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Algaeon, Inc.
8440 West 82nd St.

Indianapolis, IN 46278
Phone: (317) 225-4180

www.Algaeon-inc.com

April 9, 2014
GRN 000513

Office of Food Additive Safety (HFS-200)
Center for Food Safety and Applied Nutrition
Food and Drug Administration

5100 Paint Branch Pkwy.

College Park, MD 20740-3835

RE: GRAS NOTICE FOR Euglena gracilis CONTAINING B-1,3-GLUCAN
Greetings,
Please find included herein a Form FDA-3667 and two documents:

1. GRAS NOTICE FOR Euglena gracilis CONTAINING B-1,3-GLUCAN FOR USE AS A
HUMAN FOOD SUPPLEMENT

and
2. GRAS PANEL REVIEW:. Euglena gracilis CONTAINING B-1,3-GLUCAN

Also included is a CD containing the PDF/electronic files for the FDA-3667, these two
documents, and a collection of reference materials cited in these documents. This package
is intended to provide you with the information used by our independent panel to ascertain
that Euglena gracilis biomass containing paramylon (beta-1,3,glucan) is generally recognized
as safe (GRAS) for consumption as a food supplement or food additive by human beings on
the basis of available literature.

Please do let me know if you have questions, feedback, or comments about our findings or
have any information that would bear on the accuracy of our findings. Our mission is (as is
yours) to ensure that our product is safe for human consumption, and we welcome any

feedback you might have. Thank you for your efforts in this regard.
N TN o~
_ (b) (6)
Sincerelyyours

(b) (6)

Johp/A. Kassebaum~ —
lef Technical/OTﬁcer - Algaeon, Inc.
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Form Approved: OMB No. 0910-0342; Expiration Date: 02/29/2016
(See last page for OMB Statement)

FDA USE ONLY

GRN NUMBER DATE OF RECEIPT

DEPARTMENT OF HEALTH ANP.HUMAN SERVICES ESTIMATED DAILY INTAKE INTENDED USE FOR INTERNET
Food and Drug Administration

GENERALLY RECOGNIZED AS SAFE
(GRAS) NOTICE

NAME FOR INTERNET

KEYWORDS

Transmit completed form and attachments electronically via the Electronic Submission Gateway (see Instructions); OR Transmit
completed form and attachments in paper format or on physical media to: Office of Food Additive Safety (HFS-200), Center for
Food Safety and Applied Nutrition, Food and Drug Administration, 5100 Paint Branch Pkwy., College Park, MD 20740-3835.

PART | [/ INTRODUCTORY INFORMATION ABOUT THE SUBMISSION

1. Type of Submission (Check one)
X] New [ ] Amendment to GRN No. [ ] Supplement to GRN No.

2. IXI All electronic files included in this submission have been checked and found to be virus free. (Check box to verify)

3a. For New Submissions Only:  Most recent presubmission meeting (if any) with
FDA on the subject substance (yyyy/mm/dd):

3b. For Amendments or Supplements: Is your  (Check one)
amendment or supplement submitted in |:| Yes |If yes, enter the date of
response to a communication from FDA? |:| No  communication (yyyy/mm/dd):

PART Il INFORMATION ABOUT THE NOTIFIER

Name of Contact Person Position
John A. Kassebaum Chief Technical Officer
Company (if applicable)
1a. Notifier Algaeon, Inc.

Mailing Address (hnumber and street)
8440 West 82nd St.

City State or Province Zip Code/Postal Code Country

Indianapolis Indiana 46278 United States of America

Telephone Number Fax Number E-Mail Address

(317) 225-4180 John.Kassebaum@Algaeon-inc.com
Name of Contact Person Position

1b. Agent - .
or Attorney Company (if applicable)

(if applicable)

Mailing Address (number and street)

City State or Province Zip Code/Postal Code Country

Telephone Number Fax Number E-Mail Address
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PART Ill C GENERAL ADMINISTRATIVE INFORMATION

1. Name of Substance
Euglena gracilis biomass containing paramylon (3-1,3-glucan)

2. Submission Format: (Check appropriate box(es)) 3. For paper submissions only:
|:| Electronic Submission Gateway IX’ Electronic files on physical media
IX’ Paper with paper signature page

If applicable give number and type of physical media

Number of volumes

Total number of pages

4. Does this submission incorporate any information in FDA's files by reference? (Check one)
|X| Yes (Proceed to Item 5) |:| No (Proceed to Item 6)

5. The submission incorporates by reference information from a previous submission to FDA as indicated below (Check all that apply)
[X| a) GRAS Notice No. GRN 413
|:| b) GRAS Affirmation Petition No. GRP
[_] ¢) Food Additive Petition No. FAP

[ ] d) Food Master File No. FMF
[X] e) Other or Additional (describe or enter information as above) 21CFR172.809, GRN 309, GRN 239, GRN 412

6. Statutory basis for determination of GRAS status (Check one)
Xl Scientific Procedures (21 CFR 170.30(b)) |:| Experience based on common use in food (21 CFR 170.30(c))
7. Does the submission (including information that you are incorporating by reference) contain information that you view as trade secret
or as confidential commercial or financial information?
[ ]Yes (Proceed to Item 8)
[X] No (Proceed to Part IV)
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)
D Yes, see attached Designation of Confidential Information
[_|Yes, information is designated at the place where it occurs in the submission

|:|No

9. Have you attached 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 part(s) of the submission

|:|No

PART IV T'INTENDED USE

1. Describe the intended use of the notified substance including the foods in which the substance will be used, the levels of use in such
foods, the purpose for which the substance will be used, and any special population that will consume the substance (e.g., when a sub-
stance would be an ingredient in infant formula, identify infants as a special population).

Euglena gracilis biomass containing paramylon (B-1,3-glucan) is intended to be used as a human food
supplement. The paramylon (B-1,3-glucan) is intended as a source of fermentable B-1,3-glucan fiber in
food. Based on an expected average intake of about 1277 grams of solid food per day by adult humans,
supplementation is expected to be 125mg to 650mg of paramylon (—1,3—glucan) per day (not to exceed
2.5g per day) or 250mg to 1300mg of Euglena gracilis biomass per day (not to exceed 5g per day).

2. Does the intended use of the notified substance include any use in meat, meat food product, poultry product, or egg product?
(Check one)

[ ]Yes X] No

000004

FORM FDA 3667 (2/13) Page 2 of 5



1. Information about the Identity of the Substance

Registry . .
1 . . | Biological Source Substance Category
Name of Substance (Ckl;ecéc) Registry No: (if applicable) (FOR FDA USE ONLY)
Paramylon (B_ 1 ’3_glucan) CAS 9051-97-2 Euglena gracilis

item (1 - 3) in Item 3 of Part V (synonyms)

1Include chemical name or common name. Put synonyms (whether chemical name, other scientific name, or common name) for each respective

2 Registry used e.g., CAS (Chemical Abstracts Service) and EC (Refers to Enzyme Commission of the International Union of Biochemistry (IUB), now
carried out by the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology (IUBMB))

2. Description

could be in the source.

Provide additional information to identify the notified substance(s), which may include chemical formula(s), empirical formula(s), structural
formula(s), quantitative composition, characteristic properties (such as molecular weight(s)), and general composition of the substance. For
substances from biological sources, you should include scientific information sufficient to identify the source (e.g., genus, species, variety,
strain, part of a plant source (such as roots or leaves), and organ or tissue of an animal source), and include any known toxicants that

The basic ingredient is Euglena gracilis biomass containing paramylon (a 3-1,3-glucan). Paramylon is a
linear (unbranched) —1,3—glucan polysaccharide polymer with high molecular weight. Curdlan, which is
essentially identical to paramylon, is a permitted addition to food for human consumption under the U.S.
FDA Code of Federal Regulations Title 21, section 172.809. The only difference between curdlan and
paramylon is the length of the polymer chain (molecular weight) of the polysaccharide polymer (100 kDa
for curdlan, 500 kDa for paramylon). Curdlan is identified with the CAS Registry Number 54724-00-4.

3. Synonyms
Provide as available or relevant:
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PART VI JOTHER ELEMENTS IN YOUR GRAS NOTICE
(check list to help ensure your submission is complete — check all that apply)
<| Any additional information about identity not covered in Part V of this form
| Any additional inf i bout identi d in Part V of this f
[X] Method of Manufacture
Specifications for food-grade material
|X| Information about dietary exposure

IZ’ Information about any self-limiting levels of use (which may include a statement that the intended use of the notified substance is
not-self-limiting)

|X| Use in food before 1958 (which may include a statement that there is no information about use of the notified substance in food
prior to 1958)

[X] Comprehensive discussion of the basis for the determination of GRAS status

IXI Bibliography

Other Information

Did you include any other information that you want FDA to consider in evaluating your GRAS notice?
X Yes [ ] No

Did you include this other information in the list of attachments?

X Yes [ ]No

PART VII O SIGNATURE

1. The undersigned is informing FDA that Algaeon, Inc.

(name of notifier)

has concluded that the intended use(s) of Euglena gracilis biomass containing paramylon (B-1,3-glucan)

(name of notified substance)

described on this form, as discussed in the attached notice, is (are) exempt from the premarket approval requirements of section 409 of the

Federal Food, Drug, and Cosmetic Act because the intended use(s) is (are) generally recognized as safe.

2. |Z| Algaeon, Inc. agrees to make the data and information that are the basis for the
(name of notifier) determination of GRAS status available to FDA if FDA asks to see them.
Algaeon, Inc. agrees to allow FDA to review and copy these data and information during

” customary business hours at the following location if FDA asks to do so.
(name of notifier)

8440 West 82nd St., Indianapolis, IN 46278

(address of naotifier or other location)

Algaeon, Inc.

_ agrees to send these data and information to FDA if FDA asks to do so.
(name of notifier)

OR

D The complete record that supports the determination of GRAS status is available to FDA in the submitted notice and in GRP No.

(GRAS Affirmation Petition No.)

3. Signature of Responsible Official,

Printed Name and Title Date (mm/dd/yyyy)
Agent, or Attorney
com.apple.dms.appleid.prd 23624671625 John A. Kassebaum, Chief Technical Officer 04/07/2014
54d4a577866423977676762786d7a773d3d i
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PART VI - OTHER ELEMENTS IN YOUR GRAS NOTICE
(check list to help ensure your submission 1s complete — check all that apply)
g Any additional information about identity not covered in Part V of this form
X Method of Manufacture
X Specifications for food-grade material

@ Information about dietary exposure

@ Information about any self-limiting levels of use (which may include a statement that the intended use of the notified substance is
not-self-limiting)

[X] Use in food before 1958 (which may include a statement that there is no information about use of the notified substance in food
prior to 1958)

[X] Comprehensive discussion of the basis for the determination of GRAS status

X Bibliography

Other Information

Did you include any other information that you want FDA to consider in evaluating your GRAS notice?

X Yes ] No
Did you include this other information in the list of attachments?
X Yes [No

PART VII - SIGNATURE

1. The undersigned is informing FDA that Algaeon, Inc.

(name of notifier)

has concluded that the intended use(s) of Euglena gracilis biomass containing paramylon (8-1,3-glucan)
(name of notified substance)

described on this form, as discussed in the attached notice, is (are) exempt from the premarket approval requirements of section 409 of the

Federal Food, Drug, and Cosmetic Act because the intended use(s) is (are) generally recognized as safe.

2. [X] Algaeon, Inc. agrees to make the data and information that are the basis for the
(name of notifier) determination of GRAS status available to FDA if FDA asks to see them.
Algaeon, Inc. agrees to allow FDA to review and copy these data and information during

- customary business hours at the following location if FDA asks to do so.
(name of notifier)

8440 West 82nd St., Indianapolis, IN 46278

(address of notifier or other location)

Algaeon, Inc. agrees to send these data and information to FDA if FDA asks to do so.

(name of notifier)

OR
]:] The complete record that supports the determination of GRAS status is available to FDA in the submitted notice and in GRP No.
(GRAS Affirmation Pefition No.)
-y
3. Signature gfRes (5)“(6’)"“’m <2 | Printed Name and Title Date (mm/ddlyyyy)
Agent, of" Att ey
) <(b) (6) John A. Kassebaum, Chief Technical Officer 04/07/2014

it
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PART VIl CLIST 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
guidance associated with this form. Number your attachments consecutively. When submitting paper documents, enter the inclusive page
numbers of each portion of the document below.

Attachment Attachment Name Folder Location (select from menu)
Number (Page Number(s) for paper Copy Only)

Euglena-GRAS-Notice.pdf Submission

Euglena-GRAS-Panel.pdf Submission

OMB Statement: Public reporting burden for this collection of information is estimated to average 150 hours per response, including

the 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, 1350 Piccard Drive, Room 400, Rockville, MD 20850. (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. 000008
FORM FDA 3667 (2/13) Page 5 of 5
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February 13, 2014 Eg [3-1,3-glucan Human Food Supplement GRAS Notice About This Submission

1. About This Submission

The information presented in this section is a reiteration of the information presented on the attached Form
FDA-3667_V13(2.13).

This is a new submission. No previous meetings with FDA have been held.

Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 5
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February 13, 2014 Eg (5-1,3-glucan Human Food Supplement GRAS Notice The Notifier

2. The Notifier

The information presented in this section is a reiteration of the information presented on the attached Form
FDA-3667_V13(2.13).

The notifier is on behalf of Algaeon Inc. (the Company) is John A. Kassebaum, the Chief Technical Officer of
Algaeon. John can be reached at the Company’s headquarters - currently 8440 West 82nd St., Indianapolis,
IN 46278 in the United States of America. The Company’s main telephone number is (317) 225-4180. John
may also be reached by email to "John. Kassebaum@Algaeon-inc.com’.

Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 6
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February 13, 2014 Eg (5-1,3-glucan Human Food Supplement GRAS NoAideninistrative Information

3. Administrative Information

The information presented in this section is a reiteration of the information presented on the attached Form
FDA-3667_V13(2.13).

The substance that is the subject of this GRAS notice submission is “Euglena gracilis biomass containing
paramylon (5-1,3-glucan).”

This submission is in paper form, and consists of Form FDA-3667_V13(2.13), this GRAS notice document,
and a GRAS Panel Review Report.

There are citations in this document which refer to information from FDA's files - specifically from: (a) LS.
FDA Code of Federal Regulations Title 21, section 172.809 [1]; (b) GRN 413 [2]; (c) GRN 309 [3]; (d) GRN 239
[4]; and (e) GRN 412 [5].

The determination of GRAS status was made primarily via scientific procedures by an independent panel
of experts and relies on existing literature. Regardless, experience does exist based on the the presence of
substantially similar substances (8-1,3—glucans) in food and feed prior to 1958 [2-9, 9, 10, 10, 11, 11, 11-13].

The current submission does not include any information that the Company views as a trade secret or
as confidential commercial or financial information. There are two reports mentioned in the notice and
accompanying panel report regarding Company sponsored feeding trials that were made available to the
GRAS Panel, but which are not included in this submission. Those reports will be provided to the FDA
upon request if the FDA should wish to examine them, but since each of those trials were conducted under
non-disclosure agreements with customers of the Company, the Company must consider them confidential
commercial information. No redacted copy of the current submission is currently necessary and none have
been included.

Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 7
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February 13, 2014 Eg 3-1,3-glucan Human Food Supplement GRAS Notice Intended Use

4. Intended Use

Euglena gracilis biomass containing paramylon (8-1,3—glucan) to be used as a human food supplement. The
paramylon (8-1,3-glucan) is intended as a source of fermentable 5-1,3—glucan fiber. Supplementation is
expected to be 125mg to 650 mg of paramylon (5-1,3—-glucan) per day (not to exceed 2.5g per day) or 250
to 1300 mg of Euglena gracilis biomass per day (not to exceed 5g per day). This is based on an expected
average intake of about 1277 grams of solid food per day by adult humans [14].

This notice is not intended to establish any medical functionality as an intended use of paramylon (5-
1,3—glucan). However, the preponderance of literature regarding 5-1,3—glucans (including paramylon) is
focused on observations of 5-1,3—glucan functionality as a supporter of immune function or its beneficial
effects upon various conditions or injuries in humans and/or animals. Because the available literature is
mainly focussed on functionality, studies of functionality will be cited - but our intent is only to establish
safety for consumption.

Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 8
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February 13, 2014 Eg $3-1,3-glucan Human Food Supplement GRAS Notice Identity

5. Identity

The basic ingredient is Euglena gracilis biomass containing paramylon (a 8-1,3-glucan). Paramylon is deliv-
ered either in lysed cells, or as an extracted product with greater purity.

5.1 Paramylon - the 5-1,3—-glucan from Euglena gracilis

Paramylon is a linear (unbranched) $-1,3—glucan polysaccharide polymer with high molecular weight (Fig-
ure 6.1). There are other linear (unbranched) $-1,3—glucans that are well known: curdlan, pachyman,
conidiobolus and entomophthora $-1,3-glucan, and callose [7]. Curdlan, which is essentially identical to
paramylon, is a permitted addition to food for human consumption under the U.S. FDA Code of Federal
Regulations Title 21, section 172.809 [1]. Curdlan is produced by pure culture fermentation from the non-
pathogenic and nontoxicogenic bacterium Alcaligenes faecalis var. myxogenes [1, 7]. Curdlan has been
broadly investigated, and is universally considered to be safe for consumption [15, 16]. The only difference
between curdlan and paramylon is the length of the polymer chain (molecular weight) of the polysaccha-
ride polymer [7]. Curdlan has an average molecular weight of 100 kDa (a polymer length n ~ 554), while
paramylon has an average molecular weight of 500 kDa (a polymer length n ~ 2776) [17]. Paramylon
has been identified with the CAS Registry Number 9051-97-2 (which has sometimes been applied to some
yeast-derived S—glucans as well), while curdlan is identified with the CAS Registry Number 54724-00-4.

Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 9
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February 13, 2014 Eg 3-1,3-glucan Human Food Supplement GRAS Notice Other Elements

6. Other Elements

6.1 Additional Identity Information

The basic ingredient is paramylon (a 8-1,3-glucan), derived from Euglena gracilis biomass. Paramylon is
delivered either in lysed cells, or as an extracted product with greater purity.

6.1.1 Paramylon - the 5-1,3-glucan from Euglena gracilis

Paramylon is a linear (unbranched) $-1,3—glucan polysaccharide polymer with high molecular weight (Fig-
ure 6.1). There are other linear (unbranched) $-1,3—glucans that are well known: curdlan, pachyman,
conidiobolus and entomophthora $-1,3-glucan, and callose [7]. Curdlan, which is essentially identical to
paramylon, is a permitted addition to food for human consumption under the U.S. FDA Code of Federal
Regulations Title 21, section 172.809 [1]. Curdlan is produced by pure culture fermentation from the non-
pathogenic and nontoxicogenic bacterium Alcaligenes faecalis var. myxogenes [1, 7]. Curdlan has been
broadly investigated, and is universally considered to be safe for consumption [15, 16]. The only difference
between curdlan and paramylon is the length of the polymer chain (molecular weight) of the polysaccha-
ride polymer [7]. Curdlan has an average molecular weight of 100 kDa (a polymer length n ~ 554), while
paramylon has an average molecular weight of 500 kDa (a polymer length n ~ 2776) [17]. Paramylon
has been identified with the CAS Registry Number 9051-97-2 (which has sometimes been applied to some
yeast-derived S—glucans as well), while curdlan is identified with the CAS Registry Number 54724-00-4.

CH,OH
HO 0

HO OH

Figure 6.1: Molecular structure of the linear (unbranched) $-1,3—glucans paramylon and curdlan [7]

Other common sources of dietary S-glucans include: (a) branch-on-branch 5—(1,3;1,6)-glucans from the
cell walls of yeast [7]; (b) linear 5—(1,3;1,6)-glucans found in grasses and cereals (such as oats and bar-
ley) [7]; and (c) linear 8-1,3—glucans with 5—(1,6)-glucosyl or oligoglucosyl side chains (lentinan) found in
mushrooms such as Lentinus edodes (Shiitake) [7]. In all of these cases, paramylon has less variety since it
consists wholly of 8-1,3—glucan type bonds. Paramylon lacks 8-(1,6), 5—(1,4), and 5—(1,2) bonds as well
as side branching structures of any kind. The result is a molecule which is less soluble and more homoge-
neous. As a result, the long safety record of yeasts and grains in both feed and human food apply directly
to paramylon.

Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 10
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February 13, 2014 Eg (5-1,3-glucan Human Food Supplement GRAS Notice Other Elements

Chloroplast
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Nucleolus
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vacuole
Photoreceptor
(paraflagellar body)
(a) Pyrenoids and paramylon (b) Euglena Diagram

Figure 6.2: Cellular Structures of Euglena
(a) ©Angelika Preisfeld and David Patterson (b) [18]

6.1.2 Euglena gracilis Ecology

Euglena gracilis (see Figure 6.2 on this page) is a member of the micro-algae division Euglenophyceae, within
the Euglenales family [18]. The division Euglenophyceae includes about 75 species of autotrophic and het-
erotrophic species. Most are found in enriched freshwaters, particularly shallow water rivers, lakes, and
ponds. At least two species can live in saline waters. Blooms of these algae occur during late summer-fall
in temperate systems. The strain used by the Company was obtained from the Culture Collection of Algae
and Protozoa (CCAP) in Glasgow, Scotland - Euglena gracilis (CCAP 1224 /5Z).

Paramylon is the principal energy-storage compound for Euglenoids, comparable to starch or oils/fats in
other algal divisions. Paramylon is produced in the pyrenoids and stored as granules in the cytoplasm. The
paramylon granules in Euglena gracilis are about 2 pim in diameter [19]. Midwest Laboratories Inc analyzed
cultured Euglena gracilis and reported chemical composition (Table 6.1 on the next page). This same lot
was also independently quantitated at 58.1% paramylon by Dr. Kyle Newman of Venture Laboratories in
Lexington Kentucky (Report No. 13599 - Lot No. EG107.0008). Composition detail is also available in the
literature [20, 21].

6.2 Method of Manufacture

Euglena gracilis and its paramylon is manufactured according to current Good Manufacturing Practices
(cGMP) - see Figure 6.3). Cultures will be grown in closed bioreactors that are cleaned and sanitized to
kill micro-organisms prior to inoculation and growout. Euglena gracilis stock cultures that are maintained
in controlled laboratory conditions will be used as inoculum. The Euglena gracilis inoculum is aseptically
transferred to the culture vessels (bioreactors) where it is grown in large quantities. Algal cultures will
be grown in liquid cultures using agriculture grade fertilizers. At harvest, the finished culture is then de-
watered to separate solids (Euglena biomass) from culture media. The resulting paste is then pasteurized
to kill the Euglena gracilis and any biological contaminants that may be present. Thereafter, the biomass is
dried to NMT 10% moisture and lightly ground to form a powder. This is the first form of the product - a
cracked (lysed) Euglena gracilis biomass as a free-flowing powder.
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Table 6.1: Component Analysis of Euglena performed by Midwest Laboratories Inc. (Report #13-157-9434).

Component Dry Weight | Meas. Limit Method

Protein (crude) 11.0% 0.20% AOAC 990.03

Fat (crude) 11.3% 0.10% AOAC 2003.05
Fiber (acid detergent) 0.5% 0.5% ANKOM Tech. Method
Fiber (neutral detergent) n.d. 1.0% ANKOM Tech. Method
Ash 0.74% 0.10% AOAC 942.05
Starch (total) n.d. 0.10% AACC76-11 (mod)

Nitrogen Free Extract (NFE) 76.46% - -
— Paramylon (8-1,3-glucan) 58.1% - -
Sulfur (total) 0.11% 0.01% AOAC 985.01 (mod

)
Phosphorus (total) 0.65% 0.01% AOAC 985.01 (mod)
Potassium (total) 0.05% 0.01% AOAC 985.01 (mod)
Magnesium (total) 0.04% 0.01% AOAC 985.01 (mod)
Calcium (total) 0.01% 0.01% AOAC 985.01 (mod)
Sodium (total) n.d. 0.01% AOAC 985.01 (mod)
Iron (total) 341 ppm 5.0 ppm AOAC 985.01 (mod)
Manganese (total) 5.2 ppm 1.0 ppm AOAC 985.01 (mod)
Copper (total) 18.9 ppm 1.0 ppm AOAC 985.01 (mod)
Zinc (total) 34.4 ppm 1.0 ppm AOAC 985.01 (mod)

( Culture Growth )

water

Solids Separation
removed

Pasteurization Heat

Heat

QC Testing
Packaged

Figure 6.3: Manufacturing Process Diagram

A second product requires chemical extraction of the cracked Euglena gracilis biomass. Several chemical
extraction methods are available [22-28] including sodium dodecyl sulfate (SDS) in water for extraction of
lipids and pigments followed by washing with either water or ethanol. The material can then be further
isolated either by the application of a sodium hydroxide solution to dissolve the paramylon, or an acid
solution to remove materials other than paramylon. In either case, the further isolated mass of paramylon
is neutralized, washed, dried, and milled to produce a free-flowing powder. The extraction process may
modify the paramylon granules in the biomass by increasing their exposed surface area. The extracted
paramylon may be more bioavailable than the paramylon in either uncracked or cracked Euglena gracilis.

The final paramylon product(s) are then packaged to reduce exposure to moisture and oxygen. The bags
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are stored frozen in sealed containers prior to shipment.

6.3 Specifications for Food-grade Material

Two products are envisioned by this definition: (a) cracked Euglena gracilis biomass (lysed cells); and (b) ex-
tracted /purified paramylon. Product specifications are presented in Table 6.2 on this page.

Table 6.2: Paramylon Product Specifications
1. Quality Specifications

(a) Cracked Euglena gracilis biomass — NLT 50% paramylon by dry weight.
(b) Extracted/Purified Paramylon — NLT 80% paramylon by dry weight.

2. Physical Properties

(a) Appearance: beige to light grey/brown powder
(b) Moisture content: NMT 10%

3. Inorganic Contaminants

(@) Inorganic Arsenic: NMT 3 ppm
(b) Total Arsenic: NMT 10 ppm

() Cadmium: NMT 1 ppm

(d) Lead: NMT 3 ppm

(e) Mercury: NMT 0.25 ppm

4. Biological Contaminants

(a) Total Aerobic Count: NMT 10° per gram
(b) Total Yeast and Mold: NMT 10? per gram
(c) E Coli/Coliforms: NMT 10! per gram (but no detectable fecal coliforms)

5. Pesticides and Plasticizer Contaminants

(a) Free of measurable dioxins

(b) Free of measurable melamine
6. Handling Recommendations

(a) Material is somewhat hygroscopic - store in sealed container at NMT 70% relative humidity.

(b) Material susceptible to mold - it is acceptable to refrigerate or freeze product for longer shelf life.

Paramylon becomes hygroscopic at relative humidities greater than 70% and will increase in weight by
up to 10% upon hydration, and then is difficult to re-dry [22, 29, 30]. As a result, paramylon (in purified
form) should be kept in dry conditions (NMT 70% relative humidity) to avoid formation of a hydrate.
Undissolved paramylon, in lysed cell form, would require heating to 140°C in water to become hydrated
[22, 29, 30]. Nonetheless, the Euglena biomass will hydrate as well, so it should also be kept in dry condi-
tions.
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6.4 Dietary Exposure

Intended and expected dietary exposure to paramylon (5-1,3-glucan) is in the range of 0.01% to 0.05% (100
to 500 mg of paramylon per kilogram of food) but is not expected to exceed to 0.2% (2000 mg of paramylon
per kilogram of food). In the case of lysed Euglena gracilis cells, with a minimum paramylon content of
50%, the intended and expected dietary exposure to Euglena gracilis biomass containing paramylon (5-1,3-
glucan) is in the range of 0.02% to 0.1% (200 to 1000 mg of Euglena gracilis biomass per kilogram of food)
but is not expected to exceed 0.4% (4000 mg of Euglena gracilis biomass per kilogram of food). Based on an
expected average intake of about 1277 grams of solid food per day by adult humans [14], supplementation
is expected to be 125mg to 650 mg of paramylon (5-1,3—-glucan) per day (not to exceed 2.5g per day) or 250
to 1300 mg of Euglena gracilis biomass per day (not to exceed 5g per day).

6.5 Self-limiting Levels of Use

A toxicological assessment of curdlan, which has identical molecular structure to paramylon [7], showed
that even at 15% of the diet there was no evidence of adverse effects on the nutritional status of the animals
[16]. Likewise, the U.S. FDA and the U.N World Health Organization have recognized curdlan as safe at
30% of the diet of mice, rats, and dogs [1, 15]. Acute toxicity levels (LDs) for oral administration were
shown to be greater than 10,000 milli-grams per kilogram of body weight for both mice and rats [15, 16].
Curdlan was not found to have genotoxicity [15]. Studies in humans at dosages up to 50 grams of curdlan
per day showed no evidence of toxicity [15].

If we add the above assessment to the other known sources of 5-1,3—glucans present in oats, barley, mush-
rooms, and other long-known food and feed sources [2-9, 9, 10, 10, 11, 11, 11-13], it is clear that any con-
ceivable use of paramylon (up to 15% of an human or animal diet) is unlikely to be able to achieve toxicity.
The Company, therefore, is confident that paramylon from Euglena gracilis is safe for consumption up to a
paramylon level of 15% of a human diet.

6.6 Common use in food before 1958 (if applicable)

Although this notice is based upon scientific study, it is a fact that 5-1,3—glucans are present in oats, barley,
mushrooms, and other long-known food and feed sources in use before 1958 [2-9, 9, 10, 10, 11, 11, 11-13].

6.7 Basis for GRAS status

In order to determine whether Euglena gracilis could be considered GRAS by use of scientific procedures
under 21 CFR 170.30(b), the Company convened an independent panel of experts into a GRAS review panel.
The review panel found that paramylon, as a -1,3-glucan polysaccharide polymer, is safe for the proposed
uses based on: (a) the long history of safe use of 5-1,3-glucans contained in many common food & feed
sources such as oats and grains; (b) existing GRAS filings and FDA regulations in regard to /3-1,3-glucans;
(c) the large number of peer reviewed studies which have demonstrated no untoward effects from paramy-
lon and $-1,3-glucans while purporting improved functionality in immune function; and (d) the broadly
understood safety of curdlan [1, 15, 16]. The review panel believes that Euglena gracilis is safe because: (a) it
contains nutrients such as proteins, lipids, and carbohydrates; (b) it is nontoxogenic and nonpathogenic
based on long use in industry as a laboratory microbe; (c) the Company’s own analysis (using an inde-
pendent lab) found no traces of biotoxins; (d) a Company sponsored fish trial that showed no significant
differences in mortality between control and treated fish over a 12 week period; (e) a Company sponsored
poultry trial that showed no significant differences in mortality between control and treated poultry over
a 2 week period; and (f) there is a company in the international market selling Euglena gracilis for human
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consumption, and another company in the US. market selling a Euglena gracilis derived product for animal
feed.

There are companies other than Algaeon already selling Euglena gracilis containing paramylon for both hu-
man and animal consumption with no untoward effects. The Euglena Company has been working since
2005 to make Euglena a human food source and dietary supplement in Japan. They are focussed on Euglena
gracilis itself (rather than on paramylon) and offer a number of foods and supplements derived from Euglena
gracilis. There is also an approved human use -1,3-glucan [1] and several 5—(1,3;1,6)—glucans that have
GRAS notices filed with the FDA [2—4]. Many brands of human food supplements containing 5—(1,3;1,6)—
glucans are readily available to the public at pharmacies, groceries, and health food stores.

The preponderance of literature regarding $-1,3—glucans is focused on observations of 5-1,3—glucan as a
supporter of immune function or its beneficial effects upon various conditions or injuries in humans or
animals. This notice is not intended to establish any human medical claims with the use of paramylon.
However, since much of the available literature is focused on functionality, these studies will be cited in
support of safe use.

The paramylon derived from Euglena gracilis is similar to $-1,3-glucans from other sources such as yeast,
bacteria, mushrooms and grains [6, 17, 31-34]. The differences and advantages in the §-1,3-glucans from
Euglena gracilis come from: (a) the purity of the paramylon $-1,3-glucan bond structure (with no branching
or 1-2, 1-4 or 1-6 bond types) [23, 24, 27, 35, 36]; (b) the size and shape of the 5-1,3-glucan crystals produced
by Euglena [19, 37]; and (c) the molecular weight of the 5-1,3-glucan chains [17, 33]. Paramylon, the 5-1,3-
glucan from Euglena gracilis, has been shown to be safe in numerous trials [6, 17, 31-34]. A quantifiably
superior effect of paramylon from Euglena gracilis over the §-1,3—glucans from other sources has also been
observed [17]. Substantially pure paramylon from Euglena gracilis is also usable as an adjuvant in vaccines
[27, 38-42]. All of this strongly supports a broad safety profile for paramylon.

6.7.1 Safety Reports

The safety of 5-1,3-glucans in food is best viewed in the context of their long safe use as a constituent
of oat and barley grains [6-12]. The same polysaccharide polymers are present in other food-acceptable
sources, including mushrooms [2, 9-11, 13], yeasts [3, 4, 11], and even molds [5]. Newer sources of dietary
B-1,3—glucans include Euglena gracilis micro-algae (an AAFCO listed metal-polysaccharide - a zinc 5-1,3-
glucan compound [35]) and bacteria (permitted human food additive - Curdlan [1, 15, 16]). As curdlan
is chemically identical to paramylon, safety data for curdlan are directly referable. A subchronic toxicity
study of mushroom $-(1,3;1,6)-glucan in rats found no adverse effect levels with a no observed-adverse-
effect level (NOAEL) for 5—(1,3;1,6)—-glucans fed at 2,000 mg per kg of body weight per day [13]. 5-1,3-
glucans caused no adverse effects in nonhuman primates and appeared to have positive effects on the
overall health of the test animals [39] characterized by: (a) supporting immunity to a diverse group of
microbial and tumor antigens; and (b) nonspecifically enhanced host resistance to neoplastic, bacterial, and
fungal diseases. An assessment of in vitro safety and tolerability in human cells at different concentrations
demonstrated no adverse events [43]. 5-1,3—glucans were also shown to be hepatoprotective in rats given
carbon tetrachloride [32]. Further, inhalation of $-1,3—glucan by healthy humans caused markedly less
inflammatory response than bacterial endotoxin [44]. $-1,3—glucans also appear to have radio-protective
properties (reducing some deleterious effects of ionizing radiation) in animals and people [45-48]. An
extensive review of over 1000 papers revealed no adverse effects in humans or animals from $-1,3-glucan
ingestion or administration.

6.7.2 Impurities and Contaminants
Euglenophycin is not produced by Euglena gracilis

Euglena species are generally not producers of toxins (nontoxogenic), but there is a member of the division
- Euglena sanguinea - that produces a known ichthyotoxin, euglenophycin [49, 50]. Euglena species, and
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specifically the species Euglena gracilis utilized by the Company, are widely considered to be nonpathogenic
and nontoxogenic. To further test and confirm this, the Company has engaged in two in-vivo tests: 1) a
feeding trial in yellow perch using dried Euglena gracilis biomass at varying dosages vs. a control; and 2) an
assay of the Company’s Euglena gracilis culture and dried product (conducted by Dr. Paul Zimba, author
of [49, 50]) for the presence of euglenophycin. The fish trial found no significant differences in mortality
between control and treated fish over a 12 week feeding period. The assays of the culture and the dried
Euglena gracilis biomass product showed no measurable content of euglenophycin in either. A brief report
on the fish trial and the euglenophycin assay results are available from the Company upon request.

6.7.3 Safe for Human Consumption and Handling

Paramylon is chemically identical to curdlan that has a long history of safe use [1, 15, 16]. 5-1,3—glucans
have been shown to support human immune function (for instance, against viral infections such as the com-
mon cold) [9, 10, 51-53] and oral 5-1,3—-glucans have demonstrated some benefit to cardiovascular health
[54] without any serious averse events. Oral 5-1,3-glucans have also shown anti-tumor effects and may
contribute to patient survival [6, 43]. 3-1,3-glucans have demonstrated apparent radio-protective proper-
ties (reducing some deleterious effects of ionizing radiation) in animals and people [45-48]. In contrast to
known inflammatory agents, such as bacterial endotoxin, inhalation of 5-1,3—glucans do not cause an acute
inflammatory response [44]. An assessment of human safety and tolerability of soluble 5-1,3—glucans fed at
100mg/day, 200mg/day or 400mg/day for 4 consecutive days demonstrated no adverse events [43]. An ex-
tensive investigation of the literature revealed no adverse effects in humans or animals from $-1,3-glucan
ingestion, administration, or inhalation.

6.7.4 Paramylon is Safe for Animal Consumption

Multiple studies affirm safety in many animal species which can be used to support safety as a constituent
of human food.

Swine

£-1,3—glucans have been shown to enhance innate antiviral immunity (via T-cell function) in weanling pigs
[17, 55-58]. Effects of 5-1,3-glucans on immune function did not contribute to a systemic inflammatory
response, but instead appeared to prime immune defenses by altering subsequent responses to infection
[9, 10, 58-61]. Oral $-1,3—glucans also appeared to support cardiovascular health of swine [62]. Furher,
oral 5-1,3—-glucans improved the composition of the intestinal microbiome [61, 63]. This may play a role
in $-1,3-glucans improving weight gain performance in weanling pigs [58]. Based on this evidence, -
1,3—-glucans (such as Paramylon from Euglena gracilis) appear to be safe as a food additive for swine and
piglets.

Poultry

Dietary benefits of 5-1,3-glucan have been demonstrated in poultry health [64-68]. One study notes that
dietary 8-1,3-glucan is effective in promoting growth in broiler chickens [65, 66]. Many of the studies show
significant growth-promoting and immune-enhancing effects in poultry in response to dietary 8-1,3-glucan
[64-66, 69-75]. Under a Salmonella challenge, oral 8-1,3-glucans also improved poultry gut morphology
(increased villus height and villus height to crypt depth ratio) and inhibited cecal Salmonella colonization
levels [75]. The Company, in colloboration with one of its potential customers, had a trial conducted with
varying treatment levels of paramlyon for poultry. The test showed no significant differences in mortality
between control and treated chicks over the trial period of two (2) weeks. Based on all this evidence, 5-1,3—
glucans (such as paramylon from Euglena gracilis) appear to be safe as a food additive for poultry.
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Cattle

B-1,3-glucans have also been shown to support immune function and improve responses to stressful events,
such as transport, while enhancing feed consumption in cattle [12, 34, 64, 76, 77]. These benefits seem to
be further enhanced by dietary antioxidants such as vitamin-C (ascorbic acid) [77]. Apparent digestibility
of $-1,3-glucans in steers was 98.6% [12]. Thus, 5-1,3-glucans (such as paramylon from Euglena gracilis)
appear to be safe as a food additive for cattle.

Fish

B-1,3-glucans have been shown to support immune function in fish, shellfish and live-feeds (such as artemia
and rotifers) [23, 31, 34, 78-84]. Paramylon also appears to support immune function of rainbow trout
fry when dissolved or suspended in the water [78]. Immersion of fish in §-1,3-glucans provides some
limited protection, but dietary intake of 5-1,3-glucan was much better at increasing resistance of fish to
bacterial pathogens [85]. The Company, in collaboration with one of its potential customers, had a trial
conducted with varying treatment levels of paramlyon in fish (yellow perch). The test showed no significant
differences in mortality between control and treated fish over the trial period of twelve (12) weeks. Thus,
B-1,3—glucans (such as paramylon from Euglena gracilis) appear to be safe as a food additive for fish and in
live-feeds.

Companion Animals

B8-1,3—glucans were able to support immune function in dogs in one study [86] with apparent positive
effects on inflammatory bowel disease and osteoarthritis [87, 88]. §-1,3—glucan administration also demon-
strated similar benefit as levamisole in mares and foals by support of the foal immune system via colostrum
trasnfer [89]. 5-1,3-glucans have demonstrated no harm in companion animals and appear to decrease the
incidence of certain disease states [90].

6.7.5 Environmental Safety

Paramylon from Euglena gracilis is nontoxic. Both Euglena gracilis and parmylon are natural materials that
are completely biodegradable and pose negligible environmental hazard. Further, they do not pose a bio-
hazard risk for shipping or handling.
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7. Signature

The information presented in this section is a reiteration of the information presented on the attached Form
FDA-3667_V13(2.13).

I, the undersigned, is informing FDA that Algaeon, Inc. has concluded that the intended use of Euglena
gracilis biomass containing paramylon (5-1,3—glucan) described in this document is exempt from the
premarket approval requirements of section 409 of the Federal Food, Dug, and Cosmetic Act because the
intended use is generally recognized as safe.

The complete record that supports the determination of GRAS status is available to FDA in this submitted
notice.

(b) (6)
February 13, 2014
]71&1 A. Kassebaum, €hief Technical Officer date
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Algaeon, Inc. Eg -1,3-glucan Human Food Supplement GRAS Notice 27
000037



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review Algaeon, Inc.

Algseon

GRAS PANEL REVIEW: Euglena gracilis CONTAINING [3-1,3-GLUCAN

PANELISTS

Paul V. Zimba, PhD
Paul B. Brown, PhD
Eric van Heugten, PhD
Jeffery A. Engelhardt, DVM, PhD

Algaeon, Inc.
8440 W 82nd St.
Indianapolis, IN 46278

Dr. John A. Kassebaum, CTO

John Kassebaum@Algaeon-Inc.Com

1+ (317) 225-4180 (Main)

Algaeon, Inc. Euglena gracilis -1,3-glucan GRAS Panel Review 1
000038



January 16, 2014 Euglena gracilis $-1,3-glucan GRAS Panel Review Algaeon, Inc.

RECEIVED
APR 17 2014

OFFICE OF
FOOD ADDITIVE SAFETY

GRN 600513

Algseon

GRAS PANEL REVIEW: Euglena gracilis CONTAINING (3-1,3-GLUCAN

PANELISTS

Paul V. Zimba, PhD
Paul B. Brown, PhD
Eric van Heugten, PhD
Jeffery A. Engelhardt, DVM, PhD

Algaeon, Inc.
8440 W 82nd St.
Indianapolis, IN 46278

Dr. John A. Kassebaum, CTO
John.Kassebaum@Algaeon-Inc.Com

1+ (317) 225-4180 (Main)

Algaeon, Inc. Euglena gracilis 3-1,3-glucan GRAS Panel Review 1
000039



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review Contents
1. Submission Summary 5
2. Identity 6
2.1 Paramylon - the 8-1,3-glucan from Euglena gracilis . . . . . . ... ................ 6
22 EuglenagracilisEcology . . . . . . . . . . .. 6
2.3 Product/Material Specification . . . . ... ... ... . Lo o o 8

3. Manufacturing Procesess 9
4. Purpose of the Ingredient 10
5. Use limitations 11
6. Intended Use Data 12
7. Safety Assessment 13
71 Safety Reports . . . . . . . . . 13

7.2 Impuritiesand Contaminants . . . . ... ... ... .. .. L L L L o 14
7.2.1 Euglenophycin is not produced by Euglena gracilis . . . . . ... ... ... ....... 14

7.3 Paramylon is Safe for Animals Consumption . . . ... ........ ... ... ... ..... 14
731 Swine. . . .. 14

732 Poultry . . .. e 14

733 Cattle. . ... .. 15

734 Fish . ... e 15

735 CompanionAnimals . . . .. ... ... . 15

74 Safe for Human Consumption and Handling . . . ... ....... .. ............. 15

7.5 Environmental Safety . . . . . . . ... 16
References 18
Signatures 27
Panelist CVs 32
Algaeon, Inc. Euglena gracilis -1,3-glucan GRAS Panel Review 2

000040



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review List of Tables

List of Tables

21 Euglena Component Analysis . . . . ... ... ... .. .. ... . 7

2.2 Paramylon Product Specifications . . . . . . ... ... . L

Algaeon, Inc. Euglena gracilis -1,3-glucan GRAS Panel Review 3
000041



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review List of Figures

List of Figures

2.1 Molecular structure of the linear (unbranched) $-1,3—glucans paramylon and curdlan . . . .

22 Cellular Structuresof Euglena . . . . . . .. ... .. ... .

3.1 Manufacturing Process Diagram . . . . ... ... ... ... ... . oo 9

Algaeon, Inc. Euglena gracilis -1,3-glucan GRAS Panel Review 4
000042



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review Submission Summary

1. Submission Summary

Paramylon is a high molecular weight polysaccharide polymer of glucose (5-1,3-D-glucan; CAS No. 9051-
97-2) produced by members of the micro-algae division Euglenophyceae [1, 2]. This report specifically ad-
dresses production using a pure culture of Euglena gracilis, a nonpathogenic and nontoxogenic member
of the family Euglenales in the micro-algae division Euglenophyceae. Euglena gracilis biomass is primarily
intended as a dietary source of 3-1,3-glucans (specifically paramylon). Paramylon may be extracted from
Euglena biomass or may be delivered in Euglena biomass. On a dry weight basis, paramylon concentration
in biomass exceeds 50%, while extracted paramylon concentration exceeds 80%. Paramylon is a minimally
soluble linear (unbranched) 8-1,3-glucan high molecular weight polysaccharide polymer that is intended
as a source of fermentable fiber (fermented by bifidobacteria in the gut [3, 4]). The non-paramylon remain-
der of Euglena gracilis biomass provides other commonly useful nutrients such as proteins, vitamins, and
minerals.

This submission is intended to assert that Euglena gracilis biomass containing paramylon is safe for use as
an additive to food and feed (for both animal and human consumption).

The review panel believes that paramylon, as a $-1,3-glucan polysaccharide polymer, is safe for addition
to food and feed based on: (a) the long history of safe use of 5-1,3-glucans contained in many common
food & feed sources such as oats and grains; (b) existing GRAS filings and FDA regulations in regard to
B-1,3-glucans; and (c) the large number of peer reviewed studies which show no harm from paramylon
and f3-1,3-glucans while purporting functionality in supporting immune function. The review panel be-
lieves that Euglena gracilis biomass is safe for addition to food and feed because: (a) it contains nutrients
such as proteins, lipids, and carbohydrates; (b) it is nontoxogenic and nonpathogenic based on long use as
a laboratory microbe; (c) it is devoid of euglenophycin based on analysis in an independent lab; (d) a Com-
pany sponsored fish trial that showed no significant differences in mortality between control and treated
fish over a 12 week period; (e) a Company sponsored poultry trial that showed no significant differences in
mortality between control and treated poultry over a 2 week period; and (f) existing use of Euglena gracilis
for human consumption by one international company, and existing use of Euglena gracilis for animal feed
by another company in the US market.
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000043



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review Identity

2. Identity

The basic ingredient is paramylon (a 5-1,3-glucan), derived from Euglena gracilis biomass. Paramylon is
delivered either in lysed cells, or as an extracted product with greater purity.

2.1 Paramylon - the 5-1,3—glucan from Euglena gracilis

Paramylon is a linear (unbranched) 5-1,3—-glucan polysaccharide polymer with high molecular weight (Fig-
ure 2.1). There are other linear (unbranched) 5-1,3—-glucans that are well known: curdlan, pachyman, conid-
iobolus and entomophthora 8-1,3-glucan, and callose [5]. Curdlan, which is essentially identical to paramy-
lon, is a permitted addition to food for human consumption under the U.S. FDA Code of Federal Regulations
Title 21, section 172.809 [6]. Curdlan is produced by pure culture fermentation from the nonpathogenic and
nontoxicogenic bacterium Alcaligenes faecalis var. myxogenes [5, 6]. Curdlan has been broadly investi-
gated, and is universally considered to be safe for consumption [7, 8]. The only difference between curdlan
and paramylon is the length of the polymer chain (molecular weight) of the polysaccharide polymer [5].
Curdlan has an average molecular weight of 100 kDa (a polymer length n =~ 554), while paramylon has an
average molecular weight of 500 kDa (a polymer length n ~ 2776) [9]. Paramylon has been identified with
the CAS Registry Number 9051-97-2 (which has sometimes been applied to some yeast-derived S—glucans
as well), while curdlan is identified with the CAS Registry Number 54724-00-4.

CH,OH
HO 0

HO OH

Figure 2.1: Molecular structure of the linear (unbranched) 8-1,3—glucans paramylon and curdlan [5]

Other common sources of dietary J-glucans include: (a) branch-on-branch 5—(1,3;1,6)-glucans from the
cell walls of yeast [5]; (b) linear 5—(1,3;1,6)-glucans found in grasses and cereals (such as oats and bar-
ley) [5]; and (c) linear 8-1,3—glucans with 5—(1,6)-glucosyl or oligoglucosyl side chains (lentinan) found in
mushrooms such as Lentinus edodes (Shiitake) [5]. In all of these cases, paramylon has less variety since it
consists wholly of 8-1,3—glucan type bonds. Paramylon lacks 8—-(1,6), 5—(1,4), and 5—(1,2) bonds as well
as side branching structures of any kind. The result is a molecule which is less soluble and more homoge-
neous. As a result, the long safety record of yeasts and grains in both feed and human food apply directly
to paramylon.

2.2 Euglena gracilis Ecology

Euglena gracilis (see Figure 2.2 on the following page) is a member of the micro-algae division Eugleno-
phyceae, within the Euglenales family [2]. The division Euglenophyceae includes about 75 species of au-
totrophic and heterotrophic species. Most are found in enriched freshwaters, particularly shallow water
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000044



January 16, 2014 Euglena gracilis ($-1,3-glucan GRAS Panel Review Identity
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Figure 2.2: Cellular Structures of Euglena
(a) ©Angelika Preisfeld and David Patterson (b) [2]

rivers, lakes, and ponds. At least two species can live in saline waters. Blooms of these algae occur during
late summer-fall in temperate systems. The strain used by the Company was obtained from the Culture
Collection of Algae and Protozoa (CCAP) in Glasgow, Scotland - Euglena gracilis (CCAP 1224 /5Z).

Paramylon is the principal energy-storage compound for Euglenoids, comparable to starch or oils/fats in
other algal divisions. Paramylon is produced in the pyrenoids and stored as granules in the cytoplasm. The
paramylon granules in Euglena gracilis are about 2 pm in diameter [1]. Midwest Laboratories Inc analyzed

Table 2.1: Component Analysis of Euglena performed by Midwest Laboratories Inc. (Report #13-157-9434).

Component Dry Weight | Meas. Limit Method

Protein (crude) 11.0% 0.20% AOAC 990.03

Fat (crude) 11.3% 0.10% AOAC 2003.05
Fiber (acid detergent) 0.5% 0.5% ANKOM Tech. Method
Fiber (neutral detergent) n.d. 1.0% ANKOM Tech. Method
Ash 0.74% 0.10% AOAC 942.05
Starch (total) n.d. 0.10% AACC 76-11 (mod)

Nitrogen Free Extract (NFE) 76.46% - -
— Paramylon (8-1,3-glucan) 58.1% - -
Sulfur (total) 0.11% 0.01% AOAC 985.01 (mod)

Phosphorus (total) 0.65% 0.01% AOAC 985.01 (mod)
Potassium (total) 0.05% 0.01% AOAC 985.01 (mod)
Magnesium (total) 0.04% 0.01% AOAC 985.01 (mod)
Calcium (total) 0.01% 0.01% AOAC 985.01 (mod)
Sodium (total) n.d. 0.01% AOAC 985.01 (mod)
Iron (total) 341 ppm 5.0 ppm AOAC 985.01 (mod)
Manganese (total) 5.2 ppm 1.0 ppm AOAC 985.01 (mod)
Copper (total) 18.9 ppm 1.0 ppm AOAC 985.01 (mod)
Zinc (total) 34.4 ppm 1.0 ppm AOAC 985.01 (mod)
Algaeon, Inc. Euglena gracilis $-1,3-glucan GRAS Panel Review 7
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cultured Euglena gracilis and reported chemical composition (Table 2.1 on the previous page). This same lot
was also independently quantitated at 58.1% paramylon by Dr. Kyle Newman of Venture Laboratories in
Lexington Kentucky (Report No. 13599 - Lot No. EG107.0008). Composition detail is also available in the
literature [10, 11].

2.3 Product/Material Specification

Two products are envisioned by this definition: (a) cracked Euglena gracilis biomass (lysed cells); and (b) ex-
tracted /purified paramylon. Product specifications are presented in Table 2.2 on this page.

Table 2.2: Paramylon Product Specifications
1. Quality Specifications
(a) Cracked Euglena gracilis biomass — NLT 50% paramylon by dry weight.
(b) Extracted/Purified Paramylon — NLT 80% paramylon by dry weight.
2. Physical Properties

(a) Appearance: beige to light grey /brown powder
(b) Moisture content: NMT 10%

3. Inorganic Contaminants

(a) Inorganic Arsenic: NMT 3 ppm
(b) Total Arsenic: NMT 10 ppm

(c) Cadmium: NMT 1 ppm

(d) Lead: NMT 3 ppm

(e) Mercury: NMT 0.25 ppm

4. Biological Contaminants

(a) Total Aerobic Count: NMT 10° per gram
(b) Total Yeast and Mold: NMT 102 per gram
(c) E Coli/Coliforms: NMT 10' per gram (but no detectable fecal coliforms)

5. Pesticides and Plasticizer Contaminants

(a) Free of measurable dioxins

(b) Free of measurable melamine
6. Handling Recommendations

(a) Material is somewhat hygroscopic - store in sealed container at NMT 70% relative humidity.

(b) Material susceptible to mold - it is acceptable to refrigerate or freeze product for longer shelf life.

Paramylon becomes hygroscopic at relative humidities greater than 70% and will increase in weight by
up to 10% upon hydration, and then is difficult to re-dry [12-14]. As a result, paramylon (in purified
form) should be kept in dry conditions (NMT 70% relative humidity) to avoid formation of a hydrate.
Undissolved paramylon, in lysed cell form, would require heating to 140°C' in water to become hydrated
[12-14]. Nonetheless, the Euglena biomass will hydrate as well, so it should also be kept in dry conditions.
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3. Manufacturing Procesess

Euglena gracilis and its paramylon is manufactured according to current Good Manufacturing Practices
(cGMP) - see Figure 3.1). Cultures will be grown in closed bioreactors that are cleaned and sanitized to
kill micro-organisms prior to inoculation and growout. Euglena gracilis stock cultures that are maintained
in controlled laboratory conditions will be used as inoculum. The Euglena gracilis inoculum is aseptically
transferred to the culture vessels (bioreactors) where it is grown in large quantities. Algal cultures will
be grown in liquid cultures using agriculture grade fertilizers. At harvest, the finished culture is then de-
watered to separate solids (Euglena biomass) from culture media. The resulting paste is then pasteurized
to kill the Euglena gracilis and any biological contaminants that may be present. Thereafter, the biomass is
dried to NMT 10% moisture and lightly ground to form a powder. This is the first form of the product - a
cracked (lysed) Euglena gracilis biomass as a free-flowing powder.

( Culture Growth )

water

Solids Separation
removed

Pasteurization Heat

Heat

QC Testing
Packaged

Figure 3.1: Manufacturing Process Diagram

A second product requires chemical extraction of the cracked Euglena gracilis biomass. Several chemical
extraction methods are available [13, 15-20] including sodium dodecyl sulfate (SDS) in water for extraction
of lipids and pigments followed by washing with either water or ethanol. The material can then be further
isolated either by the application of a sodium hydroxide solution to dissolve the paramylon, or an acid
solution to remove materials other than paramylon. In either case, the further isolated mass of paramylon
is neutralized, washed, dried, and milled to produce a free-flowing powder. The extraction process may
modify the paramylon granules in the biomass by increasing their exposed surface area. The extracted
paramylon may be more bioavailable than the paramylon in either uncracked or cracked Euglena gracilis.

The final paramylon product(s) are then packaged to reduce exposure to moisture and oxygen. The bags
are stored frozen in sealed containers prior to shipment.
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4. Purpose of the Ingredient

Paramylon is a minimally soluble linear (unbranched) 5-1,3-glucan high molecular weight polysaccharide
polymer (5-1,3-D-glucan; CAS No. 9051-97-2) that is intended as a source of fermentable fiber and as a
thickener and/or stabilizer in feed. Paramylon is fermented by bifidobacteria in the gut of most animals
[3, 4]. Paramylon, although not as good a thickener as curdlan due to its higher crystallinity, may also be
useful as a thickener and/or stabilizer to soften pelletized foods making them more palatable [7, 8, 12, 21].

The other components of Euglena gracilis biomass (see Table 2.1 on page 7 and reference [10]) are ordinary
macro nutrients (fats and proteins), minerals, and vitamins. Euglena gracilis biomass as cracked (lysed) cells,
or as extracted/purified paramylon is primarily intended as a dietary source of 5-1,3-glucans (specifically
paramylon).

This report is not intended to establish any medical functionality as an intended use of paramylon. How-
ever, the preponderance of literature regarding 5-1,3-glucans (including paramylon) is focused on observa-
tions of 8-1,3—glucan functionality as a supporter of immune function or its beneficial effects upon various
conditions or injuries in humans and/or animals. Because the available literature is mainly focussed on
functionality, studies of functionality will be cited - but our intent is only to establish safety for consump-
tion.
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5. Use limitations

A toxicological assessment of curdlan, which has identical molecular structure to paramylon [5], showed
that even at 15% of the diet there was no evidence of adverse effects on the nutritional status of the animals
[8]. Likewise, the U.S. FDA and the U.N World Health Organization have recognized curdlan as safe at 30%
of the diet of mice, rats, and dogs [6, 7]. Acute toxicity levels (LDs() for oral administration were shown to
be greater than 10,000 milli-grams per kilogram of body weight for both mice and rats [7, 8]. Curdlan was
not found to have genotoxicity [7]. Studies in humans at dosages up to 50 grams of curdlan per day showed
no evidence of toxicity [7].

If we add the above assessment to the other known sources of 5-1,3—glucans present in oats, barley, mush-
rooms, and other long-known food and feed sources [5, 22-24, 24, 25, 25, 26, 26, 26-32], it is clear that
any conceivable use of paramylon (up to 15% of an animal diet) is unlikely to be able to achieve toxicity.
The Company, therefore, is confident that paramylon from Euglena gracilis is safe for consumption up to a
paramylon level of 15% of an animal diet.
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6. Intended Use Data

Euglena gracilis biomass containing paramylon is intended to be used as an additive to animal feed and as
a supplement to human food. Euglena gracilis biomass can be lysed in the stomach of most animals by the
action of pepsin on Euglena’s proteinaceous pellicle [33]. It is further lysed in the gut of most creatures by
the action of trypsin on the pellicle [33].

Once the cellular components are released, the paramylon (8-1,3-glucan) is catabolized along multiple
paths: (a) paramylon is taken up at the Peyer’s patches [22, 34, 35] and possibly mucosa-draining lymph
nodes [36]; (b) paramylon is fermented by bifidobacteria in the gut of most animals [3, 4]; and (c) any un-
absorbed and non-fermented paramylon, as an insoluble fiber, is excreted along with all other undigested
fibers.

Paramylon, although not as good a thickener as curdlan due to its higher crystallinity, may also be usable as
a thickener and/or stabilizer to soften pelletized foods to make them more palatable [7, 8, 12, 21]. Curdlan,
which is the same molecule as paramylon [5], is known to be safe [6-8].
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7. Safety Assessment

The review panel believes that paramylon, as a 5-1,3-glucan polysaccharide polymer, is safe for the proposed
uses based on: (a) the long history of safe use of 5-1,3-glucans contained in many common food & feed
sources such as oats and grains; (b) existing GRAS filings and FDA regulations in regard to 5-1,3-glucans;
(c) the large number of peer reviewed studies which have demonstrated no untoward effects from paramy-
lon and f3-1,3-glucans while purporting improved functionality in immune function; and (d) the broadly
understood safety of curdlan [6-8]. The review panel believes that Euglena gracilis is safe because: (a) it con-
tains nutrients such as proteins, lipids, and carbohydrates; (b) it is nontoxogenic and nonpathogenic based
on long use in industry as a laboratory microbe; (c) the Company’s own analysis (using an independent
lab) found no traces of biotoxins; (d) a Company sponsored fish trial that showed no significant differences
in mortality between control and treated fish over a 12 week period; (e) a Company sponsored poultry trial
that showed no significant differences in mortality between control and treated poultry over a 2 week pe-
riod; and (f) there is a company in the international market selling Euglena gracilis for human consumption,
and another company in the US. market selling a Euglena gracilis derived product for animal feed.

There are companies other than Algaeon already selling Euglena gracilis containing paramylon for both hu-
man and animal consumption with no untoward effects. The Euglena Company has been working since
2005 to make Euglena a human food source and dietary supplement in Japan. They are focussed on Euglena
gracilis itself (rather than on paramylon) and offer a number of foods and supplements derived from Euglena
gracilis. The Algal Scientific Corporation (ASC) is selling Euglena gracilis enriched to have a high fraction of
paramylon. They also have produced a white-paper describing their offerings and its benefits [37]. One of
their products is an AAFCO listed metal-polysaccharide (a zinc 8-1,3—glucan compound) [37].

The preponderance of literature regarding $-1,3—glucans is focused on observations of 5-1,3—-glucan as a
supporter of immune function or its beneficial effects upon various conditions or injuries in humans or
animals. The current report is not intended to establish any veterinary or human medical claims with the
use of paramylon. However, since much of the available literature is focused on functionality, these studies
will be cited in support of safe use.

The paramylon derived from Euglena gracilis is similar to $-1,3—-glucans from other sources such as yeast,
bacteria, mushrooms and grains [9, 22, 38—41]. The differences and advantages in the $-1,3-glucans from
Euglena gracilis come from: (a) the purity of the paramylon $-1,3-glucan bond structure (with no branching
or 1-2, 1-4 or 1-6 bond types) [15, 16, 19, 37, 42]; (b) the size and shape of the -1,3-glucan crystals produced
by Euglena [1, 43]; and (c) the molecular weight of the 8-1,3-glucan chains [9, 40]. Paramylon, the 5-1,3-
glucan from Euglena gracilis, has been shown to be safe in numerous trials [9, 22, 38—41]. A quantifiably
superior effect of paramylon from Euglena gracilis over the S-1,3—glucans from other sources has also been
observed [9]. Substantially pure paramylon from Euglena gracilis is also usable as an adjuvant in vaccines
[19, 44-48]. All of this strongly supports a broad safety profile for paramylon.

7.1 Safety Reports

The safety of 5-1,3—glucans in food and feed is best viewed in the context of their long safe use as a con-
stituent of oat and barley grains [5, 22-27]. The same polysaccharide polymers are present in other food-
acceptable sources, including mushrooms [24-26, 28, 29], yeasts [26, 30, 31], and even molds [32]. Newer
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sources of dietary —1,3-glucans include Euglena gracilis micro-algae (an AAFCO listed metal-polysaccharide
- a zinc $-1,3-glucan compound [37]) and bacteria (permitted human food additive - Curdlan [6-8]). As
curdlan is chemically identical to paramylon, safety data for curdlan are directly referable. A subchronic
toxicity study of muchroom 5—(1,3;1,6)—glucan in rats found no adverse effect levels with a no observed-
adverse-effect level (NOAEL) for —(1,3;1,6)-glucans fed at 2,000 mg per kg of body weight per day [29].
B8-1,3—glucans caused no adverse effects in nonhuman primates and appeared to have positive effects on
the overall health of the test animals [45] characterized by: (a) supporting immunity to a diverse group of
microbial and tumor antigens; and (b) nonspecifically enhanced host resistance to neoplastic, bacterial, and
fungal diseases. An assessment of in vitro safety and tolerability in human cells at different concentrations
demonstrated no adverse events [49]. 5-1,3—glucans were also shown to be hepatoprotective in rats given
carbon tetrachloride [39]. Further, inhalation of -1,3—glucan by healthy humans caused markedly less
inflammatory response than bacterial endotoxin [50]. 8-1,3—glucans also appear to have radio-protective
properties (reducing some deleterious effects of ionizing radiation) in animals and people [35, 51-53]. An
extensive review of over 1000 papers revealed no adverse effects in humans or animals from 5-1,3-glucan
ingestion or administration.

7.2 Impurities and Contaminants

721 Euglenophycin is not produced by Euglena gracilis

Euglena species are generally not producers of toxins (nontoxogenic), but there is a member of the division
- Euglena sanguinea - that produces a known ichthyotoxin, euglenophycin [54, 55]. Euglena species, and
specifically the species Euglena gracilis utilized by the Company, are widely considered to be nonpathogenic
and nontoxogenic. To further test and confirm this, the Company has engaged in two in-vivo tests: 1) a
feeding trial in yellow perch using dried Euglena gracilis biomass at varying dosages vs. a control; and 2) an
assay of the Company’s Euglena gracilis culture and dried product (conducted by Dr. Paul Zimba, author
of [54, 55]) for the presence of euglenophycin. The fish trial found no significant differences in mortality
between control and treated fish over a 12 week feeding period. The assays of the culture and the dried
Euglena gracilis biomass product showed no measurable content of euglenophycin in either. A brief report
on the fish trial and the euglenophycin assay results are available from the Company upon request.

7.3 Paramylon is Safe for Animals Consumption

7.3.1 Swine

B8-1,3—glucans have been shown to enhance innate antiviral immunity (via T-cell function) in weanling pigs
[9, 56-59]. Effects of 5-1,3—glucans on immune function did not contribute to a systemic inflammatory
response, but instead appeared to prime immune defenses by altering subsequent responses to infection
[4, 24, 25, 59-61]. Oral §-1,3—glucans also appeared to support cardiovascular health of swine [62]. Furher,
oral $-1,3-glucans improved the composition of the intestinal microbiome [3, 4]. This may play a role in
B-1,3-glucans improving weight gain performance in weanling pigs [59]. Based on this evidence, 5-1,3—-
glucans (such as Paramylon from Euglena gracilis) appear to be safe as a food additive for swine and piglets.

7.3.2 Poultry

Dietary benefits of 5-1,3-glucan have been demonstrated in poultry health [63-67]. One study notes that
dietary $8-1,3-glucan is effective in promoting growth in broiler chickens [64, 65]. Many of the studies show
significant growth-promoting and immune-enhancing effects in poultry in response to dietary 8-1,3-glucan
[63-65, 68-74]. Under a Salmonella challenge, oral 8-1,3-glucans also improved poultry gut morphology
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(increased villus height and villus height to crypt depth ratio) and inhibited cecal Salmonella colonization
levels [74]. The Company, in colloboration with one of its potential customers, had a trial conducted with
varying treatment levels of paramlyon for poultry. The test showed no significant differences in mortality
between control and treated chicks over the trial period of two (2) weeks. Based on all this evidence, 5-1,3—
glucans (such as paramylon from Euglena gracilis) appear to be safe as a food additive for poultry.

7.3.3 Cattle

£-1,3-glucans have also been shown to support immune function and improve responses to stressful events,
such as transport, while enhancing feed consumption in cattle [27, 41, 63, 75, 76]. These benefits seem to
be further enhanced by dietary antioxidants such as vitamin-C (ascorbic acid) [76]. Apparent digestibility
of 5-1,3—glucans in steers was 98.6% [27]. Thus, 8-1,3-glucans (such as paramylon from Euglena gracilis)
appear to be safe as a food additive for cattle.

7.3.4 Fish

(-1,3-glucans have been shown to support immune function in fish, shellfish and live-feeds (such as artemia
and rotifers) [15, 38, 41, 77-83]. Paramylon also appears to support immune function of rainbow trout
fry when dissolved or suspended in the water [77]. Immersion of fish in 3-1,3-glucans provides some
limited protection, but dietary intake of 5-1,3-glucan was much better at increasing resistance of fish to
bacterial pathogens [84]. The Company, in collaboration with one of its potential customers, had a trial
conducted with varying treatment levels of paramlyon in fish (yellow perch). The test showed no significant
differences in mortality between control and treated fish over the trial period of twelve (12) weeks. Thus,
B8-1,3—glucans (such as paramylon from Euglena gracilis) appear to be safe as a food additive for fish and in
live-feeds.

7.3.5 Companion Animals

B-1,3—glucans were able to support immune function in dogs in one study [36] with apparent positive
effects on inflammatory bowel disease and osteoarthritis [85, 86]. 5-1,3—glucan administration also demon-
strated similar benefit as levamisole in mares and foals by support of the foal immune system via colostrum
trasnfer [87]. $-1,3-glucans have demonstrated no harm in companion animals and appear to decrease the
incidence of certain disease states [88].

7.4 Safe for Human Consumption and Handling

Paramylon is chemically identical to curdlan that has a long history of safe use [6-8]. 5-1,3—glucans have
been shown to support human immune function (for instance, against viral infections such as the common
cold) [24, 25, 89-91] and oral 5-1,3-glucans have demonstrated some benefit to cardiovascular health [92]
without any serious averse events. Oral §-1,3—glucans have also shown anti-tumor effects and may con-
tribute to patient survival [22, 49]. 8-1,3—glucans have demonstrated apparent radio-protective properties
(reducing some deleterious effects of ionizing radiation) in animals and people [35, 51-53]. In contrast to
known inflammatory agents, such as bacterial endotoxin, inhalation of 8-1,3—glucans do not cause an acute
inflammatory response [50]. An assessment of human safety and tolerability of soluble 5-1,3—glucans fed at
100mg/day, 200mg/day or 400mg/day for 4 consecutive days demonstrated no adverse events [49]. An ex-
tensive investigation of the literature revealed no adverse effects in humans or animals from 5-1,3—glucan
ingestion, administration, or inhalation.
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7.5 Environmental Safety

Paramylon from Euglena gracilis is nontoxic. Both Euglena gracilis and parmylon are natural materials that
are completely biodegradable and pose negligible environmental hazard. Further, they do not pose a bio-
hazard risk for shipping or handling.
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Signatures - page 1 of 4

We the undersigned members of the panel approve this report and attest to its accuracy and completeness
with respect to the safety of Euglena gracilis biomass and it's 5-1,3-glucan, paramylon, for use in food
and feed as described herein. We have independently and collectively evaluated the attached referenced
information and offer this GRAS declaration, with reasonable certainty of no harm under the intended
conditions of use. It is our position that human and animal exposure to Euglena gracilis and it's 5-1,3—
glucan, paramylon, is generally recognized as safe (GRAS).

Paul V. Zimba, PhD
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We the undersigned members of the panel approve this report and attest to its accuracy and completeness
with respect to the safety of Euglena gracilis biomass and it's 3-1,3—glucan, paramylon, for use in food
and feed as described herein. We have independently and collectively evaluated the attached referenced
information and offer this GRAS declaration, with reasonable certainty of no harm under the intended
conditions of use. It is our position that human and animal exposure to Euglena gracilis and it's 3-1,3-
glucan, paramylon, is generally recognized as safe (GRAS).
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Paul B. Brown, PhD
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We the undersigned members of the panel approve this report and attest to its accuracy and completeness
with respect to the safety of Euglena gracilis biomass and it's 3-1,3-glucan, paramylon, for use in food
and feed as described herein. We have independently and collectively evaluated the attached referenced
information and offer this GRAS declaration, with reasonable certainty of no harm under the intended
conditions of use. It is our position that human and animal exposure to Euglena gracilis and it's 5-1,3—
glucan, paramylon, is generally recognized as safe (GRAS).

-17- 2014

ric van Heugten, Ph
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We the undersigned members of the panel approve this report and attest to its accuracy and completeness
with respect to the safety of Euglena gracilis biomass and it’s 5-1,3-glucan, paramylon, for use in food
and feed as described herein. We have independently and collectively evaluated the attached referenced
information and offer this GRAS declaration, with reasonable certainty of no harm under the intended
conditions of use. It is our position that human and animal exposure to Euglena gracilis and it's 7-1,3-

glucan, paramylon, is generally recognized as safe (GRAS).
21 ()- Zoi4

Jeffery A. Engelhardt, DVM, PhD
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