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Hi Ellen,
Please see our responses below regarding GRN 963. Let me know if you have any further questions.
1. On page 22 of the notice, under “Dietary Exposure”, it states that “ARA Oil Gold is intended for
use as a direct ingredient in exempt (pre-term or term) and non-exempt (term) infant formula…”
However, on page 7 of the notice, under “Intended Use in Food,” it states that ARA Oil Gold “is
intended for use as a direct food ingredient in nonexempt and pre-term exempt infant formula…”
Please clarify whether the intended use is in exempt infant formula for pre-term infants or all
exempt infant formula for pre-term and term infants. Additionally, please confirm that the
intended use is also in non-exempt infant formula for term infants.
Response: We confirm that the intended use is for all non-exempt and exempt infant formula for
pre-term and term infants.
2. On page 22 of the notice, under “Dietary Exposure”, the maximum use level is stated to be 0.75%
of total fat. Please confirm that the stated use level in 0.75% of total fat is arachidonic acid and
not a 0.75% use level for the ARA Oil Gold ingredient.
Response: We confirm that the maximum use level is 0.75% arachidonic acid (ARA) 0.75% of total fat
for term infant formula (and not a 0.75% of ARA Oil Gold ingredient). The maximum use level is 0.4%
ARA of total fat for pre-term infant formula. These use levels are consistent with earlier
submissions: GRN 80, GRN 94, GRN 326 and GRN 730.
Best regards,
Don

Donald F. Schmitt, M.P.H.
Senior Managing Scientist

ToxStrategies, Inc.

739 Thornapple Drive
Naperville, IL 60540
phone: 630.352.0303
email: dschmitt@toxstrategies.com

ToxStrategies Is a cer tified Women Owned Small Bu siness IWOSBI

•

WOSB

C ERTIFIED

This e-mail, and any attachments thereto, is intended only for use by the addressee(s) named herein and may
contain legally privileged and/or confidential information. If you are not the intended recipient of this e-mail, you are
hereby notified that any dissemination, distribution or copying of this e-mail, and any attachments thereto, is strictly
prohibited. If you have received this e-mail in error, please immediately notify ToxStrategies, Inc. at (832) 8687729 and permanently delete the original and any copy of any e-mail and any printout thereof.

From: "Anderson, Ellen" <Ellen.Anderson@fda.hhs.gov>
Date: Wednesday, December 23, 2020 at 11:57 AM
To: "Donald Schmitt, MPH" <dschmitt@toxstrategies.com>
Subject: GRAS notice GRN 963
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hello Don,
During the early stages of our review of GRN 963, we identified the following issues
that require clarification:
1. On page 22 of the notice, under “Dietary Exposure”, it states that “ARA Oil Gold is
intended for use as a direct ingredient in exempt (pre-term or term) and
non-exempt (term) infant formula…” However, on page 7 of the notice,
under “Intended Use in Food,” it states that ARA Oil Gold “is intended for use
as a direct food ingredient in nonexempt and pre-term exempt infant
formula…” Please clarify whether the intended use is in exempt infant
formula for pre-term infants or all exempt infant formula for pre-term and
term infants. Additionally, please confirm that the intended use is also in nonexempt infant formula for term infants.
2. On page 22 of the notice, under “Dietary Exposure”, the maximum use level is
stated to be 0.75% of total fat. Please confirm that the stated use level in 0.75% of
total fat is arachidonic acid and not a 0.75% use level for the ARA Oil Gold
ingredient.
Please kindly respond to our request for clarification at your earliest convenience.
Sincerely,
Ellen
Ellen Anderson
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1309
ellen.anderson@fda.hhs.gov
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FDA Question (email of January 8, 2021): We would like further clarification regarding the
use of ARA Oil Gold in exempt infant formula. Will the notice include exempt infant formula
for pre-term infants only, or will it also include other types of exempt formula (e.g., exempt
formulas for inborn errors of metabolism, hypoallergenic formulas, etc.)? We note that any uses
in exempt infant formula for term infants should be clearly defined (e.g., for metabolic, amino
acid-based, and/or extensively hydrolyzed formulas) in the notice, and the safety narrative should
support those uses in exempt infant formula for term infants.
Response: Based on the conference call with the FDA review team on January 12, 2021, BASF
would like to revise/amend the intended use and safety narrative of GRN 963 to address the
above question.
Intended Use
The stated intended use of the ARA-rich oil in infant formula in all relevant sections of the GRN
is hereby revised to read, “The ARA-rich oil is intended for use as a direct food ingredient in
nonexempt and exempt infant formula. Exempt infant formula use includes pre-term infants as
well as use in hypoallergenic infant formulas for term infants.”
Hypoallergenic Infant Formula Use Safety Support
ARA has been evaluated by the FDA and other global regulatory agencies over the past 20 years
for proposed incorporation in infant formula. All of the reviewed GRAS notices provided
information and/or clinical study data that supported the safety of ARA ingredients for use in
infant formula. Numerous hypoallergenic infant formulas currently contain ARA from
Mortierella alpina, the same fungal source of BASF’s ARA Oil Gold. Several examples of
currently marketed hypoallergenic infant formula products containing ARA include
MeadJohnson’s Nutramigen Hypoallergenic Formula with ARA from Mortierella alpina and
DHA from Schizochytrium; Nutricia’s Neocate Infant Formula with DHA and ARA; and
Abbott’s Similac Alimentum Hypoallergenic Formula with Iron, DHA/ARA, Ready to Feed.
In addition to currently marketed sources of ARA in hypoallergenic infant formulas, published
clinical studies and systematic reviews support the safe use of hypoallergenic infant formulas.
Burks et al. (2008) published the results of clinical trials in healthy infants as well as infants with
confirmed cow’s milk allergy (CMA) and the effects on growth and tolerance of a formulas with
DHA/ARA. In the study of CMA subjects, the hypoallergenicity of an amino acid-based formula
with DHA and ARA was studied. The study included 32 infants and children with multiple food
allergies in a double-blind, placebo-controlled food challenge, an open challenge, and a 7-day
feeding. Acceptance and tolerance of the infant formula were good, and no serious adverse
events occurred during the double-blind, placebo-controlled food challenge, open challenge, or
7-day feeding of the test infant formula containing ARA and DHA. The authors reported that the
studies demonstrated that the test infant formula was hypoallergenic, safe, well-tolerated and
promoted normal growth in children with CMA and multiple food allergies.
Numerous systematic reviews of ARA use in clinical trials conducted in infants have been
conducted and published in the peer-reviewed literature (Koletzko et al., 2014; Brenna,

2016; Hadley et al., 2016; Moon et al., 2016; Newberry et al., 2016; Jasani and Simmer,
2017). While the results of the reviews did not always identify clear benefits associated with
ARA supplementation, there was no evidence of adverse effects or safety concerns (including
allergenicity) associated with ARA supplementation of infant formula. Newberry et al. (2016)
concluded that “Meta-analysis of three RCTs that assessed the effect of maternal
supplementation with DHA plus EPA showed a reduction in the risk for food allergies that was
not statistically significant. Use of infant formula fortified with DHA and AA or tuna oil or
administration of fish oil capsules did not influence the risk for allergies. Prospective
observational studies showed no consistent associations of maternal or infant n-3 FA exposures
with risk for allergies.”
Finally, allergenicity is not associated with fats and oils, such as ARA. Protein is not present
(detectable) in any significant quantities in BASF’s highly refined ARA Oil Gold product and
therefore the ARA Oil Gold product would not present an allergic-response potential to infants
with cow’s milk protein or other food allergies.
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hi Ellen,
As promised in my email of December 11, 2020, BASF has now obtained culture collection registry
information for M.alpina strain XM027. The strain has been deposited at CCMCC (China General
Microbiological Culture Collection Agency) and has the registry number 21451.
Best regards,
Don

Donald F. Schmitt, M.P.H.
Senior Managing Scientist
ToxStrategies, Inc.
739 Thornapple Drive
Naperville, IL 60540
phone: 630.352.0303
email: dschmitt@toxstrategies.com
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From: "Anderson, Ellen" <Ellen.Anderson@fda.hhs.gov>

Date: Friday, December 11, 2020 at 1:23 PM
To: "Donald Schmitt, MPH" <dschmitt@toxstrategies.com>
Cc: Haresh P Madeka <haresh.p.madeka@basf.com>
Subject: RE: BASF ARA oil GRAS submission
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you recognize the sender and know the content is safe.

Thank you, Don. I will be in touch soon.
Ellen
From: Don Schmitt <dschmitt@toxstrategies.com>
Sent: Friday, December 11, 2020 10:06 AM
To: Anderson, Ellen <Ellen.Anderson@fda.hhs.gov>
Cc: Haresh P Madeka <haresh.p.madeka@basf.com>
Subject: Re: BASF ARA oil GRAS submission
Hi Ellen,
Regarding FDA’s two questions on BASF’s ARA oil GRAS submission:
The notice does list two possible M. alpina production strains for “ARA-rich oil”: strain 1
(XM027) and strain 2 (CNCM 1-4642).
In the table of analytical results (Tables 4, 5, 6, 7, and 8), three lots with L and 5 digits
(L26013, L26028, and L26057) represent ARA oil produced solely from strain 1, XM027,
while three lots with longer numbers (0020265261, 020265618, and lot 0020265740)
represent ARA oil produced solely from strain 2, CNCM 1-4642.
BASF does not intend to mix the ARA oils derived from the different M. alpina production
strains together. M.alpina strain XM027 is in the process of being registered at a culture
collection agency. We expect to get the registry information in February 2021.
Best regards,
Don
Donald F. Schmitt, M.P.H.
Senior Managing Scientist
ToxStrategies, Inc.
739 Thornapple Drive
Naperville, IL 60540
phone: 630.352.0303
email: dschmitt@toxstrategies.com
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From: "Anderson, Ellen" <Ellen.Anderson@fda.hhs.gov>
Date: Tuesday, December 8, 2020 at 1:01 PM
To: "Donald Schmitt, MPH" <dschmitt@toxstrategies.com>
Subject: BASF ARA oil GRAS submission
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you recognize the sender and know the content is safe.

Hello Mr. Schmitt,
We are in receipt of the GRAS notice you submitted on behalf of BASF
Corporation for the use of arachidonic acid-rich oil from Mortierella alpina.
During our pre-filing administrative review, we identified the following issues for
which we request a response:
1. The notice lists two possible M. alpina production strains for “ARA-rich oil”:
Strain 1 (XM027) and Strain 2 (CNCM 1-4642). However, the notice
contains a single set of batch analyses, without indicating the production
strain that was used to produce each batch of oil analyzed. Unless you
have batch analyses for ARA-rich oil from both production strains or the
oils are blended to produce the ARA-rich oil (and the batch analyses
represent the blended oil), we request that you limit your notice to the M.
alpina production organism that is used to produce the oil tested in your
batch analyses.
2. If you plan to mix the oil from two strains, would you please provide
additional pheno-/geno- typic differences on the two strains that you are
using as production organisms, and state if Strain 1 (XM027) has been
deposited in a culture collection.
We would appreciate a response within the next 10 business days (by
December 18). Please contact me if you have any questions.
Sincerely,

Ellen
Ellen Anderson
Regulatory Review Scientist
Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1309
ellen.anderson@fda.hhs.gov

U.S. FOOD & DRUG
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From:
To:
Cc:
Subject:
Date:
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Don Schmitt
Anderson, Ellen
Haresh P Madeka; Juergen Gierke; Herbert Roth
[EXTERNAL] Re: GRN 963
Friday, May 28, 2021 11:44:27 AM
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hello Ellen,
Please see attached responses to FDA’s questions regarding BASF’s GRN 963 (questions received in
your email of May 14, 2021). Please let me know if you have any further needs.
Best regards,
Don

Donald F. Schmitt, M.P.H.
Senior Managing Scientist

ToxStrategies, Inc.

739 Thornapple Drive
Naperville, IL 60540
phone: 630.352.0303
email: dschmitt@toxstrategies.com
ToxSt rategies is a cer tified Women Owned Small Bu siness IWOS B)
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prohibited. If you have received this e-mail in error, please immediately notify ToxStrategies, Inc. at (832) 8687729 and permanently delete the original and any copy of any e-mail and any printout thereof.

From: "Anderson, Ellen" <Ellen.Anderson@fda.hhs.gov>
Date: Friday, May 14, 2021 at 8:27 AM

To: "Donald Schmitt, MPH" <dschmitt@toxstrategies.com>
Subject: GRN 963
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hello Don,
Please see the attached letter regarding GRN 963.
Sincerely,
Ellen
Ellen Anderson
Regulatory Review Scientist
Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1309
ellen.anderson@fda.hhs.gov
Pronouns: she/her/hers
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1. The following questions pertain to clarifying the intended use and use level of ARAoil.
A. In our filing letter dated December 21, 2020, we noted the intended use was up to
0.75% of total fat as ARA, in combination with a source of DHA present at a ratio
of DHA:ARA between 1:1 and 1:2 in term and preterm and term infant formulas.
We based this in part on the following statements in the notice:
• On p. 25 of the notice, referring to GRNs 000041, 000080, 000094,
000326, and 000730 (hereafter GRNs 41, 80, 94, 326, 730), as well as EU
Regulation No. 609/2013, “The approvals authorized the addition of ARA
at levels up to 0.75% of the total fatty acids in both exempt (pre-term and
term) and non-exempt formulas.”
• Referring to these GRAS notices again on p. 26, you note “The studies
reviewed in these notifications supported the safe use of ARA in infant
formula up to 0.75% of total fatty acids.”
• Referring to these GRAS notices again on p. 33, you note “The totality of
published study data, as presented in previous GRNs reviewed by
FDA…and summarized herein, support the safe use of BASF’s ARA-rich
oil from M. alpina in infant formulas up to 0.75% of total fatty acids.”
It was our original impression that the above statements referred to both preterm
and term infant formula. However, based on subsequent statements made by the
notifier on January 7, 2021 (and cited below in part B of question1), it appears that
the 0.75% use level refers only to term infant formula. Please clarify whether term
and/or preterm infant formula are addressed in these three statements, and correct
these statements as needed to clarify how the referenced materials support the
intended use levels.
Response: The intended use level is up to 0.75% of total fat as ARA, in
combination with a source of DHA present at a ratio of DHA:ARA between 1:1
and 1:2 in nonexempt term infant formulas, and 0.4% in pre-term infant formulas.
B. In an email dated December 23, 2020, we asked BASF to clarify the intended use
and use level of ARA oil in exempt and non-exempt infant formula. In an
amendment received on January 7, 2021, BASF stated, “We confirm that the
intended use is for all non-exempt and exempt infant formula for pre-term and term
infants,” and “We confirm that the maximum use level is 0.75% arachidonic acid
(ARA) 0.75% [sic] of total fat for term infant formula (and not a 0.75% of ARA
Oil Gold ingredient). The maximum use level is 0.4% ARA of total fat for pre-term
infant formula. These use levels are consistent with earlier submissions: GRN 80,
GRN 94, GRN 326, and GRN 730.”
In an email dated January 8, 2021, we asked for further clarification regarding the
use of ARA oil in exempt infant formula. This was followed by a phone call that
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occurred on January 12, 2021, where we discussed the different types of exempt
infant formula to gain a better understanding of BASF’s intended use. In an
amendment received on January 15, 2021, BASF stated that, “The ARA-rich oil is
intended for use as a direct food ingredient in nonexempt and exempt infant
formula. Exempt infant formula use includes pre-term infants as well as use in
hypoallergenic infant formulas for term infants.”
Please clarify if the use of ARA oil is intended to provide 0.4% or 0.75% of
fatty acids as ARA in hypoallergenic formula.
Response: BASF is no longer considering the use of the proposed ARA
ingredient in hypoallergenic infant formulas and asks that FDA cease its
review of GRN 963 for that proposed use.
C. GRAS notices for Schizochytrium sp. DHA algal oil have described intended uses
up to 0.5% for preterm infant formulas. With the use level described in the
amendment dated January 7, 2021, the safe use of ARA oil (up to 0.4%) would be
limited to preterm infant formulas containing up to 0.4% DHA and not 0.5%
DHA.
Given BASF’s conclusion that 0.4% is the maximum safe level for ARA in
preterm formula, please clarify that the use would be in combination with a
source of DHA up to 0.4%.
Response: The use of BASF’s ARA in preterm formula (up to 0.4%) would be
in combination with a source of DHA up to 0.4%.
D. Please indicate the intended source of the protein base (e.g., milk, soy, or
other) of infant formula to which the ARA oil would be added.
Response: The intended source of the protein base would include all
currently available protein base sources (e.g., milk, soy, others).
E. Hypoallergenic exempt infant formulas can include those that are amino acid-based
or extensively hydrolyzed protein-based. Please state whether use of ARA oil as an
ingredient in hypoallergenic exempt infant formulas includes amino acid-based or
extensively hydrolyzed protein-based infant formula.
Response: As stated above in Question 1.B., BASF is no longer considering
the use of the proposed ARA ingredient in hypoallergenic infant formulas and
asks that FDA cease its review of GRN 963 for that proposed use.
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2. For the record, please compare the fatty acid profile and quality standards to the specifications for ARA from fungal
(Mortierella alpina) oil in the Food Chemicals Codex 12 (FCC, 2020).
A. Where differences are noted for individual fatty acids (e.g., palmitic, stearic, oleic, gamma-linolenic, dihomo gammalinolenic, behenic, lignoceric), please address how these differences do not affect the safety determination.
Response: See Table below for requested data/information for questions 2.A and 2.B. The differences noted for
individual fatty acids in the ARA oil compared to FCC specifications does not present safety concerns for the ingredient
based on the following. The recent FCC monograph is recent (2020) and the noted range for individual fatty acids is
narrow and would not necessarily include all other ARA products, including some that received letters of no objection
from FDA. For example, the GRAS notification for ARASCO (GRN 41) also does not meet the FCC profile for several
individual fatty acids. Furthermore, the fatty acid profile of the ARA product can depend on the Mortierella alpina
strain used, as well as on the oil used for standardization of the ARA ingredient. The BASF oil is standardized with high
oleic sunflower oil which is a significant contributor to the oleic acid content. Higher or lower levels of the major fatty
acids such as oleic acid, palmitic acid or stearic acid do not raise safety concerns as they are present in large quantities
in human milk, as well as in infant formula (Mendonca et al., 2017). Lower levels of some of the minor fatty acids
doesn’t raise a safety concern; for instance, behenic acid as well as lignoceric acid are found at levels much closer to the
those found in human milk and infant formula as compared to the FCC specification.
Reference: Mendonca MA, Arujo WMC, Borgo LA, Alencar EDR. 2017. Lipid profile of different formulas for infants.
PLOS One 12(6): e0177812. https://doi.org/10.1371/journal.pone.0177812.
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Lower
Limit
(Area %)

Upper
Limit
(Area %)

ARA Oil Gold [Area %] Lot Nos.

Safety Discussion

20265261

20265618

20265740

L26013

L26028

L26057

0.5

0.2

0.3

0.2

0.4

0.4

0.4

4.3

8.1

5.9

5.9

5.9

10.3

10.2

9.9

Palmitoleic acid
(16:l n-9)
Stearic acid (18:0)

0

0.4

0.1

0.1

0.1

0.2

0.2

0.2

4.2

7.6

9.5

9.5

9.5

8.8

8.8

8.4

Oleic acid (18:1 n-9)

3.4

9.5

21.9

21.8

21.9

15.8

16.0

20.2

Fatty Acid (notation)
Myristic acid (14:0)

0.1

Palmitic acid (16:0)

Myristic acid data within FCC
specification
Levels of palmitic acid above 8.3%
do not pose a safety concern. GRNs
41 and 94 both had palmitic acid
values above 8.1 and received
letters of no objection. Levels
slightly above the FCC spec should
not present a safety concern given
the % ARA added to infant
formulas. Furthermore, palmitic
acid is a major fatty acid found in
human milk as well as infant
formula
Palmitoleic acid data within FCC
specification
Levels of stearic acid above 7.6%
do not pose a safety concern. GRNs
41 and 94 both had stearic acid
values above 7.6% and received
letters of no objection. Levels
slightly above the FCC spec should
not present a safety concern given
the % ARA added to infant
formulas.
Levels of oleic acid above 9.5% do
not pose a safety concern. GRN 41
reported oleic acid values above
9.5% and received a letter of no
objection. Levels above the FCC
spec should not present a safety
concern given the % ARA added to
infant formulas. The typical content
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Linoleic acid
(18:2 n-6)
gamma-Linolenic
acid (18:3 n-6)

3.8

15.2

5.8

5.8

5.8

5.5

5.8

6.0

1.7

2.7

2.3

2.3

2.3

2.4

<0.05

2.4

Arachidic acid (20:0)

0.6

1.0

1.0

1.0

1.0

0.9

0.9

0.8

Dihomo-gammalinolenic acid
(20:3 n-6)

3.0

5.0

1.6

1.6

1.6

3.9

3.9

3.6

Arachidonic acid
(20:4 n-6)
Behenic acid (22:0)

38.0

48.5

44.9

45.0

45.0

43.6

43.9

40.6

2.5

4.1

1.9

1.9

1.8

1.7

1.8

1.8

Lignoceric acid
(24:0)

7.8

12.6

1.6

1.6

1.6

1.5

1.4

1.3

of oleic acid in human milk and
infant formula is 30-40%.
Linoleic acid data within FCC
specification
Gamma-Linolenic acid data within
FCC specification except for one
lot. It is expected that all lots will
meet FCC specifications in the
future.
Arachidic acid data within FCC
specification
Levels below the FCC spec do not
present a safety concern given the
overall fatty acid profile of the
ARA oil. The lower levels in the
first 3 lots may be the result of a
difference between the two M.
alpina strains in use.
Arachidonic acid data within FCC
specification
Levels below the FCC spec do not
present a safety concern given the
overall fatty acid profile of the
ARA oil.
Levels below the FCC spec do not
present a safety concern given the
overall fatty acid profile of the
ARA oil.

B. We note differences between the quality specifications (e.g., unsaponifiable matter, free fatty acids (FFA), peroxide
value (PV)) in FCC and the notice. Further, we note the batch analyses provided would also support lower
specifications for unsaponifiable matter, FFA, and PV. We request that BASF base the specifications on the data
provided.
Response: See following Table. Please note that the FCC specification is inconsistent related to the acid value and the
value for free fatty acids. Both parameters provide the levels of the amount of free fatty acids in an oil. Based on ISO
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660, the limit of free fatty acids of 0.2% in the FCC specification would correlate to a limit of NMT 0.4mg KOH/g as
acid value. Similarly, a limit for the acid value of NMT 1.0 would correlate to a limit of 0.45% free fatty acids. The
specifications were set to allow BASF to compete indifferent regions and markets in the world.
FCC Spec
NMT 1
NMT 20
NMT 0.2%

BASF Spec
NMT 1.0
NMT 20
NMT 0.45

0.2
1.3
0.11

0.2
0.6
0.11

Peroxide value

NMT 2.0
meq/g

NMT 4.0

1.92*

2.47*

3.03*

0.58*

1.4*

1.3*

Unsaponifiable
matter

NMT 3.0 %

NMT 3.5

1.9

1.9

2.0

1.8

1.6

1.4

Acid value
Anisidine value
Free Fatty Acids

ARA Oil Gold Lot Nos.
0.2
0.2
<0.2
<0.1
<0.1
<1
0.10
0.08
<0.1

<0.2
3.1
<0.1

Meet FCC specification
Meet FCC specification
Lowering the
specification is possible,
but BASF would rather
keep the current proposed
spec, as the FCC spec is
based only on one
supplier of ARA oil.
ARASCO oil (GRN 41)
has spec of NMT 0.4%
BASF would prefer to
keep the proposed spec
as other suppliers
(ARASCO) also have
higher level specs; NMT
5.0
BASF would prefer to
keep the proposed spec,
as the ARASCO product
also specifies a spec of
NMT 3.5%.

*Peroxide value analyzed in sample bottles several weeks after production; test results not representative for product in original drums/storage conditions.
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3. BASF provided results of batch analyses for sterols in ARA oil from two different
laboratories. Please address the following:
A. State if the methods are validated for sterol analyses of ARA oil from M.
alpina, providing a citation to reference methods if applicable.
Response: The data provided from the laboratory ITERG, France is the most
relevant to the current GRAS notification. BASF initially started using the
laboratory RSSL for the analysis of the sterol profile of the ARA product. However,
we recognized that the analytical reports of RSSL only contained the common
sterols found in vegetable oils. The typical sterols found in products of fungal origin
could not be analyzed and reported by RSSL. Therefore, a decision was made to
conduct new analytical testing of the ARA ingredient by the laboratory ITERG
which had the capability to analyze for the major fungal sterols in the product.
ITERG uses a validated test method NF EN ISO 12228 Part 1.
B. Compare the sterol profile of the ARA oil in GRN 000963 to those of other
ARA oils from previous GRNs cited in the notice and/or to published literature
values for the sterol composition of ARA oil.
Response: Please see Table below. The first set of individual sterol level data
below have been converted from the data in parenthesis (GRN 963; Table 7) to
the same units (% w/w in oil) as those in GRN 41, 326, and 730.
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ARA Oil Gold
Parameter w/w% *
(%of total sterols)

0020265261

0020265618

0020265740

L26013

L26028

Cholesterol

0.0013
(0.1)

0.0014
(0.1)

0.0014
(0.1)

0.0019
(0.1)

0.0017
(0.1)

5 alpha cholesta-8, 14 dien3beta-ol

0.0671
(5.0)

0.0679
(5.0)

0.0664
(4.9)

0.0647
(3.3)

0.0590
(3.4)

GRN 326a

ARASCO oilb

GRN 730c

24-Methyl Cholsets-5,(25)27dien-3beta-ol

0.111

0.114

0.018

Lanosterol

0.038

0.009

0.048

31-Norlanosterol

0.029

Desmosterol

1.0313
(76.8)

1.0459
(77.0)

1.0454
(77.2)

1.6212
(83.5)

Zymosterol

0.0067
(0.5)

0.0082
(0.6)

0.0068
(0.5)

0.0233
(1.2)

1.430
(82.4)
0.0295
(1.7)

4 alpha-methyl zymosterol
Ergosterol

0.0430
(3.2)

0.0448
(3.3)

0.0447
(3.3)

0.0951
(4.9)

0.0868
(5.0)

Cholest7, 24 die-3 beta-ol

0.0255
(1.9)

0.0258
(1.9)

0.0257
(1.9)

0.0280
(1.4)

0.0260
(1.5)

Campesterol

0.0228
(1.7)

0.0228
(1.7)

0.0217
(1.6)

Stigmasterol

0.0067
(0.5)

0.0054
(0.4)

0.0054
(0.4)

0.0019
(0.1)

Iso fucosterol

0.0792
(5.9)

0.0788
(5.8)

0.0785
(5.8)

0.0971
(5.0)

Fucosterol
Beta-Sitosterol
Delta-5,24 Stigmastadienol

<0.001
(<0.1)
0.0597
(3.7)
<0.001
(<0.1)

<0.001
(<0.1)
0.0475
(3.5)
<0.001
(<0.1)

<0.001
(<0.1)
0.0488
(3.6)
<0.001
(<0.1)

<0.002
(<0.1)

<0.002
(<0.1)
0.0097
(0.5)
<0.002
(<0.1)

<0.002
(<0.1)

0.082

0.056
0.532

0.143

0.012

0.049

0.018

0.076

0.013

<0.002
(<0.1)
0.0920
(5.3)
<0.002
(<0.1)
0.0087
(0.5)

0.034

0.117

<0.002
(<0.1)
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ARA Oil Gold
Parameter w/w% *
(%of total sterols)
24-Methyldesmosterol

0020265261
0.0067
(0.5)

0020265618
0.0680
(0.5)

0020265740
0.0068
(0.5)

L26013
0.0019
(0.1)

L26028
0.0017
(0.1)

24-Methylene cholesterol
Stigma-5-ene-3beta-ol
Other sterols

GRN 326a
0.533

ARASCO oilb

GRN 730c

0.111

0.061
0.0027
(0.2)

0.0027
(0.2)

0.0027
(0.2)

<0.002
(<0.1)

<0.002
(<0.1)
0.045

0.574

Total sterols in %
1.3429
1.3583
1.3542
1.9416
1.7353
0.997
0.782
(mg/kg)
(13429)
(13583)
(13542)
(19416)
(17353)
aRAO oil; (% w/w in oil); mean of 5 lots in Table 7 of GRN 326.
bas reported in Table 19 of GRN 326 by Cargill.
*calculated from % of total sterols as weight percent according to other GRNs. Significant figures presented only for the calculations; they do not reflect the accuracy of the test
method in use.
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C. Clarify why BASF presented results from two laboratories and two apparently
different methods.
Response: Please also refer to the response to question 3.A. The first laboratory
RSSL employed the same ISO test as the lab ITERG, however they reported only
sterols which are typically found in vegetable oils, not the fungal sterols. BASF
contracted a second lab (ITERG) for a complete sterol profile analysis. For
completeness and transparency, BASF provided the test results from RSSL in
addition to ITERG. We apologize that we should have informed FDA as part of
GRN 963 that only sterol test results from the laboratory ITERG should be taken
into consideration as part of GRN 963.
4. BASF provided elemental test results for several minerals in the Appendices.
A. There are two sets of elemental analyses for each lot. Please clarify if these
results are from the same methods and analyses or are they different.
Response: BASF conducts analytical testing for the heavy metal contaminants
arsenic, cadmium, lead, and mercury. Other elemental impurities such as
chromium are only tested within the validation of the first production batches.
However, as part of these analyses, the heavy metals arsenic, cadmium, lead,
and mercury are once again included. Therefore, two different sets of data
were available and submitted as part of GRN 963. All tests were performed by
an external lab (Eurofins Germany) based on validated analytical test methods
(ICP/AAS).
B. We note that for Lot L 26013, the copper value is 0.1 mg/kg (p. 150, 156) and
<0.1 mg/kg as written in the table on electronic page 41. Please confirm the
correct value for the record.
Response: The value for copper in the table on electronic page 41 should read
0.1 mg/kg.
5. BASF provided results of batch analyses for persistent environmental contaminants,
including polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
dioxins and furans, in ARA oil. We note that we do not expect these contaminants to be
present in algal oil produced by fermentation using current good manufacturing practices
(cGMPs). Please clarify the basis for their inclusion in the notice. Please clearly indicate
where, if expected, would these impurities be introduced by the fermentation media or by
the controlled method of manufacture ofARA oil.
Response: We agree with FDA that such contaminants should not be present in products
obtained from a controlled fermentation process. BASF provided this information based on
regulatory limits for finished infant formula within the EU and other countries around the
world. Customers producing such infant formula often request that our ingredient meet
specific purity standard that include PAHs, etc.
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6. BASF provided results of analyses for pesticides, including some that are persistent
environmental contaminants, in ARA oil. We note that we generally ask that notifiersnot
include these analyses for fermentation-produced ingredients using food-grade materials.
We do acknowledge that notifiers have provided this information in GRASnotices
submitted to FDA, but we do not consider it to be relevant for algal oils produced through
controlled fermentation. Please clarify the basis for inclusion of these contaminants in the
notice. Please clearly indicate that BASF would not expect these impurities to be
introduced by the fermentation media or by the controlled method of manufacture of ARA
oil.
Response: We agree with FDA that pesticides should not be present in products obtained
from a controlled fermentation process. BASF provided this information based on
regulatory limits for finished infant formula within the EU and other countries around the
world. Customers producing such infant formula often request that our ingredient meet
specific purity standard that include pesticides, etc.
7. Please discuss strategies to minimize formation of oil processing contaminants such as
monochloropropane diol esters (MCPDE) and glycidyl esters (GE). While we do not have
established limits in the U.S. at this time, we request that BASF address anymeasures
taken (e.g., treatment with activated carbon) to minimize formation of these process
contaminants.
Response: BASF follows the mitigation strategy proposed of Codex (GOED) to minimize
these processing contaminants. The main emphasis for the mitigation is to reduce thermal
stress during the bleaching and deodorization steps. See attached GOED Codex Code of
Practice on the Mitigation of 3-MCPD.
8. BASF included batch analyses that indicate the presence of certain phthalates in ARA oil;
however, these results are not addressed in the text of the notice (although a brief summary
statement regarding contaminants is given on p. 19). Please address whether these levels
are consistent with other food grade fungal oils and discuss any strategies taken to
minimize the presence of these impurities.
Response: Phthalates could potentially be present in the oil through migration from
packaging materials, raw materials, or intermediates. Regulatory limits for the migration of
phthalates exists in several countries such as in China as well as within the EU. BASF
confirms that the levels of phthalates found in the ARA oil comply with these standards
and are consistent with other food grade fungal oils.
9. BASF provided results of analyses for multiple solvent residues (electronic p. 54, 87,120,
151). Please confirm, other than butane, that BASF does not use these solvents in the
method of manufacture, and that BASF does not anticipate these solvents to be present in
the final product that has been refined, bleached, and deodorized.
Response: Other than butane, BASF does not use other solvents in the method of
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manufacture of the proposed ARA product and does not anticipate these solvents to be in
the final product.
10. We note that batch analyses for Cronobacter sakazakii were limited to one strain,
CNCM 1-4642 (lot numbers 0020265261, 0020265618, 0020265740). Please provide
results of analyses for Cronobacter sakazakii in batches produced by the other strain,
XM027.
Response: The ARA oil has tested negatively for Enterobacteria. Cronobacter is
contained in the group of Enterobacteria and based on the results of this test is not
present in the ARA oil. However, BASF has analyzed three lots to demonstrate the
absence of Cronobacter and the safety of the ARA oil. Furthermore, the ARA oil is
processed under significant heat in the deodorization step which can be considered a
kill step for Enterobacteria. In addition, such oils are processed for infant formula use
via a wet processing step which includes emulsification and pasteurization as a killing
step of the complete emulsion for product safety. Mandatory pasteurization at the
production of infant formula ensures the safety of the finished formulation.
11. In the description of the production process (p. 11), please provide a statement that the
ARA oil is produced in accordance with current good manufacturing practices (cGMPs).
We note that, although “GMP” is included in the list of abbreviations (p. 6) and it is stated
that the intended use will be used in accordance with cGMP (p. 22), a statement regarding
cGMP is not included in the description of the method of manufacture.
Response: ARA oil will be produced in accordance with current good manufacturing
practices (cGMPs). ARA Oil is produced according to the food safety standard FSCC
22000 and the requirements of 21 CFR Part 117 and Part 110 (Food Safety Modernization
Act; FSMA).
12. Please clarify the basis for inclusion of mycotoxin analyses in the notice given that
M. alpina is described in the notice as non-toxigenic and that food-grade raw materials are
used as fermentation medium components.
Response: We agree that M. alpina is a safe, non-toxigenic organism which has a proven
records of safety and is not known for producing mycotoxins. BASF has included the
mycotoxin test because of regulatory requirements for finished infant formula. In addition,
the testing is conducted to demonstrate that no mycotoxins could be present in the product
through fermentation medium nutrients (e.g., glucose from corn origin).
13. You note two possible antioxidants for addition to ARA oil: mixed tocopherols and
ascorbyl palmitate.
A. Please clarify if these are used interchangeably or in combination.
Response: Mixed tocopherols are always used, while ascorbyl palmitate can be used
in addition to tocopherols on an as needed basis.
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B. You state that tocopherols are present at approximately 2000 mg per kg in ARA
oil. Does this level reflect use of tocopherols as an antioxidant added postprocessing? Please confirm this use level is in accordance with cGMPs and
indicate if this is a typical or maximum concentration of tocopherols in ARA oil.
Response: Tocopherols are always added at the beginning of the manufacturing
process to protect the oil against oxidation during manufacturing. The resulting
finished product typically contains approximately 1000-1500 mg/kg
tocopherols and a maximum of 2000 mg/kg total tocopherols. The antioxidant
ascorbyl palmitate and/or a specific standardization to a specific tocopherol
level can be added post-blending to the refined oil in to meet specific customer
requests.
14. Question 3B above asks BASF to compare the sterol and fatty acid profiles in the
notified ingredient to the sterol and fatty acid profiles in the referenced GRAS
notices. Given that BASF incorporates safety data from previous GRAS notices,
please briefly discuss any constituents that demonstrate major differences and
provide a statement that these differences do not pose a safety concern.
Response: The minor differences in several fatty acids and sterols (e.g., palmitic acid,
stearic acid, oleic acid, gamma-linolenic acid, dihomo gamma-linolenic acid, behenic
acid, lignoceric acid) compared to FCC specifications present in the proposed ARA
product do not pose a safety concern as summarized in our responses to Questions
3.A and 3.B. Sterols are natural products of botanical species, many of which are
consumed by humans as part of commonly consumed foods. M. alpina is a fungus
known to produce sterols which will remain in the finished, refined ARA-rich oil.
The sterols found in the proposed ARA product are commonly found in nature
including fungi such as mushrooms, green alga, tomato shoots, and faba beans (GRN
326; FDA, 2010).
15. On page 26, BASF states, “The ADME of ARA has also been reviewed and summarized
in previous GRNs 041, 080, 094, 326, and 730 . . .” Please provide a brief discussion of
the pivotal ADME studies, including the findings and results relevant to the notified
ARA oil. Please also include a full citation for each reference along with the GRN in
which the detailed information can be found.
Response: As stated in GRN 963, “The ADME of ARA has also been reviewed and
summarized in previous GRNs 041, 080, 094, 326, and 730 (FDA, 2001a,b, 2006, 2010,
2018).” The most recent GRN, no. 730 (FDA, 2018), summarized the metabolic fate of
ARA supported by four references (Kremmyda et al., 2011; Kroes et al., 2003; Martin et
al., 1993 and 2011) which are considered pivotal. Full reference citations follow at the
end of this ADME metabolic fate summary (excerpted from GRN 730).
In breast milk, ARA and DHA are mainly found in the form of TG, although they also
occur in phospholipids (Martin et al., 1993). Breast milk TG are primarily esterified at
the sn-2 and sn-3 positions, with the sn-1 position being relatively deficient in these
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acids. Arachidonic acid accounts for approximately 0.77% of FAs (0.4% at the sn-2
position and 0.37% at the sn-3 position; DHA accounts for approximately 0.39% of FAs
[0.26% at the sn-2 position and 0.13% at the sn-3 position]; Martin et al., 1993).
In general, dietary TGs undergo enzymatic hydrolysis in the upper intestine to free FAs
and 2-monoglycerides. These products then are integrated into bile acid micelles for
diffusion into the interior of the intestinal epithelial cells for subsequent incorporation
into new or reconstituted TGs (Kroes et al., 2003). These reconstructed TGs enter the
lymph in the form of chylomicrons for transport to the blood, which allows distribution
and incorporation into plasma lipids, erythrocyte membranes, platelets, and adipose
tissue. The chylomicron-contained TGs are hydrolyzed by lipoprotein lipase during
passage through the capillaries of adipose tissue and the liver to release free FAs to the
tissues for metabolism or for cellular uptake, with subsequent re-esterification into TGs
and phospholipids for storage as energy or as structural components of cell membranes.
The metabolism of FAs occurs in the mitochondria following their transport across the
mitochondrial membrane in the form of acylcarnitine. Fatty acids are metabolized
predominantly via beta-oxidation, a process that involves a shortening of the FA carbon
chain and the production of acetic acid and acetyl CoA, which combines with oxaloacetic
acid and enters the citric acid cycle for energy production. The degree of transport of
FAs across the mitochondrial membrane is contingent upon the length of the carbon
chain; FAs of 20 carbons or more are transported into the mitochondria to a lesser
degree than shorter chain FAs. Therefore, long chain FAs, such as 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.
Fatty acids can be desaturated endogenously up to the Δ9 position due to lack of certain
enzymes in humans (Kremmyda et al., 2011). For this reason, linoleic (18:2n-6) and
linolenic (18:3n-3) acids must be obtained from the diet and are termed essential FA.
Further elongation and desaturation of these FAs to produce long-chain polyunsaturated
FA (PUFA) is possible, but not very efficient in humans. Examples of PUFA include ARA
(20:4n-6), eicosapentaenoic (EPA; 20:5n-3), and DHA (22:6n-3). Thus, these FAs may
be conditionally essential depending on essential FA availability.
In pre-term infants, approximately 80% of ingested ARA (either from breast milk or
fungal ARA-supplemented formula) is absorbed. Non-absorbed ARA is excreted via
the feces. In general, long chain PUFA concentrations increase from maternal tissues
to fetal circulation to fetal tissues. Placenta FA composition can be indicative of
maternal FA status and reflects FAs that are selectively transferred to the fetus.
During the last trimester of pregnancy, the placenta provides the fetus with ARA and
DHA. It is known that pre-term birth, which curtails maternal supply of ARA and DHA
to the fetus, is associated with sub-optimal neural and visual development, which can
be improved by providing exogenous ARA and DHA (Kremmyda et al., 2011). After
delivery, the premature infant becomes dependent on external sources for its
nutritional requirements due to the shorter period and lesser extent of intrauterine
long chain PUFA accumulation. In addition, the infant may have a limited ability to
convert essential precursor fatty acids linoleic acid (18:2n-6) to ARA and linolenic
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acid (18:3n-3) to DHA, due to reduced concentrations and activity of desaturase
enzymes (Martin et al., 2011). Supplementation of these precursor fatty acids may not
provide normal concentrations of the downstream FA. Thus, pre-term infants should
have higher postnatal long chain PUFA requirements than full-term infants although
ARA supplementation can benefit both term and pre-term infants (GRN 730; FDA,
2018).
Kremmyda LS, Tvrzicka E, Stankova B, Zak A. 2011. Fatty acids as biocompounds:
their role in human metabolism, health and disease: a review. part 2: fatty acid
physiological roles and applications in human health and disease. Biomed Pap Med Fac
Univ Palacky Olomouc Czech Repub 155:195-218.
Kroes R, Schaefer EJ, Squire RA, Williams GM. 2003. A review of the safety of
DHA45-oil. Food Chem Toxicol 41:1433-1446.
Martin JC, Bougnoux P, Antoine JM, Lanson M, Couet C. 1993. Triacylglycerol
structure of human colostrum and mature milk. Lipids 28:637-643.
Martin CR, Dasilva DA, Cluette-Brown JE, Dimonda C, Hamill A, Bhutta AQ, Coronel
E, Wilschanski M, Stephens AJ, Driscoll DF, Bistrian BR, Ware JH, Zaman MM,
Freedman SD. 2011. Decreased postnatal docosahexaenoic and arachidonic acid blood
levels in premature infants are associated with neonatal morbidities. J Pediatr 159:743749.e1-2.
16. On page 27, BASF states that clinical studies summarized in GRN 730 “combined with
studies reviewed in GRNs prior to 2010 . . . [provide] sufficient evidence of the safety of
M. alpina-sourced ARA supplementation of infant formula in pre-term and term infants.”
While summaries of more recent clinical studies were provided, each GRAS notice must
independently support the safety of the notified ingredient for its intended use.
A. For clinical studies that BASF considers critical to the GRAS conclusion for term
and preterm infant formula and which BASF intends to incorporate by reference,
please provide a summary of the study along with a complete citation. Please
clearly indicate which studies support the safe use of ARA in term infant formula
and which studies support the safe use of ARA in pre-term infant formula at their
respective intended use levels.
Response:
Pre-term infants
Several studies included in GRN 730 (FDA, 2018) support the safety of ARA
derived from M. alpina for use in pre-term infant formula (Groh-Wargo et al.,
2005; Clandinin et al., 2005; Carnielli et al., 2007). These studies specifically
incorporated an ARA test article from M. alpina and therefore are considered most
relevant. In addition, the study by Alshweki et al. (2015) summarized in GRN 963
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is relevant to the safety of ARA in pre-term infants. Studies summarized in GRN
730 that included ARA of unidentified sources are considered supportive but not
considered pivotal as part of this response.
Groh-Wargo et al. (2005) evaluated the growth and body composition of premature infants (N=60) fed formulas containing ARA and DHA to 1 year of
gestation-corrected age. The gestational age at birth was < 33 weeks. Test article
formulas included 1) formula with 0.42% ARA (egg-derived TG) and 0.26% DHA
(fish oil); 2) 0.42% ARA (fungal oil) and 0.26% DHA (fish oil) and 3) unsupplemented control formula. Study measurements included growth, lean body
mass, and bone mineralization measured as bone mineral content and bone mineral
density. No adverse effects of ARA supplementation were reported up to 0.42%
ARA.
Clandinin et al. (2005) studied the safety and benefits of feeding ARAsupplemented infant formulas to pre-term infants (N=361; <35 weeks of age) in a
prospective, randomized, clinical trial. The pre-term infants were studied for 92
weeks pos-menstrual age (PMA) with a follow-up at 118 weeks PMA. Test article
formulas included 1) formula with 34 mg ARA (M. alpina) + 17 mg algal DHA
/100kcal; 2) formula with 34 mg ARA (fungal) + 17 mg DHA (fish oil)/100 kcal,
3) un-supplemented control formula, and 4) human breast milk control. The
concentrations of ARA and DHA equated to 0.6% and 0.3% of total fatty acids,
respectively. Study measurements included growth, tolerance, adverse events,
morbidity, and Bayley development scores. No adverse effects of ARA
supplementation were reported up to 0.6% ARA.
Carnielli et al. (2007) assessed the synthesis of long chain poly unsaturated fatty
acids (LCPUFA) in pre-term infants fed formula containing LCPUFA. Pre-term
infants (N=32) received formula containing fungal ARA (0.84%) +DHA from fish
oil (7.1 mg/100 mL) or a control formula from birth to 7 months of age.
Measurements included absolute LCPUFA synthesis, % of LCPUFA synthesis
relative to dietary intake, and plasma phospholipids. No adverse effects of ARA
supplementation were reported up to 0.84% ARA.
References
Groh-Wargo S, Jacobs J, Auestad N, O'Connor DL, Moore JJ, Lerner E.2005.
Body composition in pre-term infants who are fed long-chain polyunsaturated fatty
acids: a prospective, randomized, controlled trial. Pediatr Res 57(5 Pt1):712-718.
Clandinin MT, Van Aerde JE, Merkel KL, Harris CL, Springer MA, Hansen JW,
Diersen-Schade DA. 2005. Growth and development of pre-term infants fed infant
formulas containing docosahexaenoic acid and arachidonic acid. J Pediatr 146:461468.
Carnielli VP, Simonato M, Verlato G, Luijendijk I, De Curtis M, Sauer PJ, Cogo
PE. 2007. Synthesis of long-chain polyunsaturated fatty acids in pre-term
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newborns fed formula with long-chain polyunsaturated fatty acids. Am J Clin Nutr
86:1323-1330
Term infants
Numerous studies included in GRN 730 (FDA, 2018) and GRN 326 (FDA, 2010)
support the safety of ARA derived from M. alpina for use in term infant formula
(Columbo et al., 2011, 2013; Drover et al., 2009, 2011, 2012; Birch et al., 2005,
2007, 2010; De Jong et al., 2010, 2011, 2012; Field et al., 2008; Hoffman et al.,
2008; see Tables 23 and 24 in GRN 730). These studies specifically incorporated
an ARA test article from M. alpina and therefore are considered most relevant.
None of the studies reported adverse effects related ton supplementation of infant
formula with ARA. In addition, the studies by Johnston et al. (2015), Kitamura et
al. (2016), Columbo et al. (2017), Hoffman et al. (2019), and Lepping et al. (2018)
summarized in GRN 963 are relevant to the safety of ARA in term infants.
Columbo et al. (2011) conducted a randomized, clinical trial that studied the effects
of ARA/DHA on a visual habituation protocol that yielded both behavioral and
psycho-physiological indices of attention in infants (N=122) at 3, 6, and 9 months
of age. Infants received formula with variable amounts of DHA and a fixed
concentration of ARA from M. alpina (0.64%; 34 mg/100 kcal). No adverse effects
related to ARA supplementation were reported up to 0.64% ARA.
Columbo et al. (2013) evaluated cognition beyond 18 months and longitudinal
cognitive change from 18 months to 6 years of age in children (N=81) who were
fed variable amounts of DHA and a fixed concentration of ARA from M. alpina
(0.64%; 34 mg/100 kcal) compared with children who were not fed ARA/DHA as
infants. Measurements of cognition included Performance on standardized tests of
language and performance (Bayley Scales of Infant Development, version 2 and
MacArthur-Bates Communicative Development Inventory; Delayed Response
task; Bear-Dragon Go/No-Go Task; Stroop tasks; Dimensional Change Card Sort;
Tower of Hanoi task; Peabody Picture Vocabulary Test, 3rd edition; The Weschler
Preschool Primary Intelligence Scale, 3rd edition. No adverse effects related to
ARA supplementation were reported up to 0.64% ARA.
Drover et al. (2009) studied whether feeding infant formula supplemented with
ARA/DHA improves the cognitive function of 9-month-old term infants. Two
groups received either a formula with 0.72% ARA + 0.36% DHA or an unsupplemented control formula. The source of ARA was M. alpina. Both 12-month
and 6-week weaning studies were conducted and employed 229 term infants. The
study measurement endpoint was problem solving at 9 months of age. No adverse
effects related to ARA supplementation were reported at 0.72% ARA.
Drover et al. (2011) conducted a clinical trial in term infants (N=181) to identify
the optimal DHA concentration with a fixed amount of ARA for use in infant
formula to support cognitive development. Infants received formula with variable
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amounts of DHA and a fixed concentration of ARA from M. alpina (0.64%; 34
mg/100 kcal) for the first 12 months of life, and the sole nutritional source until <4
months of age. The subjects were followed through 18months of age. Cognitive
development was measured by the Bayley Scales of Infant Development II
(including the Psychomotor Development Index and the Behavior Rating Scale).
No adverse effects related to ARA supplementation were reported at 0.64% ARA.
Drover et al. (2012) conducted a prospective clinical trial that studied the effects of
ARA/DHA supplementation during the first 12 months of life on language and
development and school readiness. Infants (1-9 days of age; N=182) received
ARA/DHA for 12 months (ARA from M. alpina (0.64%; 34 mg/100 kcal)), with
follow-up visits until the age of 2-3.5 years. School readiness based on age and
vocabulary were assessed. No adverse effects related to ARA supplementation
were reported at 0.64% ARA.
Birch et al. (2005) studied ARA/DHA supplementation in amounts typical for
human milk (based on local and worldwide surveys) in a large cohort of infants
(N=103). Sweep visual evoked potential (VEP) acuity was the functional outcome.
Term infants received 0.72% ARA + 0.36% DHA (algal oil) or an un-supplemented
control formula from day 5 to 52 weeks of age. In addition to sweep VEP acuity, red
blood cell DHA concentrations, visual function and total red blood cell lipid
composition, growth, and gastrointestinal tolerance were measured. No adverse
effects related to ARA supplementation were reported at 0.72% ARA.
Birch et al. (2007) a prospective, randomized, clinical trial that studied the effect of
DHA/ARA supplementation of infant formula on visual and cognitive outcomes at 4
years of age. Four groups received either 0.72% ARA + 0.36% DHA (algal; n=17);
only 0.36% DHA (n=16); un-supplemented control formula (n=19), and human milk
(n=32) from birth to 2 months of age. The source of the ARA was M. alpina.
Subjects were followed up to 4 years of age. Measurements included cognition and
visual acuity (HOTV visual acuity, Wechsler preschool and primary scale of
intelligence). No adverse effects related to ARA supplementation were reported at
0.72% ARA.
Birch et al. (2010) studied the effects of ARA/DHA supplementation of infant
formula in 343 health term infants for the first 12 months of life. Infants received
formula with variable amounts of DHA and a fixed concentration of ARA from M.
alpina (0.64%; 34 mg/100 kcal). Measurements included physical growth (weight,
length, weight/length ratio, and head circumference), visual acuity maturation, RBC
fatty acids, tolerance, anthropometric measures, and adverse events. No adverse
effects related to ARA supplementation were reported up to 0.64% ARA.
DeJong et al. (2010, 2011, 2012) investigated the effect of LCPUFA formula
supplementation on cardiovascular and anthropometric development at 6 months, 18
months, and 9 years of age. Term infants (N=473-475) received either 0.45% ARA
(from egg yolk & M. alpina) + 0.30% DHA (from egg/tuna oil) (n=145), an un-
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supplemented control formula, or were breast-fed. Supplementation with the test or
control articles lasted until 2 months of age, after which control formula was fed
from 2-6 months of age. Follow up visits were conducted at 6 months, 18 months,
and 9 years of age. Measurements of cardiovascular and anthropometric
development, neurological function, and cognition were taken as well as
measurement of blood pressure, heart rate, and growth. No adverse effects related to
ARA supplementation were reported up to 0.45% ARA.
Field et al. (2008) studied the effect of supplementation of formula with ARA/DHA
on the immune function of 46 full term infants. Three groups received either 0.34%
ARA + 0.20% DHA (algal oil) or an un-supplemented control formula or breast
milk for 2-6 weeks. The source of the ARA was M. alpina. Measurements included
Growth; immune cell distribution (CD3+ CD44+ and CD4+CD28+ cells) and
cytokine profile (TNF- alpha post-stimulation) as well as the rate of 3H thymidine
uptake in response to phytohaemagglutinin. No adverse effects related to ARA
supplementation were reported up to 0.34% ARA.
Hoffman et al. (2008) evaluated the benefits and safety of infant formula
supplemented with DHA/ARA in healthy term infants (N=244). The infants
received either 21 mg ARA + 8 mg algal DHA or 34 mg ARA + DHA 17 mg or an
un-supplemented control formula from 14 to 120 days of age. The source of the
ARA was M. alpina. Growth rates, tolerance (assessed by stool frequency and
characteristics as well as amounts of gas), incidence of atopic dermatitis; ARA/DHA
concentration in RBCs, and plasma phospholipids were measured. No adverse
effects related to ARA supplementation were reported up to 0.34% ARA.
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B. For some studies discussed in BASF’s current narrative, data are missing,
incorrect, or ARA is not reported as a percent of fatty acids. For example:
• Alshweki et al., 2015: Level of ARA used in the study is not provided in
the notice
• Johnston et al., 2015: Level of ARA given as 34 mg/100 kcal; please
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report ARA as percent of fatty acids
• Kitamura et al., 2016: Level of ARA used in the study is not provided in the
notice
• Hoffmann et al., 2019: Error in reporting ARA use level (reported as 25
g/100 kcal); please report ARA as percent of fatty acids
Please provide any missing data and information pertinent to BASF’s safety
conclusion. In order to properly interpret the results of clinical studies and to
support the GRAS conclusion at the proposed use levels, accurate levels of ARA
in the studies need to be identified.
Response:
Alshweki et el., 2015: Group A received infant formula with 0.33% DHA of fatty
acids and 0.66% ARA of fatty acids (2:1). Group B received 0.37% DHA and an
identical amount of ARA (0.37%) (1:1).
Johnston et al., 2015: The level of ARA as a percent of fatty acids in the two test
article formula groups was 0.25%, and 0.34%of fatty acids in the control formula
group.
Kitamura et al., 2016: The level of the ARA in the test formula was 0.46% of fatty
acids and the level of DHA was 0.91% of fatty acids (DHA/ARA ratio of 2:1;
same as that in typical Japanese breast milk).
Hoffman et al., 2019: The study summary should have stated 25 mg/100 kcal, not
25 g/100 kcal. The levels of ARA as a percent of fatty acids in formulas 1, 2, and
the control formula are 0.25%, 0.34%, and 0.34%, respectively.
17. As noted in Question 1B above, the use level for ARA in hypoallergenic infant formula is
unclear. Please provide a narrative to address the safety of ARA at BASF’s proposed use
level in hypoallergenic infant formula. In the narrative, please identify and discuss relevant
data from published studies that provide a basis for BASF’s GRAS conclusion in the
context of BASF’s proposed use level and the targeted infant subpopulation. A discussion
of the known pathophysiology for cow milk protein allergy in infants and the potential
interactions of ARA within the inflammatory pathways for this condition may be needed
to support a GRAS conclusion. As part of the safety narrative, please consider the
following points:
•

BASF discusses several examples of currently marketed hypoallergenic infant
formula containing ARA. However, it is our understanding that the levels of ARA
in these formulas are proprietary information and are not on the product labels. As
such, it is unclear how this information can be considered as a basis for a GRAS
conclusion if it is not generally available. If such information is publicly available,
please provide this information.
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•

The current discussion of the Burks et al., 2008 clinical study does not include the
use level of ARA in the tested infant formula. Please provide the use level of ARA
in the amino acid-based infant formula tested in the Burks et al., 2008 clinical study
to compare with BASF’s intended use level.

•

In discussing numerous systematic reviews of ARA use in clinical trials in infants,
the notice states, “…there was no evidence of adverse effects or safety concerns
(including allergenicity) associated with ARA supplementation of infant formula.”
However, it is not clear that these reviews support the safe use of ARA oil in
hypoallergenic formula (i.e., consumed by infants with existing allergy or other
medical conditions). Please provide brief summaries of the clinical data that
specifically support safety of ARA oil in hypoallergenic infant formula.
Response: As stated above in response to Questions 1.B and 1.E, BASF is no
longer considering the use of the proposed ARA ingredient in hypoallergenic
infant formulas and asks that FDA cease its review of GRN 963 for that use.

18. For completeness of the record, please provide the percentage of ARA in the ARA oil
which was the test article in the following studies: Hempenius et al., 1997 and Hempenius
et al., 2000.
Response: In Hempenius et al., 1997, two representative batches of AA-oil were used for
the safety studies. Batches A and B were produced in the same production campaign, with
the exception that refining of batch A was carried out on a laboratory scale according to
the procedure used for commercial production. Batch A was used for the subacute (4-wk)
oral toxicity study and batch B was used for the mutagenicity studies and the acute oral
toxicity study. Batch A contained 32.7% ARA (w/w) and Batch B contained 38.6% ARA
(w/w). The test article in the Hempenius et al., 2000 study contained 38.6% ARA.
19. On page 26, BASF states, “A review of data published since 2013 conducted as part of
this GRAS notification supports the summaries provided in previous GRAS
notifications (Table 10).” However, Table 10 is stability data. Please provide a
statement that clarifies this sentence.
Response: The sentence should read, “A review of data published since 2013 conducted
as part of this GRAS notification supports the summaries provided in previous GRAS
notifications (Table 11).”
20. On page 26, BASF states that a comprehensive literature search for clinical trials
evaluating DHA in infant formula was performed. Please clarify if this literature search
was performed for DHA or ARA in infant formula.
Response: The last sentence on page 26 should read “A comprehensive literature
search for clinical trials evaluating ARA in infant formula (published 2015-May 2020)
was performed, and titles and abstracts were reviewed.”.
21. On pages 26 and 27, BASF indicates searches and summaries covering up to the
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“present.” For completeness of the record, please provide a specific end date (i.e.,month
and year).
Response: The end date of the literature searches was May 2020.
22. In several places in the notice, a reference of “FDA 2006” is cited. However, no
corresponding citation is included in the references section. Please provide an updated
references section that includes complete information for this reference.
Response: The reference for GRN 094 on page 37 should read “FDA (Food and Drug
Administration). 2006. GRN 094: GRAS Notice for DHA from tuna (DHA-rich tuna
oil) and arachidonic acid-rich oil from Mortierella alpina (AA-rich fungal oil).”
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Codex Code of Practice on the Mitigation of 3-MCPD and Glycidyl-esters in Refined Oils Approved

May 6, 2019: The Codex Code of Practice (CoP) entitled "Reduction of 3-Monochloropropane-1,2diol esters (3-MCPDE) and glycidyl esters (GE) in Refined Oils and Food Products Made with
Refined Oi ls" was approved during the 13th Meeting of the Codex Comm ittee on Contaminants
in Foods (CCCF13), held last week in Yogyakarta , Indonesia (April 29 - May 3rd, 2019). The
document is expected to be officially adopted by the Codex Alimentarius Commission in 1Y.!y
2019.
GOED contributed to the development of this CoP through its participation in an Electron ic
Working Group (EWG) during the past two years. Initially th is Co P was being developed for the
mitigation of 3-MCPDE and GE in refined vegetable oils, notably to reduce the levels of these
process contaminants in refined palm oi l. GOED pointed out during last year's CCCF meeting
that process contaminant mitigation is also of relevance to fish oils, since these contaminants
can also be formed during the production of refined fish oils. GOED and several country
delegations supported the proposal that the CoP should therefore also encompass any refined
edible oils in addition to vegetable oils.
In order to substantiate the broader scope of the CoP, GOED provided sign ificant information
to the EWG on reduction measures that are used at industrial scale by GOED members. With
the approval of the CoP, Codex has recognized the importance to inform governments about
su itable mitigation approaches for these process contaminants in any refined oi l used as food.
The CoP also serves as a useful guide for fish oil-producing companies in GOED that need
information on how to reduce the levels of 3-MCPDE and GE in their refined oils. The CoP also
provides a basis for potential future work by Codex in which maximum limits may be set for
these contaminants in refined edible oils. Such work is ongoing in Europe (reported last on by
GOED on February 18th, 2019.
Mitigation approaches provided in the CoP need to be tested to identify the most successful
ones for companies' products. Only mit igation approaches that are known to have been
implemented at industrial scale for specific types of oils are listed. Reduction measures listed
as suitable for vegetable oils may also be considered instructive to produce refined fish oils
with low levels of 3-MCPDE and GE. From the information provided by members over the past
year, GOED has observed that the implementation of a combination of mitigation approaches
is particu larly effective in lowering the levels of process contam inants in refined oils.
GOED wou ld like to thank all members who generously provided information on their production
technologies, which allowed GOED to strengthen the CoP, ultimately leading to the current
approval.
GOED last reported on this Codex Code of Practice on March 11, 2019, January 14, 2019,
January 2nd, 2019, and November 26th. 2018.
Any questions can be directed to Gerard Bannenberg.
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APPENDIX IV

DRAFT CODE OF PRACTICE FOR THE REDUCTION OF 3-MONOCHLOROPROPANE-1,2- DIOL
ESTERS (3-MCPDE) AND GLYCIDYL ESTERS (GE) IN REFINED OILS AND FOOD PRODUCTS
MADE WITH REFINED OILS
(AT STEP 8)
INTRODUCTION
1. Edible oils, which include vegetable oils and fish oils, are produced from v a r i o u s c o m m o d i t i e s ,
i n c l u d i n g fruits, seeds, nuts, and fish. Refining of edible oils (at temperatures of about 200°C or
higher) can produce 3-monochloropropane-1,2-diol (MCPD) esters (3-MCPDE) and glycidyl esters
(GE).
2. Exposure to 3-MCPDE and GE can occur through consumption of refined oils and various food products
containing refined oils, for example, infant formula, dietary supplements, fried potato products, and fine
bakery wares.
3. Toxicology studies show that 3-MCPDE and 3-MCPD have effects on the kidney and male reproductive
organs, and are non-genotoxic carcinogens. GE and glycidol are genotoxic carcinogens.1
4. The 83rd JECFA session evaluated 3-MCPD, 3-MCPDE, GE and glycol and recommended that efforts
to reduce 3-MCPDE and 3-MCPD in infant formula be implemented and that measures to reduce GE
and glycidol in fats and oils continue, particularly when used in infant formula.
5. Different types of unrefined oils have different capacities to form 3-MCPDE and GE during deodorization
(part of the refining process).
6. Processing conditions during refining have an important effect on formation of 3-MCPDE and GE for all
oil types. Most unrefined oils do not contain detectable levels of 3-MCPDE or GE.
7. For vegetable oils, factors that contribute to capacity to form 3-MCPDE and GE during refining include
climate, soil and growth conditions of source plants or trees, their genotype, and harvesting techniques.
These factors all affect the levels of precursors of 3-MCPDE and GE (e.g. acylglycerols, chlorinecontaining compounds).
8. 3-MCPDE forms primarily from the reaction between chlorine containing-compounds and acylglycerols
like triacylglycerols (TAGs), diacylglycerols (DAGs), and monoacylglycerols (MAGs). GE forms primarily
from DAGs or MAGs.
9. Some chlorinated compounds are precursors for 3-MCPDE formation. Oil producing plants or trees
absorb chloride ions (in the form of chlorinated compounds) during plant or tree growth from soil
(including from fertilizers and pesticides) and from water, and these chloride ions are converted into
reactive chlorinated compounds, leading to formation of 3-MCPDE during oil refining.
10. Oil fruits and seeds contain the enzyme lipase; lipase activity increases with fruit maturation, while the
lipase activity in seeds remains stable. Lipase interacts with oil from mature fruits to rapidly degrade
TAGs into free fatty acids (FFAs), DAGs, and MAGs, while the effect of lipase in seeds that are
appropriately stored is negligible.
11. GE formation begins at about 200°C. GE formation increases exponentially with increasing temperature.
When DAGs exceed 3-4% of total lipids, the potential for GE formation increases. Formation of 3-MCPDE
occurs at temperatures as low as 160-200°C, and formation does not increase with higher temperatures.
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3-MCPDE and GE, following consumption, are broken down in the body to 3-MCPD and glycidol, respectively.
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12. Because 3-MCPDE and GE are formed via different mechanisms, different mitigation strategies are
needed to control their formation. Due to the different formation mechanisms, there generally is no
relationship between relative levels of 3-MCPDE and GE in individual oil samples.
13. GE is generally easier to mitigate than 3-MCPDE, because its formation is directly associated with
elevated temperatures (with formation beginning at about 200°C and becoming more significant at
temperatures >230°C). GE is formed primarily from DAGs and does not require the presence of
chlorinated compounds. Oils can be deodorized at temperatures below 230°C to avoid significant GE
formation. However, it is not practical to decrease deodorization temperatures below the threshold that
would lead to 3-MCPDE formation (160-200°C), as that could affect the quality and safety of the oil.
14. Although 3-MCPDE and GE are primarily produced during deodorization, mitigation measures can be
applied across the edible oil production chain, from agricultural practices for vegetable oils (e.g.
cultivation, harvesting, transporting, and storing of fruits and seeds), to oil milling and refining (e.g. crude
oil production and treatment, degumming/bleaching, and deodorization), as well as to post-refining
measures (e.g. additional bleaching and deodorization and use of activated bleaching earth). Where
possible, it may be best to remove precursors at the earlier stages of processing, to minimize the
formation of 3-MCPDE and GE.
15. There are a wide range of methods to mitigate 3-MCPDE and GE, and the applicable methods used will
vary depending on different conditions (including the oil source, the refining process, and the type of
equipment in use). In addition, multiple methods may need to be combined to reduce 3-MCPDE and GE
in oils. Manufacturers should select and apply those techniques that are appropriate to their own
processes and products.
16. In concert with mitigation of 3-MCPDE and GE, it is important to also consider the overall impacts on the
quality of refined oils and oil-based products, including product properties such as smell and taste, FFA
profiles, stability attributes, levels of nutrients, and removal of contaminants such as pesticides and
mycotoxins. In addition, environmental impacts of the recommended mitigation practices should be
considered.
17. Although most work on mitigation of 3-MCPDE and GE in refined oils has focused on palm oil, some of
the information and experience on mitigation of 3-MCPDE and GE in palm oil may be applicable to
mitigation of 3-MCPDE and GE in other refined oils. Therefore, where data are available, this document
specifies when the mitigation approach is specific to palm oil, and when it may be more widely applicable
to other refined oils, including fish oils.
SCOPE
18. This Code of Practice intends to provide national and local authorities, producers, manufacturers, and
other relevant bodies with guidance to prevent and reduce formation of 3-MCPDE and GE in refined oils
and food products made with refined oils. This guidance covers three strategies (where information is
available) for reducing 3-MCPDE and GE formation:
(i) Good agricultural practices,
(ii) Good manufacturing practices, and
(iii) Selection and uses of refined oils in food products made from these oils.
RECOMMENDED PRACTICES BASED ON GOOD AGRICULTURAL PRACTICES (GAP) AND GOOD
MANUFACTURING PRACTICES (GMP)
19. Producing edible vegetable oils involves several major steps: cultivating, harvesting, transporting, and
storing the fruits and seeds for further processing; palm oil milling where fruit is sterilized and crude oil is
extracted; oilseed crushing where oilseeds are cleaned, ground, and steamed and crude oil is extracted;
and refining of the crude oils.
20. Producing edible fish oils involves several major steps: harvesting the fish, steam cooking, dewatering/wet reduction (which involves pressing the liquor, separating the oil and water, and optionally,
water washing the oil), and refining of the crude oils.
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21. Refining edible oils consists of two main types; chemical or physical refining. Chemical refining consists
of degumming (removal of phospholipids); neutralization (addition of hydroxide solution to remove FFAs
through formation of soaps); bleaching (using clays) to reduce colors and remove remaining soaps and
gums, trace metals, and degradation products; and deodorization (i.e. a steam-distillation process carried
out at low pressures, 1.5-6.0 mbar, and elevated temperatures, 180 - 270°C) to remove FFA, colours,
and volatile compounds, including certain contaminants. Physical refining involves degumming,
bleaching, and deodorization (which occurs at higher temperatures than chemical refining), as it does
not have a neutralization step. While several factors influence the selection of physical refining, it is
typically conducted on oils containing low levels of phospholipids.
AGRICULTURAL PRACTICES FOR VEGETABLE OILS
22. When planting new trees, farmers should consider selecting oil palm plant varieties with low lipase activity
in oil fruits, if available, as low lipase activity is one factor that can reduce formation of FFAs and
acylglycerol precursors.
23. During cultivation of oil plants or trees, farmers should minimize use of substances such as fertilizers,
pesticides, and water that have excessive amounts of chlorine-containing compounds, in order to reduce
chlorine uptake by the fruits and seeds. Non-chlorinated sulfate fertilizers could serve as an alternative
to chlorine-containing fertilizers.
24. Farmers should harvest oil palm fruits when they are at optimal ripeness, minimize handling of the fruits
to reduce bruising and prevent formation of FFAs, and avoid using damaged or overripe fruits, which
may be associated with higher 3-MCPDE and GE formation.
25. Farmers should transport oil palm fruits to oil mills as soon as possible.
OIL MILLING AND REFINING
Crude Oil Production and Treatment
26. Processors should consider storing oil seeds for milling at cool temperatures (e.g. < 25°C) and dry
conditions (optimally <7% moisture content) to help ensure low levels of lipase.
27. Following receipt of oil palm fruits at the mill, processors should sterilize the fruits immediately (preferably
within less than 2 days of harvesting) at temperatures at or below 140°C to inactivate lipases (with
temperatures varying depending on the sterilization method). (Fruits may be washed prior to sterilization
to remove chlorine precursors.) For oilseeds, processors should clean, grind, and heat to inactivate
lipases.
28. Processors should consider washing crude vegetable oil with chlorine-free water to remove chlorinecontaining compounds.
29. Processors should avoid using residual vegetable oil recovered from solvents or additional extractions,
as this oil tends to have higher levels of precursors (e.g. DAGs, chlorine-containing compounds).
30. Processors should assess precursors in batches of crude vegetable oils or fish oils (e.g. DAGs, FFAs,
chlorine-containing compounds) to adjust refining parameters and target appropriate mitigation
strategies depending on the type of vegetable oil or fish oil being processed and processing conditions.
31. Preferentially refining crude vegetable oil or fish oil with low concentrations of precursors can produce
finished oils with lower levels of 3-MCPDE and GE.
Degumming
32. Processors should use milder and less acidic conditions (e.g. either degumming with a low concentration
of phosphoric, citric, or other acids or water degumming) to decrease 3-MCPDE in vegetable oils or fish
oils. The concentration of acid needed depends on the quality of the crude vegetable oil or fish oil. Care
should be taken to remove sufficient concentrations of phospholipids and acid to ensure quality.
33. Lowering the degumming temperature may help to reduce formation of 3-MCPDE precursors in
vegetable oils; however, the degumming temperature will depend on numerous factors including the type
of vegetable oil.
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Neutralization
34. Using chemical refining (i.e., neutralization) as an alternative to physical refining can help remove
precursors (e.g. chloride) and reduce FFAs, which may allow for lower deodorization temperatures in
vegetable oils or fish oils. However, chemical refining can lead to excessive oil loss (especially for palm
oil due to higher FFA levels) and may have a greater environmental impact than physical refining.
Bleaching
35. Use of greater amounts of bleaching clay may reduce formation of 3-MCPDE and GE in all vegetable
oils and fish oils. However, bleaching clays that contain significant amounts of chlorine-containing
compounds should be avoided.
36. Use of more pH-neutral clays reduces the acidity and potential to form 3-MCPDE in palm oil, some seed
oils, and fish oil.
Deodorization
37. Processors should consider conducting deodorization of vegetable oils and fish oils at reduced
temperatures to decrease formation of GE. For example, it has been suggested to conduct deodorization
at 190-230°C for vegetable oils and less than 190°C for fish oils. The temperature will vary depending
on the residence time of oil. Processors can determine the optimal conditions for their processes.
38. As an alternative to traditional deodorization, processors can conduct dual deodorization of vegetable
oils and fish oils (2-stage deodorization) to reduce thermal load in oil and to decrease formation of GE,
with a smaller reduction in 3-MCPDE. This includes both a shorter deodorization period at a higher
temperature and a longer deodorization period at a lower temperature. Consideration needs to be given
to parameters such as temperature, vacuum pressure, and time, and variations in equipment design and
capability. Also, additional post processing may be required to reduce levels of GE.
39. Use of a stronger vacuum facilitates evaporation of volatile compounds due to the increased steam
volume and rate of stripping, contributing to decreased deodorization temperatures and reduced
formation of GE, and to a lesser extent 3-MCPDE, in vegetable and fish oils.
40. Short-path distillation2 (in place of deodorization) has been shown to reduce the thermal load and
formation of esters in fish oil, contributing to lower amounts of 3-MCPDE and GE in comparison to
conventional deodorization. However, additional post processing using mild deodorization is needed to
address sensory considerations.
TREATMENT POST REFINING
41. The following recommended practices can be used for reducing levels of 3-MCPDE and GE in refined
oils. These practices may be most appropriate for oils with 3-MCPDE and GE levels that are higher than
desired for their intended use.
42. Additional bleaching and deodorization following initial bleaching and deodorization has been shown to
achieve lower levels of GE in refined palm oil. (The second deodorization should occur at a lower
temperature than the first deodorization.)
43. Application of activated bleaching earth during post refining has been shown to reduce GE in refined
vegetable oils.
44. Use of short-path distillation (pressure: <1 mbar and temperature: 120 to 270°C) on bleached and
deodorized vegetable oil can reduce acylglycerol components and levels of 3-MCPDE and GE.
45. Treatment of refined MCT (medium-chain triacylglycerols) oil with fatty acids and a cation counterion,
such as an alkaline metal, as well as one or more bases converts 3-MCPDE to MAGs, DAGs and TAGs,
and GEs to DAGs.

2

Short-path distillation enables gentle removal of volatile compounds at relatively low temperatures. This is accomplished
through reduced pressure, where the boiling point of the compound to be separated is lowered and there is increased
efficiency due to the short distance between the evaporator and the condenser surface.

4
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SELECTION AND USES OF REFINED OILS IN FOOD PRODUCTS MADE FROM THESE OILS
Oil selection
46. Selecting refined vegetable oils and fish oils with low levels of 3-MCPDE and GE (e.g. either through
natural occurrence or through application of mitigation measures) results in lower levels of 3-MCPDE
and GE in finished products containing these oils. For example, variation in levels of 3-MCPDE and GE
in infant formula has been observed, which may be due to the use of oils with different levels of 3-MCPDE
and GE; therefore, selection of oils low in 3-MCPDE and GE can result in infant formulas with lower 3MCPDE and GE levels. However, manufacturers also may have to consider quality or compositional
factors. For example, for infant formula, refined oils are selected by manufacturers to ensure these
products meet compositional criteria, e.g. national criteria or those established in the Standard for Infant
Formula and Formulas for Special Medical Purposes Intended for Infants (CXS 72-1981).
Processing modifications
47. Reducing the amount of refined vegetable oils and fish oils used in finished products may be an
alternative to reduce the levels of 3-MCPDE and GE in the finished product. However, this could impact
the organoleptic or nutritional qualities of the finished products.
48. Use of refined vegetable oils themselves during frying does not contribute to formation of additional 3MCPDE and GE, but rather the formation of additional 3-MCPDE during frying may result from the type
of food that is fried (e.g., meat and fish products).

5
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ANNEX I
POTENTIAL MITIGATION MEASURES FOR REDUCING 3-MCPDE AND GE
The mitigation measures are not listed in order of priority.
It is recommended that reduction measures be tested to identify the most successful for
your own product.

AGRICULTURAL
PRACTICES FOR
VEGEGETABLE OILS

Production
Stage

OIL MILLING AND REFINING

~

Mitigation measures
 Select oil palm plant varieties with low lipase activity, if
available.
 Minimize use of substances such as fertilizers, pesticides,
and irrigation water that contain excessive amounts of
chlorine-containing compounds during oil plant/tree
cultivation.
 Harvest oil palm fruits when they are at optimal ripeness.
Minimize handling of the fruit. Avoid using damaged or
overripe fruit.
 Transport oil palm fruits to oil mills as soon as possible.

~ - - - Crude Oil Production and Treatment
 Store oil seeds at cool temperatures and dry conditions.
 Sterilize oil palm fruit at temperatures at or below 140°C.
Clean, dry, and heat oilseeds to inactivate lipases.
 Wash crude vegetable oil with chlorine-free water.
 Avoid using residual vegetable oil recovered from solvents or
extractions.
 Assess precursors (e.g. DAGs, FFAs, and chlorine
compounds) in batches of crude vegetable oil or fish oil to
adjust refining parameters.
 Preferentially refine crude vegetable oil or fish oil with low
concentrations of precursors.
Degumming
 Use milder and less acidic conditions (e.g. either
degumming with a low concentration of acid or water
degumming) in vegetable oils or fish oils.
 Lower the degumming temperature in vegetable oils.
Neutralization
 Use chemical refining (i.e. neutralization) as an alternative
to physical refining in vegetable oils or fish oils.

Bleaching
 Use greater amounts of bleaching clay in vegetable oils
and fish oils.
 Use more pH-neutral clays to reduce acidity in palm oils,
some seed oils, and fish oils.
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POTENTIAL MITIGATION MEASURES FOR REDUCING 3-MCPDE AND GE
The mitigation measures are not listed in order of priority.
It is recommended that reduction measures be tested to identify the most successful for your
own product.
Mitigation measures

SELECTION AND USES OF
REFINED OILS

TREATMENT POST
REFINING

OIL MILLING AND REFINING

Production
Stage

Deodorization
 Conduct deodorization of vegetable oils or fish oils at reduced
temperatures. The temperatures will vary depending on
residence time of oil.
 Conduct dual deodorization of vegetable oils and fish oils (2stage deodorization) as an alternative to traditional
deodorization.
 Use a stronger vacuum to facilitate evaporation of volatile
compounds and to contribute to decreased deodorization
temperatures in vegetable oils and fish oils.
 Use short-path distillation (in place of deodorization) to reduce
the thermal load in fish oil.






Conduct additional bleaching and deodorization following
initial bleaching and deodorization of refined palm oil.
Apply activated bleaching clay to refined vegetable oils.
Use short-path distillation on bleached and deodorized
vegetable oils.
Treat refined MCT (medium-chain triglyceride) oil with bases,
fatty acids, and alkaline metals to convert 3-MCPDE to MAGs,
DAGs and TAGs and GE to DAGs.

OIL SELECTION
 Select refined vegetable oils or fish oils with lower levels of 3MCPDE and GE.
PROCESS MODIFICATIONS
 Reduce the amount of refined vegetable oils or fish oils in
finished products.
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Dear Ellen,
BASF confirms that the proposed ARA Oil specifications for the three parameters in question will
comply/align with the requirements stated in the FCC specifications for ARA from fungal (Mortierella
alpina) oil. The FCC specifications (and aligned BASF specifications) are as follows:
Free fatty acids: max. 0.2%
Peroxide value: max. 2.0 mEq/kg
Unsaponifiable matter: max. 3.0%
Please let me know if you have any further questions.
Best regards,
Don

Donald F. Schmitt, M.P.H.
Senior Managing Scientist

ToxStrategies, Inc.

739 Thornapple Drive
Naperville, IL 60540
phone: 630.352.0303
email: dschmitt@toxstrategies.com
ToxStrategies is a cer tified Women Owned Small Bu siness IWOSB)
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C ERTIFIED

This e-mail, and any attachments thereto, is intended only for use by the addressee(s) named herein and may
contain legally privileged and/or confidential information. If you are not the intended recipient of this e-mail, you are

hereby notified that any dissemination, distribution or copying of this e-mail, and any attachments thereto, is strictly
prohibited. If you have received this e-mail in error, please immediately notify ToxStrategies, Inc. at (832) 8687729 and permanently delete the original and any copy of any e-mail and any printout thereof.

From: "Anderson, Ellen" <Ellen.Anderson@fda.hhs.gov>
Date: Friday, July 30, 2021 at 3:08 PM
To: "Donald Schmitt, MPH" <dschmitt@toxstrategies.com>
Subject: additional information requested for GRN 963
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hello Don,
In reviewing the notifier’s responses to our questions (attached), we request
additional information to support the proposed specifications for free fatty acids,
peroxide value and unsaponifiable matter.
As we noted in our first set of questions, these limits are higher than those specified
in the FCC 12 monograph for ARA from fungal (Mortierella alpina) oil. Furthermore,
we note that the specifications the notifier cited for ARASCO from GRNs 41 and 81
were not for use in preterm infant formula and pre-dated subsequent notifications
(GRNs 94, 326, 730, and 958) for ingredients in preterm infant formula that supported
lower limits for these parameters. The specifications provided for the articles of
commerce should align with those cited in the published data for its use in in
preterm infants. If the notifier maintains that the higher specifications are currently
valid for oils used in preterm infant formula, please provide more recent data or
information than that presented in GRNs 41 and 81, to support this determination.
We would appreciate a response by August 16, if possible.
Thank you,
Ellen

Ellen Anderson

Regulatory Review Scientist
Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1309
ellen.anderson@fda.hhs.gov
Pronouns: she/her/hers
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hi Ellen,
Attached are BASF’s responses to the review teams last questions.
Have a great weekend.
Best regards,
Don

Donald F. Schmitt, M.P.H.
Senior Managing Scientist

ToxStrategies, Inc.

739 Thornapple Drive
Naperville, IL 60540
phone: 630.352.0303
email: dschmitt@toxstrategies.com

This e-mail, and any attachments thereto, is intended only for use by the addressee(s) named herein and may
contain legally privileged and/or confidential information. If you are not the intended recipient of this e-mail, you are
hereby notified that any dissemination, distribution or copying of this e-mail, and any attachments thereto, is strictly
prohibited. If you have received this e-mail in error, please immediately notify ToxStrategies, Inc. at (832) 8687729 and permanently delete the original and any copy of any e-mail and any printout thereof.

From: "Anderson, Ellen" <Ellen.Anderson@fda.hhs.gov>
Date: Wednesday, September 15, 2021 at 12:58 PM
To: "Donald Schmitt, MPH" <dschmitt@toxstrategies.com>
Subject: additional clarifications for GRN 963
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hello Don,
We are finishing up our review of GRN 963 and identified a few additional questions
to clarify with BASF:
1. On page 22 of the notice, BASF states that “the intake of ARA would be 41-50
mg/kg bw/day. This ARA intake estimate is in agreement with current
recommendations for ARA consumption by pre-term and term infants of 35-45
mg/kg bw/day (Koletzko et al., 2014).” While it was stated that the use levels
and estimates of dietary exposure to ARA are consistent with those reported
in previous GRNs (GRN 000326, GRN 000730), we note that BASF’s estimates
are not the same as those cited previously in GRNs (42 mg/kg bw/d for term
infants; 27 mg/kg bw/d for preterm infants). Further, BASF’s estimates of
dietary exposure for ARA fall outside the cited range of 35-45 mg/kg bw/day
recommended in Koletzko et al. (2014) for very low birth weight infants. Please
correct these discrepancies and clarify estimates of exposure for term and
preterm infants relative to current recommendations for these populations. In
your response, please indicate assumptions used, including body weights for
term and preterm infants, in preparing your estimates.
2. Please clarify that the following is correct: “M. alpina strain XM027 has been
deposited at the CGMCC (China General Microbiological Culture Collection
Center) under registry number 21451.” In your March 3, 2021 email, you cite
the culture collection as CCMCC (China General Microbiological Collection
Agency), which appears to be incorrectly cited.
3. In the amendment received on May 28, 2021, BASF stated that “the intended
source of the protein base would include all currently available protein base
sources (e.g., milk, soy, others).” In the same amendment, BASF stated that
“BASF is no longer considering the use of the proposed ARA ingredient in
hypoallergenic infant formulas.” Please confirm that the ARA oil is intended to
be used in cow milk-based and soy-based infant formulas only. (We note that
whey-based formulas would be included under cow milk-based formulas.)
Please format the reply such that each response follows the question. We would
appreciate a response by September 30. Please let me know if you have any
questions.

Sincerely,
Ellen

Ellen Anderson

Regulatory Review Scientist
Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1309
ellen.anderson@fda.hhs.gov
Pronouns: she/her/hers
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ADM I NISTRAT I ON

FDA Questions (email of September 15, 2021)
1. On page 22 of the notice, BASF states that “the intake of ARA would be 41-50 mg/kg
bw/day. This ARA intake estimate is in agreement with current recommendations for
ARA consumption by pre-term and term infants of 35-45 mg/kg bw/day (Koletzko et al.,
2014).” While it was stated that the use levels and estimates of dietary exposure to ARA
are consistent with those reported in previous GRNs (GRN 000326, GRN 000730), we
note that BASF’s estimates are not the same as those cited previously in GRNs (42 mg/kg
bw/d for term infants; 27 mg/kg bw/d for preterm infants). Further, BASF’s estimates of
dietary exposure for ARA fall outside the cited range of 35-45 mg/kg bw/day
recommended in Koletzko et al. (2014) for very low birth weight infants. Please correct
these discrepancies and clarify estimates of exposure for term and preterm infants relative
to current recommendations for these populations. In your response, please indicate
assumptions used, including body weights for term and preterm infants, in preparing your
estimates.
Response:
The following revision to the Dietary Exposure section (Part 3) is as follows:
As presented and discussed in previous GRAS submissions (FDA, 2001a,b, 2006, 2010,
2018), assuming incorporation of the proposed ARA ingredient at a maximum use level
of 0.75% of total fat in term infants and 0.40% in pre-term infants, the intake of ARA
would be 27 mg/kg bw/day and 42 mg/kg bw/day for pre-term and term infants,
respectively. These estimates are based on the following assumptions: (1) pre-term
infants consume 120 kcal/kg bw/day and term infants consume 100 kcal/kg bw/day; (2)
fat comprises approximately 50% of the available energy in human milk or infant
formula, (3) pre-term infants consume approximately 6.7 g fat/kg bw/day and term
infants consume approximately 5.6 g fat/kg bw/day, and (4) a pre-term infant body
weight of approximately 2.0 kg and term infant body weight of approximately 3.5 kg.
This ARA intake estimate is in agreement with current recommendations for ARA
consumption by pre-term and term infants of 35–45 mg/kg bw/day (Koletzko et al.,
2014).
2. Please clarify that the following is correct: “M. alpina strain XM027 has been deposited
at the CGMCC (China General Microbiological Culture Collection Center) under registry
number 21451.” In your March 3, 2021 email, you cite the culture collection as CCMCC
(China General Microbiological Collection Agency), which appears to be incorrectly
cited.
Response:
You are correct, the sentence in question should read “M. alpina strain XM027 has been
deposited at the CGMCC (China General Microbiological Culture Collection Center)
under registry number 21451.”

3. In the amendment received on May 28, 2021, BASF stated that “the intended source of
the protein base would include all currently available protein base sources (e.g., milk,
soy, others).” In the same amendment, BASF stated that “BASF is no longer considering
the use of the proposed ARA ingredient in hypoallergenic infant formulas.” Please
confirm that the ARA oil is intended to be used in cow milk-based and soy-based infant
formulas only. (We note that whey-based formulas would be included under cow milkbased formulas).
Response:
We confirm that the ARA oil is intended to be used in cow milk-based and soy-based
infant formulas only.

