 

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

1.36 

0.26 0.51 

C 18:2n6 (Linoleic acid) 8.29 2.01 <0.33 < 0.02 3.85 1.77 NA 0-1.0 

C 18:3n3 (alpha-Linolenic acid) 0.12 <0.10 NA 0.14 0.48 0.18 

C 18:3n6 (gamma-Linolenic acid) 0.13 NA 0.23 0.09 0.12 0.10 

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

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

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

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

C 21:0 (Heneicosanoic acid) 0.04 

C 22:0 (Behenic acid) 0.22 <0.10 0.15 0.12 0.18 

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

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

C 22-5n3 (Docosapentaenoic acid) 0.08 0.76 0.11 0.08 0.14 

C 23:0 (Tricosanoic acid) < 0.02 

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

C 24:1 (Nervonic acid) <0.02 0.41 <0.02 ND 
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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%. 

Abbreviations: FCC = Food Chemicals Codex; NA = not available; ND = not detected. 

Sources: GRN 000137, p 24 (stamped p 29); GRN 000553, p 18-20 (stamped p 24-26); GRN 000677, p 20; GRN 000731, p 20-21; GRN 

000933, p 20-23; GRN 001008, p 16-18. 
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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 8). Total aerobic plate counts, yeast, molds, and 

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

Appendix A. 

Table 8. Microbial Counts of Runke Bioengineering’s DHA-Rich Oil 

Lot number Method of 

Analysis 11024713 11027715 11030717 

Aerobic plate counts, 

cfu/g 

<10 <10 <10 U.S. FDA BAM 

Ch 3, Jan 2001 

Yeast, cfu/g <10 <10 <10 U.S. FDA BAM 

Ch 18, April 

2001 

Molds, cfu/g <10 <10 <10 

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 in 10 g ND in 10 g ND in 10 g ISO 22964:2017 

Salmonella/25 g Absent 

in 25 g 

Absent 

in 25 g 

Absent 

in 25 g 

U.S. FDA BAM 

Ch 5, April 2001 

Enterobacteriaceae, 

cfu/g 

<10 <10 <10 ISO 21528-2-

2017 

Abbreviations: BAM = Bacteriological Analytical Manual; cfu = colony forming units; Ch = chapter; 

ISO = International Standardization Organization; ND = not detected. 

Sterols 

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

0.571 wt% (Tables 9 and 10). Cholesterol was the most abundant sterol (0.32 wt%), followed 

by sitosterol (0.112), delta-7-stigmastenol (0.054), stigmasterol (0.031), brassicasterol (0.018), 

and delta-7-avenasterol (0.01). Table 10 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). The total sterol level is 

comparable to the average total sterol values calculated from the values reported in GRN 

000553 (0.54 wt%) and GRN 000677 (0.15 wt%), but much lower than the value reported in 

GRN 000137 (3.1 wt%) (Table 10). It is noteworthy that GRN 000137 reported much higher 

total sterol concentrations compared to other GRAS notices. The mean total sterol intake was 

estimated to be between 41−66 mg/day in infants aged 0.5 to 5 months old consuming infant 

formulas (Claumarchirant et al., 2015). 
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As stated in GRN 000137 (stamped page 14), the lipid fraction of Schizochytrium sp. 

algae is comprised mainly of FAs 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. However, all the sterols that are present in the subject of this GRAS 

determination were not directly quantified to compare 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, sitostanol, 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 identify, 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. Although Runke 

Bioengineering was not able to quantify all of the sterols that are present in its DHA-rich oil, 

the sterols found in the subject of this notice and other Schizochytrium sp.-derived DHA-rich 

oils that are GRAS are normal components of the diet such as human milk, infant formula, and 

edible oils used to formulate infant formula and/or other foods. 

The cholesterol content of Runke Bioengineering’s DHA-rich oil is much higher than 

those reported in GRN 000553 and 000677, but 59% lower than that reported in GRN 000137 

(0.320 vs. 0.775 wt% of fat). Cholesterol is a normal component of diet and is present in human 

milk, infant formula, and edible oils used to formulate infant formula and/or other foods. The 

safety of dietary cholesterol and phytosterols is well documented in the scientific literature 

(Brownawell and Falk, 2010). 

In summary, FAs (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. 

Table 9. 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 
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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. 

Table 10. 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%). 

Abbreviation: NR = not reported. 

2.D. Stability 

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

original aluminum containers were stored at ≤ 25°C and -10°C for testing of DHA content, 
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acid value, peroxide value, and anisidine value every four months. As shown in Table 11, 

Runke Bioengineering’s DHA-rich oil was 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. 

Table 11. 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) 
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2.E. GMO Status 

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

production of Runke Bioengineering’s DHA-rich oil and powder. 

2.F. Allergens 

Raw materials used in production contain no allergenic substances. The manufacturing 

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

rich oil would be allergenic. 

2.G. Intended Technical Effects 

Runke Bioengineering’s DHA-rich oil will be used as a food ingredient in selected 

conventional foods and 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 ARA. 
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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 000137, stamped pages 10 to 12 and 27 

to 28, FDA, 2004; GRN 000732, 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. 
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The estimated daily 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 

Schizochytrium sp. (GRN 000137, FDA, 2004) received no question letters from the U.S. 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/day 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 FAs, the 90th percentile intake of DHA 

would be 39 mg DHA/kg bw/day (7,800 mg fat/kg bw/day x 0.005 = 39 mg/kg bw/day). Since 

an average new infant (<1 month) 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 percentile calorie intake/kg 

bw/day is 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 FAs, the 90th percentile EDIs of DHA would 

be 30.5 mg/kg bw/day (6,111 mg fat/kg bw/day x 0.005 = 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 FAs). 

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 

36 



 

DHA-Rich Oil (Runke Bioengineering) 

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

EDI of DHA would be ~284 mg/infant/day. 

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/infant/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-rich oil). 

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 the calculation 

methods as shown below and summarized in Table 12. 

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 FAs (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. 
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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% DHA. Thus, EDIs of DHA-rich oil would 

be 278, 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 12. Summary of EDIs of DHA and DHA-Rich Oil 

Selected population DHA 

mg/kg bw/day 

DHA 

mg/person/day 

DHA-rich oil 

mg/kg bw/day 

DHA-rich oil 

mg/person/day 

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

Pre-term infants 

Low-birth weight 

(2.5 kg) 

Up to 39 97.5 111 278 

Very low-birth weight 

(1.5 kg) 

Up to 39 58.5 111 167 

Extremely low-birth 

weight (1 kg) 

Up to 39 39 111 111 

Abbreviations: bw = body weight; DHA = docosahexaenoic acid; EDI = estimated daily 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 

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

human milk is 0.32-0.37% of total FAs and ranges from 0.06% to 1.4% (Brenna et al., 2007; 

Fu et al., 2016). Fish oil and egg yolks are also known to be excellent sources of DHA. 

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 FAs 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 FAs as DHA). 
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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. EDIs 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 of 

DHA described in Part 3.A 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 

The major sterols found in the DHA algal oil are also found in human breast milk and 

commercially available infant formula (Mellies et al., 1976). 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 up to 39 mg/kg bw/day for pre-term infants (please see Part 3.A. 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 were estimated to be up to 284 mg/infant/day in term infants aged 11.5 months 

weighing 10.2 kg (Table 12). 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 (Table 12); this level 

may correspond to the EDI of 1.56 mg sterols/infant/day. 

In addition, the maximum EDI of cholesterol under the intended use will be 

approximately 0.25 mg/kg bw/day for term infants and 0.33 mg/kg bw/day for pre-term infants 

because cholesterol accounts for 56% of total sterols in the subject of this notice. These levels 

correspond to up to 2.6 mg cholesterol/infant/day for term infants and 0.87 mg 

cholesterol/infant/day. 
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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 

in infants aged 0.5 to 5 months who were consuming infant formulas (Claumarchirant et al., 

2015). Estimated daily cholesterol intakes ranged from 9 mg/day (0.5 month old infant) to 51 

mg/day (5 month old) in infants consuming formulas (Claumarchirant et al., 2015). 

In summary, the estimated intake of cholesterol and total sterols through the proposed 

uses of DHA-rich oil would not have an impact on the relative amount of cholesterol and total 

sterols already consumed via infant formulas. In addition, sterols are normal components of 

various foods. The presence of sterols in ARA-rich oil is not expected to pose a safety risk. 

General Population 

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

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

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

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

estimated intake of sterols under the intended uses of DHA-rich oil would not have a significant 

impact on the relative amount of total sterols already consumed in the diet. Therefore, the 

dietary exposure to total sterols including cholesterol, sitosterol, delta-7-stigmastenol, delta-

5,24-stigmastadienol, and others from the intended use of DHA-rich oil would not be expected 

to produce adverse effects on human health. 

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

oil would not pose a safety concern. 

EDIs of n-6 DPA Under the Intended Use 

Infants 

Analysis of 3 lots of DHA-rich oils indicates a mean n-6 DPA concentration of 

approximately 11.9% (Table 6). 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 up to 39 mg/kg bw/day for pre-term 

infants (please see Part 3.A for details). Thus, to calculate the EDIs of DPA for term infants, 

EDIs of DHA (28-39 mg/kg bw/day) were multiplied by 11.9/35.0 (or 0.34) to get EDIs of 

DPA. For example, 28-39 mg DHA/kg bw/day was multiplied by 0.34 to get 9.52-13.3 mg 

DPA/kg bw/day. 

General Population 

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

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

35.0% and 11.9% of DHA and DPA, respectively. Thus, 1.5 g x 0.34 = 0.51 g DPA/person/day. 

This intake is within the range of levels of DPA provided via seafood consumption. Thus, DPA 

intake under 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 (11.9%), and n-3 DPA (0.08% total FAs). 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 ARA, and that the deficiency of n-3 essential FAs 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. Seal 

meat and blubber are particularly rich in DPA. For example, bearded seal oil contains 5.6% 

DPA. It was estimated that the Greenland Inuit population consumed 1.7 to 4.0 g DPA per day 

(Bang et al., 1980; Byelashov et al., 2015). On the other hand, the EFSA’s review reported that 

the mean daily intakes of DPA from food only were between 25-75 mg/day, and that the 95th 

percentile intakes of DPA from food only were between 100 mg/day (Belgium, women, 18-39 

years) and 138 mg/day (France, men, 45 years). 

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

humans under the intended use. 

Summary of Exposure Estimates 

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

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

with the exception of egg, meat, poultry, and fish products. The proposed use levels of the 

DHA-rich oil are expected to result in a maximum dietary exposure of 1.5 g of DHA per person 

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 for term 

infants and up to 39 mg DHA/kg bw/day for pre-term infants, which are consistent with current 
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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 the 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 derived from Schizochytrium sp. 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 

(U.S. 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 lipoprotein 

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, the 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 

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

GRAS notifications for DHA-rich oils (derived from algae and fish) have received “no 

question” responses from the FDA. 

As shown in Table 13, various DHA-rich oil ingredients derived from Schizochytrium 

sp. received U.S. 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 13. Regulatory Approvals for Use of DHA-Rich Oil Derived from Schizochytrium sp. in 

Foods and Infant Formulas 

GRAS Notice 

number, infant 

types (if applicable) 

Year DHA content; Schizochytrium sp. strain 

name 

Intended use and 

EDI 

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

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

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 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, pre-

term and term 

2022 45% DHA; 

Schizochytrium limacinum TKD-1 

27-33 mg 

DHA/kg bw/day 
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Abbreviations: ARA = arachidonic acid; bw = body weight; CFR = Code of Federal Regulations; 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, the subject of this GRAS notice, 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 toxicity studies in rats, including a 28-day subacute toxicity study, a 90-day subchronic 

toxicity study (Lewis et al., 2016), and developmental and reproductive toxicity study in rats 

(Falk et al., 2017). The data from the studies by Lewis et al. (2016) and Falk et al. (2017) 

provide pivotal safety data in this GRAS notice, and they are cited by many previous GRAS 

notices as well. 

As Runke Bioengineering’s DHA-rich oil, the subject of this GRAS determination, has 

similar specifications and chemical composition compared to those described in the previous 

U.S. FDA GRAS notices involving algal DHA-rich oil (Table 4), 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 (Corroborative studies: 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. 

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

Martin et al., 1993 and from GRN 001008, p 38-39; GRN 000731, p 27-28) 

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 FAs. DHA is mainly 

found in the form of triglycerides, although it also occurs 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 FAs. The digestive process for the triglyceride form of DHA, the 

form present in DHA-rich oil from Schizochytrium sp., is complex and requires lipase 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-
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1 and sn-3 positions of triglycerides to produce predominately sn-2 monoglycerides and free 

FAs. 

This facilitates the absorption of polyunsaturated FAs (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 FAs 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 FAs occurs in the mitochondria following their transport across the 

mitochondrial membrane in the form of acylcarnitine. 

FAs 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 FAs across the mitochondrial membrane is contingent upon the 

length of the carbon chain; FAs of 20 carbons or more are transported into the mitochondria to 

a lesser degree than shorter chain FAs. Therefore, long chain FAs, such as 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 FAs 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 [GRN 000553, p 37-41 or stamped p 43-47, p 10-

11 of 24 page section; it was cited as Fedorova-Dahms et al., 2013]; GRN 677, p 40; Yeiser et 

al., 2016 [cited in GRN 1008, p 60]). 

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 

FAs as DHA and ARA, respectively, and a higher dose provided 0.96% and 1.92% of total 
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FAs as DHA and ARA, respectively. The high doses of DHA correspond to 283.9 and 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 Runke Bioengineering’s DHA-Rich 

Oil Derived from Schizochytrium sp., the Subject of This GRAS Determination 

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

is focused on studies of Runke Bioengineering’s DHA-rich oil derived from Schizochytrium 

sp. FJRK-SCH3 only instead of DHA-rich oil from various sources. 

Bacterial Reverse Mutation Assays for Runke Bioengineering’s DHA-Rich Oil 
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The safety of Runke Bioengineering’s DHA-rich oil from Schizochytrium sp. FJRK-

SCH3 strain was evaluated in mutagenicity and genotoxicity studies (Lewis et al., 2016; Table 

14). 

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 14). 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 14). 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 

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 

50 



DHA-Rich Oil (Runke Bioengineering) 

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 of DHA-rich oil 

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 PCEs to 

normochromatic erythrocytes (%PCE) and individual frequencies of micronucleated (MN) 

PCEs 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 PCEs. 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 5,000 mg/kg 

bw/day under the experimental conditions. 

Table 14. Summary of Pivotal Studies Showing No Mutagenicity and/or Genotoxicity of 

Runke Bioengineering’s DHA-Rich Oil 

Test Test system Concentration/dose of 

DHA-rich oil 

Previous GRN 

citation 

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 

GRN 000836, p.36 

GRN 001008, p.39 

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 mg/mL culture ± 

S9 (2%) 

GRN 000776, p.23 

GRN 000836, p.37 

GRN 001008, p.39 

In vivo mammalian 

erythrocyte 

micronucleus test 

Polychromatic 

erythrocytes in 

bone marrow of 

treated rats 

0, 1,000, 2,500, and 

5,000 mg/kg bw/day 

GRN 000776, p.23 

GRN 000836, p.37 

GRN 001008, p.39 

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

Abbreviations: bw = body weight; DHA = docosahexaenoic acid; GRN = GRAS notice. 

6.B.3. Animal Toxicity Studies of DHA-Rich Oil and DHA-Rich Microalgae (DRM) 

Derived from Schizochytrium sp. 

Due to the abundance of literature, this review of animal toxicity studies is 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 15. Of these, 
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the pivotal toxicity studies are those by Lewis et al. (2016) and Falk et al. (2017). These studies 

were reviewed in previous GRAS notices (GRN 000776, p 22; GRN 000836, p 38-40, GRN 

000934, p 44; GRN 001008, p 44). Corroborative studies include the published research of 

Abril et al. (2003), Fedorova-Dahms et al. (2011a, 2011b), Hammond et al. (2001a, 2001b, 

2001c), and Schmitt et al. (2012a, 2012b). 
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Table 15. 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 Previous GRN 

citation 

Pivotal Toxicity Studies of Runke Bioengineering’s DHA-Rich Oil Derived from Schizochytrium sp. FJRK-SCH3 Strain, the 

Subject of This GRAS Determination 

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 

GRN 000776, p 22 

GRN 000836, p 38 

GRN 000934, p 44 

GRN 001008, p 44 

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 

GRN 000776, p 22 

GRN 000836, p 38 

GRN 000934, p 44 

GRN 001008, p 44 

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 

GRN 000776, p 22 

GRN 000836, p 39 

GRN 000860, p 36 

GRN 000934, p 44 

GRN 001008, p 44 

Maternal/ 

paternal 

repro-

ductive and 

develop-

mental 

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 

Falk et al., 

2017 

GRN 000776, p 24 

GRN 000836, p 40 

GRN 000860, p 37 

GRN 000934, p 44 

GRN 001008, p 44 
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treatment-

related 

reproductive 

toxicity 

Corroborative Studies: DHA-Rich Oil Studies Reviewed in Previous GRAS Notices 

Acute oral 5,000 mg/kg Single dose; Rat No treatment-related LD50 > 5 g/kg Schmitt et GRN 000677, p 35 

toxicity (40.23 area% observed for adverse effects al., 2012a GRN 001008, p 43 

(gavage) DHA in DHA-

rich oil) 

14 d 

Subchronic 0.5, 1.5, or 5 90 d Rat Reduced food 3,149 (M) Fedorova- GRN 000677, p 37 

toxicity wt% in diet consumption in all 3,343 (F) Dahms et GRN 001008, p 43 

(diet) (37% DHA of 

total FAs in 

DHA-rich oil) 

treatment and fish 

oil control groups; 

attributed to high fat 

content rather than 

treatment. 

al., 2011a 

Subchronic 1, 2.5, or 5% in 90 d Rat No treatment-related 3,305 (M) Schmitt et GRN 000677, p 35 

toxicity diet (40.23 adverse effects 3,679 (F) al., 2012a GRN 001008, p 43 

(diet) area% in DHA-

rich oil) 

Repro- 0.5, 1.5, or 5 F0: M & F- Rat No treatment-related F0 premating: Fedorova- GRN 000553, p 32 

ductive and wt% in diet 28 d premating adverse effects 3,466 (M), Dahms et (stamped p 38) 

develop- (43% DHA of and ≤14 d 4,013 (F); al., 2011b GRN 001008, p 43 

mental total FAs in mating F0 gestation: 

toxicity DHA-rich oil) periods; F-

followed by 

gestation and 

lactation 

period; 

F1: 90 d with 

3,469 (F); 

F0 lactation: 

8,322 (F). 

F1 90-day 

with in utero 

exposure 

phase: 
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in utero phase, 4,122 (M), 

followed by a 

4 wk recovery 

phase 

4,399 (F) 

Prenatal 400, 1,000, or Gestation days Rat No treatment-related 2,000 for both Schmitt et GRN 000677, p 35 

develop- 2,000 mg/kg 6 to 19 adverse effects maternal and al., 2012b 

mental bw/d (~42% embryo/fetal 

toxicity DHA in DHA- development 

(gavage) rich oil) toxicity 

Repro-

ductive 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 

GRN 000677, p 33-

35 

GRN 001008, p 43 

F1 M- 106-107 Rat Developmental F1: 5% in diet 

d with an in toxicity- 5% in diet (both M + F); 

utero phase; for both M and F. F1: 3,526 (M), 
F1 F- 110-111 Systematic toxicity- 4,138 (F); 

d with an in No treatment-related Systematic 

utero phase adverse effects in the 

5% group males; 

Higher food 

toxicity-

3,526 (M), 

2,069 (F) 
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consumption, body 

weight, and body 

weight gain in the 

5% F1 female group 

Corroborative Studies: DRM Studies Reviewed in Previous GRAS Notices 

Subchronic 1.169, 2.680, 2.680 kg Pig (M) No treatment-related No feed Abril et GRN 000137, p 15 

toxicity 3.391, or 5.746 DRM/pig-120 adverse effects for consumption al., 2003 GRN 000677, p 40 

(diet) kg DRM per pig 

(22.3% DHA on 

a dry wt basis) 

d, a whole-life 

exposure; 

1.169, 3.391, 

or 5.746 kg 

DRM/pig 

during the last 

42 d 

low-, mid-, and 

high-dose groups 

(261, 756, and 1,281 

g DHA per pig 

during experiment 

period) 

data on a 

mg/kg bw 

basis; no 

NOAEL was 

reported 

GRN 001008, p 45 

Subchronic 400, 1,500, or 13 wk Rat No treatment-related 4,000 DRM Hammond GRN 000137, 

toxicity 4,000 mg/kg adverse effects (correspond- et al., p 10-11 

(diet) bw/d (8.7% 

DHA on a dry 

wt basis) 

ing to 348 

DHA**) 

2001a GRN 000553, p 33 

(stamped p 39) 

GRN 000677, p 37 

GRN 001008, p 45 

Repro-

ductive and 

develop-

mental 

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 develop-

mental 

toxicity -

22,000 DRM 

(correspond-

ing to 1,914 

DHA**) 

Hammond 

et al., 

2001b 

GRN 000137, 

p 11-12 

GRN 000553, p 33 

(stamped p 39) 

GRN 000677, p 38 

GRN 001008, p 45 

Single- M- 15 wk; Rat No treatment-related 17,847 DRM Hammond GRN 000137, p 12 

generation F- 2 weeks adverse effects (correspond- et al., GRN 000553, p 33 

repro- prior to ing to 1,512 2001c (stamped p 39) 

duction mating, during DHA**) (M); GRN 000677, p 38 
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toxicity mating, and 20,669 DRM GRN 001008, p 45 

(diet) throughout 

gestation and 

lactation 

(10 wk) 

(correspond-

ing to 1,680 

DHA**) (F) 

Repro- 180, 600, or F0 mother- Rabbit High-dose (1,800) F0: 600 DRM Hammond GRN 000137, p 12 

ductive and 1,800 mg 13 d (gestation DHA oil and fish oil (correspond- et al., GRN 000553, p 33 

develop- DRM/kg/d days 6 to 18) groups: F0 mothers ing to 52 2001b (stamped p 39) 

mental (8.7% DHA on had reduced food DHA**) (F); GRN 000677, p 38 

toxicity a dry wt basis) consumption and F1: Develop- GRN 001008, p 45 

(gavage) body weight and a 

slightly higher 

abortion rate (but 

within the historical 

limits for the 

laboratory). No 

significant effect on 

post-implantation 

loss, mean fetal 

bw/litter, or 

morphological 

developments. 

mental, 1,800 

DRM 

(correspond-

ing to 157 

DHA**) 

(both M + F) 

*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. 

Abbreviations: bw = body weight; d = day; DHA = docosahexaenoic acid; DRM = DHA-rich microalgae; F = females; FAs = fatty acids; 

GRN = GRAS notice; LD50 = median lethal dose; M = males; NOAEL = no-observed-adverse-effect-level; wk = weeks; wt = weight. 
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Animal Toxicity Studies of Runke Bioengineering’s DHA-Rich Oil, The Subject of This 

GRAS Determination 

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

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 5 g/kg bw of DHA-rich oil (41.37% DHA) at a 

maximum dose volume of 10 mL/kg bw. 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 occurred during the 14-day observation period. Thus, an additional 

group of 5 rats received 5 g/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 determined 

to be >5 g/kg bw for both male and female rats. The data indicate that the DHA-rich oil is 

‘practically non-toxic’ (Altug, 2003). 

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

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 the Organisation for 

Economic Co-operation and Development (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 
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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. 

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 

abnormalities were noted in feed consumption, mean body weights, clinical signs or symptoms, 

ophthalmological examination parameters, hematology, blood chemistry, urinalysis, and 

microscopic and histopathological examination parameters. There were no significant adverse 

effects at DHA doses up to 5,000 mg/kg bw/day. The no-observed-adverse-effect-level 

(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; recovery groups) were treated with vehicle control (corn oil) 

or 5,000 mg/kg bw/day DHA-rich oil for an 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. 
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No unscheduled deaths were observed. No abnormal effects were found in the 

ophthalmological examination and clinical signs. 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 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 (MPV), prothrombin time (PT), activated partial thromboplastin time 

(aPTT), and neutrophil, lymphocyte, monocyte, eosinophil, and basophil counts (Table 16). 

Statistically significant hematological changes included small changes in RBC counts (males, 

water control vs. corn oil control vs. low-dose vs. mid-dose: 7.7 vs. 7.4 vs. 7.5 vs. 7.6 x106 /µL, 

P<0.05 for corn oil control and 2 test groups compared to water control, but not significant 

compared to corn oil control), hematocrit (males- corn oil control vs. mid dose: 43.3 vs. 4.5%, 

P<0.05; females- corn oil control vs. low-dose vs. mid-dose: 44 vs. 45 vs. 46%, P<0.05 for 2 

test groups), neutrophil counts (males, oil control vs. test groups: 12 vs. 13-14, P<0.05); 

however, these changes were not considered to be adverse because differences were small in 

magnitude and resolved during the recovery period. 

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 17). Small increases were noted in cholesterol (by 22-26% in males and 

12-18% in females) and triglycerides (18-26% in males and 16-21% in females) in all DHA-

rich oil doses for both sexes. Triglycerides for the female DHA-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. 
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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; 

Table 17). However, the differences were small in magnitude, were resolved by the end of the 

recovery, and were not accompanied by changes in 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 mg/dL, females, 0.26 vs. 0.34 mg/dL; albumin, males and females, 4.2-4.3 vs. 4.5 

g/dL; 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. 

No significant differences were found in most urinalysis 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. 

Organ weights (Table 18), gross pathological analyses, and physical and microscopic 

examination parameters 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 16. Hematology and Coagulation Parameters for Wistar Rats Administered DHA-Rich 

Oil for 90 Days 

Parameter 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± standard deviation for groups of 20 rats 

treated for 90 days prior to sacrifice. aP<0.05 vs water control; bP<0.05 vs vehicle control. 

Abbreviations: aPTT = activated partial thromboplastin time; bw = body weight; HCT = hematocrit; 

Hgb = hemoglobin; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin 

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

time; RBC = red blood cell; WBC = white blood cell. 
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Table 17. Blood Biochemistry for Wistar Rats Administered DHA-Rich Oil for 90 Days 

Parameter 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 

SDH, IU/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 

T. protein, g/dL 6.8±0.4 6.7±0.4 6.6±0.3 7.0±0.4 7.0±0.5 

T. 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 

SDH, IU/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 
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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 

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± standard deviation. aP<0.05 vs water 

control; bP<0.05 vs. vehicle control. 

Abbreviations: ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate 

aminotransferase; bw = body weight; GGT = gamma-glutamyl transferase; LDH = lactate 

dehydrogenase; SDH = sorbitol dehydrogenase; T. = total. 

Table 18. Organ Weights for Wistar Rats Administered DHA-Rich Oil for 90 Days 

Parameter 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 ± standard deviation. 

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

Developmental Toxicity Study of Runke Bioengineering’s DHA-Rich Oil 

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 (Tables 19 and 

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 19). 

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, bilobed centra, and incomplete or delayed ossification 

in the cranial bones were all within historical control ranges. 
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Reproductive Toxicity Study of Runke Bioengineering’s DHA-Rich Oil 

Healthy Wistar rats (aged 6-7 weeks old) were randomly assigned to one of 5 dose 

groups (n=24/group): control (untreated), vehicle control (corn oil), 1,000, 2,500, or 5,000 

mg/kg bw/day DHA-rich oil. The effects 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 cohabited 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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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 21) 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 22). 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 atelectasis 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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Table 19. Changes in Fetal Development in the Prenatal Developmental Toxicity Study 

Parameter Dose (mg/kg bw/day) 

0 

(untreated) 

0 

(corn oil) 

1,000 2,500 5,000 

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

Developmental Toxicity Study 

Parameter Dose (mg/kg bw/day) 

0 (untreated) 0 (corn oil) 1,000 2,500 5,000 

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). 

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

Fertility Indices Dose (mg/kg bw/day) 

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

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 
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Mean female pup weight day 33.63 ± 5.71 35.36 ± 4.47 32.37 ± 5.59 34.76 ± 5.08 

22 
Adopted from Falk et al. (2017). *Mean days±SD 

Table 22. Physical Observations and Gross Necropsy Findings of F1 Newborn Pups in the 

Reproductive Toxicity Study 

Physical Observations – 
Mean days ± SD 

Dose (mg/kg bw/day) 

0 

(corn oil) 

1,000 2,500 5,000 

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: Atelectasis 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). 

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

In GRNs 000553 (stamped pages 37-47, 40-54), 000677 (p 33-41), 000731 (p 30-34), 

000732 (p 33-37), 000776 (p 17-24), 000777 (p 15-22), 000836 (p 32-34, 38-45), 000843 (p 

19-25), 000844 (p 18-25), 000862 (p 29-38), 000933 (p 34-40), 000934 (p 35-44), and 001008 

(p 42-45), the safety of DHA-rich oil or DHA-rich microalgae (DRM) from Schizochytrium sp. 
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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. 

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. Abril et al. (2003; 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 
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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. 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 15. 

2) In a subchronic toxicity study on another source of DRM, which contains 8.7% DHA 

on a dry weight basis (p 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). 

3) In a reproductive and developmental toxicity study in rabbits by Hammond et al. 

(2001b), both the high-dose (1,800 mg/kg bw/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 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 gestational days (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. Although 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 high-dose DRM and the fish oil 

control groups fall within the historical limits for the laboratory, 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 
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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. 

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 developmental toxicity. This level corresponds to 1,914 mg DHA/kg 

bw/day, assuming the DHA content in DRM was 8.7%. 

4) 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 most human studies were designed to investigate the efficacy of 

DHA-rich oil on various health parameters, some studies evaluated several safety-related 

endpoints during the experiments. Therefore, these studies including safety parameters are 

reviewed below as additional supporting information. The absence of adverse effects provides 

some evidence of the safe use of DHA-rich oils. Our review is focused on the studies which 

include safety parameters in their measurement endpoints. This review will focus on the safety 

and will not discuss health benefits of DHA-rich oil. Publications that are not relevant to 

assessing the safety of DHA in infant formula (such as those that employed different food 

forms including supplements or enteral feeding) were not included in this review. 
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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). 

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 U.S. 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 23 to 25). The DHA-rich oil in this GRAS determination has 

similar specifications compared to the those in the previous GRAS notices (Table 6), and 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 

(MacDonald and Sieving, 2018 [GRN 000933, p 41, 44]; Sanders et al., 2006 [GRN 001008, 

p 61-62]). Thus, this notice incorporates, by reference, the above mentioned studies discussed 

in the previous GRAS notices, and will not discuss previously reviewed references in detail. 
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Briefly, the study by 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 8 adverse events reported by 4 participants, 

and all 8 events were considered not related to the DHA supplementation. 

In the 2006 study by Sanders et al., effects of DHA-rich oil supplementation on 

cardiovascular risk factors were evaluated in 79 healthy men and women (mean ages, 30-35 

years) in a placebo-controlled, randomized, double-blind study. Subjects received 4 g oil 

(providing 1.5 g DHA and 0.6 g DPA; derived from Schizochytrium sp. (DHA-S; test group) 

or 4 g refined olive oil (placebo group) each day for 4 weeks. Compared to the placebo 

group, the test group had significantly higher serum concentrations of total, LDL- and HDL-

cholesterol, and Factor VII (FVII) coagulant activity (increase by 0.33 mmol/l [7.3%], 0.26 

mmol/l [10.4 %] and 0.14 mmol/l [9.0 %], and 12%, respectively; P<0.01 for all parameters). 

However, there were no significant differences between treatments in LDL size, blood 

pressure, plasma glucose, serum C-reactive protein, plasma FVII antigen, FVII activated, 

fibrinogen, von Willebrand factor, tocopherol or carotenoid concentrations, plasminogen 

activator inhibitor-1, creatine kinase or troponin-I activities, hematology, or liver function 

tests or self-reported adverse effects. Although an LDL-cholesterol increasing effect was 

noted, neither the LDL:HDL ratio nor LDL size were significantly different between the 

groups. Thus, the authors concluded that the lipoprotein changes induced by the 

Schizochytrium sp. supplement have a net neutral effect on cardiovascular risk factors. 

Overall, the authors concluded that the DHA-rich oil derived from Schizochytrium sp. was 

well tolerated and did not adversely affect cardiovascular risk. 

An Efficacy Study Not Considered for Safety Evaluation 

The study by Smith et al. (2018) included in a previous GRAS notice (GRN 001008, p 61-

62) was not considered for the safety review in this GRAS determination. In this prospective 

8-week open label study with 28 patients (18-65 years) with major depression disorder who 

were non-responsive to medication or psychotherapy, with a Hamilton Depression Rating 

Scale score of greater than 17, measurement endpoints included depression, clinical severity, 

and daytime sleepiness. Although no adverse effects of DHA supplementation (260 mg or 520 

mg per day DHA) for 8 weeks were reported on measured outcomes, no safety parameters 

were evaluated in this study. 

Overall, doses up to 2 g DHA/day were well tolerated with no side effects in adults 

(MacDonald and Sieving, 2018). 
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Studies in Children 

Since January 2022, no new studies of DHA in children have been published. 

GRN 001008 included the study by Ingol et al., which was published in June 2019 

(GRN 1008, p 63; Table 23). 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 (Martek 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, one new study of DHA derived from Schizochytrium sp. in 

pregnant women has been published (Garmendia et al., 2021; see Table 23). 

From the Maternal obesIty/overweight control throuGh Healthy nuTrition (MIGHT) 

study, Garmendia et al. (2021) evaluated the effects of DHA supplementation on 1002 obese 

and overweight pregnant women (<15 weeks of gestation; BMI ≥25 kg/m2 at first prenatal visit) 

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) 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. Primary endpoint was the overall incidence 

of gestational diabetes mellitus (fasting glucose ≥92 mg/dL and/or 2 h after ≥153 mg/dL) 

diagnosed by a 75-g oral glucose tolerance test (OGTT) at 24–28 weeks of gestation. The 

secondary endpoints included the incidence of macrosomia (birthweight >4000 g) and 

neonatal insulin resistance (cord blood Homeostasis Model Assessment for Insulin Resistance 

[HOMA-IR]), glucose concentrations, and adverse events. No significant differences were found 

among groups with regard to measurement outcomes. The overall incidence of gestational 

diabetes mellitus was 20.2% (Group 1: 21.0%, Group 2: 20.1%, Group 3: 18.9%, and Group 4: 

20.9%). Mean birth weight was 3,403.0 g, and the incidence of macrosomia was 11.9% (Group 1: 

13.2%, Group 2: 10.8%, Group 3: 11.5%, and Group 4: 12.1%). Median cord blood HOMA-IR 

was 0.9 (interquartile range, 0.6–1.7), and 10.2% showed cord blood insulin resistance (Group 1: 
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12.0%, Group 2: 12.0%, Group 3: 9.7%, and Group 4: 5.1%). The only exception was the glucose 

concentrations in the cord blood samples that were lower in those adherents to the DHA 

supplementation (P< 0.05). The authors concluded that for women who were overweight or obese 

at the beginning of pregnancy, this combined intervention with DHA and counseling did not reduce 

the risk of gestational diabetes in mothers or macrosomia and insulin resistance in neonates. 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, 000933, and 001008) that intake of DHA is safe 

as long as the daily intake does not exceed 1.5 g/person/day. 
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Table 23. Human Studies Reporting No Adverse Effects of DHA from Algal Sources in Children and Women During Pregnancy 

and/or through Postpartum* 

Objective Subject Dose Duration Measurements Reference Previous 

GRN 

citation 

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 

wk gestation) who 

were 10-16 mo in 

corrected age 

2 groups: 

1) DHA (200 mg/d; 

Schizochytrium sp.; 

source: Martek 

Biosciences 

Corp/DSM,) plus 

ARA (200 mg/d) 

2) 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 

GRN 

001008, 

p.63 

To evaluate the 100 obese or 4 groups: From <15 wk The overall Garmendia New study 

effects of DHA overweight 1) Home-based of gestation incidence of et al., 2021 not cited in 

supplementation pregnant women; dietary counseling + until delivery gestational diabetes previous 

among obese and a subsample of 800 mg/d DHA mellitus, the GRN 

overweight pregnant 226 newborns; (source: incidence of 

women on metabolic Maternal Schizochytrium sp., macrosomia, and 

control in mothers obesIty/over- DSM) cord blood 

and their offspring weight control 

throuGh Healthy 

nuTrition 

(MIGHT) study 

2) 800 mg/d DHA 

only 

3) Home-based 

dietary counseling + 

200 mg/d DHA 

4) 200 mg/d DHA 

only 

Homeostasis Model 

Assessment for 

Insulin Resistance 

(HOMA-IR) and 

glucose 

concentrations. 

*Excluding studies of DHA from fish oil source or DHA-ethyl ether; none of these studies reported adverse effects of DHA on measured 

outcomes. 

Abbreviations: ARA = arachidonic acid; d = days; DHA = docosahexaenoic acid; GRN = GRAS notice; mo = months; wk = weeks. 
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Studies of DHA in Term Infants 

No new studies published since January 2022 have been identified from the literature. 

However, this review includes a few key term infant studies related to safety of DHA-rich oils 

in term infants (Table 24). Our review includes the studies testing the safety of DHA levels at 

or higher than 0.5% of FAs of the infant formulas. Due to the fact that Runke Bioengineering’s 

intended use is up to 0.5% of FAs as DHA, the studies employing DHA doses of lower than 

0.5% of the fat component of the infant formulas were not included in this review. It is assumed 

that the safety of DHA at up to 0.5% of FAs is justified if the studies using higher doses 

reported no adverse effects of DHA supplementation (at 0.5-0.96% of the fat component of the 

infant formulas). 

Based on the established bioequivalence between DHA oils from C. cohnii and 

Schizochytrium sp. (Fedorova-Dahms et al., 2014; Yeiser et al., 2016), studies of DHA-rich 

oils derived from C. cohnii were included as long as those studies included safety parameters 

and the use levels were at or higher than 0.5% of FAs as DHA. 

Infant Formula Studies Including Safety Parameters 

Three studies evaluating safety parameters have been identified for term infants with 

formulas supplemented with algal DHA oils (from C. cohnii or Schizochytrium sp.) at or higher 

than 0.5% of FAs as DHA: Birch et al., 2010 (up to 0.96% FAs as DHA derived from C. cohnii 

or up to 61 mg DHA/kg bw/d), Currie et al., 2015 (up to 0.96% of FAs as DHA from C. cohnii), 

and Chase et al., 2015 (61.2 mg DHA/kg bw/day derived from Schizochytrium sp.). The studies 

are summarized in previous GRAS notices: Birch et al., 2010, p 51 of GRN 000553; Currie et 

al., 2015, p 30 of GRN 000677 and p 37 of GRN 731; Chase et al., 2015, p 35 of GRN 000731 

and p 60 of GRN 001008. Thus, the summaries in those GRNs are incorporated by reference 

and will not be discussed in detail. In these studies, daily doses up to DHA at 0.96% of FAs or 

61 mg/kg bw/day for up to 1 year were well-tolerated in term infants. A brief summary of these 

studies is presented in Table 24. 

From the DHA Intake and Measurement of Neural Development (DIAMOND) study 

(USA), Birch et al. (2010) determined the effect of varying amounts of DHA supplementation 

on the visual acuity as well as visual acuity maturation, RBC FAs, 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% 

(low-dose DHA), 0.64% (mid-dose DHA), or 0.96% (high-dose DHA) of FAs (or 17, 34, or 

51 mg DHA/100 kcal) with the fixed amount of ARA (M. alpina source) at 0.64% of total FAs 

(or 34 mg ARA/100 kcal). 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 
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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 mid-dose DHA group; mid-dose 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 mid-dose DHA group and the formula was not determined. The amounts of 

formula consumed in the 24 h before study visits at 1.5, 6, 9, or 12 months of age were not 

significantly different among the formula groups (data not shown). In addition, no differences 

were observed between formula groups in the number of bowel movements occurring in the 

24 h before study visits, consistency or color of bowel movements, frequency of diarrhea or 

constipation, or frequency of unusual gas or fussiness throughout the study (data not shown). 

The authors stated that infants tolerated all formulas well and had normal growth throughout 

the first 12 months of life. 

From the same DIAMOND study (USA) described above, Currie et al. (2015) 

evaluated the effects of feeding DHA-ARA supplemented formula throughout infancy on 

growth from birth to 6 years of age. One hundred fifty-nine healthy, term infants were enrolled 

at 1-9 days of age and were randomly assigned to be fed one of the following 4 infant formulas 

containing equivalent nutrient amounts for 12 months: control (0% DHA), 0.32, 0.64, or 0.96% 

of FAs as algal DHA derived from C. cohnii. All 3 DHA-supplemented formulas also provided 

0.64% ARA derived from M. alpina. Compared to children fed control formula, children who 

consumed DHA-ARA- supplemented formula had higher stature-for-age (59.1 vs. 46.5 

percentile; P=0.001) and weight-for-age percentiles (68.0 ± 10.8 vs. 49.8 ± 12.0 percentile; 

P=0.02) but not body mass index (BMI) from birth to 6 years. The authors concluded that 

DHA-ARA supplementation during infancy had no adverse effects on child growth or weight 

status. 

Chase et al. (2015) investigated the effect of supplementation of algal DHA derived 

from Schizochytrium sp. (DHASCO-5 from Martek) on stimulated inflammatory cytokine 

production in WBCs from infants with a high genetic risk for type 1 diabetes. This was a 

multicenter, two-arm, randomized, double-blind pilot trial (USA) of DHA-rich oil 

supplementation, beginning either in the last trimester of pregnancy (41 infants) or in the first 
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5 months after birth (57 infants). Mothers of infants in Group A (41 infants) were enrolled in 

the last trimester of pregnancy. If the Group A neonate did not have high-risk Type I diabetes 

genes at birth (21 infants), they were discontinued from the study. Group A mothers were 

randomized to receive DHA (800 mg/day) or corn/soy oil (800 mg/day) in the last trimester of 

pregnancy and continued on this same dose after delivery if breast-feeding. Formula-fed 

infants received formula with 10.2 mg DHA/ounce (treatment; or 61 mg/kg bw/day) or 3.4 mg 

DHA/ounce (control). Formula-fed infants and infants of breast-feeding mothers in Group B 

(57 infants) were randomized in the first five postnatal months to receive similar dosages of 

DHA or corn/soy oil as their counterparts in Group A. Starting 12 months, all infants received 

400 mg DHA/day (DHASCO-5 from Martek) or corn/soy oil until 36 months (approx. 40.9 

mg DHA/kg bw/day). Formula fed infants in the group entering in the first 5 postnatal months 

had their initial follow-up blood draw at the age of 6 months (not 6 months after entry). Their 

mean age of entry was 4.0 months. Measurements included levels of DHA in infant, 

inflammatory cytokines, biochemical islet autoantibodies, and maternal and infant levels of 

RBC DHA and DPA at 6, 12, 18, 24, 30, and 36 months of age. The levels of RBC DHA were 

increased by 61–100% in treated compared to control infants at ages 6 to 36 months. The 

inflammatory marker, high-sensitivity C-reactive protein (hsCRP), was significantly lower in 

breast-fed DHA-treated infants compared to all formula-fed infants at age 12 months, although 

no significant differences were noted in the blood levels of inflammatory cytokines (such as 

interleukin [IL]-1β, tumor necrosis factor alpha [TNFα] or IL-12p40) among the groups at any 

time points measured. Three infants (two in the test group and one in the control group) were 

removed from the study as a result of developing ≥ two persistently positive biochemical islet 

autoantibodies. The authors concluded that supplementation of infant diets with DHA-rich oil 

was safe. No adverse effects on measured outcomes were noted. 

The Studies Employing Doses Lower Than 0.5% of FAs Were Not Considered for Safety 

Evaluation 

The studies employing the DHA level of lower than 0.5% of FAs are not included in 

this review. Although the studies listed below reported no adverse effects of DHA 

supplementation at lower levels of DHA (<0.36% of FAs as DHA), they do not support the 

safety of DHA at levels higher than 0.37% of FAs as DHA. Examples of such studies include 

the following, but are not limited to: 

1) Study by Birch et al. (2005) evaluating sweep visual evoked potential acuity, random 

dot stereoacuity, blood lipid profile, growth, and tolerance in 103 term infants; use of 

0.32% of FAs as DHA and 0.72% of FAs as ARA. 

2) Study bv Birch et al. (2007) evaluating visual and cognitive outcomes at 4 years of age 

after 17 weeks of supplementation of formula with 0.35-0.36% of FAs as DHA. In this 

study, study diets were formula with iron, formula with iron supplemented with 0.35% 

81 



DHA-Rich Oil (Runke Bioengineering) 

of FAs as DHA, or formula with iron supplemented with 0.36% of FAs as DHA and 

0.72% FAs as ARA. 

3) Study by Burks et al. (2008) evaluating growth, formula acceptance, tolerance, AEs, 

and allergy with the amino acid-based formula supplemented with DHA at the level of 

0.32% of total FAs (17 mg/100 kcal) in combination with ARA (0.64% of total FAs; 

34 mg/100 kcal) from 14 ± 2 through 120 ± 4 days of age in 164 healthy term infants. 

4) Study by Burks et al. (2008) evaluating the effect of DHA-supplemented formula on 

allergy parameters with the formula supplemented with DHA at 0.32% of total FAs (17 

mg/100 kcal) in combination with ARA (0.64% of total FAs; 34 mg/100 kcal) after 

double-blind and open challenges, followed by a 7-day home feeding period in 32 

healthy term infants and children. 

5) Study by Hoffman et al. (2008) evaluating the effects of DHA-supplemented formulas 

on anthropometric measurements, atopic dermatitis, gastrointestinal tolerance, and 

adverse effects in all infants and clinical chemistry parameters in subset infants. In this 

study, 244 term infants were fed control, soy formula with and without supplementation 

of DHA + ARA (0.32% of total FAs or 17 mg DHA/100 kcal from algal oil and 0.64% 

of total FAs or 34 mg ARA/100 kcal from fungal oil) from 14 to 120 days of age. 

6) Study by Fleddermann et al. (2014) evaluating the effects of DHA-supplemented 

formulas on growth, gastrointestinal tolerance, and adverse effects. In this study, 213 

healthy term infants were fed either 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 from less than the first 28 days to 120 days of life. 

The Studies Evaluating Efficacy Only were Not Considered for Safety Evaluation 

The studies evaluating the efficacy of DHA in improving health parameters without 

including safety parameters were not included in this review. Examples of such studies include, 

but are not limited to: 

(1) Birch et al. (2007) evaluating the effects of DHA supplementation on cognition and 

visual acuity with no safety parameters, 

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

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

supplementation on DHA/ARA concentrations in the RBC phospholipids and 

cognition parameters (including memory, executive function and problem solving, and 

verbal and composite intellectual quotient). In this DIAMOND trial, test infant 

formulas provided 0.64% of FAs as ARA (a fixed level) in combination with a varied 

concentration of DHA (0.32, 0.64 or 0.96% of FAs). The control formula had no added 

DHA/ARA. This study showed that blood DHA levels generally rose with increased 

DHA supplementation, although those levels tended to plateau as the DHA-

supplemented level exceeded 0.64% of FAs. ARA levels showed a strong inverted-U 
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function in response to increased DHA supplementation, and that infants assigned to 

the formula with the highest dose of DHA showed a reduction in blood ARA and 

reduced benefits in improved attention, executive function and problem solving, and 

verbal and composite intellectual quotient scores relative to lower DHA doses (0.32 or 

0.64% of FAs as DHA). However, the highest dose (0.96% FAs as DHA) was not 

different from the control group in the cognition performance tested in this study. This 

study demonstrated the benefits of DHA supplementation at low- or mid-dose (0.32 or 

0.64% of FAs as DHA with the fixed amount of ARA at 0.64% FAs as ARA), rather 

than an increased risk or actual harm at the highest DHA dose (0.96% of FAs as DHA 

and 0.64% of FAs as ARA). Thus, this study is considered as an efficacy study 

demonstrating health benefits of DHA supplementation instead of evaluating safety. 

Overall Conclusion for Infant Formula Applications for Term Infants 

In summary, algal DHA, up to 0.96% of total FAs (or up to 51-61 mg DHA/kg bw/day) 

was well tolerated, and no adverse effects were noted on the measured outcomes including 

gastrointestinal tolerance, adverse events, growth, RBC concentrations of FAs, visual acuity, 

and cognitive function in term infants. Thus, it is concluded that the literature supports the 

intended use of DHA at 0.5% of total FAs in term infants. 
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Table 24. Human Studies Reporting No Adverse Effects of DHA-Rich Oil in Term Infants Consuming >0.5% Total FAs as DHA 

(or >34 mg DHA/kg bw/day)* 

Objective Subject Dose Duration Measurements/safety-

related outcomes 

Reference Previous 

GRN citation 

To determine the 

effect of varying 

amounts of DHA 

supplementation 

on visual acuity, 

growth, safety, 

and clinical 

chemistry 

parameters 

343 term 

infants 

DIAMOND study: 

3 concentrations of 

DHA (derived from C. 

cohnii): 0.32, 0.64, or 

0.96% of FAs as DHA 

(or 0, 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 

From the time of 

enrollment 

(1 to 9 d of life) 

through age 52 

wk 

Tolerance, 

anthropometric 

measures visual 

acuity and its 

maturation, RBC FAs 

over the 52-wk 

period/ No adverse 

effects on measured 

outcomes 

Birch et al. 

(2010) 

GRN 000553, 

p 51 

To evaluate the 

effects of 

feeding DHA-

ARA 

supplemented 

formula 

throughout 

infancy on 

growth 

from birth to 6 y 

159 term 

infants 

Formula fed for 

12 mo; follow-

up from birth to 

6 y 

Growth/ No adverse 

effects on child 

growth or weight 

status. 

Currie et al. 

(2015) 

GRN 000677, 

p 30; 

GRN 000731, 

p 37 

To investigate 

the effect of 

DHA 

supplementation 

on stimulated 

inflammatory 

cytokine 

production in 

WBCs from 

41 mother 

and 57 

infant pairs 

at high 

genetic risk 

for type 1 

diabetes 

Control, 3.4 mg 

DHA/oz infant 

formula (~20.4 mg 

DHA/kg bw/d); 

Test group, 10.2 mg 

DHA from 

Schizochytrium sp./oz 

infant formula 

(approx. 61.2 mg 

Intervention – 
the first 5 mo 

after birth; 

follow up – up 

to 36 mo of age 

Infant WBC 

stimulated 

inflammatory 

cytokine production 

(IL-1β, TNFα, or IL-

12p40); the 

inflammatory marker 

(hsCRP); 

biochemical islet 

Chase et al. 

(2015) 

GRN 000731, 

p 37; 

GRN 001008, 

p 60 
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infants with a 

high genetic risk 

for type 1 

diabetes 

DHA/kg bw/d**) the 

first 5 mo after birth. 

Starting 12 months, all 

infants received 400 

mg DHA/d (derived 

from microalgae; 

approx. 40.9 mg 

DHA/kg bw/d) or 

corn/soy oil until 36 

mo 

autoantibodies; 

maternal and infant 

levels of RBC DHA 

and DPA/ No adverse 

effects on measured 

outcomes. 

* Assuming that infants consume 6.7 g fat/kg bw/day; **Assuming that infant formulas contain 20 kcal/ounce, that infants consume 120 

kcal/kg bw/day, and that the average weight of an infant is 9.76 kg. 

Abbreviations: ARA = arachidonic acid; bw = body weight; d = days; DHA = docosahexaenoic acid; DIAMOND = DHA Intake and 

Measurement of Neural Development; DPA = docosapentaenoic acid; FAs = fatty acids; GRN = GRAS notice; hsCRP = high-sensitivity C-

reactive protein; IL = interleukin; mo = months; RBC = red blood cell; TNFα = tumor necrosis factor-alpha; WBC = white blood cell; wk = 

weeks; y = years. 

Previous GRAS citations focused on GRN 000553, 000677, 000731, and 001008. 
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Studies of DHA in Pre-term Infants 

This review includes studies published until December 2023 that report on safety parameters 

and employ DHA levels at 0.5% or higher in infant formulas in pre-term infants (Table 25). 

Four studies were identified (Carnielli et al., 2007; Clandinin et al., 1997; Sauerwald et al., 

2012; Fewtrell et al., 2004). These studies were reviewed in previous GRAS notices (Carnielli 

et al., 2007, reviewed in GRN 001008, p 54; Clandinin et al., 1997, reviewed in GRN 000379, 
p 38, 52; Sauerwald et al., 2012, GRN 000553, p 50; GRN 001008, p 56; Fewtrell et al., 2004, 

GRN 000379, p 31, 36; GRN 001008, p 49). Thus, the summaries in those GRNs are 

incorporated by reference and will not be discussed in detail. In these studies, daily doses up 

to DHA at 0.64% of FAs for the first 7 months of age (Carnielli et al., 2007), at 0.76% of FAs 

for the first 6 weeks of life (Clandinin et al., 1997), and at 0.5% of FAs for 9 months after term 

(Fewtrell et al., 2004) were well-tolerated in pre-term infants. These studies are briefly 

summarized in Table 25 and below. 

Carnielli et al. (2007; reviewed in GRN 001008, p 54) used 22 healthy, non-breast-fed, 

pre-term infants (n=22) who were randomly assigned equally to control (standard formula) and 

test groups (standard formula supplemented with 0.64% of FAs as algal DHA [DHASCO, algal 

type was not specified, but probably derived from C. cohnii, DSM] and 0.84% of FAs as fungal 

ARA [ARASCO, DSM]). Infants were exclusively fed control and test formulas for 7 months 

before weaning to local food diets. Measurements included growth, plasma phospholipid FAs, 
and estimation of endogenous synthesis of long-chain PUFAs. The concentrations of ARA and 

DHA in plasma phospholipids of infants fed the DHA/ARA formula were significantly higher 

(P<0.01) than those in the control group. The synthesis of ARA was significantly higher than 

that of DHA, and both decreased with age. All infants grew normally during the first 7 months 

of life, and no significant difference between groups was found in weight gain at any of the 

study time points. No adverse effects were observed on measured outcomes. 

In the 1997 study by Clandinin et al. (1997; reviewed in GRN 000379, p 38, 52), pre-

term infants (<2,300 g) were randomized to one of the following 5 treatments in their first 6 

weeks of life: the commercially available control formula (Preemie SMA®, Wyeth 

Nutritionals International); test formulas supplemented with 0.32% of FAs as fungal ARA 

(ARASCO, DSM) plus 0.24% of FAs as algal DHA (DHASCO, DSM), 0.49% of FAs as 

ARA plus 0.35% of FAs as DHA, or 1.1% of FAs as ARA plus 0.76% of FAs as DHA, or 

breast milk (reference group). Ninety-one infants completed the study. Blood samples were 

taken at 2 and 6 weeks of age and analyzed for fatty acid composition of erythrocyte 

membrane phospholipids, lymphocyte membrane phospholipids, and plasma lipoprotein. In 

addition, hematology (RBC, WBC, and platelet counts, hemoglobin, hematocrit, MCV, 

MCHC, WBC differential count) and urinalysis parameters, and serum creatinine were 

routinely monitored. All values were within normal ranges. Length and head circumference 
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were measured weekly and weight was measured daily. At 2 weeks, growth was similar in all 

groups. However, by 6 weeks, formula-fed infants showed greater growth (weight and 

length) than breastfed infants regardless of supplementation with no differences among 

infants in the 4 control and test formula groups. Blood lipid profile (fatty acid composition of 

erythrocyte membrane phospholipids, lymphocyte membrane phospholipids, and plasma 

lipoprotein) were comparable among the groups and were within the normal range, although 

a dose-response was observed with increasing levels of ARA and DHA supplementation. The 

authors suggested that approximately 0.6% of FAs as ARA and 0.4% of FAs as DHA 

provide sufficient (and perhaps optimum) levels of these FAs and that ARA and DHA 

supplementation to infant formula did not result in any adverse effects on measured 

outcomes including growth or clinical parameters (hematology, urinalysis parameters, and 

serum creatine). No adverse effects were observed at the highest levels of DHA and ARA 

(i.e., 0.76% DHA and 1.1% ARA in the fat component of the formula). 

In a randomized double-blind study by Sauerwald et al. (2012; reviewed in GRN 000553, 
p 50; GRN 001008, p 56), 42 pre-term infants with birth weights ranging from 1,000 to 2,200 

g were randomized to receive one of the following 3 formulas with fixed amounts of gamma-

linolenic acid (0.4%) and ARA (0.1%) with varying DHA contents (0.04%, 0.33%, or 0.52% 

of FAs). A group of additional 24 infants received human milk (0.51% of FAs as ARA, 0.38% 

of FAs as DHA, non-randomized) and served as a reference group. Among 66 enrolled 

infants, 42 completed the study. Measurements included growth (length, head circumference, 

and body weights), adverse events, DHA/ARA synthesis, and plasma and RBC concentrations 

of FAs. Z scores for weight, length, and head circumference did not differ among groups at 

any time point (data not shown). No treatment-related adverse events were recorded. The 

authors concluded that DHA supplementation to formulas did not inhibit DHA or ARA 

synthesis. 

In a randomized placebo-controlled study by Fewtrell et al. (2004; reviewed in GRN 

000379, p 31, 36; GRN 001008, p 49), 238 pre-term (<35 weeks, <2,000 g birth weight) 

infants were randomly assigned to unsupplemented (control group) or long-chain PUFA (0.5% 

FAs as DHA, from tuna oil plus gamma-linolenic acid from borage oil)-supplemented formula 

(test group) to 9 months after term. The primary endpoint was neurodevelopment scores as 

measured by the Bayley Mental and Psychomotor Indices at 18 months after term. Safety 

outcome measures included growth (9 and 18 months), gastrointestinal tolerance, infection, 

and adverse events. By 9 months, 25 and 9 infants in the control and test groups, respectively, 

dropped the study by non-treatment related reasons. By 18 months, 93 and 106 children in the 

control and test groups, respectively, were assessed. At 9 months, long chain PUFA-

supplemented infants showed significantly greater weight gain (by a mean of 310 g, P<0.05) 

and length gain (by a mean of 1.0 cm, P = 0.05), with greater effects in boys: the mean weight 
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and length were higher by 510 g and 1.8 cm (all P<0.05). At 18 months, no differences were 

observed in the incidence of adverse events, tolerance, growth, and neurodevelopment scores. 

In addition, no group differences were noted in the incidence of intraventricular hemorrhage, 

periventricular leukomalacia, patent ductus arteriosus requiring treatment, retinopathy of 

prematurity, pulmonary hemorrhage, and skin infection as well as in the proportion of infants 

requiring ventilation or therapy with >30% oxygen. The authors concluded that 

supplementation of infant formula with long-chain PUFA from tuna oil and borage oil up to 9 

months after term is safe. 

Pre-term Infant Studies not Considered for Safety Review 

The following studies were not included in the safety review for various reasons listed below. 

Studies Employing Doses Lower Than 0.5% of FAs Were Not Included in This Review 

The studies employing DHA levels of lower than 0.5% of FAs are not included in this 

review because these studies do not support the safety of DHA at up to 0.5% of FAs. An 

example includes Clandinin et al. (2005): the use level of DHA was of 0.32% of FAs. 

Studies Employing Efficacy Parameters only 

An example includes Clandinin et al. (1999). This study is a continuation of the 1997 study 

by Clanindin et al., but did not include a safety parameter. 

Studies Employing Capsule Supplements, Human Milk by Enteral Feeding, or Intravenous 

Administration were not Included in the Safety Evaluation in This Review 

The studies administering DHA via supplement capsules, enteral feeding, human milk fed 

by enteral feeding, or intravenous administration are not included in this review because food 

forms or routes of administration may impact the safety of the test substance. Thus, the studies 

employing different food forms or different administration methods may not accurately reflect 

the safety of DHA-rich oil administered in an infant formula form. 

Emulsified supplement via the nasogastric tube: 

Study by Frost et al. (2021): In this study, the DHA supplement was administered via the 

nasogastric tube to 192 very low birth weight infants with a mean birth weight of 1,040 g (mean 

gestational age of 28 weeks) for 8 weeks or until discharged, whichever came first. If the infant 

was not being fed enterally, the supplement could be flushed with sterile water via the 

nasogastric tube. Pre-term infants received 1 of the following 3 treatments: a placebo control 

supplement containing sunflower oil, supplements 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 long-chain 

PUFA levels were measured. 
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Study by Hewawasam et al. (2021): In this study, 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. 

Examples of DHA-rich oil via enteral dose: 

Study by Bernabe-García et al. (2021): In this study, 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 algal DHA/kg bw 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. 

Measurements included the incidence of necrotizing enterocolitis (NEC), an inflammatory 

bowel disease based on Bell's scale from stage IIa and IIb, and adverse effects (including death, 

median platelet counts, bleeding events such as periventricular/intraventricular hemorrhage 

grade ≥II and upper gastrointestinal tract and/or pulmonary bleeding), and FA profile of 

erythrocyte membranes. 

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

Studies by Almaas et al. (2015, 2016), Henriksen et al. (2008), and Westerberg et al. (2011): 
In these studies, human milk supplemented with 32 mg DHA (0.86% of total FAs as DHA; 

source not specified) and 31 mg ARA (0.91% of total FAs per 100 mL) was fed to pre-term 

infants each day for 9 weeks after birth with an 8-year follow-up. 

Examples of human milk with high DHA concentrations (mothers taking tuna oil or soy oil 

capsules to achieve a breast milk DHA concentration that was 1% or 0.35% of total FAs 

without altering the naturally occurring concentration of ARA in breast milk): 

DHA for the Improvement of Neurodevelopmental Outcome (DINO) Trial such as 

Gunaratne et al. (2019) evaluating the incidence and the severity of eczema symptoms and 

Manley et al. (2011) evaluating allergic and respiratory parameters. In the DINO trial: 657 pre-

term infants of <33 weeks of gestation 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 FAs 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% 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 and the median duration of treatment was 9.4 weeks. 
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Examples of parenteral/intravenous administration of fish oil-based fat emulsion: Such studies 
include Pawlick et al. (2011, 2014). 

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

0.5-0.76% of total FAs as DHA is not expected to adversely impact the pre-term infants who 

would be consuming infant formulas. 

Meta-analysis 

From a meta-analysis of 4 randomized, controlled trials from five reports (1,966 

neonates), Tanaka et al. (2022) reported that DHA supplementation did not increase the risk of 

bronchopulmonary dysplasia at 36 weeks of postmenstrual age among pre-term infants and the 

risk of other neonatal morbidities including death, necrotizing enterocolitis, intraventricular 

hemorrhage, severe retinopathy of prematurity, or sepsis. 
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Table 25. Human Studies Reporting No Adverse Effects of DHA-Rich Oil in Pre-Term Infants Consuming >0.5% of FAs as DHA 

Subjects Intervention Duration Measurements Reference GRN Ref 
Algal DHA 
22 pre-term 
infants with 

gestational ages 

of approximately 

31 wk 

Control: Infant formula; or 

Infant formula supplemented with algal 

DHA (0.64% of FAs; DHASCO; 

approx. 42.8 mg DHA/kg bw/d and 
ARA (0.84% of FAs; ARASCO) 

From birth to 7 

mo of age 
Growth; plasma 
phospholipid FAs; 

estimation of 

endogenous synthesis of 
long-chain 
PUFAs 

Carnielli et 

al., 2007 

GRN 

001008, 

p 54 

117 pre-term 5 groups: First 6 wk of life Growth, blood values Clandinin GRN 

infants <2,300 g 1) breast milk; 

2) unsupplemented formula; 
formulas supplemented with; 
3) DHA, 0.24% FAs/ARA, 0.32% FAs; 

4) DHA, 0.35% FAs/ARA, 0.49% FAs; 
5) DHA, 0.76% FAs/ARA, 1.1% FAs; 
Algal DHA and fungal ARA were from 

Martek (now DSM); 

91 completed the study 

including hematology; 
blood lipid profile (FA 

composition of 

erythrocyte membrane 

phospholipids, 

lymphocyte membrane 

phospholipids, and 

plasma lipoprotein) 

et al., 1997 000379, 

p 38, 52 

Source not identified 
66 pre-term 4 Groups: Until the Growth; intake during Sauerwald GRN 

infants with birth 1) human milk (0.38% FAs as DHA; postconceptional the study period; DHA et al., 2012 000553, 

weights between 25.4 mg/kg bw/d; reference) age of 48 wk or content in the plasma p 50; 
1000 and 2200 g Or formulas with: 

2) low-dose DHA, 0.04% of FAs, 2.7 

mg/kg bw/d 

3) mid-dose DHA, 0.33% of FAs, 22.1 
mg/kg bw/d 
4) high-dose DHA, 0.52% of FAs, 34.8 

mg/kg bw/d 

28 d phospholipids; no 

adverse effects were 

reported 

GRN 

001008, 

p 56 

DHA from fish oil 

91 



  
 

 
 

  

 
 

 
 

 
  

 

 
 

 

  

DHA-Rich Oil (Runke Bioengineering) 

238 pre-term 
infants (<35 wk, 

≤2000 g birth 

weight) 

Unsupplemented formula 
or formula supplemented with 0.5% 

DHA (approx. 33.5 mg DHA/kg bw/d, 
assuming that infants consume 6.7 g 

fat/kg bw/d), 0.04% ARA, and 0.1% 
EPA. *The source of DHA was tuna oil. 

Subjects 

consumed the 

formulas to 9 
mo after term. 

Neurodevelopment 

scores (Bayley Mental 

and Psychomotor 
Indices) at 18 mo after 

term; 
Safety: growth (9 and 

18 mo), tolerance, 

infection, and clinical 

complications. 

Fewtrell et 

al., 2004 
GRN 

000379, 

p 31, 36; 

GRN 

001008, 

p 49 

*Assuming that infants consume 6.7 g fat/kg bw/day; Our review focused on GRNs 000379, 000553, 000677, 000933, and 001008. 

Abbreviations: ARA = arachidonic acid; bw = body weight; d = days; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; FA = fatty 

acid; GRN = GRAS notice; mo = months; PUFAs = polyunsaturated fatty acids; Ref = reference; wk = weeks; y = years. 
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6.B.5. Potential Adverse Effects 

The U.S. 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 U.S. 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 FAs were ingested (Bucher et al., 2002; Buckley et al., 

2004). Overall, our review of human clinical trials supports the ADI of 1.5 g/person/day for 

DHA in adults. 

No adverse effects of DHA in infant formula up to 0.96% of total FAs (51-61 mg 

DHA/kg bw/day) were reported. 

Safety of Sterols 

Safety of sterols present in Runke Bioengineering’s DHA-rich oil can be justified 

from 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 a 

Schizochytrium sp. source at a dose of 0.30 g/kg in the 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 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 Runke Bioengineering’s DHA-rich oil are not 

expected to pose safety concerns. 

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 DHA-rich oil. This GRAS determination is based on the data 

and information generally available and consented opinion about the safety of DHA. 
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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 Runke Bioengineering’s 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 U.S. FDA GRAS notices, it is 

concluded that Runke Bioengineering’s DHA-rich oil is substantially 

chemically equivalent to those described in GRNs 000137, 000553, 000677, 

000731, and 001008. Thus, the information and data presented or reviewed in 

these previous GRAS notices are pertinent when evaluating the safety of the 

DHA-rich oil in this GRAS notice. As noted above, the U.S. 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 000137 and 000732) received U.S. 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 

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; 
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001008). 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 U.S. 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 humans. The 

NOAEL was determined to be 2,069 mg/kg bw/day in a subchronic toxicity 

study with an in utero phase in rats. The EDIs under the intended use are far less 

than the estimated safe intake levels in infants. 

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 U.S. 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 (U.S. FDA, 2004), 000553 (U.S. FDA, 2015), 000677 (U.S. FDA, 2017), 

000731/000732 (U.S. FDA, 2018a, 2018b), 000776/000777 (U.S. FDA, 2018c, 2018d), 

000836 (U.S. FDA, 2019a), 000843/000844 (U.S. FDA, 2019b, 2019c), 000862 (U.S. FDA, 

2020a), 000933 (U.S. FDA, 2020b), 000934 (U.S. FDA, 2021), and 001008 (U.S. 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 U.S. FDA ‘no 

question’ letters. 
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This GRAS determination for DHA is based on scientific procedures. Numerous 

human and animal studies examined safety-related parameters of DHA-rich oil. For the 

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% and 0.76% of total FAs were 

reported in term and pre-term infants, respectively. 

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 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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Appendix A. Certificates of Analysis 

  Page 114 
AR· 2 l•SU· 116944-0 I-EN 

Analytical Report 

 
'fl,l\.l.11J 
IHI 
TESTING 
CNASL3Tt8 

Sample Code 502-2021 ,00126361 Report date 30-Dec-2021 
certificate No. AR-21-SU-116944-01-EN 

Runk♦ Bk>engine«lng (Fuji..-) Co.,ltd. 

JinOu Industrial Park Zhao-an County 

Zhengzhou City Fufian Province 

Fax 0500·3552000 

Our Ndarcmc.: 502·2021•00t26361/ AA-2 t.S\J.11Gs«.01.£N 

Clieot Sample c.ode: ffiiltt 4 • 11024713 S.r BJ& : 2021.10.24 

Sa~ doscmod as: Ooco$$hix.ionoic acid oil JOOA Q~C ciJ 

S.i~P~g; Se.nled mellll boUfe 
$ff1'1)1e ~pcion clal.« 29-Nov-2021 
Analysi• Slar1i~ O.to: 29-Hov-2021 
Anatrsls ei,c:1.-.g OaM: ?t-Oec>2021 

Arrtv8I T ~&(Ure ("C) 2U 

LOO LOO 

• • SU007 M$fClll)'iAA.SJ IAO'lnod; 8$ £N 13808:2002 
Aocndution: OAKKS:0.PL•, , 292-0t-OO&CMA:21102034226U-c;NAS·U788 

Mercury (Hg} <0.005 mgtg , . .,, 
# $UOe(I I.Nd (ICP-MS) "-•!hod: es EN lSO t T29C·'2 2016mod. 

Aw«IIUl!ion: ISOl1£C 17025:2017 ewl.-S O-PL·H2'2·01·00 
Lead iPb) <0.05 IIIQ'\:.g 

#SU06E Alto$l'llc(ICP-MSJ MO!tlod:8SEN1S0 17294-220HIITIGd. 
'·" 

Accfedltallon· ISOil£<: 11025:2017 OAltkS O.Pl-14292•01,00 
Arnnit (As) <0.005 11'.lglkg 

# SU05G Cactmklm (ICP ... IS) Method: BS EN !SO 172i4•2 2016 mod 

.... 
Acaodit»on: IS0.1EC 170ZSt2017 DAAkS o-Pl.•142i'2·01--0!I 

Cadmium (Cd) <0.005 mQlkg MOO 

u,, 

u o0•12 

LOO LOO 

• # S\HA2 Aetobic plateoourc MetllO<:I: vs FDA 6"-M Ch.aptw 3, J.lln 2001 

Ace,~: OA.kkS; 0.PL-14:M,2-0t ..OO& CN4S; l3788 
Aercdc Plate Count < 1.0 dulml 

• SU1AA S!ll/l\(1('1$11.i Memcl vs fOA 8AM ChapW6, 202, 
Aoaoditalion: IS0.nEC 17025:2017 CNAS l3788 

Salmonella, Not Detected 125 ml 
._tSU1.A7 Yeas,iundmOIJlclr. Molho:l:USFOABAM CMl!ter 18.Al)f2001 

Acu«li1111ioo: CWJc.S: O.PL,14292-01-Cl(l f. ON>.$: L3168 

Moi.ildt <1.0 ttulll'd 
Yeast <1.0 

,., SU1 CX E.edl "''~ ISO 16649.3:2015 
A.«fodililOC!n; OAKKS-0..PL, 14:M,2,01,00&CMA:2110203'22684CNAS!U7! 8 

E. «iii No4 Oetected 125 Iii 
LOO LOO 

• SU207 Petoiodo v11luo Molhod! AOCS CO itl•i0:2011 
Acaedtalbn: ISOJIEC 17025:2017 CNASL37es 

105 

P"10ne •11440()82116'0118 

'YhlW" ♦utQnnscn  
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=:~ eu rofi ns Page2/4 
AR·21·Sl.J..116944-01•EN 

UM LOO LOO 

1t!- FL023 Meltlod; NMKL t98:201~ 

8rassitas1"ol 16 mfi>t100g 
Cholesterol 318 111.l)'tOOg 
Cempe""ol 9 m9•1009 
C,ampe$1anol 2 ~1009 
Sllgm.as1KOI 31 mo-'1000 
Unidentified s1e,ob 328 "91009 
Sitos.1emt 112 n"Q'100g 
Slt06tanott clel~avenasterol 6 IT91000 
Oeb.S .24,s6gmast1idiM:ll 20 mg/1009 
Dela,7-&tlg,!nast.enol 54 ~OOg 
<lelta• 7 •A\'Hl8S.lerol 11 11'19'100 g 
Cydo.irtenol 7 mpflO!I Q 

2.t,Methy$e(leeyeloairtanol 2 l'l'lgf1000 
Chro"8dienol 7 mgf100 g 

* TOlal planl ~!ercb 't plant 5l81Xl1& 591 mg/100 V 
OAOOI Add Vakil, Mf,l!hOd: AOCS Cd 36-~ 

.Aocfccita6on: ISOJIEC 17025:2017 A2lA 2593,01 

Acid value (mg KOH/g) 0.23 fl!D KOH{i) 0 .00 

Free fatly ackts (as deie acid) 0.12 % oo, 
tr OA01L p.A(IISldlM Value Mel!IOd; AOCS Cd 18-90 

AQCNOt.111011:: ISOJIE:C t702&:2017 A2V. 2t9'M1 
p-Anlsadine Ve/Ive 8,8 

¼ 0~7 Gtycel'lde PfOIUe Moiltlod· AOCS Cd 11¢-93 
OiglYQtridH 3.9 
Glye«ol 2,8 " 
Mooogtycericles 2.2 " 
Triglycoridos 94.2 

•OA.383 MoislueAVofMi!M(AirO-, 130C) Meeioo.AOCSC82C-2$ 
" " 

Mo6ture & Volatile:& <0.01 
# OAfftl Un&aPQl'lll\cllllt Mtlllif Mdlod; AOC$ C., f~ 

Unsaponill.ible matt.er 1.19 % 
'lt"Q005C fattyAdds-F,IIIOmC911 U&3 & T,ens %W,W M6lhod:AOACi56.0emod. 

Accredi18'iotl; ISO.'IEC 1702~2017 A2LA 21127.01 

C 16!4 {HeXadeeat~f&MOleAeld} <0.02 .,, 
C10:0 (Caprte acid) <0.02 
C 11 ;0 (Unde,c;ar,oic acid) <0.02 .,, "" 
c12:o (Lat.lie Add) 0.04 .,, 
C14:0 (M)ristieacid) 0.31 QO, 
C14:1 (Mytisloleie add'} -<0.02 .,, 
C1S:O (Pentadecaooie acid) 0.05 
C 15: 1 {Penta<Je,cenoic acid) <0.02 " °" 
C 16:0 (Palmitic Acid) 15.93 

... .,. 
Cl6: I Omega 7 0.09 
Cl6:1 Total (P.r:tnitoleit ArJd • i~rs) 0.26 

... .... 
c 16:2 (Henoecadlenoic Add) <0.02 Ohl 
Ct&:3 (Hexaoecavienoic.Atid) <0.02 ,.., 
C17;0 (Marg.ario Aci-d) 0.06 " ,, <0 ., ... 
C17:1 (Hepiadecenoic Acid) ,02 " 

Eurofins T 
Ito. 101, .J 

SinhouZ1 ro IMS b 

J l;IAQ$U Pr • ".:.,.. A 
,,_,.!I{ 

P11one ...s, 4«l a.-2e !Oat 
Pu 
- .eul'Ofln,.cri 

" 

LOO 

Peroxide value 0..36 
... &\120!. Pf«,$~ M$lh>cl: AOAC 9$4, 13 199~ "" 

A(;(f,c,111Atbn: OAkkS; D.Pt.-14292.01.00 & C~S; U73& 

PfotM <0,1 Q1"100g •• 
Protean Factor 6.25 



::~ eurofins 

Ud 

No 101, Ji , SNO #'>f' 

Su:thou2 1 rofins '1 
OJ.:.. G, 

<If ,,...~ 

Phor,e •86 400 eia soea ,., 
.ww.~~•.«1 

....... Uni

C18'0 (S~atlc Acid) 1.35 
c1a:1 (Vaeoenic acid) 0 .. 

l LOO LOO 

,17 " "" 
C18:1 Omega 9 (Oloic Acid) 3.U ,

l I " 
0.03 ., 

C18!1, Tota ( OlelcAeld • SOf1'181"6) 4.09 
C 18:2 Omega 6 {Unoleic Acid) 8.24 " '·°' 
C18:2, Tobi (LhoteicAcld• iSOl'l'ler&) 8.-16 " '·" 
C 18:3 Omega 3 (~a UrdenicAcid) 0.12 " '" 0

·
.
" 
01 

C 18:3 Omega 6 (Gamna Unolenic 0 ,13 
Acid) " 
Ct8:l, TWil (UnoltnicA<:id • i&ol'Mrs} 0.25 
C 18:4 Om~ 3 (Oct.1doe.1telrHnoic 0.19 " .. "" 

, 
" 002 

Acid) 
C18:"1 T°'al (Octedecatetrilenoic: ~ 0.19 
C20:0 (Ar~hidi: Acid) 0,24 " ... 

o .. 
C20:1 Omega 9 (Gondoic Acid) 0,02 

.. ,.., 
C20:1 Tot.al (Gondoic Acid+ isomers) 0.04 " 
C20:2 Omega 6 <0,02 " '"' 0.0, 

C20:2 Total (Eicosad1ell()IC; Acid) <0,02 " 0.01 

C20:3 Omega 3 <0,02 " 
C20:3 Omega 6 0,26 " o.., ot 

C20:3, Total (EicowtritnoicAod') 0.26 " 
C20'4 Omega 0. " . . 0.

3 61 ., 02 

CN:4 omega 6 (AraehidonicAcid) 0,19 " 
C20:4, T01a1 (EicQs.:itotr.ienoic Acid) 0.80 " ... 
C20·5 Om99b 3 (EIC0$8peMaenoic 0.42 

.. . .., .. 
M id) " 
C21 :5 Om• ga 3 (Henoicosape~aeno.c <0.02 .

Acid) " 0 0, 

C22:0 (8ehe.nic Acid) 0.22 
C22;1 Omega 9 {Erude Acid) 0,28 " ,'·.., "' 
C22:1 Tolal (ErucicAcid • i&omer&) 0,28 " " ,., 
C22:2 Oocos~c Om.;.i 6 <0.02 .0, 

C22·3 Docosab1eno~ Omega 3 0,16 " 0

C22:A OocosatetraenolcOmega 6 <0.02 " '·" 
C22:S Oocowip•nt.enQi.; Omoga 3 0.09 " .,'·" , 
C22.:5 Oocosapentaenok: Omega 6 12.:u " ll , 
C22::5 Total (Oocosapentaen®Ac;id) 12.40 

.. 
C22;6 Oocos.ahe,uienoic: Omega 3 43.01 " ... 
C24:0 (Llgnoceric Acid) 0.13 " .... '" 
C24:1 OrM;.ii 9 (N,ervcnic, Acid) <0.02 " 

1 T (Norva ieAdd isomen) " 
C4:0 (8utyric Aad) " 

00, 

C24; otal n + 0.10 0.0, 

<0.02 0.0, 

C6:0 (C~ ;,cid) <0.02 
.. ,.., 

cs,o (Call')'lic aetd) <0.02 " 
Fatty A(;id Profift; Reported •s Fa.tty " '·"' 

Acid$ 
Total Fat as T ngt,'Cenckls 92.85 " .o., Total Fa.iy Acid$ 89.13 
Tola! MonoU11$111ura1ed 4.62 " .,. , Fany Acids 
Total Omega 3 Isome!'$ , " .,, 
T 01~1 Omoga 5 Lsomors 

.... 
<OJ)$ " .,. 

Total omega Cl hitilflliml 21.17 " 
Tot.al 4 .. " 

~ 

Total Omega 7 tso~rs 0.26 
Omtga 9 lsomen. ,22 

-o .. 
o .. 

Tota1 PotJ\U'I.UiUa.~ Falty Acids 65,91 0.<6 " 
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Page 414 
AR-21-SU-116944-01-EN -:; eurofins 

lOO 

TO(ill Saualed F.ilty Ac;icb 111 3S ~ 0.1111 

*
Toca! Tra111 F•11Y Aods 0.25 "' 0.02

00094 Free Far:, Ao:B 4HAI M..,od, ,.OCS ca S.40. At:>A/; "'4 2t 
AW- ~1EC 17025.2017A2LA 2927 01 

FFA (FnHt Fatty Acads) 0 06 ~ 001 
• R:290Z 8ae1el1III E"""'°xint 11.le!hod. USP43<15> 

*
Badenal E.ndolOXIIS 0.103 EUol'nl

ZMESX EnUtl'lell!IIOnI~ Of Efflt<ob;,cttt ..k,nlcll MalhOd. FDA w.i Ch■pa 29 mod 

EtlletObactet' sakazakt < 0 3 IAPNflOml 

COMMENT 
TUT QIANGE crdend FlD25 lcr cand• /lu bt.... CNno-<I DO FLD23 

Tho canbonl cf mc.11 plsnt Rm»S>d .,...1 •tanoi. do.notCCtlllll<I Cf'oolH1trol ,,,., nM-4-dMme-,,,t , _ (1 e. ~ . 
24-molh)leneoyc;lo,oNnd, andci~I) 

Pe.,k id0'1fit1QtlOM '- lo be 1'M!td o,, It IMl•llwl I'll llu ematrr• 

SICNATURE 

l;Xf'I.AN,_TORY l'IOT£ 
LOO. Umil cf Ouanl~ • CW.S Ii OAall:S C::CMA 
• LOO e.io-..Lwnft ol Ouan:Jicaca, mNnt Ille IHI It aullCOnlrtcted 'M!Nro Eu~nn• Of°'-9 

NIA mains Nol aPf'kabl& mei1118 Nam 15 $,A)ooi~ QUIIDI l!iadraon:,up 
St.om ccn1ooun1111 r9111Ats art(lll-4hrn the iesuhs er ut:h ou!M'd£«l ~ ai wt l,f ~ 
The unc11<18inty "89 net b.ioen ~ IIIIO accoun1 11,r al■ndards 11>.11••"">'odlde .,,......,.,.,,.ntunoei,ainryer arl hl)lial re(lUOSI Of Cl«IL 

The.a,,.._ dM01)tion - k'folffll!llon are P";wld■d by lhe Clilnt E11bfns ls ~ r._iteb -,fylllQh aco..nc-,. 1elt,¥tnC'y bdeQU8CY 
andlor camplanms cf the r,lo,mae,on p,o.lded by !he Clie<'C 
TIie8~1)~ rnUll her"" 15 ,-i~blob fie s.amplo(sl le!l1ed o~y 
This ■nalyt!al! npOl1 s!lell llCI be •10C81Ple., O< mO<Stiect ..;1t,ou1 pier Wl1ttlln lljlptOV~from~ The rep,,t shlll be ~ In., 

Tl-. retuN{aJ 151••> ottt IDr """"m■I ...., try 11w ctent and nee lor IJ<A)kly IIYlilabi&., evidence WllltooA ~ ...1nanperm'- c, Eorollrl,. l!f'fY 
pa11y • prohibi1ed 11om uaira !he 1ett •H<llll 8'ld 11>4 repon loo: pYbilc■y<>< proma,,ans"' mart.~. 
The E.......Gananl T ■m"4 a,d Cond&icnt apPty IO lliJt ~ leporl 
For ll'ICI on be,,_0I Ell~TecMOIOV)' $erw:a ! ISI.IZl'Ou)Co . Lid 

ENO OF REPORT 

PhOn• • !& ,oo &28 50&8 

Fax 

.,..,.,uro41M en 
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Page 111 
AA-22-SIJ.007858-02 ~; eurofins 

Anatytical Report 

Sample Code 502-2022-0000Q952 Report date 27-Jan-2022 

CerlffiGate No. AR-22-SU-007S58--02 

Runli:e Bioengineering (Fujian) Co.J..ltd.TiiITTiiiimTITi~ffiirnf, 
JinDu Industrial Park Zhao-an County 

Zhangzhou City Ft.!ian Province 

Fax 0596-3552000 

OU,· IIIIIKDflllll: :02·.ro22-ilDDD2952J AA-::!2-elK0'7❖~2 

OlolllSa~Coda: It : 110i41l3 
4,f"Q .. 21l<2"1.10.24 

Slunfllltcleilarlbada: Daoowtmllenclc Kiel 011 ,OHA al\jilll ell 

Slunflllt p-.. 581ed me'lal bottle 

s.mp1II nKllplon dllllt: 10-Jan-2.022 
.t.mt,.1• SW\lnQ Dr.mt: 10-Jan-l!:!22 
~ el'li!b; 0 11111: l&-JaB-2022 

All'liMj Tllfllfl'l<imn ("C) 14.0 140g"2 

Fl«illla Uni LOO LOO 

*0"'°4G ManachbrOP'llf'i'llDdlols [aum 0!I ino and as.lln) MD'lhod: AOCS C<I 2Sb-ll 
Aocrer:lUllon: ISO,IEC 1 il0.2~:2017 A2l.A ~In 

T~2 -M.CPD (free .:tnd bourn:lj «0.10 1119--~ 0. l 

Totzl3 . i,, CPD (free .:,nd b ound) 0.1 4 1119--~ 0.1 
1!1-0AlONO Gt,odVI 1Hrta111 1oc:.wsus1 Melhodl AOCS 0d2'!b-1 l 

Al>::redtalion: ISQ,1EC I 7«2~:2017 "'21.A :2900.IH 
Glfcidcl {csailat~ .:0.10 mgtkq 0.1 

$;1GN,\l\RtE 

 
cw.-·a Wang 

~Sqmxy 

~Of<YNOfl: 
LOQ: l.l:r\t"' 0-alil\c.llon • aNA.5 • DANIBr.aOl.!A 
c LOO· Below llml1 a1 ou.in1111c;,uon 'ff m1,:1m, Iii. bKI Is !lbconlra::li>O..tlllb iE.ura1ns tl'OOf> 
M.IA ma,am h ol<IJ'PIICili:«I • IIW!ilns !ho last Is subcx:lrr.Jmed a.mlcle l:unllns g!Ollp 
a.an cOlllfXKS!lls ras.As iaro 11.ak:ulaliltl Innb 111suls al -hQ"'1nllllodl compound as sQ1 by n,gulallan 
Tho unc«1.1111y ha N>t C:-. tlkDn hie> ,a,oco.rfl 1or ..,_.,,r-,11 alreil<fy h<t.lCle -~uooe!t.llnty oron ~lcnreqµes1 ~ cl ll!Ol:. 
T11o S;J~~ and i'llcnnallon 11111 p-ow:lecf iY(1ha Cl.enl. Euralln. II 00'! ~ tor ~Ilg lho IICGff&::)', rel!Mlnty ~ 
andJar ca::rdcb!na5s c( Illa lnlOmwbon prow:llkl by !ho 0et1l 
Th• an.ai,uwt ,-,n bocHl Ill ~alor11!6 Hmplo,;,r,J loslod only. 
Tt.Js illt.>l)'\'lal repcrt<SNII l"ICil be "'"""fl'li!O or El'Od.l,e,d wlhool J!l1Clf writlnn appn>•d fro<tl Etlrllllns. TMn,pc,<1 INU be Ull i211d in UI 
T1l6 l'liSl.ill ■l ill(a'II) cn1y b icnem:il .__ by b clont11nd not tor i:,,..t,kl 'f .awbtle .as cYldonla.lMll1Gt1l Illa ,.,-m,n pam,uaon al Eul'l>lnl, 11n7 
p;1rty ii pro!Ubllad nm using 1ha~as.I 111SIJtlJI o1ll"ld Iba 111port tor ~lly or p,ornGllom Of IO'Wldllnng, 
Th• Eun:ffns GoflOflll Tenns and coo,!tticos .ajiiply to lltls an.:al~ rep:>1. 
Fa, .and on bot1a1t 111 Eulllllra fecllnclag; 5<1Mc• (&QIIOUI Co 1..1:l 

: ND OF REPORT 

Phona ~ 4C_Q E--:\3 :USS 

~ 

l\'i\'W.,e~ R!i.Cn 
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Page 1/2 
AR-22-SU-03331 3-02-:~ eurofins 

'l'llhl, of 
IHIGNAS' TESTI~ 

'-,- CHA.$ L37t8 

Analytical Report 

Sample Code 502-2022-00037065 Report dale 30-Apr-2022 

Certificate No. AR-22-SU-033313-02 

Runke Bioengineering (fujian) Co.,Ltd.

JinDu Industrial Park Zltao-an County 

Zhangzhou City Fujian Province 

Fax 0595-3552000 

ii1ITfiHmTilllTI1Tif~ii1~ 
CU l'h'fft!nce: 502-2022-00037065{ AR-22-SU-033313-02 

Oil!ff S..-rpl,! Cod!: K.!li~1' : 11024713 ¼r B• : 202t.t02• 

S.ffllle descri~as: Docos.anex,MOic a<:id o-1 OH.:. aqae oi 

S.ffllle Padcagilg; Se3"e<tme<.alboctle 
5.ffllle rec!ption cbte: 23-.•pr-2022 
/>Nlysis ~ D.te; N -,',pr-2022 
MalysisEnclng Oat£ 29-,0pr-2022 

MiYal T~("C) 21.6 S.rrde Wei~ 
~ e Conc£1ion Other 

Results LOQ LOO 
L# SU10Z Cronobaot-.r spp. n 10g ~ ISO 2296ol:2017 

AcaEditatioo: OAKKS:D-f'L-1 4292-01-0'.l&CMA:21 t020342268&CNAS:l3763 
Croncbad;,r spp Not Oet~ 110 g 

~ SlJ1A2 k robK: p_ateCOLI!.( M2mod: US FDA 8AM Olapter 3, Jan 200 I 
Aca.editatioo: DAlckS: D-ft-14292-01-00 & CNAS: L37S8 

Aerobic Pla:e Count <10 cfuo'g 
L SU1A4 Salm.:r,ella Mechocl: US FDA BAAi Ch.lpter 5, 2021 

Acaeditaooo: ISO,'IEC 17025::20 17 CNAS L37S3 
Salmonella Not OelKted 125 g 

~ SlJ1A7 Yeasts Md mcuds Melhod: us F'DA a~M O,ap:e,r 18, Apr 2001 
Acaeditatioo: OAkkS: D-Pl-14292-01-00 & CNAS: L3788 

Moulds <10 cfu,g 
Ye~st <10 cfu,'g 

~ SlJICX E.col ~lec1hod: ISO 16648-3:2015 
Acaeditatioo: DAKKS:D-f'L-1 ~292-01-0'.l&CMA:21 t0203422B8&.CNAS:L3788 

E.. coli Net Oet&ted 125 g 

SIGNATURE-

TracyLi 

I Autha-zed S.gnaic.y 

v.,._
No. 101. 

Suzhou21 ns 
Jiargsu :,_ 

' 
' 

ftlone +96 400 s:!8 50S8 

f ax 
YNM.ewcfil'IS.01 
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:;; eurofins 
EXPLANATORY NOTE 
LOO; Lin'it of QJ.vitificafon - CNAS # OAkkS : CMA 
< LOQ: &!OW' Limit od Ouam.'fic3tion * ~ s the test is subcOl'llrac?ed \Whin EIXCO'\S g~ 
N1A me<.YIS Notapplicab!e .., means the tes1 is subcomraaed oll!Side Ec.ro:"ins '700P 
Sun c«rf)Ol.fl(5 re:su!ts are cakuh::~ from di.. results of w ch(f.lantified CQl't\Xl!Jnd as ¾\ by r~ tion 
The uncaun:y ros oo,; ~ t_.e-t into accoont flOf standards dial alreao,' indt.d. t'IY:-3SUrema\t uncettai'it/ or on ~icit request of cf,fflt. 
The ~ e desoip(ion and infonrutionare provickdby tru. C&nL Ell'05ns is not ~sible for \'erifyir1o1 the accuracy. r~ancy, adequacy 
and'or C001)~ !ff\e$S of the informationpro-.ided by~ Cliffl:. 
The an3'ytical re-suit ~ n is applic~ for the ~e(s) tn -:ed on'ly. 
Ths -n.1!ytica1 repxt sha'I noi: b,a- e.xcerp;ed rx mocl;fiedwithou1 priorv.ritt:n 3pproval from Ell'«llS. The repon SNH be utilia:d in tul. 
The re:sul(s) is(are) only for irnEf'l"IJI u~ b)t the cf.entand not for p~ idj available ase-\'icfence.Wm.lt lhe 11,rit;M p,:nrission oi Eu-of.ns. any 
p.yty is pcd,ibMd rtcm usng the te-9: re.suits ,yKI th: ~ for pt.t,licity or promotions or marketing. 
The Eurofns G:Mra1 Terms and Conditions app?y to this ana1ytica report 
For and on behalf ofEurofns Te<hnoiogy ~ e (Suzhou) Co .. Ltd 

Page 2/2 
AR-22-SU-03331 3-02 

No. 101. 

Suzhou 21 ro ms P 

Jiangw ~ ~,:_ J. 
'l!l(r,;fJttl 

Phona- +86 400 828 50S3 
Fax 
VNIW,ewof'llS.al 

■ ..... -
~ ; . 

' . 
It, · 

~ CIR- • --
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DHA-Rich Oil (Runke Bioenginee1ing) 

Pll»t 1/1 
AR-22-8lJ.058885.02-:~ eurofins 

Analytical Report 
502-2022--00039296 Report.. os-Jll-2022 

AR-22-SU-056885-02 

Auna ..~ (Fujlln) Co.,Lld.iiiiriiiiITTi1TI11iITTITiiri1s~ 
JinDu lna.istrlal Pafk Zhao-an Courty 

Znaogzhou O ty FujIan Provlnoo 

(¥..- 502·20'Z2-0J03!1296" AA{22-.SU-056885-02 

ca.11......0adlC Wlill~ : 111131713 !tF Blll : 211'Zl.1024 

....dllcllled. ~aerldc aodol0V.~di 

,_,,.~.,. 
..........dale 2&.Apt-2022 
,_,,.~a. 2&.Apt-2022

O'-JtJ-2022 

Util LOO WO 

• ..,,,., BSdMal Eftll080Jlin.~ Melhe>d, USP O<aS> 

Bacle rial Endo lo-,s 

Lucy w 

~Sgi\aay 

ll!)Cl'I.NljAla{Y NOff 
LOO: ~Of Q.ianiieaton • CW.S-I O....kS OCIU" 
< LOO. &low lklil d Ou!niralioo -Ir meat1.11 lhe le!! ls 11U1lc:xlnl8Cled....E..-oln~gtc.p 

NIA rneeAS NOC ~ • tnE&i\~ the 1e111 ii -ledou~e EwotM Qf0'.4> 
Sun ~~ -clie:.Jale<l l lillffl ft& res"9s 01 eec11 quanile<I ~ u set 11y reg,Jaton 
The~111!1 nol - ISM iMo 8CC()Jffl to, !11Mdarct! - Ul!lldy in<:ule me,a,r<!t'l'll!ti l.WICl!ftl!iMy oton El(~ ' ~ ofcller\t 
The ~-~andll1Mnaion-~ll)t IW><:aML S.OliMls M f~-rot~ 1he8CCIJ'&C)', f ele;aley, ~ 

tJn!1lotc~so1~lrlomahon prollicll!d by ~Clenl. 
The 81W)'fka fl!!ltll hete.n Is3fllllc~ lot Ille ~s) tesled aily. 
1NS~leal repott Shlil rot ~Elt~Ot modile<S..-.0..C ptilt w'11en 8")1oval t°"' 'EUOlns. The n,potl Shlil te ulbe<I Ir\ ,..._ 
The fl!!ltll(s} b(~only 101lrlfm&I U:!e by the di!n1 a"1nor lot p.tllc:ly a,alaUeas ~.Willoul the lldlenpemis!icnof e..-ow. ~ 
ll'8'1Y Is pohil:ilM fran t.BIIO Ille - resltls ancl...., repotl IOI plNcily ot pOtl'tOIMsot~ 
The E160inSGen6"81TMM 8'MICOl'lcllliem ~to lliS~lealrepotl. 
Fot ard mbetdt of Eurolors T S=ice &nhou C.O.. Lid 
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DHA-Rich Oil (Runke Bioengineeiing) 

Page 1/2 
AR-23-SU-007403-02-:~ eurofins 

'l'liiA•I 
tii!lj 
TESTING 

CNAS L3788 

Analvtical Reoort 
Certificate No. AR-23-SU-007403-02 Report date 30✓a n-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 
Thia ~ Is translated from report AA-23-SU--007-403-01 

Runke Bioengineering (Fujlan) Co.,Ltd.
11111111.1 11111 11 111rn1111111 1111111111111,111111111111 1 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Samplt Code: 502·2022-00003740 

Client Sample Code: it~: 11024713 
!:.FB!!/1: 2021.10.24 

Sample described as: Oooosahexaenoic acid oil /OHA al()ae oil 

Sample Packaging: Sealed metal bottle 

Arrival T611l)&ralur& ('C) 26.2 Sample Weight 1009·2 

Sample Condition Other 

Results Unij LOO LOO 

0 #SU114 Enterobaclt>"iaceae Mett100: ISO 21528-2·2017 

Ac:erednation: DAKKS:D-PL-14292-01-00&CMA:21 1020342268&CNAS:L3788 

Enterobac teriaceae <10 cfuta 

Sample Code: 502-2023-00005399 

Client Sample Code: it~: 11024713 ~F B Jl!l : 2021 .1 0.24 

Sample described as: Dooosahexaenoicacid oil /DHA algae oil 

Sample Packaging: Seale<! metal can 

Arrival T_.-ature('C) 18 --- Sample Weight - 1409 

Sample Condition Other 

Results Unij LOO LOO 

*JK590 Protein content (Roti®-Nanoquant) Method: internal melhod (PV O1498 V2) 

Content of protein <25 ~gig 25 

Jack He 

Authorized Signatory 

 

Ally Dong 

Authorized Signatory 

LOO: Limil of Quantification • CNAS # OAkkS OCMA
< LOO: Below Limit of Quantflcaton *means the lest is subcontracted wahin Eurofinsgroup 
NIA means Not applicable • means I.he test is sub<:ontractecl outside Euroftns group 
Sum oompounds results are calculated frcxn the results oreach quantified compound as set by regulation 

The l.llCertainty hasnot been taken into account for slardards that alread include measurement uncertaint or on ex ica request of client. 

Eurollns Tech. 

~ --

Pnone ~ao 400 828 5088 

www.eurofins.cn ~ 
No. 101 , Jialin (( DAkkS 
Suzhou 215 ~ ~~~d~Jerungsstelle 

D•Pl•l4292-01•00 Jiangsu Provi .R.C . na .Ell 
~ tl'K!f.t .~4t ~ ,.,.,\"'\,. 11~,r-.~&.., 

~<\'.;>~~' 

113 



-:~ eurofins Page2/2 
AR-23-SU-007 403-02 

The sample description and infonmation are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy 
and/Of completeness of the infonmation provided by the Client. 
The analytical result herein is ap~icable 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 ut.ilized in flJI. 
The result(s) is(are) only for internal use by the cl~nt and not for publicly available as evidence.Without the writlen permission of Eurofins, any 
party is prohibited from using the test resulls and the report fo< publicity or promotions or marketing. 
The Eurofins General Tenms and Conditions apply to this analy1ical report. 
For and on behalf of Eurofins TechnoJoav Service (Suzhou) Co., Ltd 

Euro/Ins Tech. Ltd 

Suzhou 21500 - i;-";, 

Jiangsu Provi .!!ll 
!J 

~GI;-, 

Phone +66 400 828 5088 
www.eurofins.cn 

• . 
. 
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DHA-Rich Oil (Runke Bioengineeiing) 

Page 1M 
AR-22-SU-047148-02 -:~ eurofins 

Analytical Report 

Sample Code 502-2022-00045887 Report date 08-Jun-2022 

Certificate No. AR-22-S U-047148,.()2 

Run~ Bioengineering (Fujan) Co..Ltd. 

JinOu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Fax 0596-3552000 

o ... rder,,nce: 502-211ZHI0~871 AA-22-SU-047148,-02 

Cfent Sample Code: .. atiJ :11024713 
V611 : 2021.10.24 

~~ , 0oc:o,;.,,~ naic acid ail fOH.._ ,f9..e <il 

~-eplion dale; 1$.M3f-2022 
Moi{-m Starw,g Oa'.e: 1$.M,,(-211'22 
Moi{"Sis Ending 0-: 07.Jun~ 

Re=!-.,; l.."'1it LOO LOO 

• SUD07 Domaic ocid Mec~od: lntemol ~ elnc!d (TPMOO'I V=ic,,, 12 2021-06) 
Domoic acid <1 mgi1lg 1 

~~, 

   
Snine Xie 

/1,.rtbori=<I Sgrusta,{ 

EXPL>:NATORY NOTE 
LOO: Limit d O=.nlifiadon - ONAS II D.AJ<kS =CMA 
-c LOO: Below Limit ofC!.,,,rr.ifl03D0<1 tr me.:!rt<> ,:he lesl i• subc«r.mekd wi-.hin Eu~• 9""fP 
NIA =""" Nat" ppfcmile • ~am ~ r:e~ i~ ::a.iDcentr3ctcct ~~ Eurofim 9~ 
S-..m compound• re<aJII> ;:,re calcu:.r.cd fn>m lhe = u~"' orexfl ,;rJos,tifie<I c:ompol.flC .u .e: bf~"" 
Tite uncertzira/ m• nat been t:,ken inw==ount for s~~ lh,,t :,~df include, m~remem uncero,i,rtf 17anexpicil n,,:p.,,; d cEe'lt 
The ..,.-,,pre cle=ription and ir6'311T'13licn provio"'ed b{the Cfien,. EurafillS;,, nGC re•pon•~• for vesif{,ng the ;:,,a:>Jr:,c:(, ro!_e,,or;:f, o,~oq"""'1 
"'1ci'..-axnpl'e:meos of tne infunr~tian puw::lcd b( ~ e Client. 
The o,m:,t.{,x r=.rlt herein 1$"!'Pl~ble for !he ~ (• ) ie<k<I am{. 
Tie" ""1f:iQ J repon •h.,I "'" be excerp-tze<I or modif..d wil:-!cu, prier wri~ oppnw,,I from Eu-o!in•. The repcrt "hall be ir:1"a:ie<I in •JIL 
The r=i'l'•l i, (..,e)«llf fw irr.• m.,lu•e bf «:ie di""1and4'0tforp<b[df 3V:oilabl.e ~ e-.id'..,ce..Vfflha1.11the wri:,:en pem,;••ian af 6urd'.re-.. "'1 
r»rtf i• prahit,;ted f.-crn wcing 1he te<l ,,........a. Mid the ,q,crt•~Illicit{«p~..-mm..-cng. 
The Ei.irafins GmeraJ Te..m• .mcf Ca1diirom ,rppf ID lhi• on lkol repcrt 
For .>nd en~d Eurcm• Tedirv:,Jo,;{ Se,w:e [Sumoo) Co .• ltd 

END OF REPORT 

orro!imT Pha,e +86400 ~ Sll88 

N1>_ 101. • lfm 
\IWW. e\lll("n&.CII S<.rzltau 216 

Jj :,_.,g,u Prct,i 

~ 
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::~ eurofins 

Analytical Report 

Sample Code 502-2021-00126362 Report dale 30-Dec-2021 

cettlficalo No. AR-21 •SU-1161145-01-EN 

cfJS~if 
IHI 
lESTING 
CKASU78i 

Page 1/4 
AR-21-SU-116945-0l •EN 

II llm[IIII I II ~1m~Ell]m111 rn~111111 Rooke Bioenglnbering (fup&n) Co,,Lld. 

JflDu lnd~i&I Park Zh&o--an County 

Zhangthov City Fujlan Province 

Fax 0596-3552000 

502-2021,00126362/ A.R·21-SU·1169'4$-01-EN Our reference: 
Cllenl Semple COdl: M'-i'il!l,1J : 11027715 !l.FIHI\ : 2021,10,27 

$omple do,cribed 118: 0oco,.,_,enoic •cid Oil J[)ti.r., t111'11♦ Oil 

Sar.nplo P.acbg'"9: seaieo tne1&1 bOld9 

S11mplo rocoplion dole:. 29-Nov-2021 
Maly,i,s StartSrQ Oelt. "li-Nov-20:Zt 
M81v,la Ending 0..: 29-0oe..2021 

21.8 S#l"I ow ht 1400"12 

Unll LOO LOO 

"# SU007 Morcury iM$} ,._lhocl: 8S EN 13806!2002 
AccredU.liOt\. DAKKS!D-f'l• 14l92.0U)0&CMk2\ 102Q3A.2268&CNAS1.3738 

M• rcury (HO) <0.005 mt>'lQ 
• SUOSO Lead (ICP•MS) Mell\Od &SEN ISO 172i4-2 2018 mod. "'" 

Act:1odi1e1Jon: IS0.1E·C 17ffl:i017 DAkkS O.Pl-1'2t2-01,00 
l •.id (Pb} <0.05 me-'k9 

t, Sl.105£ Menk (ICP,MS') Melhocl: 6S EN ISO t'nM-2 201,rnod. 
... 

Ao:redila'.ion: ISO.'IEC 17025:2017 OAll.lt.S 0-Pl.-14'92-01.00 
Arsenic (As) <O 005 mgit g .,.. 

# SU06G Clldmiuin(ICP·MS) M9'tlod: 8 S EN ISO 11294-2 2ou, mod. 
Aocred~;61icw 1$0/IEC 17(125:2017 OAttS 0.PL-142'92-<l t.OO 

Cadmium Cd <O.OOS m i\ .... 

Pho-le •.e& '°° e:2esoea 

'" w..w.euf'Or111u,t1 

LOO LOO 
"# SU1A2 A.e,*l)lll(4, CQIJAI Mdhod! US FDA SAAi Ctlapte1 3. Jan 2001 

Accl'Ollillltion. OA\\S: O·Pl.•142$'2-01-00 ~ CNAS; L3186 

Aerobic Pl~ • Court! <1.0 CIII,..,. 
• SUIM ~,. lloe!hod: US FDA 8AMC'-::>tet S. :2021 

A.co.:redilMIOl"I. t.$0,'IEC H 02$"'2017 ems L3188 
Salmonella Not Oet~td t25 n:I 

6.# SU1A7 Yeu~ Md moul0$ MettHXI: us FDA8AM Ch~IIII 16.Ap, 2001 
.A«ft<flt.ltlOn: OAAkS O-PL-142i2,()1.00& CNAS; U 768 

Mould& <1.0 clu•ml 
Y9U1 <1.0 du/Ml 

•# au,c.x £ .coll ,.,.111od: lSO t&a,w-:2015 
o\c:e«odbtion: OAKKS!.O.f't.•14292.0t-l)O~CMA~t1020342268&CNAS13788 

E. coll NOC Ottecied 125ml 
Rewb LOO l OO 

• SU207 P9fQ).!Qi\'ilkl• llelhod; AOCS Cd 81:1,90:2017 
A(;(ft(l>t..,r,ion; ts0/1£C 110211:2011 C:NASL,788 

DHA-Rich Oil (Runke Bioengineering) 

116 



-:~ eurofins 
...... """ 

Ptiono ♦38 400 828 5088 

Fax 
-.CUrofJIS.c:tl 

LOO LOO 

Peroxide value 0.<48 
q SU20L Prokirl t..!ethO<I· AQAC 984.1:! 1 ~ 

Aoc:i~liOll, OAkkS· O.f"L-1'1292.()1.00$. C..AS: L3788 
Protein <0.1 ,., 
Protein Fae.tor 8,25 .... LOO LOO 

,tr Fl.023 

~·-
Pllll'II fflrolund 91b!l\ mn0f$ (IIOI ffl"ktKld) t.l~ 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 

Sf.o&terol US mo11000 
Silostanol-+ dell8•5-avenaslerol 7 tns>f100g 
Oe!te•5.24-i(igm;$1~ienol 14 f1Vi1000 

O.lt.-7-V.igmaslenol 43 "'9'100{1 

do!ha, 7-Avell:t~!,fot 9 mof1000 

Cydoartenol 6 mgr,oa o 
24 .. Mett,ylenecyclOaftanol 4 mghOOt; 

Ci!rostadlenol 8 mw1000 
Tot.11 pl.int storols-+ platit stano(s 537 m\)'100g 

,tr QA.001 Acic1Val110 1/,ethod: 11.0CS Cd 3d-el 
Aeao:lb!ion: ISOJIEC 1702S:2017 A2t.A 299~1 

Acid value (mg K.OHlg) 0.37 mg KOH(g .... 
Free ,,tty adds {as oleic aad) 0.19 0,01 

1r OAOIL p.Anisid.-wl Val.le t.lelhoct AOCS Cd ta..90 " 
Aet1edl1&(1on: IS01EC 11025:2<lt7 A2LA 2993.01 

* p-A.nisidil'W! Value 1.8 
0,.307 Gtyceride PrOlile Met.ho(!· AOCS Cd 11c.-U 

Oigl)-cericles 4,7 
Gfy<:erol 2.9 
Monogly<::ende& 3.2 
T rigityc.erid85 

'k QAJ&J >Jei$1ln & Vollll!IH (.A.. Oven 130Cl Me,:tlo4· A.OCS ca 2c-25 " 
Moistute & Votatui& <0.01 

1r QA966 lklHpofliMle , .... 111.__ Met:nod: AOCS ca 6 &-40 " 
Un~il'ifble ma1ter 1.28 1' 

V QOOSC F~tty Ao~-Ful OmeQll 9.6&)& Tr&M %WM Uetnod: .AOAC 9&$.()6 mod. 
'·" 

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 M2 
C11 :0 (Undecanoic add) <0.02 .., 
C12:0 (l.au!i: Acid) 0.03 " 0.02 

C14:0 (MyrlsUc acid) 0.29 " 
C14:1 (l.tyri$tolt ic ;acid) <O,OZ " ~ '" ,.., 
C 15;0 (Pen~d&eal\Ole acid) 0.04 

1 (Pentadecenoic ac:id) <0.02 " 
C 16:0 (Pa!miic 15,53 '

0.02 

C 15-: 
Add) 

'·" 
0.·" 02 

C16 1 Omega 7 o.oe 
C16: 1 Total (Pa!mitoltic Acid• isomers) 0..2:3 .,. 
C16:2 (Hexade«1dlenolc Acid) <0.02 " .,, 
C16:3 (Hexadeoatrienoic Acid) <0.02 
C17:0 (Marg;.ric Acid) 0.05 "' ,.., 
C17:1 (KeptadeeenoleAcid} <0.02 " ,.., 

Page 214 
AR•2l•SU• 116945-0t-EN 
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-:~ e u rofi ns 

Eurolios l 
llo. 101, Ji 

Sintiou 2 1 

. I.IIIQW P1 

1:.1oc. ,..., 

""' 

PhOr'le <f>-86 400 823 ro.88 

'" .............. ,m,nns.cn 

,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 .,, 
C18:3 Omega 6 (Gan'lmtl 1.#lolenic 0.11 
Acid) 

... 
C18:3, TOW (Llnolen!cAcld • ~ omer$) 0.25 ,.., 
C 18:, Omega 3 (Octade~t•••noie 0.19 " ,., 
Aod) " 
C18.4 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, Tolal (Eico&at~r.,enoic Acid) 0.73 " ., 
C:20:5 Orn• ;a 3 (Eicosapentaenole 0.46 " .. . .., 
Ao"l 
C21:5 Omega 3 (Kenti~ niaenole <0,02 
Add) " ... 
C22:0 (Behenie Add) 0.20 
C22; 1 Omega 9 (Etuek Add) 0.2·1 " ... 
c22~1 Tot:il (ErueieAeld • isomer$) 021 " '·" 
C22:'2 Oocos;edlenole Omega 6 <0.02 " ... ., 
C22:3 ~:ntnolc, Omega 3 0.12 " . 

.,, 
C22:4 oooosa:etraenoic Omega 6 <0.02 

.. 
C22:5 Oooo$apentaenoic Omega 3 0.07 " ... 
C22:5 Doeosape(ltae.'IOIC Om~ 6 10.60 " ... 
C22:5 Total (Ooeo&apentaenoic Acid) 10.68 " ... ,,,, 
C22:6 Ooco&&hexHnoiQ Omoga 3 •1.11 " ,., 
C24;0 {Ugnoceric Acid') 0.11 " ,., 
C24:1 Omega 9 (Nervonic k id') <0.02 " 
C24:1 Total(N'tNOtlic Acld• lsomet'$) 0.0< " '·" 

0.02 

C4:0 (Blllyric Acid) <0.02 " 
0 6:0 (Caproic add) <0.02 " .., "" 
C8:0 (Capryllc acid) <0.02 

.. 
Fatty Acid Profoe Reported as Fatty " ... 
To~ F:n as Triglyo&rides 
Total Fatty Aci:ls 

-· 89.86 ,, 
86.26 " .. , 

Total Mo~ u tur:itod Fatty Acids 4.63 " " o.OS 

Total om• 3 Isomers 43.20 
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 " 

Page 3/4 
AR-21-SU-1 1694S-01-EN 
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DHA-Rich Oil (Runke Bioengineeiing) 

P~o-4/-4 
AR-21·SU-1 16945--01-EN ~~ eurofins 

LOO 

TQ11:1I S atur•lltd Fa1ty Add. 17.81 % o~ 

*
Total Tran& Fatty /\Gid$ 0.22 "'I, ooi

00094 FtM F&ny AeldS ('F") Melhod AOCS ca Se-10. A.0/IC IMO ia 
Acereo~ 1so,1ee ,102.51011A21Am101 

FFA{Free Fairy Aci<I$) 0 10 " 0.01 

• R290Z 8-•• End01<mns Me4hod USP 4W5.> 
B•ct.-,al E;ndolol<Jl'IS O 141 EU11Yl! 

,. l111.3X Enumenllon (MPN)ot E~~ - t.lathod: FDA BMI CNll)Wt 29 mod 
Ente~r$llllaz.ilui " 0 3 MPNrlO ml 

COMMEllT 
TE$T CHANCU;· Cl'd0tad f\025 for caode$ hill bHn CN'lged to Fl..023 

TN C4fll...-i ot -p=tslarcb ond pion, 1181'1)'6 clo" not e<>IILI., cl>olo'1anll and ,,.,.,~•~it_,. (I e c~Aan01 
1◄•.,.,hyitntq,cloa!bnol, and cilrosl/11fffl01) 

"mount ohotai Ge etutablet is 1$4$ t,"l)I I CXI 9 

P II C1ntnica1,ans jg\w to be IJt ~&d 0'11 

SIONAl!JllE_____...... 

ShoNI Xie 

!XPI.AHATOAY NOTE 
LOQ Llff>I 01 OWnllficlltlan GNASII DAAltS e:CMA 
<LOO setcw Limit ol 0Ul!ill1Jftc.llllafl mean, 1118 IIIM ,, suba,nlrac1ed • ilhlftEu1011n&1)Nl\lP 
~ I\means tliQ111ff1labla • muns !he tn1 Is Sl.llleolllt8£18d ~Einllns ~P 

Sum compounds ,...,Ilaa,e c;.111;11torad trom th• resulol ol eact, Q118"68d ~d• - by~• 
TiHt uncata11y has nol be.n ta~tn ..,~ _,Ill l0r scandards 1h11 alreaa, inc:l.,de "'994l.lfAfflllnl uncaf1llinty"' an ~xplki. ,eql/MIot dl4n1 
The Sllfflllle desa,pl>on ar,d lnlOfmM!Oll "' prOVldr.l by line Chnt. E~Ollns Iii l'IOl rtsl)O("'bll> lot ..itylng...~l(y, fel9VitlCI' <ldOCJjlc;y 

eoo/or 000-.,lel-Hcf thtt 1nfafmaU011 pto>lde6 t,f Ill• Clalt 
The onalrticel16111~ he<tln It apphcac,te far lhtl Ht"'leli) ietl$CI ~ 
lll!te~I rwp011 wl n«be e•~l)(IIC! o, ll'IOdrti.l! wt~p,a wnl1cw, _,.,..,v•I ROil\E~ Thfl ropon lllad be Ullli.ted n lul 
The ~•I ,s(e,e)0/\IY tor ltttemal.... by"'" doelll and l\01 t0t publldY t¥91ible a. mdance.WithOIJI 1M Wl11Ilin l)e'IIW'10ft al Eurorms, WI'( 

p.rty Is llfllhl>Nd 1nm uslno tM !!!SI res1Jh9 ai,d lM ,..,art far p;bicitr <II ~OMOtlon6 r, rN'1<.W>II 
The EurcllM G@fl9r;,t farms and ConallJOM ,appy to 1h19 SM'yfl.:81 -1 
For an.Jan ti.hell r1, Eu10llfle TK/'~Semce Suzh<,ut Co.. ltd 

ENO OF REPORT 

Pnone • es •oo 112a soae 
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DHA-Rich Oil (Runke Bioengineeiing) 

Page 111 
AR-22-SIJ.007~~~ eurofins 

Analytical Report 

Sample: Code 502-20~-00002953 Rep<)ft date 27-Jan-2022 

Cet1ffic:ate 

i~ffiiiiiiii
No. AR-22-SU-00785'9-02 

TIJi1H , Runke Bioengineering {Fujian) Co. .ltd. 

JinDu kldus1rial Parle Zhao-an County 

Zhang2hou City F~ ian Province 

Fax 0596-3552000 

OUr Rllanmoe: !:C2·JIOZ2-!IDJ!l::9531 ,'l..=.:•:::!-3l>007i=<:!9--l~ 

Olonl-8arrp11-Coda: Jt : 1111:iuu 
!J!I" 9 11 m-t.10.21 

SlltllfN IH!od cloallrlbad - ~ ol /'DHA ll'Q\30 Oil 

Sampl,IP~ Sc.ilDcl ~ bGllb 

1o.J~ San-~ IOOlpliOn -
~s~~ 1~-mz 
~i.E~Da11t: 2!1,J,m.:ro.z2 

14 .0 

RMul!s. Unn LOO LOO 

l\il011Qlhef0f'Clp;aood101s ,~um OIi t-oo ,md OS.'llnl MalllOd: AOCS Cd 28b-13 

Aocredto11on· SS.0,11=C 1ro25:2011 A21.A :2w3. IH 
TCl!a!2-MCPD (~a!Y.l boun.d) ..0.10 01 

Tami 3-MCPO (:ree a!Y.l bound) 0.14 01 
* QACJNI) Gt,oclyl os1olli [~S. l<lclho<f. AOCSCd219b-13 

Aac~: 1S0,1Ec- 11'12~:2011 .A2LA :2900-.IH 
Glfcidcl (ci?lcJlllt~ 01 

SJONKl'UR£ 

Cl';ilrcW;;mg 

~~ 

~ TOAYHOTE 
LOO U,itGl'D..wllonmuoo - ~ • ~<OMA 
• LOO: BabNUrrul o1 Oti.1nula1Jon fr moans lhi> 11!!11 d !IEO::Cfflr~b)O ....lh... ~-~ 
ti'A means N'01 ~lciJtle • me;:ana Iha 1IHt I$ SU~a:r.sldll Eflnllivj i{ln:K.'f) 

Eu:n c~ msJD .arc Gafc!ul:ed rrmihi nHUl!I atoar.:h ~lllled oompcund H 11111 by rapulzoan 
TIMI uno11rt:111ty ltas. "'°" t:.51 tolkon lrlla ~ a sanclmls Nt11llei1dy rdJde ~ 11ncort11nfy a, oo eiqNk l roqt.lllAt al clenl 
nu, aarrf'IO d~ and ilOlamlatlon IIAI prow!'od ~ 1h11 Cklnl EUl'Gllns l, Ml Rlspcnrtic lllr ~ tho -~y. ralcMulcy ~ 
anll<or ~ ae lllo 1111onn;u1on pr0""l'edl by1h11 aont 
Tho arwt,tlwl ,-,11hecali'I iS ~ lor Into ■ a mple(&) lostod onlt 
TIiis alWl)'ki,lll ~ ~">all no! t>e e.aurp(D<I or IFlO(S,flo,d 111thout ~wrtHon apiro,,a1 IIOl'll Ellrans.T~o r.,.i s/'\all be U\llZDd ti I.ti 
Tllo ""~&l•l ls{a1tl cnl~ lcr mornal UHi b)' CM, c.Li:w and ool l'or ~IV ......l,allla .a. llWHl'i!0.1/Ydhout Iha M lmn ~ ol Eull!C'hs\ llll)' 
pall}< Is pro!tlbned worn uslrig 'lhll los.t roswls rodh ropolt ror p..C)llcl ty a, fllDIT'(lllonl, e1< ~ 

Tito E:un:allns Ganorul Tdlml """ Qind1Ja. apply b) llli. llR.al('.ilWI& ~ 
l'cr ¥od en t>et\all 01 Eurolllll Techl'l<IIO{r)' 5er'.oi:o ('&.ahoul Co . LlCI 

E..arna T 

Ho. 10 1, JI 

5..Jznou21 

Pl'lorlo ..:,; 400 cca 51!88 

fa 
.-...N.eunx!nun 

END OF REPORT 
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"hMe +66 400 ll2i.l Slloll 

fax. 
'•Wl!l.eurol'.06.CII 

DHA-Rich Oil (Runke Bioengineeiing) 

Pa9e 112 
AR-22-SU-03331~2-:~ eurofins 

"Pr.1-1.uf 
HCNAS' TESTING 
CNAS L:11118 

Analytical Report 

Sample Code 502-2022-')0037066 Report date 30-Apr-2022 

Certificate No. AR-22 -S U-033314--02 

Runke Bioengin~ ring (Fujan) Co.. Ltd.

J:n) ,..1 l ndustna l Park Zt>ao-2.n County 

Zhangz:hou City Fujian Province 

Fax 05~6-35-52000 

m,mr~m1rnTI1TI1ITiir1ri~l .o0, 

o..-~orenice: SIXZ· 2ll22-0a'JJ7066/ AR·22·SIJ-OJ3J14-1!12 

C&intSomple Code: IUii\llt~ . 11C2TT16 !£:,,C S Jfl: N21.10.27 

Sampl:e <l'escribed asc w.os.,,,= =naic m:id oil ·ct-..\ .. ._e c.il 9
Samjlf,,~ng: s . ,.._.., m,,-..l bcule 

Sui,p',e receptic<,~ 2:3,,Ap<. 202:2 

AneJ/•• ~ru,g~~ 24-.llp·-202:2 
AneJ{RS Ending Date: ~ -2022 

Anml Terrp....:ure {"C) 21.6 2St-g 
1---- -- SampeWei~ 

Sarrple C.:..diticc, ex,~ 
R ~-¥J"is.s U,it LOO LOD 

-'4t SU10Z C<-c<,c=ier •Ff>·'"1Ctg Md .od: ISO W64:201 i 
Aa:recfs, ticn: OJll<J(S: D-FL-1.:2s12,01 .00.S.CM.\::211C0)3'!!2:2ca&C."1...S:L178e 

Cronooooer spp Not Del!!c.1MJ 1 0 g 
~ SIJ1A2 ~<p:>se c,,un, Mrlto,:!: 1.1(.:"fDA EJ\MChop,er S, Jo,W01 

Aa:recftricn: Cll,JckS: D-Fl. .•U2!!'2.o01.o-3 & CNl'.S: L3783 
Aerob111: P <a1e Count <10 du;-

~su1M s .. mcn.u. Method: US FD,t,.E;.",J,( Ch• :it<,c 6, 2021 

A= ,o~ticn: ISO•IEC 17026:2>)17 Ct,l\.S UH8 

Salmonella Not De~ded -'25g 
£trSU1A7 Ye:3:SU ard~k-:. tw1ened: US r'DA 8 1\M Ch, i:m 18, /o;,, 20)1 

ko,ecftricn: OAJ,~S: D-P . U:2o/.!.tJ1. t!,J &CN/\.S: L37a& 

Moulds <10 du'g 
Yeast <10 du.•9 

.-,su,cx E.ccr '-lechcd: ISO 16643-!a01 5 
A«redr,:,ricn: OAIO(S:D-flL-1.:292.1>1 .o0M-C"'IA:211!l0'.13'!!221IB!.C.'{..S:L3;ai 

E. coli Not Deteded "25 g 
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::; eurofins Page 2/2 
AR-22-SU-033314~ 2 

ro ms .. 
~:..., 

,_ ,,,.;;. 

? h.«1e +86400 828 5088 ,~ 
,,.ww.eu-onn,.en 

EXPLANATORY NOTE 
LOO: Lin-aciOu-,:v11irica=.!on 
< LOO: ~ le,,.,U,,,it ofQ..=.-.:tx-3tie., 1\-me-:itt=- :M te: : i i :ubec.-,:r:itt~ wi:hir, E~:s p.ip 

NtA me~ N:.t :,ppk~I,: 0 me::m th,: te:st it ,:\boc-fltr:icted = U~ Eurotin:. grc~ 
Sum cornpour.d: re--..ub .:sre c.:Jt1.Jt~:ed frcrn h ~ ul::: c• e«h q.H1.,tifi, ed compol.Sld :,,: 1e: bf reg,.t:,ticn 
Tr"ce uncerni.n-:f NI:: r,:,1 be~ t-:1ken ir-~ ,:,:,:.~uni for :,.:m d'~W !M't: :i~df ir,cl,J(k me.Y..urernen.: imt e!Uf.ruf or on ex~ ici: ~ q,.1e:,.: d d:.~r. 
The !-$"1\pk ~ ~ pticn ~ irriotm3tien lie pro'liC:M bf~ Cl~:. Eurofi~ ~ r,eu e::p(fl1itle kt veriff,119 the .:.eeur:.c1~ ffi.-:v.:r,c{, ~ eq,_xf 
M d.'cr ec11\pte:er.~ 1 of die imcrm:itioo, pro-1-ided bf ':le Oiem.. 
The ::;n~fC.c~re,ult herein i:. :,ppie,:,Ne kt the ~ lfl)!e(:s) :<:::ted or.If . 
11-b :,n~!f~l repon ::!-.:ii nc: t e e~e,p~ d ormcdi!ied -...itheu: prier wri:::en l p~ c•t~ from E~:s. The repcrt :sh,II be u~i::e~ in tJIL 
The t e-'~ $j i:s(:,rej cn'tf ft.r ir,:em.sl u:se bf the d iem :ir-..d no1 forp..bki..1 ~~lette -M e'lidence➔Vfrthov. !M wri'::en r;ermi:s:sion of E\lrc1k1::, Mf 
F>'rtf i:s pdlitit'!'d f:oni u:s-...9 tM t~~ re~o.fu. .:M th-e repcn tc, f,Ublici:f Cf' pt01TlOticn:. ct rrwt:et ng. 
Tl-.: e:'.lf'Qnr~G<:r,m l T<:rm~ :nd G«lfi-;-n~ -:ipp'f ~ .hi~ :n:l_f~,d rqxn. 
Fe# ~/Id c<o beh.s"i c-f Euef.111~ l echnobg{ Ser.>ic-e (Su:hO"J) Co .• Lt<! 

END C. REPORT 

DHA-Rich Oil (Runke Bioengineering) 
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DHA-Rich Oil (Runke Bioengineeiing) 

Page1/1 
AR-22-8lJ.056888.G2-:; eurofins 

Analytical Report 

San1)19Code 502-2022-00039297 ~date 09-Jul.2022 
Crillcat8 No. A R-2 2-SU•D 56886-02 

RunD..~ (Fl"'1) Co.,.Ud.ITT1rni[lrntiiillmi1~i1·ii~ 
JlnD u lnrustrial PaJ'lc Zhao-an Courty 

........... 
Znangzhou Oty Foj lan Province 

Our-- 502-2<122-000392971 AR,,22,SIJ-058!M-02 

Clllll...... Codll: #lilt~ , 1102771!i !ti"'BJ@ : 2021.1021 

Docos81leilaeMic - ol lDHA.aig-di 
......Nlllllfalclal: 28.Acw,21122 
,.,..,.....o.c 24-Acw,®2:2 

,.,..,...,.Dlilll: 0 1-.JiJ-211Z2 

Um LOO IDO 

Bac1erial Endolc:ians <0.108 EUlg 

~1\IIE 

lucy Uu 

lulloNJedS(gjlilllay 

DPLANATCRY NOff 
LOQ, ~o! OJanllea1iM • C N,IS • • DIU:S DCIIA 
< LOQ l!«>wUll'ill II~la\ 11tmeaMlhe l esliS ~ta:te<!'MIWIEtrotins~ 
N/A mMM1',lo4 ~ • mMMthe !Ml I! ~te<lo.1-EurotiMg,~ 
S<ffi ~ l e-MIS - c.:.ate<! 110m lie fe91J1s OI eadlqua,1ile<I ~ 119 Sil! II)' feg;J&ion 
The - ly 11M mt been l&Wi- llOCo..w\1 lot!I~1181 .-Mdy~--- 1.inel!rlM'l)t Of ona,-r~ 01 Clec\l 
The W!"C)le ~ilplc)tl a,id Wormatonate p,!Dl,lded q, lieCienl. &.voiMiS 11d ,~ bt~d)fng theao:incy, ,ete,,MCy,adeqWlq, 
an:Uote~lenesof~ Womatbnp,~by Iv.Cla\t. 
TheMlt)1d res<II IWffin ISawi,e-10t the ~s}tesled cnt,,. 
Thb M8o\lfical fepar1 std ml beet~Of modiill!d v.ftlot.l pdw.....,e,n8R)fOWII ..(lffl Eu,o:w_ The report !Jha!9 ~ ulilzed in IIJL 
The fi!!ltJl(s) 1!1(8'~Oftty IOI dKnaluse by the cM\t 8rd 1'1()1 tot~ a,iliaU!! &j! ~YM>OOIIN! IMlteApffllis!liOnOf Ei.-ofiAs, sq, 
psrlyiS p-ot,itiiled Iran ll!lirlJ lhe - restJluncl tw, ~ lotp,blia1y«pcmafi0nsor~ 
The EU'otiMGef\8'81 TMl'IS SidOondllO'\j! ~ toN! Ma,\lteal feplft. 

f or8RI enbetdt of EurcCn T S-ice &.atlou Co, Lid 

END OF REPORT 
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DHA-Rich Oil (Runke Bioengineeiing) 

Page 1/2 
AR-23-SU-007404-02-:~ eurofins 

'l'liiA•I 
tii!lj 
TESTING 

CNAS L3788 

Analvtical Reoort 
Certificate No. AR-23-SU-007404-02 Report date 30✓a n-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 
Thia ~ Is translated from report AA-23-SU--007-40-4-01 

Runke Bioengineering (Fujlan) Co.,Ltd. 
1111111111.1 111111 111 111rn1111111 1111111111111,111111111111 11 

JinDu Industrial Park Zhao-an County 

Zhangzhou City Fujian Province 

Samplt Code: 502·2022-00003741 

Client Sample Code: it~: 11 027715 
!:.FB!!/1: 2021.10.27 

Sample described as: Oooosahexaenoic acid oil /OHA al()ae oil 

Sample Packaging: Sealed metal bottle 

Arrival T611l)&ralur& ('C) 26.2 Sample Weight 1009·2 

Sample Condition Other 

Results Unij LOO LOO 

0 #SU114 Enterobaclt>"iaceae Mett100: ISO 21528-2·2017 

Ac:erednation: DAKKS:D-PL-14292-01 -00&CMA:21 1020342268&CNAS:L3788 

Enterobac teriaceae <10 cfuta 

Sample Code: 502-2023-00005400 

Client Sample Code: it~: 11 027715 ~F B Jl!l : 2021 .1 0.27 

Sample described as: Dooosahexaenoic acid oil /DHA algae oil 

Sample Packaging: Seale<! metal can 

Arrival T_.-ature('C) 18 --- Sample Weight - 1409 

Sample Condition Other 

Results Unij LOO LOO 

* JK590 Protein content (Roti®-Nanoquant) Method: internal melhod (PV O1498 V2) 

Content of protein <25 ~gig 25 

SIGNATURE 

Ally Dong Jack He 

Authorized Signatory Authorized Signatory 

LOO: Limil of Quantification • CNAS # OAkkS OCMA 

< LOO: Below Limit of Quantflcaton *means the lest is subcontracted wahin Eurofins group 
NIA means Not applicable • means I.he test is sub<:ontractecl outside Euroftns group 
Sum oompounds results are calculated frcxn the results or each quantified compound as set by regulation 

The l.llCer1ainty has not been taken into account for slandards that alread include measurement uncertaint or on ex ica request of client. 

Eurollns Tech. Pnone ~ao 400 828 5088 ~ www.eurofins.cnNo. 101, J ialin (( DAkkS 
Suzhou 215 ~ -- ~ ~~~d~Jerungsstelle 
Jiangsu Provi .R.C . na .Ell D•Pl•l4292-01•00 

~ tl'K!f.t .~4t ~ ,.,.,\"'\,. 11~,r-.~&.., 

~<\'.;>~~' 
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-:~ eurofins Page2/2 
AR-23-SU-007 404-02 

The sample description and infonmation are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy 
and/Of completeness of the infonmation provided by the Client. 
The analytical result herein is ap~icable 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 ut.ilized in flJI. 
The result(s) is(are) only for internal use by the cl~nt and not for publicly available as evidence.Without the writlen permission of Eurofins, any 
party is prohibited from using the test resulls and the report fo< publicity or promotions or marketing. 
The Eurofins General Tenms and Conditions apply to this analy1ical report. 
For and on behalf of Eurofins TechnoJoav Service (Suzhou) Co., Ltd 

Euro/Ins Tech. Ltd 

Suzhou 21500 - i;-";, 

Jiangsu Provi .!!ll 
!J 

~GI;-, 

Phone +66 400 828 5088 
www.eurofins.cn 

END OF REPORT 

DHA-Rich Oil (Runke Bioengineering) 
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DHA-Rich Oil (Runke Bioengineeiing) 

Page 1/1 
AR-22-SU--04714$--02 .;; eurofins 

Analytical Report 

Sample Code 502-2022-00045888 Report date 08-Jun-2022 

Certificate No. AR-22-SU-0471 49~ 2 

R\Jnke Bioengineering (Fujan) Co.. Ltd. iiilITrii~imTTlin1TiffITTi'ii, 
JinOu lndustn.al Part( Zhao-an County 

Zhangzhou Ci1y Fujian Pro.tince 

Fax 0596.-3552000 

Ois reference: .502·2022-0004588a/ AA·22•SU-04714!MlQ 

CentSample Coe: at~ :1102n16 
!EJ"S ll : 2021.10.27 

Sa.-npt.e describocl u : Do:,y...,,',""""na,o: ,ocid oil JOtiA eigiH! cil 

Sunfl,, r,ecq,tion d- : 13.-.t.:i{.2fY22 

Anal(sis Staring O.:ec 13.M.:i{-2022 

Anal(sis Ending Date: 07.Jun-2022 

Re-wt .. lklit LOO LOD 

• Sll007 Domaic&id Me:nod: ktlemal Method (TPMll01 V...-.icn 12 2'(121-06) 

DoolOic:acid <t rr,g,1<g t 

SIGNAT\JflE 

 

Shine Xie 

A:nhorized S°"3n.---f 

EXP\.NIATORYNOTE 

LOO: Limit r:i O=nlifica,on _. aNAS fl DAl:l<S cCI,«.", 

< LOO: &lowL.imit of C<=;-ti!ic,,lic,, tr~ '.he ~ i• :<uooon'~ wi'.hin Eu:un, g,aup 
N!A meam Nat " f'l'icd,ile •==the be.-t i• «m0antr,,cted out,ide Ewofin,,grn.,p 
Sum ccm,po!ind• r=.11-_. c,ec~-dfrurn the re>U~-" d e..a. q,.,~ed c.cmpo'-",d' a. •e-: bf reg,J.,,licn 
TMc ur,ccttzi.rr./ ~ not bee, ~ ir.w MCO!Int fo< ..:..nd~ lh::Jt .,"n,,,df ind,d,e ,ne-.,,-,men, uncerurn/oron explicr. ~•~'d clfent 
T~ =nfie W..cnplicn .ond in!armertim "'"" pmvilfed bfthe Clien.1. Eumfin5 ~ mx re•pa'lc0ib4e ;u 'fflirf(,~ the "'= r«f. ce.,,,,.r-4. o,deqia,rf 
""1d.'..- aimp'e.ene>~ of lhe mlam,lion p,--cmded !,f ~ e Oient. 
~ "".s'ftic,ln=,ltherein i<,. .,,p,?i,c.oble fo· t!,e ~ (s) te,;tecl anlf_ 

To.. ..,,,.l{bQI ,-,par: •Ml nc1 be e>oce<p~ ct rnodi5ed wiliiwl prior wrt-::en opprcvo,l 'ram Eu-o:!i-1•. The re;,crt$hall be 1t:'iu<I in L it 
~ =di(• ) iq <ire) o,nif fw i,r,:rm,lu~bf "'"diem <1 ru:I i,ot forpi.Hdf <!Wilob'e "" e vilfe,ce.V,nmu, the wri-::en pcrmi,..,,. ofEurcrin:,. o,nf 
P"nf i• proi,ibibe-d f,cm u~g lite 1es! ,.,,,,cru. ond lhe repc<t::z:orblicn{« prorroOticns erml!nleong. 
The E:urafiM Gen,,~ Term• and C<,ndilim• "i'P-f ,a tlhi• tic.,J ~ 
Fc.~co b<ehoi.i<ri Eura!n, Tedmolos-f Service (Suzilcu} Co., ltd 

END OF REPORT 

Phme +66 400 f.23 Sil& 

r ... 
\IWW.eurnl'.h&,a\ 
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~~ eurofins 

CNAS 
'PIii< 'l 
IHI 
TESTING 
CNAS U788 

Page 114 
AR-21-SU· 116946-01--EN 

111~ 111m11rn11rn111m~11111m1111nu 11 

Analytica I Report 
Sample Code 502.2021-00126363 Report date 30-Dec-2021 

Certif.cate No. AR-21 -SU-116946-01-EN 

Runke 8ioenginooring (Fuj~n) Co.,ltd. 

JinOu h-.ctu,crial Paric Zhao-an County 

Zh• •oi;hou Clly Fujlan Provine@ 
Fox 0596-3552000 

o ... ,~ 502-202UICU2636ll AA-2t-SU,ll~,01•EN 

ClentS.i~ CocMI; ff&IIII : 110-30717 tf"BIII : 2021.10.30 

Swnple dffcribo6 as: Dooout,o;,-.aona.c. .-clo di !"OHA l!~ao ol 
Sa.mpfo Pack11" s~ mollll bottle 

Sampto reoopllon d.-0: 29-NciY-2021 
Analyse Ster1iog OW: 2i-NoY•202"1 
AnalYtltE~O.te.: ~202"1 

21.8 1-400·12 

LOO LOO 

A# SU007 Mora..y (AAS) l.lolt'od: 8S EN l3b06:2002 
Acc1edi!atlon: DAKKS.D.PL0 14292.0t-OO&CMA:211020>34226S&CNAS;L3788 

Mercury (Hg) <0.005 1119•1:9 
• SUOSO Leed~ICP.t.tS) Melholt. 8$ EN ISO 17294-2 2016 tno-d. 

..... 
Accredilallion: 1$0.!tEC 17025:2017 OAkliS O.Pl -14291-01·00 

l •..cl (Pb> <0().05 ~9 .,. 
• SUOSE AtslKWC (ICP,MS) Mltlhod: 8S EN 4$0 17294-2 2016 mod. 

Ao:redts!ion: ISOJIEC 17025;2017 OAAl:S O.Pl• 1429Z.01·00 
AneniG- (A.s) <O.OOS mgikg .,., 

t SU05G Cadmium1tCP•MS) M~ BS EN ISO 1n9.a.2 2016 Mod, 
Aocr~!bn: ,sOJIEC H025::2011 DAA!tS 0.f'l-14292-01-00 

Cadmium (Cd <0,.005 
Resul!& Unll 

... , 
LOO LOO 

q. SU1A2 AtfOClt plate counl J.lettlCXt U$FOA BAIA Ch.lplqr 3. Jiln 2001 
Acoredi:a!~ n,: D.AakS: l).PL•14292,()1.00& CN.IIS: U788 

Aerobic Piat• Covnt <1.0 Qllfmt 
• S'Ll1M Salmonelltl MiW!od· US mABAM Ctiai:t-6,202, 

Acaed1!111iott ISOt£C 17025:20i7 CNA.$l3788 

SalrnC>tlella Not De1ecceel J2$ml 
t.#SU1A7 YNsls 11ndm011kls Methe,¢_ VS FDA BAM Ch8Plel' 18, A,,. 2001 

Aeetedi111!1on: DA~ : O-Pi..-142'2·01.00 & CH-.s· L3788 
MOl.lkh <1,0 Cl11frtll 

Y8aSI <1,0 CflJl'ml 
t.# SUICX E.c:o1 I.IOO'lod: ISO 1S649.3;201S 

Acc1edi!~ : OAl(l<SL>,.PL• \4292-01 .OO&CMA:2t 10203422ea&CNAS:L3788 

E. CCII Not Oetaded n.s m& 
, oo LOO 

• SU207 Ptf<I.ICiele v11111e M8lh0d: A.OCS Cl:! et>-90;2011 
Acc,~n: ISOJIEC '7(12$:21)17 CN._S 1..3788 

Eurolrt$ T edl. Phone ...as 400 828 5088 

Suzh0u21500 

Jiangw Provin 

, .. « DAkkS 
°'"""' ,\1,»td1lr,11 ,,.swlle 
0 ,ft..J•~Mt-«l 
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RIISlllts ""' LOO LOO 

P-erox.icle value 0.24 
Proutin Met'llod: A.OAC 994.13 199' 

" " SIROI. 
Acoedell1ion: DAU:.S: 0,.PL•14292,0Hl03 CNA.S U7&8 

PY'otM\ ..... <0. 1 911000 
Ptctem Factor 6.25 " 

LOO LOO 

* Fl023 Pim &:11mts and plant Slal'IO~ irool emdlcld) ~thod: NMKL 198'.2014 

Brusica9-letOI 18 Mt>'1000 
CholesterOI 324 m9't009 
C,.in'C)Oslerol 9 ~1000 
Ca~sbnol 2 ~tOOo 
Stigmasterol 31 1191009 
Unidentified sterols 328 fr$1100 g 
Sl!oeterol 109 mgf10!l 9 
Sit0&1anol+ cl• !t..i-5-avomu!erol 

•S,24...s~gmutadlenol 
Oelt.8-7 •stigma&-1 nol 
delta• 7-AV9namfQI 

.. 5 mgnOOg 

Oda 20 Mg(100g 

e rn!)l100g 

11 l'l'lg,'100g 

CydOattenol 6 mgl'100g 

24~hyle~rtMol 3 rn1JI009 

Citrnstadienol 6 mt>'IOOg 
Total plant &t♦rol$ ,. l)Wlt $t$·nols SIM m9•1009 

'A'. OAOOI Acid V$~ M$1Ch0d:AOCS Cd 3d.$l 

AW'tdl1ildon: 1so.•1ec 1102&:2011 A2LA 2993.o, 

Acid Vlli!Lt! {mg KOHtg) 0 ,21 mg KOH.'9 
Free fatty acid$ (H oloic: ,eid) 0.11 

'it QA01L p.Anlsldino Val ue Method: AOCS Cd 18•90 

... 
Aomtdi!N.ion: ISOJIEC 1 7025:2017 A2lA 2993,(>1 

" 
p.Ani&idin• Viilue 9.6 

fl QA301 Gly,:ori:111 PrOOlo Me1hod: A.0CS Cd 11c>9l 
o~rldH 3,7 ll 

2.7 G~•rol 
Monoglycerides ,.e 

.. 
T tigfycef'ldes 

1f o.ues Moiaue & VOi~ (Al• ()yen 1lOC> Mdlodt AOCS Ca 

..
2<.-25 

.. 
Moiitln & Vol.atAH <0.01 

tt QA.95& lklsaponifiable Mlltlf!I' Me1ro:1: A.OCS C8 6e,-40 
Unsaponifiablec mati•r 1.33 '4 

"ll 0006C Fatty Ad0$-F\III ()meQ,, 9.6&l~ f,ans %W/\V Mechod: Al:>AC 998.06 mod. 
'·" 

Accrtdl1MOn· ISO.'ll!C t 7025~017 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 0.00 

C 15;1 (Peniadece-.1\0le add) <0.02 
.. 

C16:0 (Palmilic Acid) 16.36 
... ,.., 

C16:1 Omega 7 0.09 , ... 
C16:1 Total (Palmltole!cAckJ • i&omel'$) 0.26 

. .
, ... 

C16:2 (He.x~enoic Add) <0.02 " 0.02 

C16:3 (Hu•decal1ien0Je Acid) <0.02 " 
C17:0 (Mar09rleAeld) 0,06 " ., .. 
C 17: 1 {Hep1adecffl:>~ Acid) <0.02 " .,. 
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Ullil l OO LOO 

C18:0 (S tea,ieAeid) 
c 1s:1 (Vaooenleacid) 0.'·"" 161 " 0.00 

C18:1 Omega 9 {Oleie Acid) 3.5'- " ., 
C!S:1, Td.al{OfeleAeld • Isomers) 3.75 " 
C18:2 Omega 6 (Unoleie~id) 7.50 '"' 0.02 
C18 2, TotJII (Llnoteic Acid .. isomers) 7,81 

" " 
C18:3 Omega 3 ~ a liiol•nic: Acid) 0.12 " 0.01 

O.Ol 

Ct8:3 Omeg..1 6 (G~mw1 l inoienic 0.1'5 " " O.Ol 

Add) 
C18:3, Total (linolenic: Acid • i$0mersl 0.26 
C 18:4 Omega 3 (Oct.adeca!etru noio 0.21 " . 
Aeid} " ... ., 

C'18:4 Total (OcladecatWatnoic A¢1d) 0.21 
C20:0 (Arachidic Acid) 0.24 " ... 
C20: I Omega 9 •Gondoit Acid) 0.03 " ... ,., 
C20:1 fol.11 (Gondoic Aad • isomers) 0.1)6 

.. ,., 
C20:2 0megw16 0,03 " om 
C20:2 T Cltal {Eicosadienoic Acid) 0.03 " 
C20:3 Omeg.i, 3 <0.02 " 0., .0, 

C20':3 o mega 6 0,28 " . 
0.02 

C20:3, TOlal (Eicoutri&OO!cAcid) 0.28 " 
C20A 0 m~3 0,6:2 " . ., 
C20:4 Omega 6 (Arad'lidonic Acid) O.Z,, " ... 
C20:4, Tot.ii (Eicouto.1raenoieAcld) 0.85 " ... 
C20:5 Omega 3 (El~ntael'IOic 0.37 " 
Acid) " ... ... 
C21:5 Omco• 3 (H-!f'leieosal)entaenoic <0.02 
Acid) " OOI 

C22:0 (BeheNC Acid) 0.24 0.0, 

C22:1 Omega 9 (Erueie Aekl) 0,35 
.. 

o.a, 

C22:1 i otel (ErucicAcid <j. isomers} 0.35 " 
:2 ga < " .0.0, 

C22 Ooco&adienoie 0m• 6 0.02 ... 
CZ2.3 ~ llienoic. Omega 3 0,17 " 
C22:• Omf9' 6 " . .. ... 002 

Ooccsatetraenoic 0.02 ., 
C22::5 Ooc;owpent.,enoic Om~a 3 o.oe " 
C22:5 Dooosapentaenoic Om,.ga 6 12.60 " , 
C22:5 Toia1 (O°'°sapent-,enok Acid) 12.61) " 
C22:6 OQoQsalleuenoieOl'nega 3 42.76 " ... 
C24:0 (Llgl"IOCetic Acid) 0.13 " ... ... 
C24:1 Omeg~ 9 (NetVonie Acid) <0.02 

.. ,., 
C24:1 To!al (Nervonlc Acid • isomers) 0 ,07 

.. 
C4:0 (B<u!yrk Acij) <0.02 

.. ,., 002 

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

0.0, 

ca;o (C apryllc acid) <0.02 " 0.02 

Fatty Acid Profil• Reported as Fetty " 
Acids 

Tota! Fat as T~'(;eridn 92.◄7 
Total Fatty Acids 88.n " ., 

., 
Total Mo'louMa1Utated Fa.tty Acid& 4,l 1 " .,. 
Total Omega 3 tsomers 44.3,4 

.. 
Toi.ii Omega S tsom~ <0,0.S 

.. . .,. . .. Toi.I On\ega 6 laomen 20.80 
Omega 

.. " 
Total 7 l;om,ers 0.2.S ,.,. .. 
Tot,J Ome,g.29 1somers 3.95 " 0 .0, 

Total Po tyunsatura:cc•c.dc..F•cctty"-'-Ac=;dc.• -------'-•sc..3;;.$:__....;.;, " 
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Rellilll Ulll LOO LOO 

Total SabJtllled Fatty Add~ 18.84 ,. 005 
o

*
Total Trans Fetty~ 28 ~ o.o,

0~ FrH f ..yAC,dt (Ff A) M;llhOO AOCS 0. ~ . /oOAC 940 28 

A«t~ta1'011 ISOJlEC 17025 2017 '-2\A 291V 01 
FFA (FrN Fll'lly Al::ld11) O.Q6 -. 001 

• ~iOl: Sact-1 Endcn!Ulns ,illtlod l.l$P •WS> 

*
S;u:ilonaJ Endololtons O 133 rurr

ZM!lX ~numerwlton (MPH) d Enterobacler alll<a.lalul Mett,od. FDA8Al.l Chaple< 119 niod 

Enterobaccer sak;lu~il < 0.3 MPN/1 oml 

COMMENT 
ll;&T CHANGE· 0<-..1 l'L02~ b CM>Oicis h.»- ch~a, Fl0'n. 

Th• ccritfftl d total plant sarcls ond plan! stanol• OOH not ccntaln ~ and non_.,d_lh)I ~• (1 e cydoellt/lCI 
24-11>)!-cydcalWlcl a nD olrmmdanol) 

Amoura c,'a:,lal Ge -bits 15 1'55m;/100 11 

Pu~ ric.atlans ""'" ID be i>'Ni<!d onl 

81GNA~E..-____ 

JacUie Shne Xie 

EXPLANATORY NOTE 
LOO u,,n olo..~ CNAS , OAAkS OCMA 
< LOO B~LlmftOIQJa~ mun, lhelHI IIJl.lbca1lrllded 'MrlhmEutalins i,014> 

~ IA ll1MIJI Nol•pjllc• bl• mNnl!l the !mil Is aubcon1ract!d ~E~m OlOJP 
S.... cor,.,.,..,cl• reeulta ln cak>Jlllt8d 1'0'11 th9 ,eeun, ol well qullNifi9d C0111pound .. ••by~ 
The unoartH1ty ha• nee b..., llW!n 1nm KCounl far atandiilda tllilt al,uct, ,r,ctude rneuur•-• Ul1C4rtalnl)' oo on oxpllOI ,aqu~, CIC di""' 
Th•sarnplo<IISC~ llnll INOffl\allen are ll(a.tded by lhe Cllelll Eurollllt II not retPOnilllle b Y911fyin11111• -y,relavanc;y adctquacy 
N 'Ot CCt"lplltanMs d Iha rnlom,"""" pnwMled ~ ltwt Cloer& 
The anefl/1lCjll ..aull ~•~cable lO< ihe 49flll)leCt► let1"4only 
Thi$ aNt,l>al roport INll nol l>o • • 0e1J>lld 0, moc1-..i ..,lho\Jl i,rior ...h,en lil)ll<~el ,,om E11<c:Altw The repo,t n•be IMIZ9d In u 
Th6~S) d(61t) orlyl'O< lnMmlll ..... Dt litre ct... , 9"CI 0()4 lo, pUDkJya,~W,lo a, o:Mdenco.Wflhout U,., ,..;n.,..pam,it$01 ctEUl'C6,s, '{liyf 

J"llltyII prchbillod icm r.,,.,, Llllng the lest r-..llS IWld ltle tep(ld lof putlle(y Of !:fOl"IOtlonl Of mt<kellno 
The Eu,onna o.n~, ll('rd Cr;w,cl.C,ona al'Slly 10!tis ..,~rwport 
~ and on "4ihatrol Eurofint T6CMOloo,&!tVC8 (SUUlou) Co . lid 

END Of REPORT 
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Page 1/1 
AR-22.SU-007860-02e::: e1urofins 

Analytical Report 

Sample Code ~-2022--0000:2954 Report date 27-Jan-2022 

Cl!flificate, No_ AR-22-SU-0078G0--02 

Runke Bioengineering (Fujian) Co..Lt:cfl. 

JinDu Industrial Parle Zha~an County 

Zhangzhou cay F14ian Province 

Fax 0:596,-3562000 

Our nllilnlnae: 5:t?.2..~!1!1~3-5,.;' A.~-1-~u«J7:~.b(l.2 

Ciani 6 11,rpo Codie rt• ; 11 (1.JU/ tl 
_.,l"' ll llll 20t21.10.l0 

Samplac1Mor1bo:1-= ~ Nldol lDHA .alga 1111 

Sample P.-i~ Se.aledne'~bGUle 

Samplll l90lfiikln lt1bl( 1()./,2f)c2':Q2 

...,.i.Sllu1ng Clllta: 10,J,af),::1022 

~ E~OIIIII: 2tl,J;ao.:.l!:122 

Snmcla 't\\oliQlrt 140g"2 

UnJI LOO LOO 

Monoc:htl<o~iOIII Isumcileo 11nd as.,_.J Malhod:MJCS Cd 29b-13 
Aac:redtlllon: JSo.1EC- I 11li5:2017 A2I..A l!I00,.01 

Tom1 2-i.tCPD (fr~ .,nd boortd) <0.10 0.1 

Tom13-MCPD [~ ::.nd bound) 0.14 01 

* OMIHO Gl)'od'lloslDts [~.YSMS> Melllod:AOCS0:12'9b.1J 
Aac:red.tilllon: ISOtlEC- 1102~:2017 KIJ..A :!900.0I 

Glfcidd {Qfo.Jhit~ <0.10 

SIGNATURE: 

Cf.1lrct IV;ang 

A..ltxx1>:a<II~ 

~ TORYHOTE 
LOO: l.JaU Ill O...rr.Jlmllan 

*
• cn.\S # ~ tGWA 

C LOO: Boli:wi llrnil al OU;;imillciruon mllDnS ll!lt - • &b::cnir.ldlldMlhfl l:lm:lilnll i,ccp 
N.IA ma,ans N,a,1 o1Rllll:.i>l?+I> • lruh1NI tho 11111. Is, ~oulsklo e..ur.,. group 
am COfflllOI.WIIB ros..as .-0 aalcw;imd rram Ibo nRals al a:h~blilldl compound H NLby ,ogulaon 
The unc,oruuu:y ha~nol~ t>kan tll0 ~b~slfwt al!Nd'f lncllde - uncort>lnl)' a an ~l:.I 11111µog cil clCflt. 
The SllfTFO ~an and nlonn;ililn ;ire ~:a<I 11'.1' tho a.mt. Eurollns Is nol f'llsp:nK>.O lo<~ lho aQUll'aty, lllle..-anay ~ 
andlar OCl"'pettlf1CS11 ot tho ln1DfflL11lon ~ lllf lllO Q.enl 
TM ;in;itpt;r.al.-in hoaln l!l ~a IOr a-,,. SDmpi.;") 1MDHI only 
lhls IIMfylml ~ SNII tlOII t. tillOIJllltd 0( r:nc:dlied wa-tF'IOf writtlln IIPJl'D'GI Imm Euralna ille f4I\O(X'I SNll b6 U!JiZDd .t:l Ul 
11'MtresLlll ■J ls(an) ontyion :i111m:1lum 11yr.clltfft11111:f11Gt l'oq;u.a::1~ ~..1'\lldllnae.~Wholltllm wrimn p,m:n.ASian a1 Eurali:g, any 
p:irty 1:1 pmlllbllod tam utlng 1ha LDst ruullsa'ld m 111part l'llr ,:u:,lkrly a promaUcm 1K ~ 
TIMt Eu~Gol>llf\11 Tctm1 1111<1 Condilaa ;appi, IDlltb an.:il~ rq:,or1. 
F0< a'ld oa l>oNII ol Eurcllm T«hnalagySen.ice (;Smhau) Co~ l id 

END OF REPORT 
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DHA-Rich Oil (Runke Bioengineeiing) 

P.age 112 
AR-22-SU-033315-02 -:~ eurofins 

-PIIIV..ilf 
HGNAS' TESTING 
CNM L:11788 

....., 

Analytical Report 

Sample Code 502-2022-00037067 Report date ~ -2022 

Certificate No. AR-22-SU-033315--02 

Runke Bioengineemg (Fuj .an) Co..Ltd. 

Jin[)u lndustna l Park Zhao-an County 

Zhangzhou City Fujian Pro-"1nce 

Fax 0596-3552000 

o.... ~ , 500-2il'22-0ll-JJ7067/ AR·22·SU-OJ.J3ls-«! 

CfettSanlJlle ~: ffli!llt~ : 11000717 :!liFl:I ■ : 2021 .10.:liJ 

es~"" Dooa~o.,.,exa• ROr. ,u:id~il OHA ;s.g:oe cil SamFf,, 
~~: S=.,.• l me,:,J boufe 

Sanlfk<e<:!!plit:n~ 2~-2022 
>,,,.if,is St..ttng ~-°' :24-Ap·-2022 
An.i{sis Ending Om: 2S-Apc-2022 

Anwal 1 .. ""_,, ("C) 21.6 5-fle·Wei\#ft ~ 
Sa.,q,l:Ccflditiccl C,,,.e, 

R""'-J~-< U,,it LOO LOO 

4ft SU10Z Ccooc':»cter •FP·'" 10g Me-.ho:I: ISC 22'964:2017 
A=·•CNlicn: OAIQ(S:i)..PL-1.:l:?.2-01 -OO&CM.k211 C0J~?2EMO,,.-.S:W73& 

Crooobacter spp Not De-'.e~ 110 9 
~ SIJ1A2 Ae<Obic ffo:= ooum 1,1 , lhoc: US FD.'\5..i,1,4 Ch, p:.r5. Ja_.1 2001 

¼recft3tkn: OAkkS: 0-P__ • -l:2S2-'J1-00 & CNAS: l.3738 
Aercbic Plate Count <10 du•.g 

.,SUtM S"rnar,elb t.<"1hocl: US FDA BAM C&o;neir 6, 20:21 
Accr, dtiticn: l:SO IE C 171JZS:2•J17 Qt,(.",S L3ldl> 

Salmonella Not 0£teaed Zi.ig 
~ SU1A7 Ve-.:tm an.d ..ro,-ufi:.:s. M=tl'lc<I: us FDA :lllM Ch:tµer 18, l':;sr 2vc)1 

Aca, m , ti=n: DAl<kS: D-P--14292.{Jt .OO & CN.A,S: l'3H6 

Moulds <10 du:gi 

Yeast <10 dug 
>1f SU1CX E.ccf i,.;~,hcd: ISO 16&.13-3c2015 

Aca.,cit:tticn: QAKl(S:D>-Pl-1 ~Z.Z-111 J.)C&CMA:211~0J:.!22£a&CH.-.S:l31d!I 

E. coli Not De-ll!Ol!:11 ,25 g 

SiGNJ'1\JRE_ ____. 

Tr,icf Ll 
A.nhcn:,,.-. Sigr."to:f 

No. 101, J,3 [ 

Ji:,-.g,u Pn:-,i 

;,,• 

Ph<,,,e +Sf> 400 £2<1 508!1 
=ax 

'AWill,e«nCni,CI\ 
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::~ eurofins 
EXPLANATORY NOTE 
LOO-; Lir,itdO1.!"M06c-:,::'ot1 
.., LOO: 6ele.w Liffiit ofC\lui:~tie11 'It m.-e-3""° :t-,e ~~: i, ::ubccr1:r:iet~ wi:hin. Eu~:: p.,p 
NIA rr;em,. Nc,1 -:,ppk~le O me:ru. k te:;t i:: ::\bcc~nr-:,cted o~~ Eurolim. grc'-1) 
&Im ccmpoul"4:: ~...ul::: ~ c:ilcu!.e.:ed frcm 1k re::ul::: d c~ q,.1Mtified coer,p:,._..,d -:,:: ::e : bf reg,J:iticn 
Ttte 1Jr>cerui.n::f N :: not bcffl t-:'11:en irt~ :,:,:,:u.ir,t for Jl.:::nc!M» IM't :i'n-:t,;/incklde me~-uremem ,mceruin'!f ~on explici: re<,Je-::.: ci cf.~t. 
T~ SM\p',e ~ ~pficr, u-4 ir6orrn:iticn ,re pro•tid'M bf th-. Cl~r.t. EurofiM ~ ncu e::pon::i~e kr •1mff,119 ~ -:,o:ur:cf , ffie , tm.:f • .:,-Jeqi.&f 

:.nd.'cr c-ernp:e :ene:::: of the ir.ft<m:iO«i p,'O'l'tded b1 tie OiMt. 
The .:,r-.:{fri.c.:l ~..ult herein U.:ifp~tle kr the ~ le(::) :e::ted onlf . 
TM -:,r.-:,lf:b l refe~ ::t-..:.1 nc: Ce e~e,p~d «'mcadi:ied • ithcv: prier wri.::en ¥P-C't.:l from E~::. The repcn ::h:11 be 1.1~,:ed in Ml. 
Tk re~::) i::(-:,re) cn!f ftr in:em-,1 u::e bf the di e111 ,:,.r:cl not forpl.bki.f -:,,•~!etle -:,a•tiience.V/rthou: 1M wri'::~ Fe rrr.::::ion of EurcW, .:mf 
!"rt/ i1 ~it<w-d rrcffl u1i19 ii'~ ~~: 1>e$\l~1 ~ lhe rept.'\ ~< puNicr._f cr prorr.etielY.-<' m-'liletr-,g. 
~ Eurofin.-:. GeMm l=1 ~d Cornfiti'«11 :,pp( :o lhi1 , r.:lftie~ ~ pctt.. 
For ~/Id <n beh.s".ki E~1 l echnoSog.1 Servic~ (Su:hou) Co .. t td 

END OF REPORT 
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Eurofiru: l 

Ji!I.J'l~U Prcvi 

? h.C41e +86 400 828 sosa 
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DHA-Rich Oil (Runke Bioengineeiing) 

fl-ot1/1 
AR-22.stJ.0'58887-02-:~ eu rofi ns 

Analytical Report 
502-2022-0003929 8 Report dllla 03-Jul.-2022 

A R-2 2-SU-056887-02 

Auna Bloe11gln•t11 (FLtlln) Co.,1Jd.

JlnDu lndJstriaJ PaJlc Zh.ao-M Courty 
T~11IBiiITTi1ili1iIT.imHITT~ 

........... 
Zh:a.ngmou Oty F-uj ian Province 

OUr--- 5G!-2022-aJ03.!l'Z9!!f AR,2;2-SU-o561187-02 

Clll!I....O.C ..liiltlf : 11030717 !tFBIIJ : 211Z1.10.JO 

--a<i<!dllC»il\~61 

--~.-: 28-"""'2022 
---ee.tl,glla: 23,""",2022 

_.,...,_..Olk OW.,,_2QZ2 

Resub Uriil LOO IDO 

• 8UDJD Badlrlal ~ M~USP43<&5> 

Bac'erial Endob:>ins c0.108 B.119 

~T\R  LtJCyl.lu 
luflo,lzedSignaay 

l!>CPI.IW.lORY NOTI! 
LOO; Uniofa.a.i.Ocaton • C NI\S I Olt.lcS OC!M 
< LOO. &low l.lnil d 0.-tl"IC8lb\ *--111e l<!'!ll i!l sullcotttacled witlin Euo1Mg,Ol4) 
H/Am-Nol ~ • m-tl'le le-Sia ~te<IOI.C~E"iJo"otittg,,0<4> 
Sun ~ ,~- ca.ate<! hem lie res..es ofeed\ ~ •lie<! ~assd by reg,.ta_ton 
11,eU'IOef1ainty hll! me l'>!;,M UlocM IMO aocain, lot .uw•,el;Y<b 118 8111'!114y-l!'IMilrMWI tn:Mainty Otone<jlli<ljl (~ 01Clet>t. 
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Page 1/2 
AR-23-SU-007405-02-:~ eurofins 

'l'liiA•I 
tii!lj 
TESTING 

CNAS L3788 

Analvtical Reoort 
Certificate No. AR-23-SU-007405-02 Report date 30✓a n-2023 

Sample reception date: 20-Jun-2022 

Analysis Starting Date: 20-Jun-2022 

Analysis Ending Date: 28-Jan-2023 
Thia ~ Is translated from report AA-23-SU--007-405-01 

Runke Bioengineering (Fujlan) Co.,Ltd. 
1111111111.1 111111 111 111rn1111111 1111111111111,1 111111111111 11 

JinDu Industrial Park Zhao-an County 

Zhangzhau City Fujian Province 

Samplt Code: 502·2022-00003742 

Client Sample Code: it~: 11 030717 
!:.FB!!/1 : 2021.10.30 

Sample described as: Oooosahexaenoic acid oil /OHA al()ae oil 

Sample Packaging: Sealed metal bottle 

Arrival T611l)&ralur& ('C) 26.2 Sample Weight 1009·2 

Sample Condition Other 

Results Unij LOO LOO 

0 #SU114 Enterobaclt>"iaceae Mett100: ISO 21528-2·2017 

Ac:erednation: DAKKS:D-PL-14292-01-00&CMA:211020342268&CNAS:L3788 

Enterobac teriaceae <10 cfuta 

Sample Code: 502-2023-00005401 

Client Sample Code: it~: 11 030717 ~F B Jl!l : 2021 .1 0.30 

Sample described as: Dooosahexaenoic acid oil /DHA algae oil 

Sample Packaging: Seale<! metal can 

Arrival T_.-ature('C) 18 --- Sample Weight - 1409 

Sample Condition Other 

Results Unij LOO LOO 

*JK590 Protein content (Roti®-Nanoquant) Method: internal melhod (PV O1498 V2) 

Content of protein <25 ~gig 25 

SIGNATURE 

Ally Dong Jack He 

Authorized Signatory Authorized Signatory 

LOO: Limil of Quantification *• CNAS # OAkkS OCMA

< LOO: Below Limit of Quantflcaton means the lest is subcontracted wahin Eurofins group 
NIA means Not applicable • means I.he test is sub<:ontractecl outside Euroftns group 
Sum oompounds results are calculated frcxn the results or each quantified compound as set by regulation 

The l.llCertainty has not been taken into account for slardards that alread include measurement uncertaint or on ex ica request of client. 

Eurollns Tech. Pnone ~ao 400 828 5088 ~ www.eurofins.cnNo. 101, J ialin (( DAkkS 
Suzhou 215 ~ -- ~ ~~~d~Jerungsstelle 
Jiangsu Provi .R.C . na .Ell D•Pl•l4292-01•00 

~ tl'K!f.t .~4t ~ ,.,.,\"'\,. 11~,r-.~&.., 

~<\'.;>~~' 
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AR-23-SU-007 405-02 

The sample description and infonmation are provided by the Client. Eurofins is not responsible for verifying the accuracy, relevancy, adequacy 
and/Of completeness of the infonmation provided by the Client. 
The analytical result herein is ap~icable 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 ut.ilized in flJI. 
The result(s) is(are) only for internal use by the cl~nt and not for publicly available as evidence.Without the writlen permission of Eurofins, any 
party is prohibited from using the test resulls and the report fo< publicity or promotions or marketing. 
The Eurofins General Tenms and Conditions apply to this analy1ical report. 
For and on behalf of Eurofins TechnoJoav Service (Suzhou) Co., Ltd 

END OF REPORT 

Euro/Ins Tech. Ltd 

Suzhou 21500 - i;-";, 

Jiangsu Provi .!!ll 
!J 

~GI;-, 

Phone +66 400 828 5088 
www.eurofins.cn 

DHA-Rich Oil (Runke Bioengineering) 

136 



DHA-Rich Oil (Runke Bioengineeiing) 

Page 1/1 
AR-22-SU-047150-02-:~ eurofins 

Analytical Report 

Sample Code 502-2022-00045839 Report date 08-Jun-2022 

Certificate No. AR-22-SU-047150--02 

Runk~ Bio@~i-ring (Fuji.In) Co.,Ltd. 

JinOu Industrial Park Zhao-an County 

Zhangihou City Fujian PfOVi:nce 

Fax 0596-3552000 

o..refen,noe: &tQ-~891 AR·22·SJJ-04715C.OO 

CfaitSampe Coclc: ~ : 11030717 
Vall : 2021.10.SO 

Sunj:lle <fMaibed: UC Doc:a,..aJ,.......,noi<: ...cidoil '°"-" "''JOc" oil 

~ ~ • 11oe 1S.J.<,rf.;2022 
haal{-m Staring Om!: 13.M,rf -2022 
AnaJ/m Ending Dale:: 07.J1.1n-2(1(l2 

~~.. lkut LOO LOO 

• SUD07 

-
Domoic-a.cid \.lo,=iod: bternol Memod (TI'..00!1 v...-_..... 12 211l21-06) 

Domoicacid <1 mgiltg I 

SIGNAl\JRE 

Shine Xie 

A~S9f!->tvf 

EXPI..N:ATORI' NOTE 
LOO-. Limt of Ou:.nuficrian • CtlA:l II O.'JdlS =CMA 
< LOO: Be'-Limit ofOu~ ft me.,= :he 1e<I " ~~ wi!hin Eilr<fin• 9""-'P 
WA rneons Not"f'Plc.,mle • memo Ibo te:1 i< .,_,:,,tra=o,,d' outsld• Ei.irofin: 9"""1' 
S..m compourdo ,..,_,11,; "'-e alcu'.r.e<Imm 1he re::uh,; cle.xh ~J<>.rrtifie<I c..-npound ~ bf res,.1->!im 
The uncen,,in:j m• not beffl ~ kffl im,o """"""' for ,.-,,nd'- 11-,,n a'r=df indu~ m.-,~ rnem imcen;,;.ny/ or on explici: ~.,,_, d c1;:..,L 

The .a._-.,,p:e de=,plion and inlarm,rt;cn ore povitf.-.1 bf1he Clion1. EurafiM ..nee rc•pm•ible for vaiff,ng the ,.w,,rxf, ,:,!.~oncf. :d~IRICf 
"'1d'« a>rnJ>C:<ne,::. of the ~Ii"" pco-,ide<I f:! ~ e Oient. 
The oo#tJal r=.ilt herein i,. "1'1Kahle I« t.lle :,.;0ff111e(• ) ,es<ed o,,Jf. 
Tli$~alf~ repo,, .t,.,I no, be eX<"e<pled o, modmed ~ l'""'wii,:en opp,ov,1 'l<>m E"'°'"''" The re,,ort ~•I bo u . a:e<I in illl. 
The red'-!• ) i,{,.,,,) onJf fur irT~ m u~bf t!le diont ,ind not !or p!Hdf<JWilobte ,.. e vidence. Wnhou, 1he wrc,:en permi.-m of Eum\m, om/ 
P"nf i• pni,ibited fn:m umg the te,i1 re<i.lb ond tile cqx,,t•~'<Aw,i;f «promotion<,:, marlteli'ng. 
The Et.r<XfiM G ern,n,1 Te."TM m,d Ccndmc,n: "'IJP-f »!hi,"" , tic:tJ l1!pc,L 

for =cl"' beh.sJ d EIZ<!fi.,, Tr:dinobgf Service (S=ow) C.,,. lid 

END C£ REPORT 
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Appendix B. Identification of Runke Bioengineering's Strain 

Institute of Microbiology Chinese Academy of Sciences (IMCAS) Report 

TEST REPORT 

Appllcanti Fujian Rurkc Bio<!oginttring Corp. Lid. 

Sumple described, M ~robial cullure (:.LrUin FJRK-SCIB) 

sample quanllt)", On ,tram 2023.04 

Tested by, Bing-Da, t,. Signarure, 

Approved b) : Yu-Gll "ll 71-fOU 
--------------=-i:;;=;;.___ 

(The oeu n:~ult cm> rtfl'r to thl' rtcehtd sample The n_ame, In tituit of 

MlcrobioloJU Chine) Al':llldcmy of Scitn~, ,ball nol be used for commercial 

purpose wit bout the rrior written coo,eol orthe ,enice pruvidcr.) 

Cnnclu~inn ofldcnttf cation, 

•\«ord10& to then. ults of the niorphological. ph}siological propcnies. i:.c<1ucncc 

of 18S rRl'\A gene, the Stn1n mu,. TH3 bclong11 lo1 

& hl:odytrium '>P 
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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 agar 

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 lhin-wallcd globose. 

1ranspareot, pale orange, 6.>--18.0 

!lm. Ec1oplasmic 1h?:1s and 

Zoospores not obsen•ed. 

2. Partial sequence of JSS rRNA ge,ne 
Parl 1:S' • GCATGTGTAA{?ATAAGCGAATTATACTGTGAAACTGCGAACGGCTCATTATATCAGTTATAATCCCTTCGG 
TAGTTCCTTTAlACCiGATACCTGCAGTAATTCTGGAATTAATA.CGTOCTGTACGGGCCCGACTTTCGGGGAGGGCCGCACTTA 
TTAGGTCTAAGCCAACTCTCTTGGTGAGTCATGATAATTGAGCAGATCGCTTTTCGGAGCGATGAATCGTTTGAGTTTCTGCC 
CCATCAGTTGTCGACGGTAGGGTATTGGCCTACGGTGAC'TATAACGGGTGACGGGGAGTTAGGGCTCGACTCCGGAGAGGGAG 
CCTGAGAul\CGGCTACCACATCCAAGGAAGGCAGCAGGCGCGIAAATTACCCAATGTGGACTCCA.CGAGGTAGTGACGAGAAA 
TATCAATGCGGGGCGCTTCGCGTCTTGCTATTGGAATGAGAGCAATGTAAAACCCTCATCGAGGATCAACTGGAGGGCA.AGTC 
TGGTGCC.AGCAGCCGCGGTAATTCCAGCTCCAGAAGCGTATGCTAAAGTTGTTGCAGf1AAAVIGCTCGTAGTTGAATTTCTG 
GCGTGGGAGCCCAGGCCTGGG'r5CGAATGTGCCTTGTTATTGCCTTGCGGCTC(.TTTGCCATCClCGTCTATCTTTGTGATAG 
GCGTCCTTCA.CTGTAATCAAAG!:AGAGTGTTCCAAGCAGGCCGTAGGGCCGG'TATGTTTATTATGGGATGATCAGATAGGACT 
CGGGTGCTATmG'fTGGmGLACA1CTGAGTAATGATTAATAGGAACAGTCGGGGGTATCCGTATTTAGGAGCTAGAGGTG 
AAATTCTTGGATTTCCGAAA,GO,t:GAACTACAGCGAAGGCATTTACWGCATGTTTTCATTAATCAAGAACGAAAGTCTGGGG 
ATCGAAGA tGA TT AGAT ACCA T -.GT A.GTCT AGAC CG T AAACGATG • ) 1 

Part 2: s•. TTG(TTTGTCG(MGGCATGGCTAATCCTTTGAACGCCCAlCGTGCTGGGGCTAGATITTTGCAATTATTA 
ATCTCCAACGAGGAATTCCTAGlAAACGCAAGTCATCAGCTTGCATTGAATACGTCCCTGCCCITTGTACACACCGCCCGTCG 
CACCTACCGATTGAACGGTCCGATGAAACCATGG6ACTACCTTnGAGCGTTT ·3' 

J. Phylogenetic analysis base on rRNA gene sequencing data 
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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 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 U.S. FDA ‘no question’  letters for infant formula applications (GRN 

000553 –  U.S. FDA, 2015; GRN 000677 –  U.S. FDA, 2017; GRN 000731 –  U.S. FDA, 

2018a, GRNs 000776/000777 –  U.S. FDA, 2018c, 2018d; GRN 000862 –  U.S. FDA, 

2020a; GRN 000933 –  U.S. FDA, 2020b; GRN 000934 –  U.S. FDA, 2021; GRN 001008 –  
U.S. FDA, 2022) and selected conventional food applications (GRN 000137 –  U.S. FDA, 

2004; GRN 000732 –  U.S. FDA, 2018b; GRN 000836 –  U.S. FDA 2019a; GRN 

000843/000844 –  U.S. FDA, 2019b, 2019c; GRN 000862 –  U.S. FDA, 2020a; GRN 000933 

–  U.S. FDA, 2020b; GRN 000934 –  U.S. FDA, 2021; GRN 001008 –  U.S. 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). 
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In addition, the U.S. FDA issued a final rule on menhaden oil ensuring daily intakes of 

eicosapentaenoic acid (EPA) and DHA do not exceed 3 g/person/day (U.S. 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 FAs 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 (U.S. 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 

(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 
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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 U.S. 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 

an 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., 2012) to 4,399 mg/kg 

bw/day (females - Fedorova-Dahms et al., 2011) 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., 2012) to 8,322 mg/kg bw/day (F0 females during lactation) in 

rats (Fedorova-Dahms et al., 2011). 

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 

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 the NOAEL of Runke 

Bioengineering’s DHA-rich oil was 5,000 mg/kg bw/day in rats. However, in subchronic 
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toxicity studies with an in utero phase, the NOAELs for F1 ranged from 2,069 (females -

Schmitt et al., 2012) to 4,399 mg/kg bw/day (females - Fedorova-Dahms et al., 2011) 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 2022 and December 2023. 

Studies of DHA in Adults 

Since January 2022, 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 (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 2022, one study of DHA-rich oil derived from Schizochytrium sp. in pregnant 

women was published (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 2022 have been identified from the literature relating to 

algal DHA intake in term infants. Previous GRAS notices stated that algal DHA, up to 

0.96% of total FAs (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 FAs, 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 

allergies, tolerance, or adverse events associated with DHA-supplemented infant formulae 

when DHA was supplemented up to 0.96% of total FAs (Birch et al., 2010; Chase et al., 

2015; Currie et al., 2015). Thus, it is concluded that the literature supports the intended use 

of DHA at 0.5% of total FAs 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 to formulas in pre-term infants 

(Carnielli et al., 2007; Clandinin et al., 1997; Fewtrell et al., 2004; Sauerwald et al., 2012). 
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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 (U.S. FDA, 2015, 2017, 

2018a, 2018c, 2018d, 2020a, 2020b, 2021, 2022, respectively). 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 Expe1t Panel, have individually, collectively, and 
critically evaluated the materials summarized above on the safety of Rllllke 
Bioengineering's DHA-rich oil and other infonnation 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 te1m and pre-te1m infant 
fo1mula 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 info1mation would reach the same conclusions. 

Expert Panel Members: 

)71tf!Ld !B, 2021 
Joanne Slavin, Ph.D., R.D. 

Professor, University of Minnesota 
Date 

George C. FaH y, Jr, Ph.D. 

Professor Emeritus, University of Illinois at Urbana-Champaign 

1/1 ttYCh 1°I 2-02--q-
Susan Cho, Ph.D. 

AceOne RS, Inc. 
Date 
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