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SECTION C — GENERAL ADMINISTRATIVE INFORMATION

1. Name of notified substance, using an appropriately descriptive term
Jh-oleicalgal oil

2. Submission Format: (Check appropriate box(es)) 3. For paper submissions only:
. ission Gat
[ Etectronic Submission Gateway [_] Electronic files on physical media Number of volumes 1
Paper

If applicable give number and type of physical media
Total number of pages 91

4. Does this submission incorporate any information in CFSAN's files? (Check one)
Yes (Proceed toltem 5) [ JNo (Proceed to Item 6)

5. The submission incorporates information from a previous submission to FDA as indicated below (Check all that apply)
[X] a) GRAS Notice No. GRN 527
|:| b) GRAS Affirmation Petition No. GRP
[ ¢) Food Additive Petition No. FAP
[] d) Food Master File No. FMF

[_] e) Other or Additional (describe or enter information as above)

6. Statutory basis for conclusions of GRAS status  (Check one)
Scientific procedures (27 CFR 170.30(a) and (b)) ] Experience based on common use in food (27 CFR 170.30(a) and (c))

7.Does the submission (including information that you are incorporating) contain information that you view as trade secret
or as confidential commercial or financial information? (see 21 CFR 170.225(c)(8))
Yes (Proceed to Item 8
No (Proceed to Section D)

8. Have you designated information in your submission that you view as trade secret or as confidential commercial or financial information
‘Check all that apply)

DYes, information is designated at the place where it occurs in the submission
I:‘NO

9. Have you atfached a redacted copy of some or all of the submission? (Check one)
Yes, a redacted copy of the complete submission
Yes, a redacted copy of par{(s) of the submission

I:‘NO

SECTION D - INTENDED USE

1. Describe the intended conditions of use of the notified substance, including the foods in which the substance will be used, the levels of use
in such foods, and the purposes for which the substance will be used, including, when appropriate, a description of a subpopulation expected
to consume the notified substance.

High-oleic algal oil may be used as a partial replacement of conventional vegetable and non-vegetable oils in a variety of conventional
food groups, none of which have a standard of identity, resulting in an estimated 90th percentile consumption level of 27.47 g/day by
consumers of products (eater's only) of the U.S. population. The foods High-oleic algal oil will be used in are in ppm: baked goods at
20,000-70,000; baked desserts at 30,000-50,000; meal replacements at 30,000-50,000; cereals and bars at 20,000-150,000; cheese
spread at 100,000; margarine and margarine-like spreads at 450,000-700,000; butter-like spreads at 700,000; vegetable oil and shorteni

2.Does the intended use of the notified substance include any use in product(s) subject to regulation by the Food Safety and Inspection
Service (FSIS) of the U.S. Department of Agriculture?
(Check one)

XYes [ JNv

3. If your submission contains trade secrets, do you authorize FDA to provide this information to the Food Safety and Inspection Service of the
U.S. Department of Agriculture?
(Check one)

X Yes |:| No , you ask us to exclude trade secrets from the information FDA will send to FSIS.
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SECTION G - LIST OF ATTACHMENTS '

List your attached files or documents containing your submission, forms, amendments or supplements, and other pertinent information.
Clearly identify the attachment with appropriate descriptive file names (or titles for paper documents), preferably as suggested in the

dance associated with this form. Number your attachments consecutively. When submitting paper documents, enter the inclusive page
.wumbers of each portion of the document below.
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~MB Statement: Public reporting burden for this collection of information is estimated to average 170 hours per response, including

; time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and
reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden to: Department of Health and Human Services,Food and Drug Administration, Office of Chief
Information Officer, PRAStaff@fda.hhs.gov. (Please do NOT return the form to this address.). An agency may
not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a currently valid OMB
control number. ‘
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1. Signed Statements and Certification

In accordance with 21 CFR §170, Subpart E — Generally Recognized As Safe (GRAS)
Notice, I, Ray A. Matulka, Ph.D., am submitting a notice of the conclusion of GRAS status of
the production and sale of a high-oleic algal oil (HO algal oil)! for the use as specified in this
notification, as the agent of the notifier [TerraVia Holdings, Inc. (TerraVia, formerly known as
Solazyme, Inc.)] because it has been concluded that such uses are GRAS.

Notifier: Agent of the Notifier:
TerraVia Holdings, Inc. Ray A. Matulka, Ph.D.
(formerly known as Solazyme, Inc.) Director of Toxicology
225 Gateway Blvd Burdock Group
South San Francisco, CA 94080 859 Outer Road

Orlando, FL 32814

Telephone: 407-802-1400

Facsimile: 407-802-1405

Email: rmatulka@burdockgroup.com

A. Name of the Notified Substance
For the purposes of this GRAS notification, the name used to describe the ingredient is:
High-Oleic Algal Oil

High-oleic algal oil is the name of the ingredient that was the subject of GRN 000527 and
and as such the high-oleic algal oil that is the subject of this conclusion of GRAS status has the
same specifications and uses and can therefore may be used as a substitute for the oil that was the
subject of GRN 000527, and is appropriate for consumer labeling as it can be a replacement for
commonly used substances with similar structure, function, and uses (i.e., soybean, canola and
olive oil).

B. Conditions of Use

High-oleic algal oil may be used as a partial replacement of conventional vegetable and
non-vegetable dietary oils in a variety of conventional food groups (Table 1) none of which have
a standard of identity,” resulting in an estimated 90™ percentile consumption level of 27.47 g/day
by the general U.S. population.

! The conclusion of GRAS status specific to this notification was concluded by an Expert Panel evaluating the
modification of the source organism in the production of HO algal oil as an amendment to the GRAS status for
High-Oleic algal oil described in GRN 000527. The present notification incorporates the term amendment to reflect
the language contained in the conclusion of GRAS status completed by the Expert Panel. :

2 All food categories designated by TerraVia have been utilized in the estimated dietary intake calculations as
" appropriate; however, certain categories designated by TerraVia may contain foods for which a standard of identity
exists. We note that an ingredient that is lawfully added to food products may be used in a standardized food only if
it is permitted by the applicable standard of identity. TerraVia confirms that the high-oleic algal oil will be added only
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Table 1. Food groups selected for HO algal oil supplementation*®

Food Category Intended use level (ppm)
Baked goods (bread, dry mixes, rolls, bagels, biscuits, cornbread, tortillas and 20,000-70,000
croutons)

Baked desserts (sweet rolls, muffins, scones, cakes, cheesecake, pie, cobbler, crisps, 30,000-50,000
doughnuts, turnovers, strudel and cookies)

Meal replacement bars, drinks and protein supplements 30,000 -50,000
Cereals and bars (granola, muesli and dry cereal) 20,000-150,000
Cheese spreads 100,000
Margarine and margarine-like spreads 450,000-700,000
Butter-like spreads 700,000
Vegetable oil and shortening 700,000-1,000,000
Salad dressings and mayonnaise 500,000-700,000
Sauces, gravies and dressings 20,000-60,000
Nut spreads, nuts and seeds 50,000
Dairy and milk products (including analogs) (whipped topping, cream substitute, milk 10,000-100,000
imitation and flavored)

Gelatins and puddings 30,000
Soups and broth 20,000-30,000

Meat products** 20,000-50,000
Frozen dairy desserts 30,000
Snacks (crackers, popcorn, crisp bread, salty snacks, popcorn, pretzel and chips) 145,000-350,000
Soft candy (caramels, fruit snacks, covered nuts 30,000
Confectionary (icing and marshmallows) , 20,000-250,000

*The food categories correspond to those listed in 21 CFR 170.3(n). The number in parenthesis following each food category is
the paragraph listing in 21 CFR 170.3(n) for that food category. ** Meat Products (mixtures), including all meats and meat
containing dishes, salads, appetizers, frozen multicourse meat meals, and sandwich ingredients prepared by commercial
processing or using commercially processed meats with home preparation; ppm=parts per million.

C. Basis of GRAS Determination

Pursuant to 21 CFR §170.3, a conclusion of continued GRAS status through scientific
procedures, in accordance with 170.30(a) and (b), was found for the use of high-oleic algal oil as
an ingredient in food for its intended conditions of use.

D. Premarket Approval Exemption

TerraVia Holdings, Inc. (TerraVia, previously known as Solazyme, Inc.), 225 Gateway
Blvd. South San Francisco, CA 94080, has concluded that high-oleic algal oil, derived from non-
toxigenic classically and genetically modified strains of Prototheca moriformis, is generally
recognized as safe (GRAS) as a food ingredient and therefore, exempt from the requirement of
premarket approval of the Federal Food, Drug and Cosmetic Act and from environmental impact,
under the conditions of its intended use.

E. Availability of Information

The data and information that serve as a basis for this GRAS determination are available
for FDA review and copying at reasonable times at:

Burdock Group
859 Outer Road
Orlando, FL 32814

to foods for which a standard of identity does not exist or to those foods with a standard of identity that does not
specify a particular fat.
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H. United States Department of Agriculture, Food Safety Inspection Service Review

Where applicable, as required by §170.270, FDA is authorized to send any trade secrets to
the Food Safety and Inspection Service (FSIS) of the U.S. Department of Agriculture (USDA) or
ask FDA to exclude any trade secrets from the copy of the GRAS notice that will be sent to FSIS.

[Remainder of this page is blank]
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2. Detailed Information about the Identity of the Notified Substance
A. Identity of high-oleic algal oil

High-oleic algal oil (HO algal oil) is a clear, pale to wheat yellow-colored, refined,
bleached and deodorized oil with high levels of oleic acid, produced from a strain of Prototheca
moriformis that has been modified via classical mutagenesis and targeted genetic modification.

The HO algal oil provided in this conclusion of GRAS status meets specifications of the
algal oil described in GRN 000527, except for a change to the p-anisidine specification and, as
shown in Table 2, the HO algal oil produced using strain P. moriformis S6697 meets specifications
stated in GRN 000527 when evaluated under the revised p-anisidine specification. The p-anisidine
specification was < 2% in the GRAS that was the subject of GRN 000527 but has been amended
to < 10% to align with and reflect p-anisidine levels® noted in the industry for food oil quality.

Table 2. Specifications for HO algal oil.

Batch Analysis Results of current
HO algal oil (n = 3)

Parameter Method Specification Range Average
Appearance Visual inspection Clear, pale
yellow to Conforms Conforms
‘ wheat yellow

Odor Olfactory inspection Slight Conforms Conforms
Fatty acid profile C-M-00036-000 Rev 0?

Oleic acid (C18:1) >80 Area%  87.89-88.70 Areca%  88.27 Area %

Linoleic acid (C18:2) <10 Area % 0.99 — 1.93 Area % 1.53 Area %

fé‘i}é“;;‘l’;‘;llz;“c acid <0.8 Area%  0.16-027 Area%  0.20 Area %
Total Saturated Fat C-M-00036-000 Rev 0* <15 Area % 7.85 - 8.38 Area % 8.06 Area %
Free Fatty Acids AOCS Ca 5a-40 <0.1 % 0.03 % 0.03 %
Moisture Content C-M-00118-000Rev 1° <0.1% 0.01-0.09% 0.04 %
Unsaponifiable Matter AOCS Ca 6a-40 <1.0 % 0.20-0.70% 0.37%
Peroxide Value AOCS Cd 8-53 <5 meq/kg 0-1.18 meg/kg 0.59 meq/kg
p-Anisidine Value ISO 6885 <10% 0.20-0.59 % 0.40 %
Elements by ICP

Lead AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Arsenic AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Mercury AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Cadmium AOCS Ca 17-01 <0.1 ppm <0.03 ppm <0.03 ppm

Phosphorus AOCS Ca 20-99 <0.5 ppm <0.20 ppm <0.20 ppm

Sulfur AOCS Ca 17-01 <3 ppm <0.50 ppm <0.50 ppm

2 C-M-00036-000 Rev 0, Total Deliverable Fatty Acid Methyl Ester Content and Profiles of Algal Oil Samples by Direct
Transesterification (internal method; APPENDIX I);

b C-M-00118-000 Rev 1, Karl Fischer Moisture Determination of Oil (internal method; APPENDIX II).

AOCS = American Oil Chemists' Society; ISO = International Standards Organization; meq = milliequivalents; ppm = parts
per million.

3 Edible marine oils evaluated under the GOED Organization suggest a maximum p-anisidine value of 20 (GOED,
2015), while others in the edible oil industry suggest a p-anisidine value of 10 as an indicator of good quality oil
(Halvorsen and Blomhoff, 2011; Moigradean et al., 2012; Yun and Surh, 2012; Miller, Unknown).The p-anisidine
value is a measure of secondary oxidation, mainly of aldehydes such as 2,4-dienals and 2-alkenals, which correlate
with overall oil odor intensity (Yun and Surh, 2012).
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A.1. Composition of high-oleic algal oil

The fatty acid composition analysis of high-oleic algal oil (Table 3) confirms that the levels
of the major fatty acids produced as discussed in this notification are within specifications
described in the conclusion of GRAS status for HO algal oil as described in GRN 000527 and as
such are compositionally comparable, and are not different from the levels of the fatty acids found
in some commonly consumed oils. Current lot analyses of HO algal oil show that oleic acid is the
predominant fatty acid (~88% TFA*), followed by palmitic (~3.5% TFA) and stearic fatty acids
(~3.7% TFA), with low levels of linoleic (~1.53% TFA) and alpha-linolenic (~0.22% TFA) fatty
acids. All specified fatty acid levels are within current specifications for HO algal oil provided in
GRN 000527, and similar in composition to other high oleic acid-containing oils, except for the
reduction in linoleic acid (Table 3).

[Remainder of this page is blank]

* TFA = Total fatty acid.
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A.2. Source Organism Taxonomic Analysis

The genus Prototheca, which is composed of achlorophyllous,’ eukaryotic microalgae,
belongs to the Trebouxiophyceae class in phylum Chlorophyta. The more familiar Chlorella genus
is also a member of the same class in the same phylum. Although Prototheca are occasionally
referred to as ‘colorless Chlorella’ due their lack of chloroplasts and photosynthetic pigments and
close relationship with C. protothecoides (aka Auxenochlorella protothecoides), Prototheca have
several additional differentiating traits when compared with Chlorella spp.; Prototheca spp. are
acidophilic, are thiamine auxotrophs, and cannot utilize nitrate as a sole nitrogen source, but can
use a variety of hydrocarbons as sole carbon sources (Running et al., 2003). Of all the
heterogeneous species that comprise the Chlorella genus, only C. protothecoides (A.
protothecoides) shares most of these distinguishing characteristics and is recognized to be
particularly closely related to Prototheca spp. (Conte and Pore, 1973; Running et al., 2003).

Prototheca are spherical or ovoid unicellular heterotrophic eukaryotes (3 — 30 pm in
diameter) that have double-layered cell walls which, similar to C. profothecoides, contain
sporopollenin.® These achlorophyllous green microalgae lack chloroplasts and buds (Lass-Florl
and Mayr, 2007; Hillesheim and Bahrami, 2011; Mayorga et al., 2012). Reproduction is by asexual
endosporulation; two to 16 endospores (2 — 10 pm), symmetrically or randomly arranged in the
sporangia, develop until they emerge via rupture of the parent sporangial cell wall (DiPersio, 2001;
Lass-Florl and Mayr, 2007; Hillesheim and Bahrami, 2011; Mayorga et al., 2012). In the presence
of adequate nutrients, reproductive cycles with release of sporangiospores can occur every 5 - 6
hours (Lass-Florl and Mayr, 2007).

Prototheca spp. are ubiquitous in the environment. First isolated in 1892 — 1894 from the
slime fluxes (i.e., sap released from tree wounds) of lime, horse chestnut and elm trees in Germany
(Kriiger, 1894), Prototheca spp. have since been isolated from a wide variety of sources,’ including
environmental sources such as soil, decaying plant matter, sewage, and water, as well as from
human and animal sources (e.g., feces, milk, sputum, and/or lesions) (Shahan and Pore, 1991;
Mayorga et al., 2012).

The number of species assigned to the Prototheca genus has varied over the years as
understanding of the phylogenetic relationships has increased. A majority of the scientific
literature currently recognizes five species in the genus: P. wickerhamii, P. zopfii, P. stagnora, P.
ulmnea, and P. blaschkeae (Roesler et al., 2006, Marques et al., 2008; Mayorga et al., 2012).
Arholdt et al. (2012) recognizes P. cutis as a sixth. Although P. moriformis has at times been
considered a species (Pore, 1985; Roesler et al., 2003; Ueno et al., 2005; Jagielski and Lagneau,
2007), the assignment has generally not been accepted as valid (Pore, 1985; Roesler et al., 2003,
Ueno et al., 2003; Ueno et al., 2005; Lass-Florl and Mayr, 2007; Marques et al., 2008; Pore, 2011;
Mayorga et al., 2012) During a recent interval that P. moriformis was considered a species and P.
blaschkeae was categorized as a variant (biotype) of P. zopfii (Roesler et al., 2006; Mayorga et al.,
2012), sequence analysis of the 18S rRNA gene identified P. blaschkeae as a species rather than a

5 Achlorophyllous = without photosynthetic pigments.

6 Rare but natural oxidative carotenoid polymers that occur in a few microorganisms and plants.

7 Of 100 randomly selected strains of Prototheca held in the private culture collection belonging to Professor R. Scott
Pore at the West Virginia University Medical School, Charleston WV), 7 had been isolated from humans, 35 from
animals, and 58 from the environment (Shahan and Pore, 1991; Running et al., 2003).
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A.4. Modified Prototheca moriformis

In the original conclusion of GRAS status for HO algal oil as detailed in GRN 000527, the
HO algal oil was produced from P. moriformis strain S2532, a classically improved and genetically
modified strain originating from the wild-type P. moriformis Kruger strain UTEX 1435
(designated by TerraVia as S376). To summarize, S376 was subjected to classical mutagenesis,
resulting in a strain with increased triglyceride production, productivity and yield of oil. This strain
was then subjected to genetic engineering in which the Saccharomyces cerevisiae® sucrose
invertase gene (SUC?2) was inserted to serve as a selectable marker by conferring the ability to
utilize sucrose as a carbon source. In addition, a thioesterase gene from Carthamus tinctorius, the
safflower plant, was inserted. This gene encodes for a carrier protein that plays an essential role in
oleic acid chain termination during de novo fatty acid synthesis. These genetic modifications
resulted in strain S2532, which grows on sucrose and produces an oleic acid-rich oil (>80%).

TerraVia continued to analyze classically improved strains originating from S376 for more
favorable attributes. S376 underwent a classical strain improvement regime using chemical
mutagenesis to generate S1331, the source strain for S2532. S133 1 then underwent further classical
strain improvement, using both chemical and UV mutageneses, which resulted in a classically
improved strain, S5100, which produced a higher percentage of oleic acid, compared to the
originator strain S376.

S5100 was then transformed to disrupt a single copy of an endogenous thioesterase gene
while overexpressing an endogenous P. moriformis synthase gene to increase the ability for fatty
acid chain elongation. Fatty acid biosynthesis occurs in the plastid cellular compartment of P.
moriformis. Here, chain elongation of fatty acid synthesis occurs via condensation reactions of an
acyl-group with malonyl-ACP, resulting in the attachment of two carbon atoms per elongation
cycle. An endogenous thioesterase gene in S5100 was disrupted by homologous recombination
through biolistic transformation, also known as particle bombardment, resulting in ablation of the
gene (Figure 1). The thioesterase is involved in terminating the fatty acid chain elongation at
C16:0, without which, fatty chain elongation continues to C18:0. As part of the gene disruption
cassette, two additional genes were expressed. The first is the Saccharomyces cerevisiae SUC2
gene encoding sucrose invertase which confers the ability to utilize sucrose as a carbon source and
serves as a selectable marker. The second gene is an endogenous P. moriformis synthase gene
whose overexpression results in higher levels of synthase protein which promotes fatty acid chain
elongation from C16:0 to C18:0. The C18:0 fatty acids then undergo desaturation resulting in
C18:1 (oleic acid). Southern blot analysis using SUC?2 specific probes shows that the resulting
strain, S5587, contains a single copy of the SUC2 gene (Figure 2).

[Remainder of this page is blank]

2 Typical yeast used in the production of bread, wine and other foods.
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The resulting strain, S6697, produces approximately 3% C16:0 (palmitic acid), 2% C18:0
(stearic acid) and 90% C18:1 (oleic acid) and is currently used in the production of HO algal oil.
In summary, the genetic modifications were a reduction in the expression of an endogenous gene,
an increase in expression of an endogenous gene, and insertion of two genes as selectable markers
that allow for use of sucrose and melibiose as carbon sources. These genetic modifications in the
strain that now produces HO algal oil are similar to the modifications in the production strain
S2532 that was described in GRN 000527. The HO algal oil containing a high level of oleic acid
with reduced levels of linoleic acid utilizing production strain S6697 meets the same specifications
as the HO algal oil produced with S2532. There is no reason to believe that HO algal oil produced
from S6697 would have a safety profile different from HO algal oil produced from S2532.

The stability of the transgenes inserted into strain S6697 was assessed by Southern blot
analysis, in which cells resulting from a high cell density fermentation were grown in liquid culture
with glucose as the sole carbon source (non-selective media), then plated onto media containing
glucose. Individual colonies (n=48) were then transferred to a medium with melibiose as the sole
carbon source. All 48 of the 48 transferred colonies exhibited growth on the melibiose-containing
plate after more than 30 generations of growth in the absence of the melibiose selection, indicating
100% stability of the inserted transgenes.

Prior to insertion of the hairpin gene sequence, the oil produced from strain S5587 was
analyzed for production of algal and cyanobacterial toxins by liquid chromatography with tandem
mass spectrometric detection for: amnesic shellfish poisoning toxins (domoic acid), diarrrhetic
shellfish poisoning toxins (okadaic acid, dinophysistoxin-1, pectenotoxin-2, azaspiracid-1,
yessotoxin, and homo-yessotoxin), paralytic shellfish poisoning toxins (gonyautoxins 1-6;
decarbamoylgonyautoxins 2 and 3; saxitoxin; decarbamoylsaxitoxin; neosaxitoxin and ciguatoxins
1-4), cyanobacterial toxins (microcystin-RR, -YR, -LR, -LW, -LF, -LA, -WR, -LY and -HtyR and
dm-microcystin-RR and -LR), nodularin, anatoxin and cylindrospermopsin. No toxins were
detected above the limits of detection (Food GmbH Jena Analytik, 2013), consistent with the HO
algal oil produced by strain S2532 described in GRN 000527. This corroborative information on
the absence of algal and cyanobacterial toxins indicates that altering the expression of endogenous
genes in this strain lineage does not induce toxin formation or toxin levels in the resulting oil.

S6697 strain was evaluated utilizing the Pariza and Johnson (2001) decision tree that was
originally devised for the evaluation of microbial enzyme preparations to be used in food
processing, but can be utilized in a general fashion in evaluating the safety of products generated
from genetically engineered microorganisms. Strain S6697 meets the first aspects of the decision
tree, as it is genetically modified through recombinant DNA techniques, while the expressed
product (HO algal oil) has a history of safe use and is free of transferable antibiotic resistance gene
DNA (no antibiotic resistance genes were used in the production of S6697). All of the introduced
DNAs are well characterized, as discussed above, and are integrated into the genome in a well-
defined, non-random nature.

The P. moriformis strain lineage is considered a safe-strain lineage, as the P. moriformis
microalgae is not recognized in the scientific literature to be associated with pathogenicity, and the
production of a refined, bleached, and deodorized oil would remove the potential for viable algal
organisms in the final HO algal oil product. Pariza and Johnson (2001) concluded for enzyme
preparations that “pathogenic potential is not usually an area of concern for consumer safety
because enzyme preparations rarely contain viable organisms”, but can still be evaluated. The same
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conclusion of a lack of viable organisms holds true for the production of a highly refined oil, as no
viable organisms have been detected in the resulting oil when produced through the TerraVia HO
algal oil production process. In addition, a corroborative study on a closely related P. moriformis
strain (derived from the same source strain) was not pathogenic when evaluated in a study designed
to determine if microbial agents would would become systemic in the body and survive or be
pathogenic after oral administration (Solazyme, 2012).2> As no viable organisms remain in the
highly refined oil, this pathogenicity study is corroborative to the safety of the final HO algal oil
product. Based on the data described and evaluated through the Pariza and Johnson (2001) decision

tree, the genetic changes utilized do not adversely impact the safety of P. moriformis strain S6697
as a production strain, and the strain changes discussed above do not affect the safety or identity
of the GRAS status of HO algal oil. Such process changes are necessary to improve the product
for the benefit of the consumers.

B. Method of Manufacture

The source organism used to produce HO algal oil has been substantively changed
(described in section A.4 of this notification), compared to the source organism detailed in GRN
000527. However, the remainder of the manufacturing process of the HO algal oil described in the
conclusion of GRAS status for HO algal oil produced via strain S6697 has not changed since the
original conclusion of GRAS status was finalized and detailed in GRN 000527. To summarize, the
fermentation substrate used in the production of the HO algal oil has not changed since the original
conclusion of GRAS status. HO algal oils are produced using processes that incorporate high
temperatures and pressure. After growth of the oil-producing P. moriformis strain, the final broth
is inactivated by heat in an evaporator, resulting in complete loss of microalgal viability. After
processing through the evaporator, the inactivated broth is sent to a drum dryer and dried at high
temperatures, which provides a redundant inactivation step. Following mechanical extraction, the
oil itself undergoes a traditional refining, bleaching, and deodorizing (RBD) process just like other
plant oils (AOCS, 2011).

Due to the RBD process, refined oils are normally free from microbial contamination and
do not contain sufficient water or moisture needed for microbial growth (ICMSF, 2005). HO algal
oil has less than 0.1% moisture (Table 2), similar to other refined food oils. Testing of 3 lots of
HO algal oil for microbial content (Table 4) shows no microbial growth in HO algal oil produced
via strain S6697.

Table 4. Microbial data on 3 lots of HO algal oil produced via strain S6697

Sample ID # RBD 850-C RBD §31-A RBD 789-C
Aerobic Plate Count <10(/g) <10(/g) <10(/g)
Coliforms <3(/g) <3(/g) <3(/g)

E. coli Negative(/10g) Negative(/10g) Negative(/10g)
Mesophilic Aerobic Spores <1.0(/g) <1.0(/g) <1.0(/g)

Mold <10(/g) <10(/g) <10(/g)
Pseudomonas aeruginosa Negative(/25g) Negative(/25g) Negative(/25g)
Salmonella Negative(/375g) Negative(/375g) Negative(/375g)
Staphylococci Negative(/25g) Negative(/25g) Negative(/25g)
Yeast <10(/g) <10(/g) <10(/g)

% Study based on the U.S. EPA Health Effects Test Guidelines, OPPTS 885.3050, Acute Oral
Toxicity/Pathogenicity Study (1996) and U.S. FDA Toxicological Prinicples of the Safety Assessment of Food
Ingredients, Redbook, 2000, IV.C. 3a: Short-Term Toxicity Studies with Rodents (2003).
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Sample ID # RBD 850-C RBD 831-A RBD 789-C
#All sample results are provided as colony forming units (CFU).

To confirm the presence or absence of algal DNA in the finished oil, HO algal oil was
assayed using quantitative Real-Time quantitative polymerase chain reaction (Real-Time qPCR).
Two genes present in the oil-producing P. moriformis strain were targeted for specific
amplification and quantification: an endogenous algal gene encoding a desaturase which serves as
an internal genomic control and the inserted sucrose invertase (SUC2) transgene.

Results showed no detection of the presence of DNA, endogenous or transgenic, in the HO
algal oil or the negative controls, as evidenced by the lack of specific amplification. DNA was
only detected in positive controls, where neat refined, bleached, deodorized (RBD) HO algal oil
samples were spiked with genomic P. moriformis DNA (gDNA) in amounts ranging from 10 ng
to 0.01 ng (Table 5). All samples were run in triplicate and three independent runs were conducted.
This corroborative study data indicates that the RBD process removes source organism DNA from
the oil, as indicated by the absence of representative endogenous and inserted DNA in the RBD
HO algal oil.

[Remainder of this page is blank]
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Table 5. Real-time qPCR cycle threshold for endogenous and inserted genes from P. moriformis genomic
DNA in HO algal oil (Yu and Zhao, 2015). Samples were assayed for specific amplification with primers
targeting the endogenous desaturase gene (A) or the inserted SUC2 transgene (B). The results shown are mean
+ standard deviation in triplicate, for each of the three replications.

A. Endogenous Desaturase Gene
Amount of n=1 n=2 n=3
Sample gDNA in PCR Cq Std. Cq Std. Cq Std.
Reaction Cq Dev. Cq Dev Cq Dev
10ng 21.01 0.443 20.54 0.498 21.59 0.045
Neat RBD HO Ing 24.47 0.495 25.27 0.230 25.11 0.294
Algal Oil 0.1ng 26.80 0.769 32.27 0.548 30.67 1.254
0.01 ng 3247 0.743 34.74 0.640 33.20 0.944
Neat RBD HO
Algal Oil Ong 0.00 0.000 0.00 0.000 0.00 0.000
NTC 0ng 0.00 0.000 0.00 0.000 0.00 0.000
B. Inserted SUC2 Transgene
Amount of n=1 n=2 n=3
Sample gDNA in PCR Cq Std. Cq Std. Cq Std.
Reaction Cq Dev Cq Dev Cq Dev
10 ng 18.05 0.333 19.44 0.423 20.41 0.553
Neat RBD HO Ing 23.64 0.451 24.81 0.326 23.26 0.435
Algal Oil 0.1 ng 24.62 0.599 26.74 0.086 28.45 2.862
0.01ng 26.78 0.402 31.65 0.076 32.95 1.323
Neat RBD HO
Algal Oil Ong 0.00 0.000 0.00 0.000 0.00 0.000
NTC 0ng 0.00 0.000 0.00 0.000 0.00 0.000

NTC = negative controls containing no DNA; Cq = quantitation cycle at which fluorescence from amplification exceeds
background fluorescence; ng = nanogram.
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C. Specifications
The HO algal oil for the use as an ingredient in foods is manufactured to meet specification
as indicated in Table 6.

Table 6. Specifications for HO algal oil.

Batch Analysis Results of current

HO oil (n =3)
Parameter Method Specification Range Average
Appearance Visual inspection Clear, pale
yellow to Conforms Conforms
wheat yellow

Odor Olfactory inspection Slight Conforms Conforms
Fatty acid profile C-M-00036-000 Rev (2

Oleic acid (C18:1) >80 Area %  87.89-—88.70 Areca%  88.27 Area %

Linoleic acid (C18:2) <10 Area % 0.99 - 1.93 Area % 1.53 Area %

féﬁ@“;;‘;}};;“" acid <0.8 Area%  0.16-027 Area%  0.20 Area %
Total Saturated Fat C-M-00036-000 Rev 0 <15 Area % 7.85 - 8.38 Area % 8.06 Area %
Free Fatty Acids AOCS Ca 5a-40 <0.1 % 0.03 % 0.03 %
Moisture Content C-M-00118-000Rev 1° <0.1 % 0.01-0.09 % 0.04 %
Unsaponifiable Matter AQCS Ca 6a-40 <1.0 % 0.20-0.70% 0.37%
Peroxide Value AQOCS Cd 8-53 <5 meg/kg 0 - 1.18 meg/kg 0.59 meg/kg
p-Anisidine Value ISO 6885 <10% 0.20-0.59 % 0.40 %
Elements by ICP

Lead AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Arsenic AOQOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Mercury » AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Cadmium AQCS Ca 17-01 <0.1 ppm <0.03 ppm <0.03 ppm

Phosphorus AQCS Ca 20-99 <0.5 ppm <0.20 ppm <0.20 ppm

Sulfur AOQOCS Ca 17-01 <3 ppm <0.50 ppm <0.50 ppm

2 C-M-00036-000 Rev 0, Total Deliverable Fatty Acid Methyl Ester Content and Profiles of Algal Oil Samples by Direct
Transesterification (internal method; APPENDIX I);

5 C-M-00118-000 Rev 1, adapted from the Karl Fischer Moisture Determination of Oil (internal method; APPENDIX II).
AOCS = American Oil Chemists' Society; ISO = International Standards Organization; meq = milliequivalents; ppm = parts
per million.

[Remainder of this page is blank]
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3. Dietary Exposure

The intake profile (amount and frequency) by individuals in USDA’s What We Eat in
America (WWEIA) Continuing Survey of Food Intakes by Individuals 2011-2012 (Dwyer et al.,
2003) was used to calculate the estimated daily intake (EDI) of the current HO algal oil produced
from a classically and genetically engineered strain of P. moriformis, for individuals consuming
the food groups selected for the addition of HO algal oil per this conclusion of GRAS status (i.e.,
“eaters only”). Through product evaluation and use assessments, TerraVia found the ability to
utilize HO algal oil in additional food groups and at increased levels of use, compared to the use
levels stated in GRN 000527. The food groups as defined by the FDA (21 CFR §170.3(n)) stated
in the conclusion of GRAS status are provided in Table 7.

Table 7. Food groups selected for HO algal oil supplementation*

Food Category Intended use level (ppm)
Baked goods (bread, dry mixes, rolls, bagels, biscuits, cornbread, tortillas and 20,000-70,000
croutons)

Baked desserts (sweet rolls, muffins, scones, cakes, cheesecake, pie, cobbler, crisps, 30,000-50,000
doughnuts, turnovers, strudel and cookies)

Meal replacement bars, drinks and protein supplements 30,000 -50,000
Cereals and bars (granola, muesli and dry cereal) 20,000-150,000
Cheese spreads 100,000
Margarine and margarine-like spreads 450,000-700,000
Butter-like spreads 700,000
Vegetable oil and shortening 700,000-1,000,000
Salad dressings and mayonnaise 500,000-700,000
Sauces, gravies and dressings 20,000-60,000
Nut spreads, nuts and seeds 50,000
Dairy and milk products (including analogs) (whipped topping, cream substitute, milk 10,000-100,000
imitation and flavored)

Gelatins and puddings 30,000
Soups and broth 20,000-30,000
Meat products** 20,000-50,000
Frozen dairy desserts 30,000
Snacks (crackers, popcom, crisp bread, salty snacks, popcom, pretzel and chips) 145,000-350,000
Soft candy (caramels, fruit snacks, covered nuts 30,000
Confectionary (icing and marshmallows) 20,000-250,000

*The food categories correspond to those listed in 21 CFR 170.3(n). The number in parenthes1s following each food category is
the paragraph listing in 21 CFR 170.3(n) for that food category.

** Meat Products (mixtures), including all meats and meat containing dishes, salads, appetizers, frozen multicourse meat meals,
and sandwich ingredients prepared by commercial processing or using commercially processed meats with home preparation.
ppm=parts per million

The mean and 90" percentile EDIs were calculated only for HO algal oil intake following
addition of the HO algal oil to the selected food groups. The mean and 90% percentile EDIs of HO
algal oil consumption is approximately 12.04 and 27.47 g/day HO algal oil, respectively (Table
8). This intake is approximately equivalent to 220.36 and 494.83 mg/kg bw/day, respectively, of
the HO algal oil. The consumption of oleic acid, the major monounsaturated fatty acid (MUFA) in
HO algal oil, from the addition of HO algal oil may result in a mean and 90* percentile intake of
oleic acid at 10.63 and 24.17 g/day, respectively. For a 60 kg person, the oleic acid intake would
be 177.17 and 402.83 mg/kg bw/day, respectively.
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Table 8. Predicted intake of HO algal oil following supplementation of selected foods
at the indicated levels

Per User (g/day) t
Mean 90™ Percentile
Possible consumption with HO algal oil as an added 12.04 27 47

ingredient to food

[Remainder of this page is blank]
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4. Current, Proposed, and Self-limiting Levels of Use

As a yeast-like algal genus, Prototheca spp. strains were surveyed along with oleaginous
yeasts to determine growth conditions that produce fatty acids appropriate for biodiesel feedstock?
(Sitepu et al., 2013). HO algal oil produced from P. moriformis S2532 was determined GRAS in
2014 and notified to the US FDA of the status in 2015 (GRN 527). After evaluation the GRAS
determination and provided a “no objection” letter (FDA, 2015).

The intended use of HO algal oil produced by the source organism described in this
notification or the source organism characterized in GRN 000527 has not changed from the use
stated in the original conclusion of GRAS status as detailed in GRN 000527, which is as a partial
replacement of conventional vegetable and non-vegetable dietary oils.

The quantity of the high-oleic algal oil used as a partial replacement for conventional
(lower-oleic) dietary oils would be self-limiting due to potential unpalatability.

[Remainder of this page is blank]

26 Requirements for high quality feedstocks include the efficient production of specific lipid content and profiles.
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5. Experience Based on Common Use in Food Before 1958

To my knowledge, HO algal oil was not used in food prior to January 1, 1958.

[Remainder of this page is blank]
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6. Basis for the Conclusion of GRAS Status

HO algal oil was determined GRAS in 2014 with a “no objection” letter from the US FDA
in 2015 (GRN 000527) (FDA, 2015).

The amendment to the conclusion that the intended use of HO algal oil is GRAS is on the
basis of scientific procedures, as described in the Amendment to the Dossier in Support of the
Generally Recognized as Safe (GRAS) Status of High-Oleic Algal Oil from a Modified Strain of
Prototheca moriformis as a Food Ingredient, dated 18 October 2016 (Solazyme, 2016). On the
basis of the data and information described in this GRAS dossier, and other publicly available
information, there is consensus among experts qualified by scientific training and experience to
evaluate the safety of substances added to food, that the HO algal oil is GRAS under the intended
conditions of use. The following sections describe the information that an Expert Panel utilized,
along with any other publicly available information the Panel deemed necessary, to conclude that
the HO algal oil, produced as indicated in the amendment, continues to meet GRAS status under
the intended conditions of use.

6.1  GRAS Introduction

High-oleic algal oil (HO algal oil; >80% oleic acid) is isolated from a classically improved
and genetically engineered strain of the Profotheca moriformis microalgae. HO algal oil was
previously concluded to meet GRAS status for use as a source of oil in foods at an estimated 90™
percentile consumption level of 12.5 g/day (Solazyme, 2014), and was notified of its GRAS status
to the United States Food and Drug Administration (FDA), who responded with a “no objection”
letter (FDA, 2015). The information contained in this section is a summary of the scientific
evidence that supports the continued GRAS status of HO algal oil as a food ingredient for human
consumption when used in additional foods or in the same foods at higher levels than were
described in the original GRAS dossier notified to FDA (designated as GRN 000527), resulting in
an increase in the overall consumption of HO algal oil as a food ingredient.

6.1.1. Description of the Ingredient

HO algal oil is a clear, pale to wheat yellow-colored,?’ refined, bleached and deodorized
oil with high levels of oleic acid, produced from a strain of Prototheca moriformis that has been
modified via classical mutagenesis and targeted genetic modification. The general descriptive
characteristics of the high-oleic algal oil are presented in Table 9.

Table 9. General description of HO algal oil.

Appearance Clear, pale to wheat-yellow oil

Packaging 44-gallon drums for most distributors; totes, bulk trucks and rail cars for large-scale
purchase and use

Storage Closed container at room temperature (22 — 27 °C)

Stability Six months

Intended use Partial replacement of conventional (lower-oleic acid) dietary oils

Functionality in food  Source of macronutrients consumed as a partial replacement of conventionsl (lower-oleic
acid) dietary oils

%7 The HO algal oil is not added to food with the intention of acting as a color. Although the HO algal oil is pale- to
wheat-yellow in bulk amounts, at the amounts added to food the color fades to near colorlessness. Under the
conditions of maximum usage in foods (up to 1,000,000 ppm or 100% in vegetable oil equivalent), the color of the
food to which the HO algal oil is added is not altered. HO algal oil is, therefore, exempt from the definition of a
color additive [FFDCA §201(t) and 21 CFR §70.3(f)] because the ingredient is not effective as a coloring agent.
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6.2. Identification of the Organism used in Ingredient Production

As described in the previous GRAS notification (GRN 000527), the genus Prototheca,
which is composed of achlorophyllous,* eukaryotic microalgae, belongs to the Trebouxiophyceae
class in phylum Chlorophyta. The more familiar Chlorella genus is also a member of the same
class in the same phylum. Although Prototheca are occasionally referred to as ‘colorless
Chlorella’ due their lack of chloroplasts and photosynthetic pigments and close relationship with
C. protothecoides (aka, Auxenochlorella protothecoides), Prototheca have several additional
differentiating traits when compared with Chlorella spp.; Prototheca spp. are acidophilic, are
thiamine auxotrophs, and cannot utilize nitrate as a sole nitrogen source, but can use a variety of
hydrocarbons as sole carbon sources (Running et al., 2003). Of all the heterogeneous species that
comprise the Chlorella genus, only C. protothecoides (A. protothecoides) shares most of these
distinguishing characteristics and is recognized to be particularly closely related to Prototheca spp.
(Conte and Pore, 1973; Running et al., 2003).

Prototheca are spherical or ovoid unicellular heterotrophic eukaryotes (3 — 30 pm in
diameter) that have double-layered cell walls which, similar to C. protothecoides, contain
sporopollenin.?? These achlorophyllous green microalgae lack chloroplasts and buds (Lass-Florl
and Mayr, 2007; Hillesheim and Bahrami, 2011; Mayorga et al., 2012). Reproduction is by asexual
endosporulation; two to 16 endospores (2 — 10 pm), symmetrically or randomly arranged in the
sporangia, develop until they emerge via rupture of the parent sporangial cell wall (DiPersio, 2001;
Lass-Florl and Mayr, 2007; Hillesheim and Bahrami, 2011; Mayorga et al., 2012). In the presence
of adequate nutrients, reproductive cycles with release of sporangiospores can occur every 5 - 6
hours (Lass-Florl and Mayr, 2007).

Prototheca spp. are ubiquitous in the environment. First isolated in 1892 — 1894 from the
slime fluxes (i.e., sap released from tree wounds) of lime, horse chestnut and elm trees in Germany
(Kriiger, 1894), Prototheca spp. have since been isolated from a wide variety of sources,®
environmental sources such as soil, decaying plant matter, sewage, and water, as well as from
human and animal sources (e.g., feces, milk, sputum, and/or lesions) (Shahan and Pore, 1991;
Mayorga et al., 2012).

The number of species assigned to the Prototheca genus has varied over the years as
understanding of the phylogenetic relationships has increased. A majority of the scientific
literature currently recognizes five species in the genus: P. wickerhamii, P. zopfii, P. stagnora, P.
ulmnea, and P. blaschkeae (Roesler et al., 2006; Marques et al., 2008; Mayorga et al., 2012).
Arholdt et al. (2012) recognizes P. cutis as a sixth. Although P. moriformis has at times been
considered a species (Pore, 1985; Roesler et al., 2003; Ueno et al., 2005; Jagielski and Lagneau,
2007), the assignment has generally not been accepted as valid (Pore, 1985; Roesler et al., 2003;
Ueno et al., 2003; Ueno et al., 2005; Lass-Florl and Mayr, 2007; Marques et al., 2008; Pore, 2011;
Mayorga et al., 2012). During a recent interval that P. moriformis was considered a species and P.

2 Achlorophyllous = without photosynthetic pigments.

% Rare but natural oxidative carotenoid polymers that occur in a few microorganisms and plants.

3P Of 100 randomly selected strains of Prototheca held in the private culture collection belonging to Professor R. Scott
Pore at the West Virginia University Medical School, Charleston WV), 7 had been isolated from humans, 35 from
animals, and 58 from the environment (Shahan and Pore, 1991; Running ef al., 2003).
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6.2.2. Modified Prototheca moriformis

In the original conclusion of GRAS status, the HO algal oil was produced from P.
moriformis strain S2532, a classically improved and genetically modified strain originating from
the wild-type P. moriformis Kruger strain UTEX 1435 (designated by TerraVia as S376). To
summarize, S376 was subjected to classical mutagenesis, resulting in a strain with increased
triglyceride production, productivity and yield of oil. This strain was then subjected to genetic
engineering in which the Saccharomyces cerevisiae*® sucrose invertase gene (SUC?2) was inserted
to serve as a selectable marker by conferring the ability to utilize sucrose as a carbon source. In
addition, a thioesterase gene from Carthamus tinctorius, the safflower plant, was inserted. This
gene encodes for a carrier protein that plays an essential role in oleic acid chain termination during
de novo fatty acid synthesis. These genetic modifications resulted in strain S2532, which grows on
sucrose and produces an oleic acid-rich oil (>80%).

TerraVia continued to analyze classically improved strains originating from S376 for more
favorable attributes and identified a classically improved strain, S5100, which produced a higher
percentage of oleic acid, compared to the originator strain S376. S5100 was then transformed to
disrupt a single copy of an endogenous thioesterase gene while overexpressing an endogenous P.
moriformis synthase gene to increase the ability for fatty acid chain elongation. The S. cerevisiae
SUC2 gene was also inserted to provide the ability to utilize sucrose as a carbon source and serves
as a selectable marker. The resulting strain, S5587, was then transformed with a hairpin RNAi
cassette to reduce expression of an endogenous desaturase gene that introduces double bonds in
the fatty acyl chain, leading to decreased formation of polyunsaturated fatty acids (e.g., linoleic
acid). The S. carlsbergensis*’ MELIgene was also inserted as a selectable marker to confer the
ability to grow on melibiose and serves as a selectable marker. Melibiase is an enzyme that has a
long history of safe commercial use in the food industry. For example, melibiase is used in the
sugar refining industry for the conversion of raffinose to galactose and sucrose (Furia, 1980). The
resulting P. moriformis strain S6697 produces approximately 3% C16:0 (palmitic acid), 2% C18:0
(stearic acid) and 90% C18:1 (oleic acid) and is to be used in the production of HO algal oil. In
summary, the genetic modifications were a reduction in the expression of an endogenous gene, an
increase in expression of an endogenous gene, and insertion of two genes as selectable markers
that allow for use of sucrose and melibiose as carbon sources. These modifications in the strain
that now produces HO algal oil are similar to the modifications used to produce S2532. The
production of HO algal oil containing a high level of oleic acid with reduced levels of linoleic acid
meets the same specifications as the HO algal oil produced with S2532. There is no reason to
believe that HO algal oil produced from S6697 would have a safety profile different from HO algal
oil produced from S2532.

The stability of the transgenes inserted into strain S6697 was assessed by Southern blot
analysis, in which cells resulting from a high cell density fermentation were grown in liquid culture
with glucose as the sole carbon source (non-selective media), then plated onto media containing
glucose. Individual colonies (n=48) were then transferred to medium with melibiose as the sole
carbon source. All 48 of the 48 transferred colonies exhibited growth on the melibiose-containing

46 Typical yeast used in the production of bread, wine and other foods.
47 S. carlsbergensis is a yeast used extensively in the production of lager beer (Wendland, 2014).
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plate after more than 30 generations of growth in the absence of the melibiose selection, indicating
100% stability of the inserted transgenes.

Prior to insertion of the hairpin gene sequence, the oil produced from strain S5587 was
analyzed for production of algal and cyanobacterial toxins by liquid chromatography with tandem
mass spectrometric detection for: amnesic shellfish poisoning toxins (domoic acid), diarrrhetic
shellfish poisoning toxins (okadaic acid, dinophysistoxin-1, pectenotoxin-2, azaspiracid-1,
yessotoxin, and homo-yessotoxin), paralytic shellfish poisoning toxins (gonyautoxins 1-6;
decarbamoylgonyautoxins 2 and 3; saxitoxin; decarbamoylsaxitoxin; neosaxitoxin and ciguatoxins
1-4), cyanobacterial toxins (microcystin-RR, -YR, -LR, -LW, -LF, -LA, -WR, -LY and -HtyR and
dm-microcystin-RR and -LR), nodularin, anatoxin and cylindrospermopsin. No toxins were
detected (Food GmbH Jena Analytik, 2013). This corroborative information indicates that altering
the expression of endogenous genes in this strain lineage does not induce toxin formation or toxin
levels in the resulting oil.

S6697 strain was evaluated utilizing the Pariza and Johnson (2001) decision tree that was
originally devised for the evaluation of microbial enzyme preparations to be used in food
processing, but can be utilized in a general fashion in evaluating the safety of products generated
from genetically engineered microorganisms. Strain S6697 meets the first aspects of the decision
tree, as it is genetically modified through recombinant DNA techniques, while the expressed
product (HO algal oil) has a history of safe use and is free of transferable antibiotic resistance gene
DNA (no antibiotic resistance genes were used in the production of S6697). All of the introduced
DNAs are well characterized, as discussed above, and are integrated into the genome in a well-
defined, non-random nature.

The P. moriformis strain lineage is considered a safe-strain lineage, as the P. moriformis
microalgae is not recognized in the scienfitic literature to be associated with pathogenicity, and the
production of a refined, bleached, and deodorized oil would remove the potential for viable algal
organisms in the final HO algal oil product. Pariza and Johnson (2001) concluded for enzyme
preparations that “pathogenic potential is not usually an area of concern for consumer safety
because enzyme preparations rarely contain viable organisms”, but can still be evaluated. The same
conclusion of a lack of viable organisms holds true for the production of a highly refined oil, as no
viable organisms have been detected through the TerraVia HO algal oil production process. In
addition, a corroborative study on a closely related P. moriformis strain (derived from the same
source strain) was not pathogenic when evaluated in a study designed to determine if microbial
agents would would become systemic in the body and survive or be pathogenic after oral
administration.*® Based on the data described and evaluated through the Pariza and Johnson (2001)
decision tree, the genetic changes utilized do not adversely impact the safety of P. moriformis
strain S6697 as a production strain, and the strain changes discussed above do not affect the safety
or identity of the GRAS HO algal oil. Such process changes are necessary to improve the product
for the benefit of the consumers.

48 Study based on the U.S. EPA Health Effects Test Guidelines, OPPTS 885.3050, Acute Oral Toxicity/Pathogenicity
Study (1996) and U.S. FDA Toxicological Prinicples of the Safety Assessment of Food Ingredients, Redbook, 2000,
IV.C. 3a: Short-Term Toxicity Studies with Rodents (2003).
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6.3. History of use

Microalgae, such as Chlorella vulgaris and Chlorella pyrenoidosa, have been an accepted
part of the human diet for hundreds of years and wild stocks of various microalgae are harvested
as current food sources in many regions of the world (Kay, 1991; Ravishankar, et al.,2006), There
is no documentation, however, of Prototheca spp. being among them. Instances of consumption
of Prototheca spp. have been reported for humans and animals, but these were unintentional (Pore
et al.,, 1983; Pore and Shahan, 1988; Jagielski and Lagneau, 2007) and neither the scientific
literature nor electronic searches have revealed any documentation of P. moriformis strains or
ingredients derived from P. moriformis being deliberately used in human or animal foods.

6.4. Current uses

HO algal oil was concluded to have GRAS status in 2014 when added to foods as a partial
replacement for conventional vegetable oils and was notified to the US FDA of the status in 2015
(GRN 527). The FDA, after review of the conclusion of GRAS status, provided a “no objection”
letter in 2015 (FDA, 2015).

6.5. Proposed use or uses

The use of HO algal oil has not changed from the use stated in the previous conclusion of
GRAS status, which is as a partial replacement of conventional vegetable and non-vegetable
dietary oils.

6.6.Mechanisms of action

The HO algal oil will replace a portion of the dietary fats or oils in a variety of conventional
foods. As a replacement source of macronutrients and energy, the lipids found in the high-oleic
algal oil will be digested through the same normal physiological processes by which other plant-
derived oils common to the human diet are digested and utilized.

6.7. Regulatory Status

HO algal oil was determined GRAS in 2014 and notified to the US FDA of the status in
2015 (GRN 527). FDA evaluated the GRAS determination and provided a ‘“no objection” letter
indicating that FDA had “no questions at this time” on the GRAS determination (FDA, 2015).

6.8.Description, Specifications and Manufacturing Process
6.8.1. Description and Specifications

The physical and chemical properties and specifications for HO algal oil are provided in
Table 10, respectively. The specifications for the HO algal oil have not changed from the previous
conclusion of GRAS status (detailed in GRN 000527), except for a change to the p-anisidine
specification and, as shown in Table 10, the HO algal oil currently being produced using strain P.
moriformis S6697 meets original specifications when evaluated under the revised p-anisidine
specification. The p-anisidine specification was < 2% in the original GRAS conclusion but has
been amended to < 10% to align with and reflect p-anisidine levels noted in the industry for food
oil quality. Edible marine oils evaluated under the GOED Organization suggest a maximum p-
anisidine value of 20 (GOED, 2015), while others in the edible oil industry suggest a p-anisidine
value of 10 as an indicator of good quality oil (Halvorsen and Blomhoff, 2011; Moigradean et al.,
2012; Yun and Surh, 2012; Miller, Unknown). The p-anisidine value is a measure of secondary
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oxidation, mainly of aldehydes such as 2,4-dienals and 2-alkenals, which correlate with overall oil
odor intensity (Yun and Surh, 2012). In addition, analysis of the fatty acids contained in the current
HO algal oil (Table 3) confirms that the levels of the major fatty acids are within specifications,
and are not different from the levels of the fatty acids found in some commonly consumed oils.
Current lot analyses of HO algal oil show that oleic acid is the predominant fatty acid (~88%
TFA®), followed by palmitic (~3.5% TFA) and stearic fatty acids (~3.7% TFA), with low levels
of linoleic (~1.53% TFA) and alpha-linolenic (~0.22% TFA) fatty acids. All specified fatty acid
levels are within current specifications for HO algal oil, and similar in composition to other high
oleic acid-containing oils, except for the reduction in linoleic acid (Table 3), which is typically
found in a variety of vegetable oils, edible seeds and nuts, and other foods and would most likely
be obtained from other dietary sources.

Table 10. Specifications for HO algal oil.

Batch Analysis Results of current

HO oil (n=3)
Parameter Method Specification Range Average
Appearance Visual inspection Clear, pale
yellow to Conforms Conforms
wheat yellow

Odor Olfactory inspection Slight Conforms Conforms
Fatty acid profile C-M-00036-000 Rev 0?

Oleic acid (C18:1) >80 Area %  87.89—88.70 Area%  88.27 Area %

Linoleic acid (C18:2) <10 Area % 0.99 - 1.93 Area % 1.53 Area %

?éfi’éa;;;;;’lz;“c acid <08Area%  0.16-027Area% 020 Arca %
Total Saturated Fat C-M-00036-000 Rev 0* <15 Area % 7.85—8.38 Area % 8.06 Area %
Free Fatty Acids AOCS Ca 5a-40 <0.1% 0.03 % 0.03 %
Moisture Content C-M-00118-000Rev 1° <0.1 % 0.01-0.09% 0.04 %
Unsaponifiable Matter AOCS Ca 6a-40 <1.0% 0.20-0.70% 0.37%
Peroxide Value AOCS Cd 8-53 <5 meq/kg 0 —1.18 meq/kg 0.59 meq/kg
p-Anisidine Value ISO 6885 <10 % 0.20-0.59 % 0.40 %
Elements by ICP

Lead AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Arsenic AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Mercury AOCS Ca 17-01 <0.2 ppm <0.20 ppm <0.20 ppm

Cadmium AOCS Ca 17-01 <0.1 ppm <0.03 ppm <0.03 ppm

Phosphorus AOCS Ca 20-99 <0.5 ppm <0.20 ppm <0.20 ppm

Sulfur AOCS Ca 17-01 <3 ppm <0.50 ppm <0.50 ppm

2 C-M-00036-000 Rev 0, Total Deliverable Fatty Acid Methyl Ester Content and Profiles of Algal Oil Samples by Direct
Transesterification (internal method,;
b C-M-00118-000 Rev 1, Karl Fischer Moisture Determination of Oil (internal method).
AQCS = American Qil Chemists' Society; ISO = International Standards Organization; meq = milliequivalents; ppm = parts

per million.

As indicated in Table 12, the fatty acid profile of HO algal oil is similar to other vegetable
oils (olive, canola and soybean oils), except that HO algal oil contains increased levels of oleic
acid and decreased levels of linoleic, palmitic and o-linolenic (soybean and canola only, as a-

4 TFA = Total fatty acid.
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linolenic acid levels are comparable between HO algal oil and olive oil). However, these fatty acid
levels are similar to levels found in commonly consumed oils. Content of the essential fatty acids
(i.e., linoleic and a-linolenic fatty acids) in HO algal oil is less than the content found in other
commonly consumed oils such as soybean, canola and olive oil (Table 12). However, as shown in
Table 11, there is a wide variety of food sources of linoleic and a-linolenic fatty acids that do not
require these essential fatty acids to be derived strictly from a food use oil. Use of HO algal oil in
the production of some of these foods (as discussed in Section 4 below) may reduce the essential
fatty acid content of some of these foods, but HO algal oil is not expected to be a total replacement
for all oil utilized in all marketed foods (i.e., less than 100% market penetration). Other foods,
such as nuts, chicken, eggs, milk and meat dishes provide substantial amounts of essential fatty
acids to a varied diet, and therefore the availability of essential fatty acid consumption is not likely
to be an issue for the consumer.

Table 11. Food sources of linoleic acid (PFA 18:2) and alpha-linolenic acid (PFA 18:3), listed in descending
order by percentages of their contribution to intake, based on data from the National Health and Nutrition
Examination Survey 2005-2006 (National Cancer Institute/Epidemiology and Genomics Research Program).

Linoleic acid* alpha-Linolenic acid**
Rank Food Item Contribution |Rank Food Item Contribution
to intake (%) to intake (%)
1  Chicken and chicken mixed dishes 9.3 1 Salad dressing 10.5
2 Grain-based desserts 7.5 2 Chicken and chicken mixed dishes 6.4
3 Salad dressing 7.4 3 Grain-based desserts 6.1
4 Potato/corm/other chips 6.9 4 Pizza 5.8
5 Nuts/seeds and nut/seed mixed 6.5 5 Yeast breads 5.0
dishes
6 Pizza 53 6 Mayonnaise 4.0
7 Yeast breads 4.5 7 Pasta and pasta dishes 3.5
8 Fried white potatoes 35 8 Quickbreads 34
9 Pasta and pasta dishes 35 9 Fried white potatoes 2.8
10 Mexican mixed dishes 33 10 Mexican mixed dishes 2.7
11 Mayonnaise 31 11 Nuts/seeds and nut/seed mixed 2.7
dishes
12 Quickbreads 3.0 12 Burgers 2.6
13 Eggs and egg mixed dishes 2.8 13 Margarine 2.6
14 Popcorn 2.6 14 Regular cheese 2.6
15  Sausage, franks, bacon, and ribs 2.1 15 Dairy desserts 2.2

* Specific foods contributing at least 1% of octadecadienoic acid in descending order: other fish and fish mixed dishes, margarine,
burgers, crackers, rice and rice mixed dishes, beef and beef mixed dishes, other white potatoes, beans, candy.

** Specific foods contributing at least 1% of octadecatrienoic in descending order: sausage, franks, bacon, and ribs, other white
potatoes, beef and beef mixed dishes, beans, potato/corn/other chips, coleslaw, rice and rice mixed dishes, tuna and tuna mixed
dishes, popcorn, and vegetable mixtures.

[Remainder of this page is blank]
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6.9.Manufacturing Process

The source organism used to produce HO algal oil has been substantively changed
(described in section A.4 of this notification), compared to the source organism detailed in GRN
000527. However, the remainder of the manufacturing process of the HO algal oil described in the
conclusion of GRAS status for HO algal oil produced via strain S6697 has not changed since the
original conclusion of GRAS status was finalized and detailed in GRN 000527. To summarize, the
fermentation substrate used in the production of the HO algal oil has not changed since the original
GRAS determination. HO algal oils are produced using processes that incorporate high
temperatures and pressure. After growth of the oil-producing P. moriformis strain, the final broth
is inactivated by heat in the evaporator, resulting in complete loss of microalgae viability. After
the evaporator, the inactivated broth is sent to a drum dryer and dried at high temperatures, which
provides a redundant inactivation step. Following mechanical extraction, the oil itself undergoes a
traditional refined, bleaching, and deodorizing (RBD) process just like other plant oils (AOCS,
2011).

Due to the RBD process, refined oils are normally free from microbial contamination and
do not contain sufficient water or moisture, which is need for microbial growth (ICMSF, 2005).
HO algal oil has less than 0.1% moisture (Table 10), similar to other refined food oils. Testing of
3 lots of HO algal oil for microbial content (Table 13) shows no microbial growth in HO algal oil.

Table 13. Microbial data on 3 lots of HO algal oil.

Sample ID# RBD 850-C RBD 831-A RBD 789-C
Aerobic Plate Count <10(/g) <10(/g) <10(/g)
Coliforms <3(/g) <3(/g) <3(/g)

E. coli Negative(/10g) Negative(/10g) Negative(/10g)
Mesophilic Aerobic Spores <1.0(/g) <1.0(/g) <1.0(/g)

Mold <10(/g) <10(/g) <10(/g)
Pseudomonas aeruginosa Negative(/25g) Negative(/25g) Negative(/25g)
Salmonella Negative(/375g) Negative(/375g) Negative(/375g)
Staphylococci Negative(/25g) Negative(/25g) Negative(/25g)
Yeast <10(/g) <10(/g) <10(/g)

#All sample results are provided as colony forming units (CFU).

To confirm the presence or absence of algal DNA in the finished oil, HO algal oil was
assayed using quantitative Real-Time quantitative polymerase chain reaction (Real-Time qPCR).
Two genes present in the oil-producing P. moriformis strain were targeted for specific
amplification and quantification: an endogenous algal gene encoding a desaturase which serves as
an internal genomic control and the inserted sucrose invertase (SUC2) transgene.

Results showed no detection of the presence of DNA, endogenous or transgenic, in the HO
algal oil or the negative controls, as evidenced by the lack of specific amplification. DNA was
only detected in positive controls, where neat refined, bleached, deodorized (RBD) HO algal oil
samples were spiked with genomic P. moriformis DNA (gDNA) in amounts ranging from 10 ng
to 0.01 ng (Table 14). All samples were run in triplicate and three independent runs were
conducted. This study indicates that the RBD process removes source organism DNA from the oil,
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as indicated by the absence of representative endogenous and inserted DNA in the RBD HO algal

oil.

Table 14. Real-time qPCR cycle threshold for endogenous and inserted genes from P. moriformis

genomic DNA in HO algal oil (Yu and Zhao, 2015). Samples were assayed for specific amplification with
primers targeting an endogenous desaturase gene (A) or the inserted SUC2 transgene (B). The results shown
are mean + standard deviation in triplicate, for each of the three replications.

A. Endogenous Desaturase Gene
Amount of n=1 n=2 =
Sample gDNA in PCR Cq Std. Cq Std. Cq Std.
Reaction Cq Dev. Cq Dev Cq Dev
10ng 21.01 0.443 20.54 0.498 21.59 0.045
Neat RBD HO I ng 24.47 0.495 25.27 0.230 25.11 0.294
Algal Oil 0.1 ng 26.80 0.769 32.27 0.548 30.67 1.254
0.0l ng 32.47 0.743 34.74 0.640 33.20 0.944
Neat RBD HO
Algal Oil Ong 0.00 0.000 0.00 0.000 0.00 0.000
NTC 0Ong 0.00 0.000 0.00 0.000 0.00 0.000
B. Inserted SUC2 Transgene
Amount of n=1 n=2 n=3
Sample gDNA in PCR Cq Std. Cq Std. Cq Std.
Reaction Cq Dev Cq Dev Cq Dev
10ng 18.05 0.333 19.44 0.423 20.41 0.553
Neat RBD HO I ng 23.64 0.451 24.81 0.326 23.26 0.435
Algal Oil 0.1mg 24.62 0.599 26.74 0.086 28.45 2.862
0.0l ng 26.78 0.402 31.65 0.076 3295 1.323
Neat RBD HO
Algal Oil 0Ong 0.00 0.000 0.00 0.000 0.00 0.000
NTC Ong 0.00 0.000 0.00 0.000 0.00 0.000

NTC = negative controls containing no DNA.; Cq = quantitation cycle at which fluorescence from amplification exceeds

background fluorescence; ng = nanogram.

6.10. Stability

Stability studies were conducted on current HO algal oil at 5 °C, at 20 °C and for an
accelerated stability study at 40 °C. During the stability evaluations, the oil was stored in 500 mL
amber glass bottles. Relative humidity was not monitored or controlled because the samples used
in the assay for most parameters were stored in amber glass bottles or vials with a Teflon-lined
screw cap that prevented moisture transfer during the temperature treatment.
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HO algal oil, with no added antioxidants, is stable for at least 18 months when stored at the
controlled temperatures of 5 °C (Table 15) or 20 °C (Table 16). The HO algal oil in the absence
of an antioxidant is stable for at least three months when stored at 40 °C (Table 17).

Various antioxidants were added to test stability of the oil, which included a mixture of
500 ppm mixed tocopherols and 150 ppm ascorbyl palmitate (herein referred to as Toco/AP), and
200 ppm tertiary butylhydroquinone (TBHQ). The HO algal oil is stable for at least 18 months
when stored at 5 °C (Table 15) or 20 °C (Table 16), and at least 12 months when stored at 40 °C
with the added antioxidants, Toco/AP and TBHQ (Table 17). p-Anisidine value measures rancidity
and the oxidation of oil should consistently increase over time. Although some values of p-
anisidine fluctuate, we have not observed a trend to indicate any stability problems. Stability
studies on HO algal oil are ongoing.

Table 15. Stability of the high oleic algal oil with and without antioxidants stored at controlled
temperature, 5 °C. :

Lot OSI Rancimat Free Fatty Acid Peroxide Value p-Anisidine Value
(110 °C) (0.1 %)? (< 5 meq/kg)? (£ 10%)*
(hours)
Neat
0 month 61.90 0.039 1.00 0.71
3 months 60.60 0.040 0.08 0.70
6 months 62.59 0.038 0.75 0.78
9 months 61.04 0.039 1.13 1.47
12 months 60.88 0.037 0.89 0.53
18 months 59.81 0.035 1.49 1.25
TOCO/AP
0 month 156.70 0.048 1.40 0.76
3 months 144.80 0.050 1.14 0.86
6 months 136.95 0.047 1.51 0.87
9 months 136.30 0.047 1.66 433
12 months 139.49 0.048 1.10 294
18 months 132.69 0.066 0.82 2.10
TBHQ .
0 month 103.61 0.038 1.01 0.33
3 months 112.84 0.040 0.84 0.70
6 months 110.37 0.038 0.65 0.73
9 months 110.84 0.039 1.34 1.12
12 months 112.98 0.035 0.88 3.23
18 months 110.12 0.041 0.51 0.40

OSI = Oxidative/Oil Stability Index; NA = Not analyzed; TOCO/AP = Mixed tocopherols/Ascorbyl Palmitate;
TBHQ = Tertiary butylhydroquinone; ? Specification limit.

[Remainder of this page is blank]
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Table 16. Stability of the high-oleic algal oil with and without antioxidants stored at controlled room

temperature, 20 °C.

Lot OSI Rancimat Free Fatty Acid Peroxide Value p-Anisidine Value
(110 °C) (0.1 %)* (£ 5 meg/kg)* (= 10%)?
(hours)
Neat
0 month 61.90 0.039 1.00 0.71
3 months 59.21 0.040 1.02 0.70
6 months 60.92 0.039 1.35 0.77
9 months 60.14 0.041 2.85 1.13
12 months 56.42 0.040 1.37 0.66
18 months 5541 0.042 1.77 0.99
TOCO/AP
0 month 156.70 0.048 1.40 0.76
3 months 139.63 0.050 1.71 0.90
6 months 124.44 0.054 1.88 0.90
9 months 134.30 0.058 2.12 3.48
12 months 134.48 0.061 1.48 0.55
18 months 129.17 0.067 1.22 0.65
TBHQ
0 month 103.61 0.038 1.01 0.33
3 months 111.06 0.040 1.02 0.67
6 months 102.06 0.040 1.12 0.76
9 months 102.02 0.042 1.63 392
12 months 111.96 0.040 1.14 1.64
18 months 106.99 0.042 0.88 0.89

OSI = Oxidative/Oil Stability Index; NA = Not analyzed; TOCO/AP = Mixed tocopherols/Ascorby] Palmitate;
TBHQ = Tertiary butylhydroquinone; 2 Specification limit.
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Table 17. Stability of the high-oleic algal oil with and without antioxidants stored at controlled
temperature, 40 °C.

Lot OSI Rancimat Free Fatty Acid Peroxide Value p-Anisidine Value
(110 °C) (0.1 %)* (< 5 meq/kg)® (£10%)*
(hours)
Neat
0 month 61.90 0.039 1.00 0.71
3 months 51.77 0.042 322 0.93
6 months N/A N/A N/A N/A
9 months N/A N/A N/A N/A
12 months N/A N/A N/A N/A
TOCO/AP
0 month 156.70 0.048 1.4 0.76
3 months 138.04 0.06 1.62 0.83
6 months 134.37 0.061 1.51 0.80
9 months 130.43 0.080 1.30 2.97
12 months N/A N/A N/A N/A
TBHQ
0 month 103.61 0.038 1.01 0.33
3 months 108.68 0.040 1.42 0.71
6 months 98.56 0.046 2.00 0.72
9 months 95.97 0.052 2.18 243
12 months 100.85 0.067 2.10 0.74

OSI = Oxidative/Oil Stability Index; NA = Not analyzed; TOCO/AP = Mixed tocopherols/Ascorbyl Palmitate;
TBHQ = Tertiary butylhydroquinone; ® Specification limit.

6.11. Estimated Daily Intake

The intake profile (amount and frequency) by individuals in USDA’s What We Eat in
America (WWEIA) Continuing Survey of Food Intakes by Individuals 2011-2012 (Dwyer et al.,
2003) was used to calculate the estimated daily intake (EDI) of the current HO algal oil produced |
from a classically and genetically engineered strain of P. moriformis, for individuals consuming
the food groups selected for the addition of HO algal oil per this GRAS amendment (i.e., “eaters
only”). The food groups as defined by the FDA (21 CFR §170.3(n)) are provided in Table 18.

As stated in the original GRAS dossier, the HO algal oil will be added only to foods for
which a standard of identity does not exist. All food categories designated by TerraVia have been
utilized in the calculations as appropriate; however, certain categories designated by TerraVia may
include foods for which a standard of identity exists. We note that an ingredient that is lawfully
added to food products may be used in a “standardized” food only if it is permitted by the
applicable standard of identity. TerraVia found through market evaluation and taste evaluation that
the taste profile of HO algal oil (i.e., little to no discernable taste, compared with other high oleic
acid-containing oils such as olive oil or canola oil) would allow for a greater replacement of other
vegetable oils currently consumed in the U.S. diet. Therefore, TerraVia has expanded the use of
HO algal oil to additional food products, and has increased the anticipated use levels in food
categories previously stated in the original GRAS dossier.
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Table 18. Food groups selected for HO algal oil supplementation.*

Food Category Intended use level (ppm)
Baked goods (bread, dry mixes, rolls, bagels, biscuits, cornbread, tortillas and 20,000-70,000
croutons)

Baked desserts (sweet rolls, muffins, scones, cakes, cheesecake, pie, cobbler,
crisps, doughnuts, turnovers, strudel and cookies)

Meal replacement bars, drinks and protein supplements

Cereals and bars (granola, muesli and dry cereal)

Cheese spreads

Margarine and margarine-like spreads

Butter-like spreads

Vegetable oil and shortening

Salad dressings and mayonnaise

Sauces, gravies and dressings

Nut spreads, nuts and seeds

Dairy and milk products (including analogs) (whipped topping, cream
substitute, milk imitation and flavored)

Gelatins and puddings

Soups and broth

Meat products**

Frozen dairy desserts

Snacks (crackers, popcorn, crisp bread, salty snacks, popcorn, pretzel and
chips) :

Soft candy (caramels, fruit snacks, covered nuts

Confectionary (icing and marshmallows)

30,000-50,000

30,000 -50,000
20,000-150,000
100,000
450,000-700,000
700,000
700,000-1,000,000
500,000-700,000
20,000-60,000
50,000
10,000-100,000

30,000
20,000-30,000
20,000-50,000

30,000

145,000-350,000

30,000
20,000-250,000

*The food categories correspond to those listed in 21 CFR 170.3(n). The number in parenthesis following each food

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

** Meat Products (mixtures), including all meats and meat containing dishes, salads, appetizers, frozen multicourse meat
meals, and sandwich ingredients prepared by commercial processing or using commercially processed meats with home

preparation.
ppm=parts per million

The mean and 90% percentile EDIs were calculated only for HO algal oil intake following
addition of the HO algal oil to the selected food groups and at the levels for inclusion. Inclusion
of HO algal oil into the selected foods at the maximum levels indicated would provide a mean and
90™ percentile HO algal oil consumption of approximately 12.04 and 27.47 g/day HO algal oil,
respectively (Table 19). This intake is approximately equivalent to 220.36 and 494.83 mg/kg
bw/day, respectively, of the HO algal oil. The consumption of oleic acid, the major
monounsaturated fatty acid (MUFA) in HO algal oil, from the addition of HO algal oil to foods
may result in a mean and 90% percentile intake of oleic acid at 10.6 and 24.17 g/day, respectively.

Table 19. Intake of HO algal oil when added to foods.

Per User (g/day)
Mean 90" Percentile
Possible consumption with HO algal oil as an added 12.04 27 47

ingredient to food

The Institute of Medicine (IOM) utilized the Continuing Survey of Food Intakes by
Individuals, 1994-1996, 1998 to determine that the median MUFA intake in the US ranged from
25 — 39 g/day for men and 18 — 24 g/day for women, with the mean daily intake of MUFAs in the
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U.S. in all individuals at 28.7 g (IOM, 2005). The daily value (DV) that FDA has stated for total
fat intake (based on a caloric intake of 2,000 calories) is 65 g/day. Therefore, the consumption of
HO algal oil at the 90™ percentile intake of 27.47 g/day as a partial replacement of other oils in the
diet is still well below the daily amount of total fat estimated to be consumed in the U.S., and the
consumption of oleic acid from HO algal oil at the 90" percentile (24.17 g/day) is consistent with
typical consumption levels of MUFA in the U.S. The 2015 —2020 dietary guidelines for Americans
(USDA, 2015) found that the typical amount of oil consumed in a 2,000 calorie healthy U.S.-style
eating pattern is 27 g/day oil, which is similar to the potential consumption of HO algal oil at the
90™ percentile, suggesting that other oils will be consumed in addition to HO algal oil.

6.12. Absorption, Distribution, Metabolism, and Elimination (ADME)

The lipids found in HO algal oil are expected to be digested, absorbed, metabolized and
excreted through the same normal physiological processes by which other triglyercide oils (e.g.,
olive oil, canola oil, soybean oil) common to the human diet are digested and utilized for
macronutrients.

6.13. SAFETY EVALATION

As stated in the original GRAS dossier, the number of species assigned to the genus
Prototheca has varied, as scientific analysis of the phylogenetic data has increased. P. moriformis
species are heterogeneous in nature, previously being placed within the P. zopfii species (Roesler
et al., 2006) as a distinct biotype (genotype 1). Irrgang et al. (2015) states that “on the basis of
biochemical, serological and phylogenetic analysis, P. zopfii has been divided into two genotypes,
of which genotype 1 is considered to be non-pathogenic and genotype 2 is associated with bovine
mastitis and human protothecosis.” Other work has placed P. moriformis within a new clade along
with some strains of P. wickerhamii (Ewing et al., 2014). Rare cases of P. wickerhamii infection
have been reported in immunocompromised people (Panchabhai ez al., 2015).

No preclinical or clinical studies, nor reports of such studies, were located since the initial
GRAS determination for HO algal oil or P. moriformis (as described in GRN 000527) that indicate
a safety concern of consuming an oil derived from a strain of P. moriformis. HO algal oil was
previously assayed in a 90-day toxicity study in which the no-observed-adverse-effect-level
(NOAEL) was 100,000 ppm, the highest dietary concentration provided in the study, which
corresponded to a dietary NOAEL of 5,200 mg/kg bw/day in male rats and 6,419 mg/kg bw/day
in female rats (Szabo et al., 2014). This would correspond with human consumption of HO algal
oil at 312 g/day (5,200 mg/kg bw/day for a 60 kg person), much greater than the estimated daily
intake of HO algal oil as a partial replacement for cooking oils, with the 90" percentile level of
intake estimated at 27.45 g/day (approximately 494.83 mg/kg bw/day).

A 13-week dietary study in rats was recently published that evaluated the potential of a
different, stearic acid-rich fat (algal structuring fat) from a genetically related (i.e., the parental P.
moriformis strain was S376) and similarly classically and genetically engineered strain of P.
moriformis (Matulka et al., 2016). The study followed internationally-accepted protocol guidelines
and provided a diet containing 0, 25,000, 50,000 and 100,000 ppm algal structuring fat (>50 Area
% stearic acid, >30 Area % oleic acid and >2 Area % palmitic acid) to male and female Sprague
Dawley rats (n=10/sex/group) for 13 weeks. At the end of the study, the rats were euthanized,

5% The control group contained 20 animals/sex.

2017JUNO7 Page 39 of 51
Jusing science and compliance www.burdockgroup.com


http:www.burdockgroup.com



http:www.bw�dockgroup.com

corresponding decreases in absolute or liver-to-brain weight values. The no-observed-adverse-
effect-level (NOAEL) for the algal structuring fat was 100,000 ppm for both males and females
under the conditions of the study, the highest dietary concentration provided. The administered
level of algal structuring fat corresponded to a dietary NOAEL of 5299.2 mg/kg bw/day in male
rats and 6318.8 mg/kg bw/day in female rats (Matulka et al., 2016). This study shows that different
classically and genetically engineered modifications to this line of P. moriformis in order to
produce oils with different fatty acid profiles still result in the formation of an oil that is not toxic
at up to 100,000 ppm.

The safety of food ingredients can be further evaluated through the analysis of its
components, especially when the ingredient is a macroingredient that cannot be administered to
laboratory animals at sufficiently high enough doses for conventional risk evaluation methods
(Howlett et al., 2003). As stated in the original GRAS dossier (the subject of GRN 000527), the
major components of HO algal oil are triglycerides (=95%) and diglycerides (<5.0%). Oleic acid
is the main fatty acid in HO algal oil (average of 88% of the total fatty acids as stated in this
amendment), with approximately 8% total saturated fat (Table 2). Unsaponifiable matter>! for this
neutral, RBD oil is <1.0 % and the free fatty acid content is <0.1%.

Vegetable oils are consumed in foods in a variety of forms, including the use of vegetable
oils for the deep-fat frying of meats and vegetables (Wang et al., 2016). However, research has
found that the heating of vegetable and animal fats to the temperature for the frying of foods may
result in the formation of o,B-unsaturated aldehydes from polyunsaturated fatty acids (PUFA),
such as alpha-linolenic and linoleic fatty acids (Guillén and Goicoechea, 2008). Alpha, B-
unsaturated aldehydes have been implicated in the formation of cardiovascular diseases (Grootveld
et al., 1998; Ng et al., 2014). Although moderate consumption of used frying oils may not pose
significant harm to the general population, some of the substances formed during the frying process
of polyunsaturated oils may impair the nutritional value or be potentially harmful (el-Shattory et
al., 1991; Dobarganes and Marquez-Ruiz, 2015). The oxidation of PUFA may vyield a,p-
unsaturated hydroxyalkenals, such as 4-hydroxy-2-trans-nonenal (HNE). HNE is a highly reactive
molecule that interacts with cellular macromolecules, forming adducts. Depending on the location,
adduct formation can lead to alterations in normal cell functioning or signaling, or induce
cytotoxicity and/or genotoxicity. The formation of a,p-unsaturated hydroxyalkenals have been
implicated as a contributing factor in the initiation of a number of diseases (Barrera et al., 2015;
Csallany et al., 2015). Other research indicates that a,p-unsaturated aldehydes induce oxidative
stress through the reduction in cellular glutathione (GSH), which may play a role in the formation
of vascular disease via redox-sensitive mechanisms or through direct injury to the endothelium
(Lee and Park, 2013).

In an independent study, HO algal oil was evaluated for the production of a,p-unsaturated
aldehydes after heating to the temperature necessary for frying (375°F) (Grootveld, 2015). HO
algal oil was found to produce substantially less a,p-unsaturated hydroxyalkenals (Figure 4; this
category includes HNE) and o,B-unsaturated 2,4-alkadienals (Figure 5) than other types of oils. ¢,

51 Unsaponifiable matter is defined as all substances present in a product which, after saponification of the product by
potassium hydroxide and extraction by hexane, are not volatile under the specified operating conditions.
Unsaponifiable matter includes lipids of natural origin such as sterols, higher hydrocarbons and alcohols, aliphatic
and terpenic alcohols, as well as any foreign organic matter extracted by the solvent and not volatile at 103 °C (e.g.,
mineral oils) that may be present (ISO, 2000).
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of HO algal oil as a partial replacement for conventional vegetable oils and is being increased from
12.5 g/day to 27.47 g/day (90" percentile estimated consumption level). The new mean and 90
percentile levels are 12.04 and 27.47 g/day, respectively, representing approximately 220.36 and
494.83 mg/kg bw/day.

The HO algal oil is mainly composed of oleic, stearic and palmitic fatty acids, which are
fatty acids found in commonly consumed vegetable oils. The fatty acids are provided in a
triglyceride format, with few di- and mono-glycerides contained in the HO algal oil, consistent
with other commonly consumed vegetable oils.

The NOAEL for HO algal oil derived from S2532 is 5,200 mg/kg bw/day in male rats and
6,419 mg/kg bw/day in female rats, the highest dose evaluated. No additional safety information
that indicates a potential for toxicity from the consumption of HO algal oil has been published
since the original GRAS determination that indicates a potential for toxicity from the consumption
of HO algal oil. A 13-week preclinical dietary toxicology study was conducted in rats that
evaluated the safety of a stearic acid-rich algal structuring fat produced using a genetically related,
classically and genetically engineered strain of P. moriformis. The NOAEL for this algal
structuring fat is 5,299 mg/kg bw/day in male rats and 6,313 mg/kg bw/day in female rats, the
highest dose provided to the rats.

The anticipated upper intake 90" percentile level of HO algal oil is significantly lower than
the NOAEL established in preclinical testing. In addition, no adverse events have been reported
from consumer intake of HO algal oil over the past year that have confirmed HO algal oil as the
causative agent.

Analysis of a,B-unsaturated aldehyde formation found that heating of HO algal oil to
temperatures typical with the frying of food (375 °F) produces much lower levels of a,B-
unsaturated aldehydes, implicated in a variety of cardiovascular or vascular diseases, than the
common fry oils corn oil, soybean oil, and canola oil.

In summary, information available on the production, components, safety and by-products
of HO algal oil continue to support the safety-in-use of HO algal oil at an anticipated upper
consumption of 27.47 g/day.

The following page provides the signed Expert Panel conclusion on the amendment for the
continued GRAS status of HO algal oil at the increased level of consumption.

[Remainder of this page is blank]
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Consultants

September 13, 2017

Dr. Valeria Green

Deputy Director, Risk, Innovations, and Management Staff
Food Safety and Inspection Service

United States Department of Agriculture

P: 301-504-0846

E: Valeria.Green@fsis.usda.gov

Re: Suitability of High Oleic Algal Qil in Food Products

Dear Dr. Green,

Recently TerraVia was requested by your office to “submit suitability studies that evaluates
the use of algal oil showing equivalency of its use as a replacement and that it doesn’t lead to
altered taste, appearance or smell of the final product.”! High oleic algal oil (HO Algal oil, also
referred to as AlgaWise® oil) is an edible oil that has recently been concluded to be generally
recognized as safe (GRAS) as a partial replacement for other high oleic acid-containing edible oils
in the market. As part of the GRAS Notification process, FDA requested that we reach out to your
office for a discussion on the suitability of HO Algal oil in meat-containing food products.

TerraVia’s HO Algal oil has been concluded as GRAS when used as a partial replacement
for other edible oils in a wide variety of food products, including products containing meat at 2%
or greater (of total weight) (TerraVia, 2016).

The addition of edible oils in many different food products is typically at relatively low
levels (e.g., oil added to pot pies or other pie crusts, oil added to cakes or cookies) and many times
the other components of the food product masks the overall flavor/acceptance of the cooking oil.
The use of a plant-based oil as a fry oil is one of the harshest conditions on the oil, as it is typically
heated and cooled multiple times over several days, while also providing one of the most direct
abilities to assess the sensory qualities of an edible oil.

Several sensory studies have been conducted in which HO Algal oil has been compared
with commercially available plant-based oils. Potato fries were utilized as the food matrix for the
experimental study, as potato fries have minimal taste to mask the sensory attributes of the oil.

An experiment on the sensory profiling of fry oils utilizing potato fries was conducted by
the North Carolina State University Sensory Service Center (Drake, 2014). Six different plant-
based oils were evaluated in the study: canola, sunflower, Sysco® Fry-On® canola and com oil

! Email sent to Dr. Ray Matulka (rmatulka@burdockgroup.com) from Ms. Valeria Green
(Valeria.Green@fsis.usda.gov) and received on August 11, 2017,

September 13, 2017 16 . TERR008.08-Final Page 1 af 13
JSusing science and compliance www.burdockgroup.com


http:www.burdockgroup.com
mailto:Valeria.Green@fsis.usda.gov
http:nnatulka@~urdockgroup.com
mailto:Valeria.Green@fsis.usda.gov
mailto:e�rmatulka@burdockgroup.com

blend?, palm, HO Algal oil (containing TBHQ?®), and HO Algal oil (containing tocopherols).
Twenty 230g batches of McCain® Fresh-Style Water Blanched Fries 3/8” (SKU: MCX05157)
were fried in each oil over an 8 hour heating period/day in 6.8 kg oil bench top fryers. Batches
were fried for five minutes at 188°C, allowed to drain, then collected for descriptive analysis, or
disposed. Descriptive analysis was conducted on both the straight oils (Time 0) and of the fries
and the used oils on Days 1, 3, 5 7, 9 and then every day until failure.

The cooked potato fries and the oils were evaluated in duplicate by seven trained panelists,
each with more than 120 hours of experience in the descriptive analysis of foods and flavors using
the Spectrum™ descriptive analysis method (Yamagata and Sugawara, 2014). Prior to official
profiling, the panelists evaluated and discussed sensory attributes of samples to generate sensory
attributes. Panelists then evaluated coded samples in duplicate in separate sessions, according to
appropriate sensory testing practices. Each panelist evaluated the aroma of the sample and then
tasted each sample. Samples were expectorated and deionized water was used for palate cleansing.

The sensory panel that evaluated the sensory attributes of the different oils found a
decreased (P<0.05) “oily” taste and overall aroma from the HO Algal oil, compared to palm,
sunflower, canola (oily only) or the Sysco blended oil and a decreased (P<0.05) “toasted/sweet”
flavor, when compared to sunflower oil on Day 0 of the study (Table 1). The HO Algal oil with
TBHQ had increased “oily” taste on Days 1 and 3 when compared to the other oils, which was not
seen with HO Algal oil with tocopherols. The HO Algal oil with tocopherols had a markedly
decreased “Acrid/throat burn” taste (P<0.05) on Day 5, compared to the other oils, and remained
low on Day 7, when compared to the sunflower, canola and Sysco blended oils, as well as having
a decreased “Fatty/fryer oil” taste (P<0.05). The Acrid/throat burn taste of the HO Algal oils was
less (P<0.05) than that found by the Sysco blended oil, but was similar (P>0.05) to the canola,
sunflower and palm oils. The other noted sensory attributes of the different oils after cooking
potato fries were not markedly different from one another.

Sensory evaluation of the potato fries after being cooked in the different oils found that the
taste of the fried potatoes on Day 1 was not different between the different cooking oils (Table 2).
On Day 3 the potatoes fried with the HO Algal oil were similar in taste with many of the other
oils, except that the canola-fried potatoes had less (P<0.05) of an “oily” and “potato” taste than
the other fries. On Day 5, the potatoes fried with HO Algal oil with tocopherols had less (£<0.05)
of an “oily” taste, compared to the other fries and less of a “toasted” taste compared to canola-
fried potato fries. Potato fries cooked in the HO Algal oil with TBHQ on Day 7 had more (£<0.05)
of an “acrid/throat burn” taste compared to the other oils, but all other taste attributes were similar.
This “acrid/throat burn” taste in fries cooked in the HO Algal oil with TBHQ remained higher
(P<0.05) on Days 9 and 10 along with a “painty” taste, which was not as apparent with the HO
Algal oil with tocopherols.

Overall, when considering the taste attributes of the HO Algal oil when compared to the
other commercial oils over a 10-day use period in frying potato fries, the use of the HO Algal oils
did not markedly change the overall taste profile the potato fries, and the taste of the HO Algal oil
was very similar to the other commercial oils in the study.

2 Sysco Fry-On oil product; http://www.sysco.com/fryon/files/Sysco_Fry On.pdf: site last visited September 6,
2017.
3 TBHQ-= tertiary butylhydroquinone, a common preservative.
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Table 1. Sensory attributes of different commercial oils and HO Algal oil before and after frying potato
fries (Drake, 2014).

Attribute Sysco  Canols  Sunflower ?ggg HSHOTOCO  Paim
Day 0
Overall aroma 2.0a 1.6ab 2.0a 1.0b 1.3b 2.0a
Aroma comments Oily Green Toasted, Sweet, Toasted, sweet Sweet
nutty toasted
Green ND 1.0b 1.5a ND ND ND
Oily 24a 1.8b 2.0ab 1.0¢ 1.0c 2.0a
Fatty/fryer oil 20 ND ND ND ND ND
Acrid/throat burn ND ND ND ND ND ND
Toasted/sweet ND 1.0b 1.5a 1.0b 1.0b ND
Sweet/carrots ND ND ND ND ND 2.8
Day 1
Overali aroma 3.0a 33a 3.0a 3.0a 3.3a 2.5b
Aroma comments Oily, Green, Toasted, Sweet, Toasted, fatty, Sweet
fishy fishy fatty toasted, fishy
fishy
Green ND 2.8 ND ND ND ND
Oily 2.0b 1.0¢ 2.0b 2.8a 2.0b 2.0b
Fatty/fryer oil 2.5a 0.5b 0.5b ND ND ND
Fishy 1.0 1.0 ND ND ND ND
Acrid/throat burn 1.3ab ND 1.0b 1.7a ND ND
Toasted/sweet ND ND 1.5b 2.0a 2.3a ND
Carrots/sweet ND ND ND ND ND 2.2
Day 3
Overall aroma 3.3a 3.3a 2.8a 3.0a 33a 2.8a
Aroma comments Oily, Oily, Toasted, Sweet, Toasted, fatty, Sweet
fishy fishy fatty toasted, fishy
fishy
Green ND ND ND ND ND ND
Oily 2.0b 2.0b 2.0b 2.8a 2.0b 2.0b
Fatty/fryer oil 3.5a 1.4d 1.8¢ 2.0bc 1.5¢d 2.4b
Fishy 1.0a 1.0a ND ND ND ND
Painty 1.2b 1.5ab 1.0b 1.0b ND 1.7a
Acrid/throat burn 1.9a 1.5ab 1.2b 2.2a 1.2b 2.0a
Toasted/sweet 1.0b ND 1.3b 2.2a 2.6a ND
Carrots/sweet ND ND ND ND ND 2.6
Day$§
Overall aroma 3.0a 33a 2.8ab 2.5b 3.3a 2.0b
Aroma comments Oily, Green, Toasted, Sweet, Toasted, fatty, Sweet
fatty, fishy fatty toasted, fishy
painty fishy
Green ND ND ND ND ND ND
Oily 1.0b 1.0b 1.0b 1.0b 1.0b 2.0a
Fatty/fryer oil 3.0a 3.0a 2.5a 2.6a 2.6a 2.8a
Painty 2.5a 1.8b 2.0ab 1.8b 1.7b 1.8b
Fishy 1.0 ND ND ND ND ND
Acrid/throat burn 1.5ab 1.3b 1.0b 2.0a 0.5¢ 1.0b
Toasted 2.8a 2.6a 2.5 2.5a 23a ND
Carrots/sweet ND ND ND ND ND 2.5
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Table 1. Sensory attributes of different commercial oils and HO Algal oil before and after frying potato
fries (Drake, 2014).

Attribute Sysco Canola Sunflower ’}I‘Igll-ilg HSHO TOCO Palm
Flavor comments  Lingering Lingering Lingering Lingering Lingering Lingering
oily/fatty  oily/fatty oily/fatty  oily/fatty oily/fatty oily/fatty,
carrot/
coconut
Day 7
Overall aroma 3.0a 3.0a 3.0a 3.0a - 33a 3.0a
Aroma comments  Oily, fatty Oily Toasted, Toasted,  Toasted, burnt Fatty,
painty painty painty burnt painty
coconut
Coconut ND 2.8a ND ND ND 2.5a0
Oily 1.0a 1.0a 1.0a ND ND ND
Fatty/fryer oil 3.0a 33a 3.0a 3.0a 2.0b 3.0a
Fishy ND ND ND ND ND ND
Painty 2.5a 2.4ab 3.0a 2.5a 2.2b 3.0a
Acrid/throat burn 3.3a 2.5b 2.5b 3.0a 2.0c 2.0¢
Toasted/burnt ND ND 1.5b 2.4a 2.3ab 2.8a
Carrots/sweet ND ND ND ND ND 2.0
Day 9
Overall aroma - 2.0b 2.0b 2.0b 3.0a 2.0b 3.0a
Aroma comments  Painty, Painty, Painty, Bumt, Burnt, acrid Painty,
fishy, toasted fishy acrid coconut
toasted
Coconut ND ND ND ND ND 2.0
Toasted/burnt ND ND ND 2.7a 2.8a ND
Fatty/fryer oil 3.2a 32a 2.4b 2.8ab 2.8ab 3.0a
Fishy ND ND ND ND ND ND
Painty 2.6b 2.4b 35a 2.5b 2.2b 34a
Acrid/throat burn 38a 3.3ab 2.7b 3.0b 2.7b 2.8b
Cardboard 2.5ab 2.8a 2.0b ND ND ND
Flavor comments Dirty, Dirty, Dirty, Dirty, Dirty, Dirty,
lingering  lingering lingering lingering lingering lingering
aftertaste, aftertaste, aftertaste,  aftertaste, afiertaste, fail  aftertaste,
fail fail fail fail fail

*Small letters after means in a row indicate significant (P<0.05) differences for that attribute with that
time point; #Attributes were scored on a 0 — 15 point universal Spectrum™ intensity scale. Most flavor
attributes fell between 0 and 5. ND=Not detected.

[Remainder of this page is blank]
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Table 2. Sensory attributes of fries cooked in different commercial oils and HO algal oil (Drake, 2014).

Jusing science and compliance

Attribute Sysco Canola Sunflower nHSHO TBHQ HSHO TOCO Palm
Day 1
Potato 2.8a 3.2a 33a 3.0a 3.0a 2.8a
Oily 2.2a 2.0a 2.0a 2.0a 2.0a 2.0a
Chemical ND ND ND 1.5a 1.0a ND
Carrots ND ND ND ND ND 2.6
Day 3
Fry aroma Fatty Fried Potato, Toasted, potato  Toasted, potato Oily
potato fatty carrots
Potato 2.2b 3.0a 2.3b 2.3b 2.5ab 2.0b
Oily 23a 1.5b 2.3a 24a 2.0a 23a
Carrots ND ND ND ND ND 25
Toasted ND ND ND 1.3a 1.3a ND
Fatty/fryer oil ND ND ND ND ND ND
Acrid/throat burn 1.0 ND ND ND ND ND
Day §
Potato 2.3a 2.5a 2.5a 2.0a 2.0a 2.0a
Oily 2.9a 2.5ab 2.7a 2.6a 2.0b 2.8a
Carrots ND ND ND ND ND 3.0
Toasted 2.0ab 1.0b 1.0b 1.3ab 1.3ab 1.6a
Fatty/fryer oil l.4ab. 1.0b 1.0b 1.3ab 1.3ab 1.6a
Acrid/throat burn 1.0a ND ND 1.0a 1.0a ND
Day 7 .
Potato 24a 2.6a 23a 2.3a 2.2a 2.0a
Oily 2.7a 2.6a 2.4a 2.7a 2.5a 2.8a
Carrots ND ND ND ND ND 2.8
Toasted 2.0a 2.2a 2.2a 24a 2.0a 2.0a
Fatty/fryer oil 1.5a 1.7a 1.5a 1.8a 1.7a 2,0a
Acrid/throat burn 1.0b 1.0b 1.5b 2.3a 1.5b 1.6b
Day 9
Fry aroma Oily, Oily, Oily, burnt Oily, burnt Oily, burnt Fried
burnt burnt potato potato potato burnt
potato potato carrots
Potato 2.0b 2.5a 2.0b 2.0b 2.0b L4c
Oily 1.5a 1.6a 1.4a 1.7a 1.3a 1.0b
Carrots ND ND ND ND ND 2.0
Toasted/burnt 2.0b 2.7a 2.4ab 2.5a 2.7a 2.0b
Fatty/fryer oil 2.7a 2.0b 2.0b 1.5¢ 1.9bc 2.4a
Painty 1.0b 1.0b 1.5b 2.3a 1.5b 1.6b
Acrid/throat burn 1.0c 1.0c 1.5be 23a 1.8b 1.6b
Flavor comments  Sour Fatty Fatty Toasted/burnt Toasted/bumt  Lingering
taste, aftertaste aftertaste with  fried/fatty
fatty oily mouth aftertaste
coat, sour taste
Day 10
Fry aroma Oily, Oily, Oily, bumnt Oily, burnt Oily, burnt ——
burnt burnt potato potato potato
potato  potato
Potato 2.0b 2.52 2.0b 2.0b 2.0b —_
Oily 1.7s 2.0s 1.5s 2.0s 1.5s —
Carrots ND ND ND ND ND —
Toasted/burnt 2.0b 2.5a 2.5a 2.5a 2.7a -
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Fatty/fryer oil 3.0a 2.5b 2.5b 2.5b 2.5b -

Painty 1.5¢ 1.5¢ 2.0b 3.0a 2.0b ——
Acrid/throat burn 1.0c 1.0c 1.5b 2.3a 1.8b -
Flavor comments  Sour Fatty Fatty Toasted/burnt Toasted/burnt Heavy
taste, aftertaste aftertaste with smoke;
fatty oily mouth unable to
coat; sour taste fry

*Small letters after means in a row indicate significant (P<0.05) differences for that attribute with that
time point; **Day 11 oils were smoking and fries were past acceptability with high painty and fatty
sensory notes (informal tasting after single batch due to smoking oils); #Attributes were scored ona 0 — 15
point universal Spectrum™ intensity scale. Most flavor attributes fell between 0 and 5. ND=Not detected.

Additional study results were provided in which the cooking oils (high oleic canola oil,
high oleic sunflower oil, high oleic Algal oil, palm and Sysco Fry-on oil) were evaluated for
analysis of oxidative stability index (OSI) values, peroxide values, p-anisidine, free fatty acid
analysis and color (Solazyme, 2014).

Sensory evaluation of the oils prior to frying showed that the HO Algal oil had the lowest
aroma and oily taste among the tested oils (Table 1). There were no significant differences in the
potato and oily flavor of the cooked potato fries in all test oils. The oxidative stability value of the
HO Algal oil was higher than the other oils, and stayed consistent throughout the frying study
(Figure 1). The free fatty acid values were similar for the HO Algal, canola and sunflower oils
(Figure 2), while the p-anisidine values for the duration of the study were lowest for the HO Algal
oil (Figure 3). This study shows HO Algal oil providing similar or better stability attributes during
the food frying process.
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Figure 1. Oxidative Stability Index (hours) of oils used for cooking potato fries (Solazyme, 2014).
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Figure 2. Free Fatty Acid values of oils used for cooking potato fries (Solazyme, 2014).
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Figure 3. p-Anisidine values of oils used for cooking potato fries (Solazyme, 2014).

The trained sensory panel at North Carolina State University Sensory Service Center also
provided flavor observations when comparing HO Algal oil to Mazola 100% Canola oil* and Napa
Valley Sunflower oil,’ the results of which are portrayed in a spider diagram (Figure 4; TerraVia,
2016a). The overall flavor impact of HO Algal oil was within the flavor parameters for both the
canola oil and the sunflower oil, indicating that the HO Algal oil has the same, or a subdued flavor
profile, when compared to the other two retail oils, and therefore is not expected to impart any
flavors above those already seen by cooking oils that are already on the market and extensively
utilized and accepted by the U.S. population.

* http://www.mazola.com/products/canola-oil.aspx; site last visited Sept 1, 2017,
5 http://www.napavalleynaturals.com/Qtganic-Sunflower-Oil/p/NVN-
SUNFLOWER&c=NapaValleyNaturals@CulinaryQils; site last visited September 1, 2017.
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Flavor observations by trained sensory panel
Overall mpact

Viscosity 3 Green

Astringency &, 05, p & Buttery

Bitter Seed/Nut Impression

Old oil

Native AlgaWise =~ & =~ Mazola 100% Canola ~=8~- Napa Valley Sunflower O

Figure 4. Flavor profile study of HO Algal oil compared to retail cooking oils (TerraVia, 2016a).

Further work conducted a comparative assessment of the HO Algal oil with other vegetable
oils as a deep frying oil (Waghmare et al., 2017). In this study, HO Algal oil, sunflower oil and
palm oil were heated to 160 °C for 3 hours and four batches of potato fries were fried at an interval
of 45 minutes/day. The process was repeated for four consecutive days with the same oils; 40 mi
of each oil was retained each day and analyzed for: acid value, acidity, color, density, refractive
index, viscosity, oil uptake, percentage free fatty acid, peroxide value, total polar compounds,
radical scavenging activity and fatty acid profile. The cooked potato fries were evaluated for
texture and sensory properties, with sensory analysis performed using a fuzzy logic method of
sensory evaluation (Folorunso et al., 2009). The refined sunflower and palm oils were purchased
at the retail level, while the HO Algal oil (AlgaWise®) was provided by TerraVia. The potato fnes
were McCain® French fries purchased at the retail level.

The density® of the HO Algal oil was not changed during the study, while slight,
nonsignificant (P>0.05) density and refractive index (RI) changes were noted in the sunflower and
palm oils (Table 3). Viscosity during repetitive heating and frying cycles is typical and is
dependent on the fry-related byproducts, changes in triacylglycerol molecular size and degree of
saturation. The viscosity of the sunflower and palm oils significantly (P<0.05) changed during the
study, while the HO Algal oil viscosity changes did not reach significance (£>0.05), compared to
the oil prior to frying. Significant changes in the acid values of the three oils occurred during the
frying process in this study (P<0.05), compared to their respective control samples taken prior to
the fry process. However, all of the oils retained an acceptable acid value of less than 3.0 (Zhang
et al., 2015). Hydrolysis (as determined by peroxide value analysis) occurred in all three oils,

6 Changes in density may be responsible for changes in heat transfer from the oil to the food (Paul and Mittal, 1996).
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indicating an increase in formation of free fatty acids during the frying process, but peroxide values
remained within Codex limits for refined oils (Codex, 2015). In addition, the free radical
scavenging activity for all three oils decreased (P<0.05) over multiple fry uses, as was expected
(Table 3), while the fatty acid composition of the three oils remained relatively constant over the
frying study (Table 4).

[Remainder of this page is blank]
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Table 3. Effect of frying cycle on physical properties, chemical properties and radical scavenging activity of deep frying oils (Waghmare et al., 2017).

Physical properties Chemical properties RSA Color

Oil and frying cycle Density Refractive  Viscosity AV (mg Acidity % FFA PV TPC DPPH OD at

(g/ml) index (mPas) KOH/g) (%) (&/g) (meg/kg) (e/8) (WM/ml) 425 nm

Control sunflower oil 0.912* 1.470° 29.00* 0.172 0.75® 0.08® 1.47° 8.30° 198.57¢ 0.105
Sunflower oil-1 0.912° 1.471*° 35.67° 0.32° 0.95° 0.16* 2.73° 10.35° 179.29° 0.173
Sunflower oil-2 0913 1.471° 44.00° 0.52¢ 1.00° 0.26" 3.80° 14.99¢ 168.28° 0.185
Sunflower oil-3 0.914° 1.4728 63.67¢ 0.654 1.12¢ 0.33% 4,804 22304 152.62° 0.204
Sunflower oil-4 0.915° 1.4732 83.33¢ 0.67¢ 1.194 0.34% 6.53¢ 29.99¢ 14741 0.214
Control palm oil 0.890° 1.464° 4433* 0.158 1.07* 0.08" 1.532 14.75° 307.70¢ 0.408
Palm oil-1 0.893° 1.464° 47.33° 0.43° 1.07° 0.22b 2.87° 15.99° 120.16¢ 0425
Palm oil -2 0.898¢ 1.464° 59.67° 0.58° 1.19° 0.29¢ 3.93¢ 18.37° 78.13% 0437
Palm oil-3 0.905* 1.465° 75.67° 0.714 1.53¢ 0.364 5.134 20.461 47.99* 0.460
Palm oil-4 0.914* 1.465° 89.004 0.88° 1.914 0.44° 5.93¢ 26.75¢ 43.64° 0.468
Control algal oil 0.915® 1.467° 40.67* 0.06* 0.65° 0.03* 0.73° 5.92° 127.41¢ 0.165
Algal oil-1 0.915° 1.467° 41.00° 0.19° 0.66° 0.09° 1.40° 7.10° 106.25° 0.216
Algal oil-2 0.915° 1.467 40.67° 0.30° 0.70° 0.15¢ 2.47¢ 8.84¢ 83.49° 0.223
Algal oil-3 0.915° 1.467° 41.00° 0.39¢ 0.74° 0.19¢ 3.07q 12.75¢ 63.49° 0.232
Algal oil-4 0.915* 1.467° 42.00° 047° 0.794 0.23¢ 3.53¢ 18.04¢ 59.87° 0.243

Note: AV-Acid value, FFA- Free fatty acids, PV- Peroxide value, TPC- Total polar compounds, DPPH- 1,1-Diphenyl-2-picrylhydrazyl, RSA- Radical
scavenging activity, ABTS- 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid. All values are averages of three determination.

Means within a column for each type of oil marked with the different letters differ significantly at P < 0.05.
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Table 4. Fatty acids composition of oil before and after frying process (Waghmare er al,, 2017).

Fatty acids Frying cycle (days)  Sunflower oil (%) Palm oil (%) Algal oil (%)
Palmitic acid 0 10.13 £ 0.01 4128+ 0.55 6.03 £ 0.01
(C16:0) 4 12.27 + 0.06 45.03+0.34 7.60+0.54
Stearic acid 0 4.84+£0.21 5.58+£0.27 4.97+0.14
(C18:0) 4 5.18+0.11 5.0 £0.09 3.82+0.30
Oleic acid 0 26.35+0.04 38.51x0.12 86.60 +0.42
(C18:1) 4 28.78 £0.13 40.08 £ 0.35 85.84+1.17
Linoleic acid 0 58.67+£0.25 14.64+0.15 2.40+0.26
(C18:2) 4 53.77+0.04 9.81+0.10 3.10+£ 034

All values are averages of two determination with + standard deviation

The increase in fry time for all oils examined increased oil uptake by the fried potatoes, but
there was no significant difference between the oils (Figure 5), while the overall similarity ranking
of the fried potatoes cooked in the different oils indicated similar overall food product taste values
(Table 5), ranging from “very good” for the potatoes fried in the HO Algal oil at the start of the
study, to “fair” overall rating for the potatoes fried in the sunflower oil at the end of the study. This
study shows the comparable taste qualities of HO Algal oil with commercially available sunflower
and palm oils, when evaluated under harsh frying conditions (Wagmore et al., 2017).

M Sunflower oil (g/g)
1).50 = @ Paim oil (g/g)
A AlgaWise™ o
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»
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a t 2 A 4
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Figure 5. Effect of frying cycle on oil uptake of oils (All values are averages of three determinations with + standard
deviation).
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Table 5. Similarity values of samples for overall ranking,

Samples (Fried in sunflower oil with batch number)

Scale factor SO1 S03 SO5 SO7 509 SO11 SO13 SO15
Not satisfactory, F1 0.00 0.00 0.00 0.02 0.01 0.03 0.14 0.22
Fair, F2 0.12 0.16 0.18 0.27 0.25 0.34 0.66 0.81
Satisfactory, F3 0.54 0.62 0.66 0.78 0.76 0.85 0.90 0.68
Good, F4 0.96 0.96 0.95 0.92 - 0.94 0.81 0.37 0.13
Very good, F5 0.68 0.57 0.53 0.37 0.42 0.23 0.02 0.00
Excellent, F6 0.13 0.08 0.06 0.03 0.04 0.00 0.00 0.00
Samples (Fried in palm oil with batch number)
Scale factor POl PO3 POS PO7 PO9 PO11 PO13 PO15
Not satisfactory, F1 0.00 0.01 0.02 0.01 0.01 0.02 0.0t 0.01
Fair, F2 0.16 0.18 0.26 0.25 0.25 0.26 0.20 0.23
Satisfactory, F3 0.62 0.66 0.79 0.77 0.77 0.77 0.70 0.73
Good, F4 0.95 0.94 0.91 092 0.93 0.94 0.93 0.92
Very good, F5 0.54 0.50 0.35 0.39 0.38 0.41 0.44 0.39
Excellent, F6 0.06 0.05 0.02 0.03 0.03 0.04 0.04 0.03
Samples (Fried in algal oil with batch number)

Scale factor A0l AO2 AO5 AO7 AO9 AO11 Al3 Al5
Not satisfactory, F1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fair, F2 0.05 0.04 0.07 0.05 0.08 0.07 0.06 0.05
Satisfactory, F3 0.37 0.36 0.43 0.37 0.44 0.42 0.41 0.37
Good, F4 0.84 0.83 0.88 0.84 0.89 0.88 0.87 0.85
Very good, F5 0.92 0.92 0.85 1.09 0.80 0.85 0.86 0.87
Excellent, F6 0.31 0.30 0.25 047 0.20 0.26 0.26 025

The studies described and referenced in this letter show that HO Algal oil functions in the
same manner as other commercially available cooking oils, has no adverse impact on the flavor of
food products cooked in the oil, and is safe under the intended conditions of use.

Please let me know if you have any questions concerning the safety or ability of the HO
Algal oil to be utilized as a partial replacement to conventional cooking oils in food.

Sincerelv.
b) (6)

Ray A. Matulka, Ph.D.
Director of Toxicology
Burdock Group
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APPENDIX II
C-M-00036-000 Rev 0, Total Deliverable Fatty Acid Methyl Ester Content and Profiles of Algal
Oil Samples by Direct Transesterification

 ETREETET o | Solazyme, Inc. Document Number: C-M-00036-000
| Standard Operating Procedure H Y Revision: 0
| Effective Date: FER 09 2017 Page 1of 7

| Total Derivable Fatty Acld Methyl Ester Content and Profiles of Algal Oil Samples
! : ___ by Direct Transesterification

Objective

This document describes the method for determining tatal derivable fatty acid imethyl ester [FAME)
content and profiles of algal oil samples by gas chromatography with flame ionization detection.

Scope

This method is applicable to oil extracted from algal biomass or other oils of interest. This may include
crude ofl samples, clarified and/for degummed oil, as well as refined, bleached, and deodorized algal oils.

Safety

Consult appropriate material safety data sheets {MSDS) for safe chemical handling. Always observe safe
laboratory practices.

Equipment and Materlals
Chemicals/Reagents:

»  Methyl nonadecanoate (C19:0) with 2 99.5% purity (Fluka Catalog Number 74208-5g)

» GC retention time reference standard mixture: Nu-Chek Prep, Inc. GLC-111, 79, 87, 569 or other
suitable fatty acid methy! ester standard mixtures

»  Potassium carbonate powder (anhydrous) {Fisher Catalog Number BP365-500)

» Sodium sulfate (granular, anhydrous} {Sigma Aldrich 17876-500G)

* Toluene [certified ACS grade) (Fisher Catalog Number T324-500}

» Concentrated sulfuric acid (Fisher Catalog Number A3005-500)

* Heptane (GC grade) (EMD Chemicals OmniSolv® HX0082-1)

s Methanol (GC grade) (EMD Chemicals MX0475-1)

* De-lonized water

Equipment/Consumables:

* (lass A volumetric flasks

* Analytical balance {Mettler Toledo XS64, or equivalent)

s Handystep® electronic repeating pipette (BrandTech Sclentific Inc,, Reference Number 705012)
and/or BrandTech Sclentific inc. Transferpettor positive displacement pipette 100-500 pl (Fisher
Catalog Number 13-688-252 or equivalent)

+ Fisher brand disposal culture tubes s/c with marking spot {16 x 100 mm, Catalog Number
14-959-35AA)

* Kimble Chase PTFE-lined caps (Art No. 73802-15415)

® 6 mLvials (Kimble Chase, /T short style, Art No. 60810-1940) and caps {Kimble Chase S/T closure
BLPH PTFE WR, Art No. 73802-15425), and/or 20 mL I-CHEM vials with cap (Thermo Scientific
Catalog Number C126-0020)

e Heating/stirring module (Pierce Reacti-therm Il or equivalent)
s Sonicator with heating feature (Fisher Scientific or equivalent)
* Vorlex Genie (Fisher brand or equivalent)

Not 1o be altered or duplicated without authorization,
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Total Derivable Fatty Acid Methyl Ester Content and Profiles of Algal Ol Samples
by Direct Transesterification

s  General purpose centrifuge with suitable adaptors for the culture tubes

* Capillary GC with FID, split-splitiess capable inlet, and hydrogen or helium carrier gas

* GC Column: Restek FAMEWAX 30 m, 0.32 mm ID, 0.25 pam df {Restek Catalog Number 12498), or
equivalent

= 2 ml GC vials with caps [Fisher Catalog Number 03-375-27A, 03-396B)

Procedure
1. Standard Preparation
1.1. GC retention time reference standard solution

1.1.1. Prepare a standard selution of a commercially available GC reference standard
mixture, or a combination of mixtures, in heptane. Different reference standards may
have to be used depending on FAME’s of interest. Some suggestions are listed in
“Reference standard mixture® under the Chemicals/Reagents section of Equipment
and Materials. Establish standard retention times for FAME peaks of interest.

1.1.1.1. Refer to Appendix A for GC retention time reference standard mixture
chromatogram of Nu-Chek GLC-411 and 569, and methyl levulinate.

1.2. Methyl nonadecanoate (C19:0} internal standard solution

1.2.1. For use in quantitation of total FAME, prepare 20 mg/mL methyl nonadecanoate
{C19:0) internal standard solution in toluene.

1.2.11. Suggested preparation: Accurately measure 1.0 g (to 0.1 mg accuracy) of
methyl nonadecanoate inta a 50 mL volumetric flask and bring to volume
with toluene. Transfer to vials with Teflon-lined caps for storage. Minimize
evaporative effects by using smallest vial allowed by the volume of internal
standard. Document the exact concentration and store in refrigerator for
use up to 1 week time.

1.2.2.  Insituations where the samples may yield significant amounts of methyl
nonadecanoate, select an internal standard that the organism does not naturally

produce.
2. Reagent Preparation

2.1, Prepare 1Lef 5% H,50, methanc! reagent by slowly adding 50 mL of concentrated H,50, to
950 mL of pre-chilied methanol. Mix and store at room temperature.

2.2, Prepare 1 L of 6% K,CO, aqueous reagent by adding 60 g of anhydrous potassium carbonate to
1 L of delonized water. Mix until completely dissolved and store at room temperature.

Not to be altered or duplicated without autherization.
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Total Derivable Fatty Acid Methyl Ester Content and Profiles of Algal Oil Samples
by Direct Transesterification

3. Sample Preparation
3.1, Weigh 20-50 mg of oil in a culture tube and record the weight.

3.2. Fortotal FAME content analysis, accurately dispense 200 L of internal standard solution to all
the samples using a positive displacement pipette. The internal standard must be at room
temperature when dispensed. Accurately add 200 ul of toluene to the samples.

3.3. For FAME profiles only, add 400 pL of toluene to the samples.
34, Add 2 mL of 5% H;50,-methanol reagent to all samples. Cap and vortex.

3.41. Heat the sample using a heating/stirring module, or similar device, capable of heating
the samples at 70-75 °C. Heat for at least 3.5 hours. If necessary, use a stir bar to aid
in the dispersion of the sample.

3.4.2. Sonicate and vortex the samples as necessary to ensure complete sample dispersion,

4.5 When the reaction time is complete, remove tubes from the heating/stirring module and allow
to cool to room temperature. Add 2 mL of heptane followed by 2 mL of 6% K,CO; aqueous

solution.
3.6. Shake each tube vigorously, unscrew the cap slightly to vent and mix again.
3.7, Centrifuge the culture tubes at 1000 rpm for 2 minutes to obtain two clear, distinct layers.

3.8, Add approximately 750 ul of the upper layer to GC vials containing approximately 80-120 mg
of anhydrous sodium sulfate.

3.9. Setup the GC vials in the autosampler for analysis.
A. GC Parameters
4.1, ThermoScientific Trace GC Ultra

4.1.1. Inlet Parameters

______ PTV Inlet
inlet Temperature (°C) 1250
Column Flow {mL/min} | 1.9 {He, constant flow)
Split Flow (mL/min) [ 76

Split Ratio 40:1
[Mode | Constant Temperature Split
| Injection Volume [ 03 E J

Not 1o be altered or duplicated without authorization
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APPENDIX IIT
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