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i, Fereidoon Shahidi, declare as follows:

1. Tam atenured University Research Professor at Mersorial University of Newfoundland in St
Jobn’s, Canada. My appointment is in the Department of Biochemistry, with a cross-
appointment with the Aquaculture Program, Biology Department and Ocean Sciences Centre.
I bave been a professor at Memorial University since 1987, | am also an Honorary Professor
at Chung Shan Medical University in Taichung, Taiwan; a Chair Professor in the Department
of Food Science at Natioval Chung Hsing University in Taichung, Taiwan; and an Adjunct
Professor at Dalhousiec University in Halifax, Nova Scotia, Canada and the Nova Scotia
Agricultural College in Truro, Nova Scotia, Canada. Prior to being at Memorial, | was in the
Department of Chemistry and the Department of Chemical Engineering at the University of

Toronto.

E*J

T carned a Ph.D. in 1977 in Physical Organic Chemuistry from the Department of Chemistry at

McGill University in Montréal, Canada. Prior to that, | carned a Bachelors of Science, with
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Reexamination U.S SN, 85/001,77

Declaration of Dr. Fereidoon Shahidi
Honours, frorn the Departinent of Chemustry at Shiraz (Pahlavi) University i Shiraz, Iran.
After my doctoral work, I was a Postdoctoral Fellow in the Departiment of Chemisiry at

McGill University.

i have been a scientist for almost 40 vears, as outlined in my Curriculum Vitae {Appendix
b ” 5

A).

I have been recognized with a vaviety of awards, including, for example: European Lipid
Technology Award, Eurofed Lipid (2010); Fellow, American Chemical Society (2010);
Distinguished Service Award, Agricultural and Food Chemustry Division, American
Chemical Society (20083 Fellow, Awmerican Oil Chemists” Society (2008}, Outstanding
Division Member, Nutraceutical and Functional Food DPivision, Institute of Food
Technologists {(2008); Advancement of Application of Agricultural and Food Chemistry,
Amcrican Chemical Society (2007), Fellow, International Academy of Food Science and
Techuology (2006); Stephen S, Chang Award, Institute of Food Technologists (2005);
Fellow, Institute of Food Technologists (2005); Fellow, Royal Society of Chemistry {UK)
{1998); Earl P. McFee Award, Atlantic Fisheries Technological Society (1998); Fellow,
Chemical Institute of Canada (1996} William J. Eva Award, Canadian Institute of Food
Science and Techoology (1996); Fellow, Agricuitural and Food Chemistry Division,
American Chemical Society (1994); Platinum Award, American Chemical Society {19943;

Fellow, Canadian Institute of Food Science and Technology (1993},

1 have published about 450 peer reviewed articles, about 260 book chapters and conference
proceedings, and about 60 books. I bave been recognized as the ISt most published author
{1%} in the area of Food, Nutrition and Agricultural Science for the period of 1996-2006; the
1ST most cited (4™) author in Food, Nutrition and Agricultural Science for the period of 1997-
2007, the 181 most cited (7™) author in the area of Food, Nutrition and Agricultural Science
for the period of 1996-2006; the 18T most cited (3" author in the arca of Agricultural Science
for the period of 2001-2011; and author of the American (il Chemists Society, Best Paper

Award for 1995, 1697, 1998, 1999, 2002, and 2003.

I am the Editor-in-Chict of the Jouwrnal of Functional Foods. 1 arn also an Editor of Food

Chemistry, and 1 am or have been on the Editorial Board of Jowrnal of Food Science,
¥y )
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Declaration of Dr. Fereidoon Shahidi
International Jowrnal of Food Properties, Nutraceuticals and Food, Current Nutrition and
Food Science, Inform, and the Jowrnal of Aquatic Food Product Technology, and on the
Editorial Advisory Board of the Jowrnal of Agricultural and Food Chemistry. 1 was the

Editor-in-Chief of the Journal of Food Lipids from 1993 to 2009.

I am or have been a member of the following exemplary professional organizations:
International Society for Nutraceuticals and Functional Foods, International Union of Food
Science and Technology, International Corornission on Natural Health Products, American
(il Chemists’ Socicty, American Meat Science Association, Chemical Institute of Canada,
Groupe Polyphenol International, Canadian Meat Science Association, Institute of Food
Technologists, Canadian Institute of Food Science and Technology, American Chemical

Society, and the Royal Chemical Socicty,

I have been a preceptor for 25 post-doctoral fellows/rescarch assistants/associates and 50

graduate-level thesis students.

1 have been a wember of various food standards corommitees, including being an Expert
Advisory Committee member for the U.S. Pharmacopeia (USP), Food Ingredients (2010-
presenty; Merber, Expert Advisory Panel, Health Canada, Standards of Evidence for Health

Claims for Foods (1999-2010}; and Member, Standards Council of Canada (2000-2010).

I was a technical expert witness in a patent infringement lawsuit concerning the
pharmaceutical Lovaza, a drag that contains cthyl csters of omega 3 fatty acids, namely DHA

and EPA (Pronova BioPharma Norge AS v. Apotex Corp., 1:09-cv-00304-SLR -MPT).

I. 1 am an inventor of 4 U.S. Patents (5,443,852, 5,425,856, 5,230,915, and 4,559,234), a

European Patent (0,554,283}, as well as other patent applications.

ln December of 2011, T was engaged by counsel for Neptune Technologies and
Bioressources (“Neptune™} to review U8, Patent K,030,348 (“the ‘34¥ patent”) and its
substantive prosecution history, including the Declaration of D, Earl L. White: the Corrected
Request for Reexamination filed by Aker Biomarine (“Aker™), listed as U.S.S.N. 95/001,714,
mcluding the Declaration of Mr. Bjorn Ole Haugsgjerd and the Declaration of Dr. Thomas

Gundersen and WO (0/23546 (“Beaudoin 17); and supporting materials, and to provide my
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>xpert scientific opindion.  { have had no prior direct invelvernent with cither Neptune or

o

Aker. 1 am being compensated at my customary bourly rate for my time spent on
developing, forming, and expressing the facts and opinions in this declaration. I have no
personal interest in the ultimate outcome of the reexamination proceedings involving the

€ A

34¥ patent.

I have carctully read the information provided. Below 1 provide may expert scientific opinion.

The 348 Patent Discloses and Clatms 3 Biologically Effective Amount of an Extract With a

Phospholinid Containing Two of EPA and DHA,

14. T have read the disclosure and claims of the ‘348 patent and understand thew to be directed to

1s.

a biologically effective amount of an extract containing a phospholipid composition bearing
two of EPA and DHA. That is, amounts of phospholipid compositions containing two of
EPA and DHA that would allow these compositions to be active ingredients. Therefore, it is
my understanding that the ‘348 patent 18 not directed to nor encompasses de minimis amounts

of the phosphelipid composition.

Specifically, claim 1 includes the phrase “wherein the composition is suitable for buman
consumption.” This strongly suggests that the claim s directed to a biologically effective
amount of the composition. My reading of the “348 patent’s specification supports this point.
Under “Field of the Invention,” Patentee states that “Jtthe present invention is directed to
nuiraceutical, pharmaceutical or cosmetic composttions.” ‘348 Patent, Column 1, lines 22-
25, Claim | would not cover “nutraceutical, pharmaceutical or cosmetic compositions” if it
cncompassed preparations coutaining de minimis amounts of the recited composition.
Further, Column 4, lines 3-5, states: “{tihe compeosition . . . [is] useful in the prevention or

2%

treatment of a variety of discasc states.” Again, biclogically effective amounts of the
composition, and not de minimis levels, would be needed to have a medical effect with the
claimed phospholipids as the active ingredient. Further, Examples 2 and 3 show the medical
uses of this composition, underscoring the need for biologically effective quantities. This is

also scen in Column 19, Hine 63 to Column 21, line 31, which recites, among others, various
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Declaration of Dr. Fereidoon Shahidi
pharmacecutical and medical uses of the composition, bascd on the assumption that the
composition s in biologically active amounts. Therefore, it is my opinion that this patent is

directed to a biologically effective amount of the composition.

The White Declaration of Mav 31, 2811 Concludes that Beaudoin | Does Not Contain a

Biologically Effective Amounnt of a Phospholinid Containing Two of EPA and DHA,

16.

17.

I8

19.

I have read the Declaration of Earl L. White submutied on May 31, 2011 in support of the
‘348 patent. My scientific opinion of this declaration is that Dr. White properly conchuded
that Beaudoin I does not contain a biologically effective amount of a phospholipid containing

two of BEPA and DHA.

This reading is necessitated by not only Dr. White’s statements but also a reasonable

mterpretation by a scientist in the ficld.

As to the latter, I do not, nor would any other scientist, interpret Dr. White's conclusion to
wean that trace amounts of the phospholipid containing two of EPA and DHA are not present
in Beaudoin oil.  As a veteran scientist, Dr. White would not make such a definitive
staternent, nor would a typical scientist draw such a conclusion. On the confrary, a scienfist
would look at the White data and understand that his conclusion was that, on the whole, and
fimited by the instrumental caveats that come with every experimuent, biclogically effective

amounts of the composition were not detected.

Dr. White explicitly states this as he reports his “opinton that the Beaudoin (Ml Fractions
recetved and tested by [Dr. White] do not contain PLs [phospholipids] which have attached

to them DHA and DHA, EPA and EPA, DHA and EPA, or EPA and BHA, at the detection

fimits described above in paragraph 7 {outhining LC/MS and MS/MS techniques]” White

Declaration of May 31, 2011, ¥ 13 (emphasis added).

. Therefore, the ouly reasonable reading of the Earl L. White Declaration of May 31, 2011 is

that Dr. White concluded that Beaudoin I does not contain a biologically effective amount of

a phospholipid containing two of EPA and DHA.
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Declaration of Dr. Fereidoon Shahidi

21. The Gundersen Declaration challenges the conclusions of Dr. White by asserting that some
amount of the phospholipid containing two of EPA and DHA is present in the Beaudoin oil.
However, this declaration does not quantify the arount detected and uses a very sensitive
technique (MRM mass spectrometry} for the detection. This technigue alone suggests that a
very small amount of the composition, if any, is present in the Beaudoin oil, according to
Gundersen. However, as described above, the reasonable reading of White is not that the
Beaudoin o1l lacks any, cven de minimis, amount of the composition of the “348 Patent, but

that there 1s not a biologically effective amount of the composition.

22. By way of analogy, in the United States, when a vitamin or nuneral is present in a product at
fess than 2% of Recommended Daily Intake (RIZ1}, such a value may be reported on a food
label as “zero” or with “an asterisk that refers to the statement “Contains less than 2% of the
Daily Value of this (these) nutrient (nutrients).”’  Also, as a second analogy, Aker, the
requestor in U.S.S.N. 95/001,774, has received a Generally Recognized as Safe (GRAS)
atfirmation froro the FDA that states that a maxirours of 3% residual ethanol is acceptable in
its krill oil products.” Therefore, such de minimis amounts are viewed in the food industry as
miniscule enough to be irrelevant.  As Beaudoin reports an ol poteotially with a small
amount of the phospholipid containing two of EPA and DHA (ie. about 0.1 to 1%, it is my
opinion that this is not a biologically effective amount.  As the claims of the “34% patent are
directed to biologically effective amounts of this composition, they are distinct from

Beaudoin.

23, In sumumary, it is my opinion that the 348 patent describes and claims a biologically
effective amount of a phospholipid composition containing EPA and/or DHA. This
interpretation is consistent with standard practices in the food imdustry. Further, 1 read the
Declaration of Eard L. White, submitted May 31, 3011, to conclude that the Beaudoin ol
does not contain a biologically effective amount of a phospholipid containing two of EPA

and DHA., Also, in my cxpert opinion, the Gundersen declaration corroborates the

! See, e.g., Nutritional Labeling and Bducation Act (NLEA) Requiremenis (8/94 - 2/93), U.S. Food and Drug
Administration  {available af bty /iwww . fda.govACECY Inspections/InspectionGuidesic i 14098 him,  last
accessed March 4, 2011, Appendix B).

* See Aker GRAS Notice of 12/14/2010, Table 1 at page 4 of 3%, Appendix C.
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conclusion of Dr. White as it eraploys a sensttive technique to allegedly detect a de minimis
amount of the phospholipid containing two of HPA and DHA. As the “348 patent is directed
to biologically ctfective amounts of this corposition, and Beaudoin does not contain these

amounts, my opinion is that the claims of the *34K patent are distinct from Beaudoin.

[Remainder of the page lefl intentionally blank]
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24, I further deciare that all staternents made herein of my own knowledge are true, and that all
staternents made on information and belief are believed 1o be true, and further, that these
statements were made with the knowledpe that willful false siatemenis and the like 50 made
arz punishable f:isy fine or imprisonment. or both, under Section 1001 of Tile 18 of the United
Code, and that such willful fglse statements may jeopardize the validity of U8, Patent

8,030,348,

States

Fereidoon Shahids, Ph.D.

Dated: March 16, 2012
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Appendix A

Curriculum Vitae of Dr. Fereidoon Shahidi
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F. Shahidi Page I of 164

CURRICULUM VITARE OF

Fereidoon Shahidi

POSITION: University Research Professor, Department of Bliochemistry
{Cross-appointed with Aguaculture Program, Biology Department and
Ocean Sciences Centre)

ADDRESS: Department of Biochemistry
Memorial University of Newfoundland
St. John's, NL, Canada

AlB3X9
TELEPHONE: {709} 864-8552
Fax: {709) 864-4000
E-MAIL: fshahidi@wmun.ca

Research Intevesis:

Chemistry, biochemistry and mutrition of food components; Natural antioxidants; Phytochemicals
and phytopharmaceunticals; Nutraceuticals and functional foods; Mechanisms of action of
antigxidants at cellular and subcellular levels; Antinutritional factors in plant foods; Food and
flavour chemistry; Functional propertics of protein preparations; Seafood processing and utilization
of processing by-products; Nutraceutical and Food lipids; Lipid biotechnology: Seal research;
Omega-3 fatty acids and scafoods; Lipid oxadation and its prevention; Process-induced chernical and
biochemical changes in foods; Aquaculture.

Education:
1977 Ph.3. (Physical Organic Chemistry), Department of Chemistry, McGill
University, Montréal, Canada,
Thesis Title: Solfvent and Conformational Effects on Molecular Volumes.
1973 B.Sc. (Honours), Departroent of Chemistry, Shiraz (Pahlavi) University,
Shiraz, Iran.
Project Title: Svnthesis of Tetracyciine Analogs.
Awards:
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F. Shahidi
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2010

2010

2608

2008

2008

2007

2607

200

~d

2006

2046

2006

2600

2005

2603

2002

2002

European Lipid Technology Award, Eurofed Lipid
Fellow, Aracrican Chemical Society

Distinguished Service Award, Agricultural and Food Chemistry Division,
American Chemical Society

Fellow, American Oif Chemists’™ Society

Outstanding Division Meraber, Nuiraceutical and Functional Food
Dhivigion, Institute of Food Techuologists

Advancerent of Application of Agricultural and Food Chenustry,
American Chemical Society

Qutstanding Division Member Awards, Nutraceutical and Functional Food
Division, Institute of Food Technologists

IST Most cited (4™) author in Food, Nutrition and Agricultural Science for
the period of 1997-2007

1ST Most cited (7} author in the area of Food, Nutrition and Agricultural
Science for the period of 1996-2006

1St Most published author (1) in the area of Food, Nutrition and
Agricultural Science for the period of 1996-2006

Fellow, International Acaderny of Food Science and Technology

QOutstanding Diviston Member Award, Nutraceutical and Funetional Food
Division, fustitute of Food Technologists

Stephen 8. Chang Award, Institute of Food Technologists
Fellow, Instituic of Food Technologists
AQCS, best paper award, Kansas City, MO

ISt Most highly cited Recognition Award {top 15) in the discipline of
Agriculture, Plant and Animal Sciences for 1991-2001 decade

ADM Award. Protein and Co-product Division of American Oil Chemists’
Society.
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199K~

199%

1998

1996

1996

19935-2002

1994

1994

1993

1975-1976

1973-1976

1973-1978

1973

1970-1973

Experience:

Jun, 2011-
Jul, 2010-

Ang. 2009

University Rescarch Professor, Memorial University of Newfoundiand,
St. John's, NL

Feliow, Royal Society of Chemistry (UK)

Earl P. McFee Award, Atlantic Fisheries Technological Society

Fellow, Chemical Institute of Canada

William J. Eva Award, Canadian Institute of Food Science and Technology
Best Paper Award, AQCS for 1995, 1997, 1998, 1999 and 2002.

Fellow, Agricultural and Food Chemistry Division, American Chenucal
Society

Platinum Award, American Chemical Society
Fellow, Canadian Institute of Food Science and Technology

T. Sterry Huont Prze for Teaching Excellence, McGill University,
Montréal, Canada

Max Binz Scholarship, McGill University, Montréal, Canada
Scholarship, Ministry of Science and Higher Education of Iran
Gold Medal, Shiraz (Pahlavi) University, Shiraz, Iran

Scholarship, Shivaz (Pahlavi) University, Shiraz, Iran

Honorary Professor, Chung Shan Medical University, Taichung, Tatwan
Visiting Professor, King Saud University, Riyadh, Saudi Arabia

Chair Professor, Department of Food Science, National Chung Hsing
University, Taichung, Tatwan
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Aug. 2009-

Aug. 2009-

Jul-Nov. 2000

May 199%-

Sep. 1992~

Mar.-Aug. 1996

Jan.-Feb. 1996

Sep. 1994-

May 1994-

Jan. 1993-1996

Jan. 1991-

Sept. 1988-1997

Jan. 1987-Aug. 1992

Jul. 1984-Dec. 1986

Adjunct Professor, Graduate Studies, Dalhousic University, Halifax, NS,
Canada

Adjunct Professor, Nova Scotia Agricultural College, Truro, NS, Canada

Visiting Professor, Department of Chemistry, National University of
Singapore, Singapore

University Research Professor, Department of Biochemistry, Memorial
University of Newfoundland, St. John's, Newfoundland, Canada.

Professor, Departracnt of Biochemistry, Memorial University of
Newfoundland, St. John's, Newfoundland, Canada.

Vistting Protfessor, Departrucuot of Systemic Botany, Aarbus University and
International Food Science Centre, Aarhus, Denmark.

Vigiting Professor, Department of Food Science, Gchanomiza University
by Invitation of Japan Socicty for Promotion of Science, Tokyo, Japan.

Cross-Appointment, Department of Biology, Memorial University of
Newfoundland, St. John's, Newfoundland, Canada.

Agqguaculture Commmttee, Memorial University of Newfoundland, St. John's,
Newfoundiand, Canada.

Cross-Appointment, Department of Chemistry, Memorial University of
Newtoundland, St. John's, Newfoundland, Canada.

Cross-Appointment, Ocean Sciences Centre, Memorial University of
Newfoundland, St. John's, Newfoundland, Canada.

Cross-Appowntment, School of Pharmacy, Memorial University of
Newfoundland, St. John's, Newfoundland, Canada.

Assgciate Professor, Department of Biochemistry, Memorial University of
Mewfoundland, St. John's, Newfoundland, Canada.

Adjunct Professor of Food Enginecering, Department of Chemical

Engineering and Applied Chernistry, University of Toronto, Toronto,
Canada.

0000013



F. Shahidi

Page S of 108

Sep. 1978-Jun. 1984

Nov. 1976-Aug. 1978

Rescarch  Assoctate/Lecturer of Chemistry and Food Enginccring,
Departments of Chemistry as well as Chemical Engineering and Applied
Chernstry, Untversity of Toronto, Toronto, Canada.

Postdoctoral Fellow, Department of Chemistry, McGill University, Mon-
tréal, Canada.

Teaching FExpervience:

2008~

1987-

1984-1986

1978-1983

1976-1978

1975-Dec. 1976

1974-1975

1972-1975

Lecturer, Bioenergetics, BC 4200.

Lecturer, Food Chemistry, BC 3402; Food Biochemusiry, BC 653{; Instru-
mental Methods of Food Analysis, BC4400 (ended 1996); Food Science
Topics, BC 4501 {ended 1996). Science and Technology of Marine Foods,
BC 4650/6650 (BC4650 ended 1996). Marine Biochemistry, BC 6630,
Biochemical Techniques, BC 4211,

Lecturer, Industrial Biological Processes CHE 448F and CHE 1132H;
Fundamentals of Biotechnology CHE 3355; Fundamentals of Food
Engincering CHE 4625 and CHE 1133H; Organic Chemistry CHE 203F.

Lecturer/Tutor, General Chemistry CHM 1335; Organic Chemistry CHM
240,

Lecturer/Tutor, Organic Chomistry CHEM 212 and 222.
Instructor/Tutor, Advanced Organic Chemustry CHEM 362 and 392,
Teaching Assistant/Tutor, Analytical Chepustry CHEM 257

Teaching Assistant, Organic Chemistry CHEM 212 and 222,

Professional Organizations Membership:

200%8-
1995-
1995-
1992~
1989-
1988-
1988-

fntervational Society for Nutraceuticals and Functional Foods

Associate Member, International Union of Food Science and Technology
Associate Member, International Commission on Natural Health Products
American OGil Chemists’ Society

American Meat Science Association

Chemical Institute of Canada

Group Polyphenol International

0000014



F. Shahidi

Page ¢ of 108

1985~
1985~
1981-
1976~
1974-

Canadian Meat Science Association

Institute of Food Technologists

Canadian Institute of Food Science and Technology
American Chemical Society

Rovyal Chemical Society

Offices and Commitiees:

Extensive administrative experience as executive/chai/CEQ n several scientific organizations and
major national and international committees/events or large companics.

2008-

200%8-

2003-

2005-

2004-

2804~

26034~

2003

2003-2007

2001-2003

2001-2003

Appointed Editor-in~-Chief of the Journal of Functional Foods
Associate Editor, Journal of Food Science
Editorial Board Member, Inform

Past Chair and Newsletter Editor, Lipid Oxidation and Quality Phivision of
the American Oil Chemists’ Society

Past Chair, Agricultural and Food Chermstry Division of the American
Chemical Secicty

North American Editor of Food Chemistry journal

Editorial Board Member of Current Nutrition & Food Science journal
Chair, USDA-ARS review pancl on Functional Foods and Phytochemicals
Advisory Board Member, Journal of Agriculiural Food Chermstry
Editorial Board Member, Journal of Food Scicnce

Editorial Board Member, International Journal of Food Properties

Councillor (Alternate), Functional Food and Nutraceutical Division of
Tustitute of Food Technologists (IFT)

Chair, Functional Food and Nutraceutical Division of lustitute of Food
Technologists.

Chair, Lipid Oxidation and Quality Division of the American Ol Chemists’
Society.
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2001-2002

2600-

20060-

2600-

199%-

2002~

2000-2001

1999-2001

1999-2000

1994-2000

19992000

1997-2000

1997-1998

1997-2000

1996-9%

Chair, Agricultural and Food Chemistry Diviston of the American Chemical
Society

Member, Canadian Functional Foods Network
Member, Standards Council of Canada

Member, Expert Committee on Plant Products, Agriculture and Agri-Food
Canada

Member, Expert Advisory Pancl, Health Canada, Standards of Evidence for
Health Claims for Foods

Editorial Board Member of the journal of Nutraceuticals and Food
Vice Chair, Institute of Food Techuologists, Functional Foods and
Nutraceuticals Division - The Division was co-founded by F. Shahidi and

colleagues.

Vice Chair, American Ot Chemists” Society, Lipid Oxidation and Quality
Division

Vice Chatr, American Chemncal Society, Food and Agricultural Chemnstry
Division

Chair, American Chemical Society, Flavor Subdivision of Agricultural and
Food Chemistry

Chair, American Oil Chemists’ Society, Young Scientist Award Committee
Member, NSERC Strategic Commitiec on Biotechnology

Vice Chair, American Chemical Society, Flavor Subdivision of Agricultural
and Food Chenustry

Executive Committee Member, American Ol Chemists Society, Lipid
Oxidation and Quality Division as well as Protein and Co-Product Division

President, Canadian lustitute of Food Science and Technology,
Newfoundland Section
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1994-

1993-2009
1994-2004
1998-

1992-2006

1995-2001

1995-1996

1995-1946

1994-1995

1993-1994

Jun. 1992-19685
Jan. 1990-Dec. 1992

1989-1993

May 1989-1992

1989-19492

198R-89

TOR¥

President and/or Executive Committee Member, Atlantic Fisheries
Technology Society

Editor-in-Chief, Journal of Food Lipids

Editorial Board of Food Chemistry

Editorial Board of International Journal of Food Properties
Network Member, Meat Focus International

Past-President and Board Member-at-Large, Protein and Co-Product
Division, American O Chemists’ Society

Secretary, Flavor Chemistry Subdivision, American O Chemists’ Society

President-Elect, Newfoundland and Labrador, Canadian Institute of Food
Science and Technology

President, Protein and Co-product Bivision, American Ot Chemists' Society

Vice-President and President-Elect, Protein and Co-Product Division,
American (1l Chemists' Society

National Secretary, Canadian lnstitute of Food Science and Technology
Editortal Board of fournal of Muscle Foods, January 1990-December 1992

Membership Chatrman and Past President, Newtoundland and Labrador,
Canadian Institute of Food Science and Technology

MNational Education Committee Chairman, Canadian Institutc of Food
Science and Technology

Mational Scaling Advisory Committee of the Department of Fisheries and
{Oceans

President, Newfoundland and Labrador, Canadian Institute of Food Science
and Technology

Chair, Conference in Newfoundland, Atlantic Fisheries Technology Society
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1987-1988

Director, Newtoundland and Labrador, Canadian Institute of Food Science
and Technology

Grant Review/Review Committees (Most recent)

2011

2610
2009, 2011

200%

2006 and 2008
2008

2008-

2008

200

~~t

Expert advisor, Chile Functional Food cvaluation for CREAS (Creation and
Continuity Projects), Santiego, Chile

Expert Advisory Committes member, US Pharmacopea, Food Ingredients
Review Panel for EC grant applications

Executive Committee Member and Founder of International Society for
Nutraceuticals and Functional Foods

Chair, CFI Review Panel for Nutrition as well as Infrastructure funds
Reviewer, Life Sciences, Scientific Foundation of Ireland

Reviewer, Danish Agency for Science

Program Review, NCE, Hokatdo University, Japan

Reviewer, FAQ

{onference Oreanizations:

2011

2010

2010

2610

2009

2049

Co-organizer of 2011 ISNFF Sapporo conference
Co-organizer of 2010 ISNFF Bali Conference
Co-organizer of two symposia in Pacifichern Counference in Honolulu

Organizer of several symposia in American Chemical Society, Institute of Food
Technologists and American Oil Chermsts” Society

Organizer of several symposia for American Chemical Society, Institute of Food
Technologists and American (hl Chemist” Society

Co-grganizer of the 12" International Flavor Conference, Skiathos, Greece
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2009

2008~

2008-

2008~

2047

2007

2007-

2006

2005

2605

2004

2002

2601

2600

Organizer of an International Forum on Nutraceuticals and Functional Foods in
Skiathos, Greece

Co-organizer of the Meeting of the International Socicty for Nutraceuticals and
Functional Foods.

Organizer of a symposium at the American Oil Chemists’ Society.
Organizer of a symposium at the Institute of Food Technologists.
(rganizer of 5 symposia at [nstitute of Food Technologist
Organizer of one sympostum at the American (il Chemists Society
QOrganizer of one symposium at the American Chemical Society.

. . . h . : t
Organizer of 6 symposia and co-organizer, 7" International Conference and
Exhibition for Nutraceuticals and Functional Foods, Rene, NV

. . . . -t . - ~
Organizer of 3 symposia and co-organizer, 6" International Conference and
Exhibition for Nutraccuticals and Functional Foods, Anaheim, CA

Organizer of a symposium at Pacifichem Conference in Honolulu

(Organizer of 6 symiposia and/or conferences in the ACS, AQCS and IFT, and co-
organizer, 5 International Conference and Exhibition on Nutraceuticals and
Functional Foods 1K symposia.

QOrganizer of 7 symposia and/or conferences in the ACS, AOQCS and IFT, and co-
organizer of the 4" International Conference and Exhibition on Nutraceuticals
and Functional Foods.

Organizer of 6 symposia in the ACS, AQCS, IFT, and AQCS microational. Also
organizer of the Third International Conference and Exhibition on Nutraceuticals
and Functional Foods.

Organizer of 7 symposia in the ACS, {FT, AQCS, and IUFoST, among others.
Also co-organizer of the Second International Conference and Exhibition on

Nutraceutical and Functional Food.

Co-organizer of 2 symiposia on “Functional Foods: Ingredients and Prospects”
and “Quality of Fresh and Processed Foods”, Pacifichem 2000, Honoluly,
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2000/2001/2002

2600

2040

2000

1999

1999

1999

1999

1999

1998

1998

199, 1999
and 2000

ccember 14-19. Also co-organizer of the First International Confercnce and
Exhibition on Nutraceutical and Functional Foods.

(rganizer, International Conference and Exhibition on Functional Foods and
2003 Nutraceuticals, Houston, TX, September 13-17, 2000; November 2001
Portland, OR, November 2002, San Diego, CA, and September/October 2003,
Las Vegas, NV.

Co-organizer, 10" International Flavor Conference, Paros, Greece, July 4-7.

Co-organizer, Symposia on “Phytosterols: Chemistry, Sources and
MNutraceutical Applications”, American 01l Chemuists” Society, April 25-29,
2000, San Diego, CA

Co-organizer, Sympostum on “Free Radicals in Foods”, American Chemical
Society, March 26-31, San Francisco, CA

Chair, symposia on Recent Trends in structural Antioxidants, 2™ International
Conference on Food Factors: Chemistry and Health Effects, December 12-17,
Kyoto, Japan.

Member, Organizing Corarmttee, Atlantic Fisheries Technological Conference,
MNovember 10-14, Newbern, NC.

Co-organizer, 2 symposia on  “Functional Foods and Health Claims” and
“Seafoods Quality and Nutrition”, 10® [UFoST, Sydney, Australia, October 3-8,

Co-organizer, Symposium on “antioxidants”, American Ol Chemists’ Society,
May 3-8, Orlando, FL.

Co-organizer of a syrmaposium on Highly Unsaturated Fatty Acids: Chewistry
and Nutrition. American Chemical Socicty, Spring Meeting, March 28-April

2. Anaheim, CA.

Co-organizer of a symposium on Meat Quality, American Chemical Society,
Spring Meeting, March 26-April 2, Ballas, TX.

Conference Chairperson, Atlantic Fisheries Technology Counference, to be held in
St. John's, Newfoundland, July 25-29.

Co-organizer, A Workshop on Nutraceuticals/Functional Foods, Texas A & M
University, February, Houston, TX,
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1997

1997

1997

1996

1996

1996

1995

1995

Jul-Aug, 1995

1993

19495

1994

1994

1992

Canadian Countact Person for Agrochemistry and Co-organizer of one
symposium, American Chemical Society, Spring Meeting, March 28-April 3,
Atlanta, GA.

Co-organizer of four symposia, Fifth Chemical Congress of North America,
Canadian Contact for Agrochemisiry, November 11-15, Cancun, Mexico.

Co-organizer, Nioth International Flavor Conference, July 1-4, Greece.

Co-organizer of g symposiurmn on "Flavor and Lipid Chenustry of Scafoods”,
American Chemical Society, Orlando, FL.

Organizer of a syraposium ou "Natural Auntioxidants”, World Congress on Fais
and Oils, October 6-11, Istanbul, Turkey.

Organizer of a symposium on "Antioxidants and Prevention of Oxidation”,
American Ol Chemists’ Society, April 28-May 2, Indianapohs, IN.

Canadian Co-ordinator for Agrochemistry Division of Pacifichern, American
Chemical Society/Chemical Institute of Canada, December 17-22, in Honolulu
and Organizer/Co-organizer of two symposia entitled "Process-Induced
Chemical Changes in Foods” and "Anpalytical and Nuiritional Aspects u Seafood
Research.”

Served on the International Advisory Beard for the Congress on Autioxidants,
Anticarcinogenity and Aging, held i Japan.

Symposium Organizer for the Ninth World Congress of Food Science and
Techuology (IUFoST) held in Hongary in July-August.

Organizer of a symposium on "Antinutrients and Phytochemicals 1o Foods”,
American Chemical Society, Chicago.

Co-organizer of two symiposia on "Natural Antioxidants” and "Oilseed Proteins”,
American Ol Chemists’ Society, San Antonio.

Co-organizer of a symposium on " Antioxidants/Protein Co-products”, American
(i1l Chenusts’ Society, Atlanta,

Co-organizer of a symposium on New Developments in Seafood Science and
Technology, Canadian Institute of Food Science and Technology, Vancouver.

Session Chair, Fourth American Chemical Congress, June, New York,
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1992

1981

Editorials:
Editor-in~-Chief’
Editor-in-Chief:
Editor:
Associate Editor

Editorial Board:

Organizer of a sympostum on “Canola Proteins and Co-~products”, American Oil
Chernists' Socicty Meeting, May 10-14, Toronto.

Member, Technical Organizing Committee, Eighth World Congress of Fooed
Science and Technology (IUFoST), September 29 - October 4, Toronto and
Organizer/ Chatrperson for two symposia entitled “Flavour of Meat and Meat
Products” and “Seafoods: Chenustry, Processing Technology and Quality”.

The 1989 International Chemical Congress of Pacific Basin Socicties, December,
Honohuhu

Chairman, subsymposium on Use of Fish Minces and Surimi Products by the
Food Industry - Quality and Regulatory Aspects.

Canadian Program Chairman, Agricultural and Food Chemistry Third Chemical
Congress of North America, June, Toronte and Organizer/Chairperson for two
syrmaposia entitled New Trends and Developments in Rapeseed Research and
New trends and Developments in Flavour Chemistry

Journal of Functional Foods

Journal of Food Lipids; Ended 2009
Food Chemistry

Journal of Food Science

Journal of Food Science

International Journal of Food Propertics
MNutraceuticals and Food

Current Nutrition and Food Scicnce

Inform

Journal of Aquatic Food Product Technology

Editorial Advisory Board: Journal of Agricultural and Food Chemistry

Publications:
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444,

443,

441.

4490,

439.

437.

436,

435,

Journal Articles (for book chapters see the following section)

Amarowicz, R., Synowiecki, I, and Shahids, F. 2011, Chemical composition of shells from
red {Strongviocentrotus franciscanus) and green {Strongviocentrotus droebachiensis) sca
urching. Food Chemistry. Intevision.

Alvarcz-Parrilla, E., de laRosa, L.A., Amarowicz, R. and Shahidi, F. 2011, Protective effect
of fresh and processed Jalapeno and Serrano peppers against food lipid and human LDL
cholesterel oxidation. Food Chem. Inrevision.

Zhong, Y., Chiou, Y.S., Pan, MLH. and Shahidi, F. 2011, Anti-inflammatory activity of
hpophilic epigallocatachin  gallate {(CGCG) derivatives in LPS-stimulated wmarine
macrophages. Food Chem. In revision.

Tan, 7., and Shahidi, F. 201 1. A novel wethod to chemoenzymatic synthesis of phytosteryl
caffeates and evalnation of their antioxidant activity. Food Chem. In revision.

Chavan, U.D., McKenzie, D.B. and Shahidi, F. 2011, Extraction of phenolic compounds
and tannins from seeds of beach pea (Lathyrus maritinus 1.}, Food Chem. Submitted.
Chavan, U.D,, McKenzie, D.B. and Shahidi, F. 2011, Effect of processing on nutritional
quality of beach pea (Lathyrus maritinus 1.} sceds. Food Chem. Submitted.

Zhong, Y., Chiou, Y-8., Pan, M-H., Ho, C-T. and Shahidi, F. 2011, Protective eftects of
cpigallocatechin  gallate (EGCQG) derivatives on  azoxymethane-induced  colonic
tumorigenesis in mice. J. Functional Foods. In press.

Chandrasekara, A. and Shahidi, F. 2011, Effect of processing on the antioxidaut activity of
millet grains. Food Chem. In press.

Zhong, Y. and Shahidi, F. 2011, Antioxidant behavior in bulk oil: Hmitations of polar
paradox theory. J. dgric. Food Chem. http/dn.doiorg/10.1021/j£204165¢

Magsocod, S., Benjakul, S., and Shahidi, F. 2011, Emerging role of phenolic compounds as
the altervative natural food additives in fish and fish products. Crit. Rev. Food Sci. Nutr. Tn
Press.

Zhong, Y., Ma, C-M., and Shahidi, F. 2011, Antioxidant and antiviral activitics of lipophilic
epigaliocatechin gallate (EGCG) derivatives, J. Functional Foods. DOL 101016/ 31
2011.08.003

Tan, Z., and Shabidy, F. 2011, Chemoenzymatic synthesis of phytosteryl ferulates and
evaluation of their antioxidant activity. J. dgric. Food Chem. DOL 1010214203 4237 In
press.

Tan, 2., and Shahidi, F. 201 1. Optimization of enzymatic synthesis of phytosteryl caprylates
using response surface mcethodology. J. dAmer. Gil Chem. Soc. DOY 10.1007/511746-011-
1949-Y

Chandrasckara, A., and Shahidi, F. 2011, Bioactivitics and antiradical properties of millet
grawns and huols. J. Agric. Food Chem. 59:9563-9571.

Zhong, Y., and Shahidi, F. 2011, Lipophilized cpigallocatechin gallate (EGCG) derivatives
as novel antioxidants. J. dgric. Food Chem. 59: 6526-6533.
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426.

425.

420.

419,

418.

417.

416,

414,

Chandrasckara, N., and Shahidi, F. 2011, Antioxidative potential of cashew phenolics in
food and biological mode! systems as affected by roasting. Food Chem. 129 1388-1396.
Chandrasckara, A, and Shahidi, F. 2011, Inhibitory activities of solube and bound millet
seed phenolics on free radicals and reactive oxygen species. J. Agric. Food Chem. 59:428-
436.

Alvarcz-Perilla, E., de la Rosa, L.A., Amarowicz, R, and Shahdi, F. 2011, Antioxidant
activity of fresh and processed Jalapeno and Serrano peppers. J. Agric. Food Chem. 5. 152-
162,

de la Rosa, L.A., Alvarez-Perilla, E., and Shahidi, F. 2011, Phenolic compounds and
antioxidant activity of kernels and shells of Mexican Pecan (Carya illinomensis). J. 4gric.
Food Chem. 59:3459-3504.

Chandrasckara, A. and Shahidi, F. 2011, Antiproliferative potential and DNA scission
whibitory activity of phenolics from whole millet grains. /. Funcrional Foods 3. 139-170.
Wang, J. and Shahidi, F. 2011, Effect of enzymatic randomization on positional distribution
and stability of scal blubber and menbhaden oils. J. dgric. Food Chem. 59: 4232-4237.
Chandrasckara, N. and Shahidi, F. 2011, Effect of roasting on Phenolic content and
antioxidant activitics of whole cashew nuts, kernels and testa. J. Agric. Food Chem. 59:
5006-5014.

Chandrasckara, N., Shaludi, F. 2011, Oxidative stability of cashew oils from raw and
roasted nuts, J. Am. Oif Chem. Soc. 8&: 1197-1202.

Shahidi, F. and Chandrasckara, A. 2011, Inhibitory activitics of soluble and bound miliet

436.

Shahidi, F.and Zhong. Y. 2011, Revisiting the polar paradox theory: A critical overview, J.
Agric. Food Chem. 59: 3499-3504.

Chandrasckara, A. and Shahidi, F. 2011, Determination of antioxidant activity in free and
hydrolysed fractions of millet grains and characterization of their Phenolic profiles by
HPLC-DAD MSn. J. Functional Foods. doi: 10:1016/13£12011.03.007.

Nolinanon, S., Benjakul, S., Kishimura, H., and Shahidi, F. 2018, Functionalities and
antioxidant propertics of protein hydrolysates from the muscle of ornate threadfin bream and
treated with pepsin from skipjack tuma. Food Chem. 121 49-55,

Shahidi, F. and Zhong, Y. 2010, Novel antioxidants in food guality preservation and health
promaotion. Fur. J. Lipid Sci. Technol. 112: 930-940,

Shahidi, F. and Zhong, Y. 2010. Lipid oxidation and tmproving the oxidative stability.
Chem. Soc. Rev, 39(11); 4067-4079.

Wang, I, Suarez, E., Kralovec, J., and Shahidi, F. 2010, Effect of chemical randomization
on positional distribution of omega-3 oil triacylglyeerols. J. Agric. Food Chem. 58:8842-
8847

Chandrasckara, A. and Shahidi, F. 2010. The content and contribution of insoluble bound
phenolics to the antioxidant capacity of mullets. /. dgric. Food Chem. 58: 6706-6714
Kittiphattanabawon, P., Benjakul, 8., Visessanguan, W., Kishinmura, H. and Shahidi, F. 2010,
Isolation and characterization of collagen from the skin of brown banded bamboo shark
(Chiloscyliium punctuation). Food Chem. 119: 1519-1526.
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411,

410

409,

408.

407,

406.

405.

396.
395,

Kittiphattanabawon, P., Benjakul, S., Wisessanguan, W. and Shahidi, F. 2010, Comparative
study of the characteristics of gelatine from the skins of brown banded bamboo shark and
blacktip shark as affected by extraction conditions. Food Hvdrocolloids. 24:164-171.
Kittiphattanabawon, P., Benjakul, S., Wisessanguan, W. and Shahidi, F. 2010, Isolation and
preparation of acid and pepsin solubie collagen from the skin of blacktip shark
{(Carcharhinus limbatusy. Eur. Food Res. Technol, 230:475-483.

Shahidi, F. and Chandrasckara, A. 2010. Hydroxycinnamates and their in vitro and in vive
antioxidant activities. Phytochem. Rev. 9. 147-170.

Huber, G.M., Rupasinghe, H.P.V. and Shahidi, F. 20609, Inhibition of oxidation of omega-3
polyunsaturated fatty acids and fish ol by quercetin ghycosides. Food Chem. 117: 290-295.
Hottman, A, and Shahidi, F. 2009, Paclitaxel and other taxanes in hazelnut. /. Functional
Foods 1:33-37.

Li, 8, Pan, M-H., Lo, C-Y ., Tan, D, Wang, Y., Shabidi, F., and Ho, C-T., 2009, Chemistry
and health effects of polymethoxyflavones and hydroxylated polymethoxyflavones. J.
Functional Foods 1:2-12.

Alasalvar, C. and Shahidy, F. 2009, Natural antioxidants in tree nuts. Eur. J. Lipid Sci.
Technol. 111: 1056-1062.

Zhu, 3., Liang, C-P., Cheng, K-W., Peng, X., Lo, C-U.,, Shahidi, ¥, Chen, F., Ho, C-T., and
Wang, M. 2009. Trapping cffccts of green and black tea extracts on peroxidation-derived
carbonyl substances of scal blubber oil. J. dgric. Food Chem. 57 1065-1069.

Alasalvar, C., Karamac, M., Kosinska, A, Rybarczyk, A., Shahidi, F. and Amarowicz, R.
2009, Antioxidaunt activity of hazelnut skin phenolics. /. Agric. Food Chem. 57: 4645-4650.
Klompong, V., Benjakul, S, Kantachote, D. and Shandi, F. 2009, Characteristics and usc of
yellow stripe trevally hydrolysate as culture media. /. Food Sci. 74: 8219-8225.
Madhujith, T. and Shahidi, F. 2009, Effect of alkaline hydrolysis of barley exiracts on
antioxidant efficacy. Food Chem. 117: 615-620.

Shahidi, F. 2008, Nutraceuticals and functional foods: whole versus processed foods.
Trends Food Sci. Technol. 20: 376-387.

Amarowicz, R., Troszynska, A, Kosinska, A., Lamparski, G. and Shahidi, F. 2008,
Relation between sensory astringency of extracts from selected tannin-rich foods and their
antioxidant activity. J. Food Lipids 15:28-41.

Shahidi, F. 2008, Antioxidants: extraction, identification, application and cfficacy
measurement. Elect. J. Environ. Agric. Food Chem. 7. 3325-3330.

Alasalvar, C., Amaral, J.S., Satir, G. and Shahidi, F. 2008, Lipid characteristics and
essential minerals of native Turkish hazelnut varieties (Corvius avellana 1.3, Food Chem.
113: 919-925,

Sarnaranayake, A.G.P., John, LA and Shahidi, F. 2008, Antioxidant activity of English
walnut (Juglans regia L.}, J. Food Lipids 15: 384-397.

Shahidi, F. and Zhoung, Y. 2008, Bioactive peptides. JAQAC. 91: 912-931.
Miraliakbari, H. and Shahidi, F. 2008, Oxidative stability of nut oils. J dgric. Food Chem.
56:4751-4759.
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391
390.
389,
388.

386.

3X5.

Shahidi, F., McDonald, J., Chaudrasckara, A. and Zhong, Y. 2008, Phytochemicals of
foods, beverages and fruit vinegars. Chemistry and health effects. dsia Pac. J. Clin. Nutr.
17(S1) 380-381.

Miraliakbart, H. and Shahidi, F. 2008, Antioxidant activity of minor components of tree nut
oils. Food Chemistry. 56: 4751-4759.

Madhujith, T. and Shahidi, F. 2008, Antioxidant and antiproliferative potential of pearled
barley (Hordeum volgarae 1.3, J. Pharm. Biol. 46; 88-95.

Mirahiakbari, H. and Shabidy, F. 2008, Lipid class composition, tocopherols and sterols of
tree nut oils extracted with different solvents. J. Food Lipids 15: 81-96.

Haroam, F. and Shahidi, F. 2008. Incorporation of sclected long-chain fatty acids into 11
hinolein and trilinolenin. Food Chem. 106: 33-39.

Shahidi, F., Curaby, N. and Zhong, Y. 2008, Canola protem hydrolyzates, Conference
Proceedings for 12th International Rapeseed Coungress. Food Chem. 109 144-148.
Shahidi, F. 2008, Omega-3 in food: Examining the incorporation of omega-3 fatty acids in
foods and their significance to health. fnform 19: 366-369,

Shahidi, F. and Zhong, Y. 2008, Bivactive peptides. fnform 19: 293-295.

Klompong, V., Benjakul, S, Kantachota, D, and Shahidi, F. 2007, Antioxidative activity of
functional properties of protein hydrolyzates of yellow stripe trevally (Selensides leptolepis)
as influcnced by the degree of hydrolysis and enzyroc type. Food Chem. 102: 1317-1327.
Thiansilakul, Y., Benjakul, S. and Shahidi, F. 2007, Antioxidative activity of protein
hydrolyzate from round scad muscle using Alkalase and Flavourzyme. Jowrnal of Food
Riochemistry 31 266-287 384, Thiansilakal, Y., Benjakal, S. and Shahidi, F. 2007,
Compositions, functional propertics and antioxidatve activity of protein hydrolysates
prepared from round scad (Deceprerus maruadsi). Food Chem. 103: 1385-1394,
Gamage, A. and Shahidi, F. 2007, Usec of chitosan for the removal of metal ion
contaminants and proteins from water. Food Chem. 104: 989-996.

Arfan, M., Amin, H., Karamac, M., Kosinskam A., Shahidi, F., Wiczkowski, W. and
Amarowicz, RO 2007, Antioxidant activity of extracts of Mallotus philipinensis froit and
bark. /. Food Lipids 14 280-297.

Hamam, F. and Shahidi, F. 2007. Enzymatic incorporation of selected long-chain fatty
acids into triolein. J Am. Gil Chem. Soc. 84: 533-5341.

Hamam, F. and Shahidi, F. 2007. Acidolysis of tristearin with selected long-chain fatty
acids. J Agric. Food Chem. 55:1955-1960.

Senanayake, SPJIN. and Shalndi, F. 2007, Oxidative stability of structured lipids
monttored by proton nuclear magnetic resonance spectroscopy. J. Food Lipids 14: 217-231.
Zhong, Y., Madhujith, T., Mahfouz, N. and Shahidi, F. 2007, Compositional Characteristics
of Muscle and Visceral Oil from Steethead Trout and their Oxidative Stability. Food Chem,
104: 602-608.

Zhong, Y., Khan, M A and Shahidi, F. 2007, Compositional characteristics and antioxidant
properties of fresh and processed sea cucamber (Cucumaria frondosa). J. Agric. Food Chem.
55: 118R-1192.

Liyana-Pathirana, C.M. and Shahidi, F. 2007, The antioxidant potential of milling fraction’s
from bread wheat and durum. J. Cereal Sci. 45: 238-247.
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369.

367.

366,

Madhujith, T. and Shahidi, F. 2007. Antioxidative and antiproliferative properties of
selected barley cultivars and their potential of inhibition of copper induced LBL cholesterol
oxidation. /. Agric. Food Chem. 35: 5018-5024.

Shahidi, F. 2007, Nutraceuticals and healthful products from aquatic resources. J. Jcean
Technol. 11: 36-48.

Shahidi, ¥, Alasalvar, C. and Liyvavapathirana, C.M. 2007, Autioxidant phytochemicals in
hazelmut (Corylus avellana 1.y and its by-products. J. dgric. Food Chem., 55 1212-1220.
Senanayake, 8. PN, and Shahidi, F. 2007, Acidolysis of seal blubber oil with lauric acid.
J. Food Lipids 14: 78-96.

Liyana-Pathirana, C.M. and Shahidi, F. 2007. Antioxidant and free radical scavenging
activities of whole wheat and milling fractions. Food Chem. 1010 1151-1157.
Scnanayake, S.P.JN. and Shahidi, F. 2007. Acidolysis of scal blubber o1l with lauric acid.
J. Food Lipids 14: 78-96,

Klompong, V., Benjakal, 8., Kantachute, D, and Shahidi, F. 2007, Antioxidative activity
and functional properties of protein hydrolysates of vellowstripe trevally (Selaroides
leptolepisy as influenced by the degree of hydrolysis and enzyme type. Food Chem. 102:
1317-1327.

Mercanligil, S. M., Arslan, P, Alasalvar, C., Okut, E., Akgill, E., Pinar, A, Geyik, P.0.,
Tokgdzoghy, L. and Shahidi, F. 2007, Effects of hazelmut-coriched dict on plasma cholesterol
and lipoprotein profiles in hypercholesterolemic men. Euwrop. J Clin. Nutr. 61: 212-220.
Siriwardhana, N, Shahidi, F. and Jeon, Y-J. 2006. Potential antioxidative effects of cactus
pear frait {opuntia ficus-indica) extract on radical scavenging and DNA damage reduction in
human peripheral lymphocytes. J. Food Lipids 13: 445-458.

Chen, H., Weiss, J. and Shalndi, F. 2006, Nanotechnology 1o nutraceuticals and functional
foods - Emerging techuology has shown great potential for delivering bioactive compounds
in functional foods to improve human heslth, Food Technol. 60 (3): 30-36.

Madhujith, T. and Shahidi, F. 2006. Optimization of extracting antioxidative constituents of
six barley cultivars and thewr antioxidant properties. J. Agric. Food Chem. 54: B048-8057.
Livana-Pathirana, C M., Dexter, J. and Shahidi, F. 2006, Antioxidant properties of wheat as
affected by pearling. J. Agric. Food Chem. 54: 6177-6184.

Khan, M A, Parrish, C.C. and Shahidi, F. 2006. Effects of environmental characteristics of
aquacuiture sites on the quality of cultivated blue mussels (Mytilus edulis). J. Agric. Food
Chem. 54: 2236-2241.

Wijerathne, S.8.K., Amarowicz, R. and Shahidi, F. 2006, Antioxidant activity of almond
and their by-products in food model systeras. J Am. Oif Chem. Soc. §3: 223-230.
Liyana-Pathirana, C.M. and Shahidi, ¥. 2006. Importance of insoluble-bound phenolics to
antioxidant propertics of wheat. J. Agric. Food Chem. 54. 1256-1264.

Wijerathne, S.S.K., Abou-Zaid, M. and Shahidi, F. 2006, Antioxidant polyphenels in
almond and its co-products. J. Agric. Food Chem. 54: 312-318.

Hamar, F. and Shabidi, F. 2006, Synthesis of structured lipids containing mediurm-~-chain
and omega-3 fatty acids. J. Agric. Food Chem. 54: 4390-4396.
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352.

351

350.

349

346,

Hamarm, F. and Shahidi, F. 2006. Acidolysis reactions lead to esterification of endogenous
tocopherols and compromised oxtdative stability of modified oils. J. dgric. Food Chem. 54:
7319-7323.

Shahidi, F. and Hamam, F. 2006, Structured lipids containing medium-chain and omega-3
fatty acids. INFORM 17: 178-18 1.

Abuzaytoun, R, and Shahidi, F. 2006. Oxidative stability of algal oils as affected by their
minor components. J. Agric. Food Chem. 54: 8253-8260.

Abuzaytoun, R. and Shahidi, F. 2006. Oxidative stabihity of flax and hemp oils. J. dm. Off
Chem. Soc, 83: 855-861.

Madhujith, T., Izydorezyk, M. and Shahadi, F. 2006. Antioxidant potential of pearled barley
{(Hordium species). J. Agric. Food Chem. 54: 33283-3289.

Alasalvar, C., Amaral, J.8. and Shahidi, F. 2006. Functional lipid characteristics of Turkish
Tombul Hazelout (Corvius avelfana 1..). 1. Agric. Food Chem. 54: 10177-10183,
Alasalvar, C., Wanasundara, U., Zhong, Y. and Shahidi, F. 2006, Functional lipid
characteristics of cherry laurel seeds (Lavrocerasus officinalis Roem.). JJ. Food Lipids 13:
223-234.

Alagalvar, C., Karaméc, M., Amarowicz, R. and Shahidi, F. 2006. Antioxidant and
antiradical activities in extracts of hazelnut kernel (Corvlus avellana L.y and hazelnut green
leaty cover. S Agric. Food Chem. 54: 4826-4832.

Liyanapathirana, (. M., Shahidi, F. and Alasalvar, C. 2006. Antioxidant activity of cherry
laurel fiuit (Lawrocerasus officinalis Roem.) and its concentrated juice. Food Chem. 99:
121-128.

Senanayake, S.P.J.N. and Shahidi, ¥. 2006. Enzymatic acidolysis of evening primrose oil
with docosahexaenoic acid using response surface methodology. J. Food Lipids 13: 235~
254,

Liyana-Pathirana, C.M. and Shahidi, F. 2006. Antioxidant properties of commercial soft
and hard winter wheats (Triticum aestivum L.} and their milling fractions. J. Sci. Food
Agric. §6: 477-485,

Amarowicz, R., Troszynska, A. and Shahidi, F. 2005, Antioxdant activity of almond seed
extract and its fiuits. J. Food Lipids 12: 344-358.

Haroam, F., Daon, J. and Shahids, ¥. 20035, Lipase-catalyzed acidolysis of high-laurate
canola oil with eicosapentacnoic acid. /. Am. Oif Chem. Soc. 82: 875-879.

Hamam, F. and Shahidi, F. 2005, Structured hipids from high-laurate canola oil and long-
chain omega-3 fatty acids. J. Am. O Chem. Soc. 82: 731-736.

Amarowicz, R, Troszynska, A, and Shahidi, F. 2005, Antioxidant activity of almond seed
extract and its fractions. J. Food Lipids 12: 344-356.

Naczk, M., Pegg, R B., Zadernowski, R. and Shahidi, F. 2005. Radical scavenging activity
of canola hull polyphenohces. J. 4m. Oil Chem. Soc. 82: 255-260.
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AguaNet V: The fifth Annual Scientific Conference and Aunnual General Meeting of
Aquanct. Victoria, BC, October 18-21.
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Kim, 1.-5, Kim, H.S., Han, B.-W., Park, C.-H. and Shahidi, F. 2005. Nutritional
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products. Presented at the Fourth International Soybean Processing and Utilization
Conference. Foz do Iguasu, Brazil.

Shahidi, F. 2004. Phenolic antioxidants in extracts of food and natural health products.
Preseunted at the First International Congress on Antioxidant Test Methods. Orlando, FL.
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Amarowicz, R, Pegg, R.B., Troszynska, A. and Shahidi, . 2003, Assessment of the
antioxtdant activity of green tea extracts using a meat model system. 226th National
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Livanapathirana, C. M. and Shahidi, ¥. 2002, Effect of an artificial diet on liptd and lipid
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Shahidi, F. 2002. Nutraceutical lipids and lipid nutraceuticals. Presented at the 5"
International Congress on Essential Fatty Acids and Eicosanoids. Taipei, Taiwan.
Shahidi, F. 2002, Nutraceuticals and bioactives from seafood by-products. Presented at the
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0000079



F. Shahidi Page 71 of 168

N2
(91
~3

b2
(9]
(8]

N2
{91
[ 9]

247,

242.

Shahidi, F. 2000, Marine oils as atfected by processing of their Quality preservation by
natural antioxidants: An overview. 219™ American Chemical Society Meeting. San
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Shahidi, F. 2000. Plant Phytochemicals. Short course on Functional Foods and
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of cvening prinwose and borage antioxidants. Institute of Food Technologists Annual
Meeting. Chicago, IL, July 24-28. Absiract 50A-32.

Khan, A. and Shahidi, F. 1999, Photooxidation of stippend and non-stippend borage and
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Canadian Institute of Food Science and Technology. July 7-11, Halifax, NS.
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the Canadian Institute of Food Science and Technology. July 7-11, Halifax, NS,
Wanasundara, U.N. and Shahidi, F. Classification and fatty acid composition of lipids from
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478,

Shahidi, F., Synowiecky, J. and Amarowicz, R. 1993, Lipid fatty acids of seal meat and
blubber. The Two-Hundred and Fifth American Chernical Socicty National Mecting., March
28-April 2, Denver, CO. Abstract AGFDS9.

0000089



F. Shakhidi Pagpe 81 of 108

110,

109.

108,

162,

161,

100,

99.

98.

97.

96,

Shahidi, F. and Wanasundara, U, 1993, Stability of canola oil. The Two-Hundred and Fifth
American Chemical Society National Meeting. March 28-April 2, Denver, CO. Abstract
AGFD4T.

Shahidi, ¥. 1993, Current status of research on whole carcass of harp seal (Phoca groen-
landica). Annual meecting of the Canadian Scalers Association. St. John's, NF, March
25-26.

Shahidi, F. 1993, Usage of marine underutilized species and processing by-products. The
First International Conference on the Impact of Food Research on New Product
Development. January 24-26, Karachi, Pakistan.

Shahidi, F., Pegg, R.B. and Sen, N, 1993, Novel nitrite-free processed meats, The First
International Conference on the Ipact of Food Research on New Product Development.
January 24-26, Karachi, Pakistan,

Shahidi, F. and Hong, C. 1992, Nifrite-binding propertics of dictary fibers. Food and
Cancer Prevention '92. September 13-16, Norwich, UK.

Shahidi, F. and Pegg, R.B. 1992, Nitrite~-free meat curing systems and the N-utirosamine
problem. Food and Cancer Prevention '92. September 13-16, Norwich, UK.

Shahidi, F., Synowiccki, 1. and Balgiko, J. 1992, Utilization of seal meat by-products. The
Thirty-Eighth International Congress of Meat Science and Technology. August 23-28,
Clermont Ferrand, France.

Shahidi, F. and Pegg, R.B. 1992, Application of Colormet in muscle food quality
cvaluation. The Thirty-Eighth International Congress of Meat Science and Technology.
August 23-28, Clermont Ferrand, France.

Shahidi, F., Ke, P, Zhao, X, Yang, 7. and Wanasundara, J. 1992, Antioxadant activity of
green and black tea in roeat model systemn. The Thitty-Eighth Internatioval Congress of
Meat Science and Technology. August 23-28, Clermont Ferrand, France.

Shahidi, F., Han, X.Q,, Synowiecki, J. and Balejko, J. 1992, Enzymatic modification of
marine proteins: 1. Male and spent capelin.  The Thirty-Seventh Atlantic Fisheries
Technological Conference. August 23-26, Pereé, QC.

Shaldi, F., Naczk, M., Dunajska, E. and Walsh, K. 1992, Omega-3 fatty acids of seal
blubber. The Thirty-Seventh Atlantic Fisheries Technological Conference. August 23-26,
Pereé, QC.

Pind, D, Naczk, M. and Shahidi, F. 1992, Second derivative ultraviolet spectrophotometry
of phenolic of Brassics oilsceds. The Sixitecnth International Confercnce of Groupe
Polyphenels. July 13-16, Lisbon, Portugal.

MceDonald, K., Naczk, M. and Shahidi, F. 1992, Tron-binding phenolics of canola sceds.
The Sixteenth International Conference of Groupe Polyphenols. July 13-16, Lisbon,
Portugal.

Shahidi, F., Synowiecki, I and Penney, R'W. 1992, Dictary caroteuoids and their uptake by
Arctic char. Institute of Food Technologists Annual Mecting. June 20-24, New Orleans,
LA,

Shahidi, ¥. 1992, Processed meats, poultry and seafoods. Canadian lustitute of Food
Science and Technology Mecting. May 31-June 3, Ottawa, ON. Presentation to Meat,

Pouitry and Seafood Interest Group. By invitation.
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94,

92.

91.

90,

§9.

&8,

86.

85.

84.

83.

Srivastava, R.K., Brown, J A, and Shahidi, F. 1992, Intlucence of egg carotenocids of
Atlantic salmon (Safmo salar) on embryonic growth and survival. Canadian Institute of
Food Science and Technology Meeting. May 3 1-June 3, Ottawa, ON.

Shahidi, F., Synowiecki, 1. and Penney, RW. 1992, Effect of feed carotenoids on growth
and pigmentation of Arctic char (Safvelinus alpinus, L.). Canadian Institute of Food Science
and Techunology Annual Meeting. May 31-June 3, Ottawa, ON.

Salecemi, 2.0, Pegg, R.B., Wanasundara, P J.P.D. and Shahidi, F. 1992, Application of
deheated mustard four (DME)} 1o mitrite-free cured meat products. Canadian Tustitute of
Food Science and Technology Anmual Meeting. May 31-June 3, Ottawa, ON.

Dunajski, E., Chong, X., Pegg, R.B. and Shaludi, F. 1992, Changes in the colour
characteristics of harp seal {Phoca groenlandica) during post-mortem and heat processing.
Canadian Institute of Food Science and Technology Annual Mecting. May 3i-June 3,
Ottawa, ON.

Pink, D, Naczk, M. and Shahidi, F. 1992, Theoretical analysis of ultraviolet spectroscopic
studies on the rapesecd phenolic acids. Canadian Institute of Food Science and Techunology
Annual Meeting. May 31-June 3, Ottawa, ON.

Sen, N.P., Synowiecks, J. and Shahidi, F. 1992, Nitrite curing of scal meat. Canadian
Institute of Food Science and Technology Annual Meeting. May 31-hme 3, Ottawa, ON.
MNaczk, M. and Shahidi, F. 1992, Quantification of rapesced tannins by different methods.
Canadian [ostitute of Food Science and Technology Annual Meeting. May 3i-June 3,
Cttawa, ON.

Shahidi, F. 1992, Current and novel methods for stability testing of canola ol The
Twenticth ISF World Congress and Eighty-Third ACGAC Annual Meeting. May 10-14,
Torounto, ON. By mvitation.

Shahidi, F. and Naczk, M. 1992, Upgrading of canola meal. The Twenticth ISF World
Congress and Eighty-Third AOAC Annual Meeting. May 10-14, Toronto, ON.

Naczie, M., Shahids, F. and Sullivan, A. 1992, Condensed tannins of canola: Recovery and
quantification. The Twenticth ISF World Congress and Eighty-Third AQAC Anmual
Meeting. May 10-14, Toronto, ON.

Shahidi, F. and Pegg, R.B. 1992, Stabilization of the cooked cured-meat pigment by cyclo-
dextrins. The Sixth foternational Cyclodextrin Syraposiom. April 21-24, Chicago, 1.
Shahidi, F., Naczk, M. and Myhara, R M. 1992, Extraction of galactosides from legume and
oilsced meals. International Food Legume Rescarch Conference 1. April 12-16, Cairo,
Haypt.

Shahidi, F. 1992, Full utilization of the scal carcass. Lecture to government, industry and
academic representatives. Newfoundland Department of Fisheries. March 12, St. John's,
NL. By invitation.

Shahidi, F. 1992, Status and potential for better utilization of fisheries discards i Canada.
Agquatech. '92. March 1-3, Halifax, NS, By invitation.

Shahidi, F. and Wanasundara, UN. 1992, Processed meat, poultry and sea foods. Can. Inst.
Food Sei. Technol. Annual Meeting. May 31-June 3, Ottawa, ON.
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75.

74.

68.

67.

Shahidi, F. and Synowiecki, J. 1991, Quality and compositional characteristics of
Newfoundland shellfish processing discards. The Fifth International Conference on Chitin
and Chitesan. QOctober 17-20, Princeton, N.J.

Shahidi, F. 1991, Nutrients of fishery by-products and their potential use in feed and
compost formations. Fishery By-product Composting Conference. October 21-23, Madison,
WI

Shahidi, F. 1991, Secafood processing by-products. The Fighth World Congress of Food
Science and Technology. September 29-October 4, Toronto, ON.

Shahidi, F. 1991, Assessment of liptd oxidation and off-flavour development in meats. The
Eighth World Congress of Food Science and Technology. September 29-October 4.
Toronto, ON.

Shahidi, F. 1991, Nutritional Value of Seal Products and Preparation of Value-added
Products Thereof as well as Underutilized and Unutilized Fish Species in Newfoundland
Waters. A series of presentations to Industry, Government and Academia Representatives in
several locations in Singapore, Taiwan and Hong Kong, June 1991 (by invitation from the
Government of Newfoundland and Labrador as a delegation member to East Asia).
Shahlidi, F. 1991, Prospects for seahing industrics in Canada and recent rescarch
developments. A series of presentations to Industry, Government and Acadenmia
representatives in several locations in Tokyo, Japan, March 1991 (by Invitation from the
Canadian Government as a delegation member to Japan).

Srivastava, R.K., Brown, J A, and Shahidi, F. 1991, The carotenoids pigments in eggs of
Atlantic salmon (Safmo salary and their significance 1o early development, growth and
survival. The Thirticth Conference of the Canadian Society of Zoologists. May 8-11,
Thunder Bay, ON.

Shahidi, F., Synowiecki, J. and Heeley, D. 1991, Quantification of hemoproteins in seal
meat and other muscle foods. The Thirty-Seventh International Congress of Meat Science
and Techunology. September 1-6, Kulmbach, Germany.

Shahidi, F., Pegg, RB. and Shamsuzzaman, K. 1991, Encapsulation of the cooked
cured-meat pigment and frradiation of nifrite~-free cured products. The Thirty-Seventh
International Congress of Meat Science and Technology. September 1-6, Kulmbach,
Germany.

Shahidi, F. 1991, Phenolic compounds of Brassica otlsceds. The Fourth Chemical
Congress of North America. August 25-30, New York, NY (by mvitation}.

Shahidi, ¥., Wanasundara, P.K.J.P.D.,, and Hong, C. 1991, Antioxidant activity of phenolic
compounds m meat rodel systems. The Fourth Chermical Congress of North America.
August 25-30, New York, NY {by imvitation).

Shahidi, F. 1991, Prevention of lipid oxidation in mmuscle foods by nitrite and nitrite-free
compositions. The Fourth Chemical Congress of North America. August 25-30, New York,
NY (by invitation}.

Shahidi, F. 1991, Effect of ammoniation on the quality of solvent-extracted rapeseed
products. The Eighth International Rapeseed Congress. July 9-11, Saskatoon, SK.
Naczk, M. and Shahidi, F. 1991, Crtical evaluation of quantification methods of rapeseed
tannins. The Eighth International Rapesced Congress. July 9-11, Saskatoon, Canada.
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66.

63.

64.

61,

60.

Ah
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Maczk, M. and Shahidi, F. 1991, Phenolic constituents of rapesced. The Second
international Tannin Conference. Fune 17-21, Michigan, IL.

Shahidi, F. and Synowiecks, J. 1991, Carotenoids and chitin of crustaccan offals. Canadian
Institute of Food Science and Technology Annual Meeting. June 16-19, Montréal, PQ..
Dunajski, E., Hong, C. and Shahidi, F. 1991, Quality of farmed cod (Gadus morhua).
Canadian Institute of Food Science and Techuology Anoual Meeting. June 16-19, Montréal,
PQ.

Shahidi, F. and Synowiecky, I 1991, Fatty acids profile and content of cholesterol and
nucleic acids in seal meat. Canadian Institite of Food Science and Technology Annual
Meecting. June 16-19, Mountréal, PQ.

Svaowiecki, J., Hall, B, and Shahidi, F. 1991, Amino acids and mineral constituents of
snow crab processing discards. Canadian Institute of Food Science and Technology Annual
Meeting. June 16-19, Moutréal, P(J.

Onodenalore, A.C., Synowiecki, J. and Shahidi, F. 1991, Characteristics of washed
mechanically deboned chicken meat (MDCM). Canadian Institute of Food Science and
Technology Anmual Mecting. June 16-19, Montréal, PQ.

Shahidi, F. and Pegg, R.B. 1991, Application of the cooked cured-macat pigment (CCMP) to
comminuted and solid cuts of meat. Canadian Institute of Food Science and Techunology
Annual Mecting. June 16-19, Montréal PQ.

Naczlk, M., Myhara, R. M. and Shahidi, F. 1991, Removal of flatulence-causing sugars from
legumes and otlsceds. Canadian Institute of Food Science and Technology Annual Mecting,
June 16-19, Montréal, PQ.

Shahidi, F. 1991, Quality of Scal Mcat and Scal-Based Products. Annual Convention of
Canadian Sealers. February 3, Twillingate, NF, (by invitation).

Shahidi, F. 1991, Pigmentation and depigmentation of Arctic char. Arctic char research
workshop. March 12, St. Johu's, NF, (by invitation).

Shahidi, F. and Synowiecki, J. 1990, Seal meat: the ultimate test of surimt techunology.
Second joint conference of Tropical and Subtropical Fisheries Technology and Atlantic
Fisheries Techuology Socicties. Dec. 2-5, Orlando, FL.

Shahidi, F. and Synowiecki, J. 1990, Nutrient and chemical composition of Atlantic snow
crab offals. The Second Joint Conference of Tropical and Subtropical Fisheries Technology
and Atlantic Fisheries Technology Socicties. Dec. 2-5, Orlando, FL.

Shahidi, F. 1990. The 2-thiobarbituric acid (TBA) methodology for the evaluation of
warmed-over flavour and oxidative rancidity of meat products. The Thirty-Sixth
International Congress of Meat Scicnce and Technology. August 27-Septernber 1, Havana,
Cuba.

Shahidi, F. and Synowiecki, J. 1990, Seal meat: A potential source of muscle food or
waste? The Thirty-Sixth International Congress of Meat Science and Technology. August
27-Septeraber 1, Havana, Cuba.

Shaldi, F. and Naczk, M. 1990, Contribution of sinapic acid to the phenolhic constituents of
solvent-extracted cruciferac oilseeds. Groupe Polyphenols 1990 International Conference.
Fuly 9-11, Stratsburg, France.
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44,

43.

Maczk, M. and Shahidi, F. 1990, Effcct of processing on the free and csterified phenolic
constituents of cruciferac oilsceds. Institute of Food Technologists Annual Meeting. June
17-20, Anaheim, CA.

Shahidi, F., Naczk, M. and Myhara, M. 1990. Effect of processing on the content of low
molecular-weight carbohydrates of glandless cottonsced. Institute of Food Technologists
Annual Meeting, June 17-28, Anaheirn, CA,

Srivastava, R.K., Brown, J.A. and Shahidi, F. 1990, Egg guality of Arctic char.
International Congress of Aguaculture. June 10-17, Hahifax, NS,

Shahidi, F, Pegg, R.B. and Hong, C. 1990. Composite non-nitrite meat curing systems.
Canadian Institute of Food Scicnce and Technology Annual Mecting. June 3-6, Saskatoon,
SK.

Pegg, R.B. and Shahidi, F. 1990, Effects of myoglobin and nitrite or pre-formed cooked
cured-meat pigment concentrations on the colour of cooked meats, Canadian Institute of
Food Science and Technology Annual Meeting. June 3-6, Saskatoon, SK.

Syunowiecki, J. and Shahidi, F. 1990, Nuirient and pigment composition of seal meat,
Canadian Institute of Food Science and Technology Anmual Meeting. June 3-6, Saskatoon,
SK.

Shahidi, F. and Pegg, R.B. 1990, Reactions of malonaldehyde with 2-thiobarbituric acid
and sulfanilamide: Spectroscopic studics.  Canadian Institute of Food Science and
Technology Annual Meeting. June 3-6, Saskatoon, SK.

Naczk, M. and Shahidi, F. 1990. Somec chemical and functional characteristics of
sofvent-exiracted sovbean meals, Canadian Institute of Food Science and Technology
Annual Meeting. June 3-6, Saskatoon, SK.

Nagczie, M., Shahidi, F. and Myhara, M. 1990, Extraction of soluble sugars of otlseeds by
methanol-ammonia~-water. Canadian Institute of Food Science and Technology Annual
Meeting. June 3-6, Saskatoon, SK.

Shahidi, F., Murphy, G. and Brooker, J. 1990, Effect of live storage on the depletion of
lipids 1 roale capelin (Mallotus vilfosus). Canadian Institute of Food Science and
Techuology Annual Meeting. Juve 3-6, Saskatoon, SK.

Shahidi, F., Murphy, G. and Naczk, M. 1990. Accumulation of lipid in farmed cod {(Gadus
morhua). Seafood 2000 International Counfercnce. May 13-16, Halifax, NS.

Shahidi, F., Synowiecki, J. and Naczk, M. 1990, Utilization of shellfish processing
discards. Seafood 2000 International Conference. May 13-16, Halifax, NS.

Shahidi, F. and Naczk, M. 1990. Effect of processing on quality enhancement of rapesead
with particular reference to Hu You 9 Chinese variety. China International Rapeseed
Conference. April 24-May 2, Shanghai, P.R. China.

Synowiccki, J. and Shahidi, F. 1989, Somce technological propertics of seal meat. Atlantic
Fisheries and Technology Conference. August 27-30, St. Johu's, NF.

Naczk, M. and Shahidi, F. 1989, Chemical composition and chitin content of crustacean
offal. Seatood Biotechnology workshop. August 31-Sept. 1, St Jobu's, NF.

Shahidi, ¥. 1989, Processing of cruciferae oilseeds: Benefits and drawbacks of
alkanol-ammonia extraction. Fifth International Conference of Enginecring and Food. May
29-hune 3, Cologne, Germany.
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(29
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26.
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Shahidi, F. and Naczk, M. 1989, Solvent cxtraction of tannins from canola. Institute of
Food Technologists Annual Meeting. June 25-29, Chicago, IL.

Shahidi, F. 1989, Validity of the 2-thiobarbituric acid {TBA) test for the evaluation of
oxidative rancidity in cured meat product. The Thirty-Fifth International Congress of Meat
Science and Technology. August 20-25, Copenhagen, Denmark.

Shahidi, F. 1989, Current status of nitrite-free meat curing sysiern.  The Thirty-Fifth
International Congress of Meat Science and Technology., August 20-25, Copenhagen,
Denmark.

Mvhara, R.M., Naczk, M. and Shahidi, F. 1989, Effect of Methanol-Ammonia Processing
on the soluble sugars of soybean. Canadian Institute of Food Science and Technology
Agnnual Meeting. June 4-7, Québec City, PQ.

Shahidi, F. and Hong, C. 1989, Effect of natural phenolic compounds on the oxidation of
cooked meats. Canadian Institute of Food Science and Technology Aunual Meeting. June
4-7, Québee City, PQ.

Pegg, R.B., and Shahid, F., 1989, Effcct of light and storage time on the colour stability of
processed meats. Canadian Institute of Food Science and Technology Annual Meeting,
Fune 4-7, Québec City, PQ.

Naczk, M., Banfield, S., Hall, D. and Shahidi, F. 1989, Amino acid compaositions and PER
valucs of rapesced meals as affected by methanol-anumonia. Canadian Tostitute of Food
Science and Technology Annual Meeting, June 4-7, Québec City, PQ.

Shahidi, F. and Pegg, R.B. 1988, Synthesis of cooked cured-meat pigment, dinitrosyl
ferrohemochrome and its colour characteristics. To be presented in the Thuty-Fourth
International Congress of Meat Science and Technology, Brisbane, Australia. August
29-Septeraber 2.

Rubin, F. and Shahidi, F. 1988, Lipid oxidation and the flavour of meat products. To be
presented i the Thirty-Fourth International Congress of Meat Science and Technology.
August 29-September 2, Brisbane, Australia.

Shahidi, F. and Naczk, M. 1988, Effect of processing on the phenolic constitucents of canola.
Presented at the 198R International Conference of Group Polyphenols. August 15-19, St
Catherine, ON.

Shahidi, F. and Brooker, J. 1988, Antioxidant activity of plant phenolics in meats.
Presented at the 1988 International Conference of Group Polyphenols. August 15-19, St
Catherine, ON.

Shahidi, F. 198K, Elimination of antinutritional factors from canola. Presented at the Third
Chemical Congress of North America. June 5-11, Toronto, ON.

Shahidi, F. 1988, Flavour of cooked meats. Presented at the Third Chemical Congress of
MNorth America. June 5-11, Toronto, ON.

Shahidi, F., Pegg, R.B. and Brooker, J. 1988, Role of metal jons in autoxidation of cooked
meats. Presented in the Thirty-First Annual Mecting of the Canadian Institute of Food
Science and Technology., May 29-June 2, Winunipeg, MB.

Shahidi, F. and Hong, C. 1988, Some benefits of polyphosphates in cooked ground chicken
meat. Presented i the Thurty-First Annual Mecting of the Canadian Institute of Food
Seience and Technology. May 29-June 2, Winnipeg, MB.
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19.

18.

17.

16.

Is.

14,

1L

19,

Shahidi, F., 1987. Recent advances in meat-curing technology. Presented at the Food
Processing in Newfoundland and Labrador: Producer to Consumer, November 18-20. By
Invitation.

Shahidi, ¥., Gabon, LE. and Rubin, L.J. 1987, A novel process for the removal of gluco-
sinplates from canola. Presented at the Seventh World Congress of Food Science and
Technology. September 28 ~ October 2, Singapore.

Shahidi, F., Gabon, 1.E. and Rubin, L.J. 1987, The effect of methanol-ammonia-water
treatment ou the degradation of glucosimolates in canola and as isolated compounds.
Presented at the Seventh International Rapeseed Congress. May 11-14, Poznan, Poland.
Shahidi, F., Naczk, M., Rubin, L.J. and Diosady, L.L. 1987, The alkanol-ammonia-water/
hexane treatment of canola - An overview. Presented at the Seventh International Rapeseed
Congress. May 11-14, Poznan, Poland.

Pegg, R. and Shahidi, F. 1987, Single-step preparation of cooked cured~-meat pigment and
its application to meat. Presented at the Thirticth Annual Meeting of the Canadian institute
of Food Science Technology. May 17-20, Harolton, ON.

Shahidi, F., Kassam, N. and Rubin, L.J. 1987, Effect of ammonia-alcohol extraction system
on the propertics of soy meal. Presented at the Thirtieth Annual Mecting of the Canadian
Institute of Food Science and Technology. May 17-20, Hamilton, ON.

Shahidi, F., Gabon, J.E. and Rubin, L.J. 1987, Methanol-ammonia-water treatment of canola
and isolated glucosinolates. Presented at the Thirtieth Annual Meeting of the Canadian
Institute of Food Science and Technology. May 17-20, Hamilton, ON.

Gaboun, J.E., Kassam, N., Rubin, L.J., and Shahidi, F. 1986, Fate of ghicosinolates in
CH-OH/ NHy/H, O treatment of rapeseed. Presented at the Twenticth-Ninth Annual Meeting
of the Canadian Institute of Food Science and Technology. Calgary, AB.

Shahidi, F., Dilosady, L.L., Naczk, M., and Rubin, L.J. 1985, Removal of glucosinolates
from high-glucosinolate rapesced and mustard sced. Presented at the Twenty-Eighth Annual
Meeting of the Canadian Institute of Food Science and Technology. Toronto, ON.

Rubin, L.J., Shahidi, F,, Diosady, L.L., And Wood, D.F. 1983, Control of lipid oxidation in
cooked roeats. Presented at the Thirty-First Mecting of Meat Research Workers Meeting.
Bulgaria.

Shahidi, F. 1984, Alternative meat-curing systerns. Presentation to the lodustry-Government
Cormmittee on Nitrites and Nitrosamines. Ottawa, ON. By invitation.

Shahidi, F., Rubin, L.J., Diosady, L.L. and Wood, DF. 1984, Alternative meat-curing
system. Presented at the Twenty-Seventh Annual Mecting of the Canadian Institute of Food
Science and Technology., Vancouver, BC.

Biosady, L.L., Rubin, L.J., Shahidi, ¥, and Yun, J.J. 1984, Alternative meat-curing system.
Presented at the Twenty-Seventh Annual Mecting of the Canadian Institute of Food Science
and Technology. Vancouver, BC.

Rubin, L.}, Shahidi, F., Diosady, L.L., and Wood, D F. 1984, Synthesis of dinitrosyl ferro-
hemochrome and its characteristics. Presented at the Thirtieth European Congress of Meat
Research Workers Meeting. Ireland.
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Shahidi, F., Rubin, L.J. and Diosady, L.L. 1983, Alternative meat-curing systemns, 1L
Control of oxidative rancidity. Presented at the Twenty-Stxth Annual Mecting of the
Canadian Institute of Food Science and Technology. Ottawa, ON.

Rubin, L.J., Shahidi, F., and Diosady, L.L. 1983, Alternative meat-curing systems. [
cooked cured-meat pigment. Presented at the Twenty-Ninth European Congress of Meat
Research Workers Meeting. Italy.

Shahidi, F., Thankachan, C. and Tidwell, T.T. 1982, Reactivity of di-tert-butyl-O-benzene-
diperacetate. Presented at the Sixty-Fifth Annual Mecting of the Canadian Institute of
Chemistry. Toronto, ON.

Shahidi F. and Tidwell, T.T. 1979, Cyclization and bound cleavage reactions of free radicals
and peroxides. Presented at the International Symposivm of Physical Organic Chemistry.
Toronto, ON.

Shahidi, ¥., Farrell, P.G., and Edward, J.T. 1977, Partial molar volumes of hydrocarbons in
CCls Presented at the Second American Chemical Society/ Canadian Institute of Chemistry
Conference. Montréal, PQ.

Edward, J.T., Farrell, P.G., and Shahidi, ¥. 1975, Les volumes molaires partial des
composes organique dans Feau. Presented at the Forty-Fourth Congress of Association
Canadienne-Francaise pour I"Avancement des Sciences. Sherbrooke, PQ.

Post-doctoral Fellows/Research Assistanits/Associates aif Memaovial:

Prof. Laura de La Rosa 2009 - Vistting Professor

Prof. Emilio Alvarez-Parrilla 2009 - Visiting Professor

Ms. Juarte Dougalaite 2009 - Visiting Scholar

D, Jenny Auon John Nov. 2007 - Research Assistant
Dr. Nadia Mahfooz Aug. 2005 - Dec. 2005 Visiting Professor
Dr. Min-Soo Heu Aung, 2001 - Aug. 2002 Visiting Professor
. S.P.J. Senanayake Jan. 2001 - Qct. 2001 Post-doctoral Fellow
Mr. MLA. Khan Aug. 1999 - Jan. 2000 Resecarch Assistant
Professor S-K. Kim Feb., 1999 -  Aug. 2000 Visiting Professor

June 2001 - Aag. 2001
Jupne 2005 - Aug. 2005

D, Y1 Jeon Dec. 1998 - Jan. 2300 Post-doctoral Fellow
Dr. UN. Wanasundara Jan. 1997 - Jan. 1999 Post-doctoral Fellow
Dr. PKJIP.D Wanasundara Mar. 1996 - Jan. 1999 Post-doctoral Fellow
Ms. Yue Hua He Mar, 1995 - 1997 Research Assistant

. R.B. Pegg June 1993 - 1997 Post-doctoral Fellow
Dir. R, Amarowicz Oct, 1991 - 1998 Post-doctoral Fellow
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Ms. M.X. Liu Sept. 1992 - Mar. 1994 Visiting Scholar

Dr. V. Vemugopal Mar. 1993 - Qct. 1993 Post-doctoral Fellow

Prof. X. Zhao Aug. 1991 -~ Jan 1992 Visiting Scholar

Dr. J. Balejko Sept. 1991 - Nov. 1992 Post-doctoral Fellow

Ms. X. Chong June 1991 - Feb. 1993 Research Assistant

Ms. N. Helbig Jan. 1991 - June 1991 Senior Research Assistant
Mr. Z. Yang Nov. 1990 - Aug. 1992 Visiting Scholar

Dr. E. Dunajska Jan. 1990 - July 1991 Post-doctoral Fellow

D, I, Synowiecki May 1989 - Qct. 1991 Post-doctoral Fellow

Mar., 1992 -  Qct 194972
Jan. 1993 - Apr. 1993

Jan. 1995 -~ June 1993
Dr. M. Naczk Sept. 1987 - Aug. 1989 Research Associate

Theses Supervised:

a. Postgraduate:

T. Albishi, *“ Antioxidants in Potato and Onion Peels”. M.Se. in progress.

Y. Zhong, “Modification of Tea Catechins and their Health Effects”, Ph.D. 2010,

Z. Tan, “Modification of Phytosterols and Production of Structured Lipids”, Ph.D., in progress.
A. Chandrasekara, “Millet Phytochemicals”, M.S¢. 1n progress.

N. Chandrasckara, “Lipid Biology and Biotechnology”, M.S¢, 2011,

J. Wang, “Structural and Medified Lipids”, M.Sc. in progress.

T. Madhujith, “Antioxidants in Barley”, Ph.D., 2007,

H. Miraliakbari, “Antioxidants and Bioactives in Tree nut oils”, 2005,

Y. Zhong, “Nutritional Implications of Dictary Oxidized Ol in Juvenile Cod”, 2005,
F. Hamam, “Structured Lipids”, Ph.D., 2007.

C. Livanapathirana, “Phenolics in Cereals and Grains and their Biological Effects”, Ph.D. 2005,
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R. Abou-Zaytun, Lipids in DNA breakage, M.Sc., 2005,

F. Hamam, “Lipid Biotechnology, M.Sc., 2003,

A. Gomage, “Chitosan in Water Purification”, M.Sc., 2003,

. Whiteway, “Chitosan Oligomers”, M.S¢. Transferred to Chemistry 2002.
M.A. Khan, “Algal Food and Bivalue Aquaculture”. Ph.DB., 20035,

T. Madhujith, “Antioxidants in Beans”, M.Sc., 2003,

S. Sinwardhana, “Antioxidants of Almond”, M.S¢,, 2002,

X. Yu, “Preparation of covcentirates of docosapeuntaenoic acid and studies on its absorption in an
animal model”, M.Sc., 2002.

C. Livanapathirana, “Effect of Dietary Carotenoids on the (uality of Sea Urchin”, M.Sc., 2001,
J. Kamil, “Marine Lipids, their Stability and Characteristics”, M.Sc., 2000.

Metusalach, “Aquaculture Feed and Cultored Species”. PhD., 2002,

N. Senavayake, “Lipids of Borage and Evening Primrose”, Ph.Db., 2001,

S.A. Spurvey, "Lipid Biotechnology of Seal Blubber Oil", M. Sc., 2002,

A, Khan, “Effects of Stripping on Quality of Medicinal Oils”, M.Sc., 1999,

U. Chavan, "Beach Pea Characteristics and Utilization”, Ph.D., 1999,

Y .H. Chen, "Beach Pea/Grass Pea - Chemistry and Detoxification”, M.Sc., transferred to Auburn
University.

E. Durnford, “Lipid Classes and Subclasses of Tissucs of Harp Scal”, M.Sc., 1999,
M. Wettasinghe, “Antioxidants from Borage and Evening Prinrose”, Ph.D., 1999,

A.C. Onodenalore, "The Chemistry and Meodifications of Seafood Proteins, Flavourants and
Anttoxtdanis”, Ph.D., 1999,

H.AH. Abou Gharbia, "Enzyme and Processing Effects on Sesame Seed”, Ph.D., 1997,
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A. Campos, "Artemia Biomass i Aquaculture”, M.Sc. 1997,

S. Lin, "Aquaculture of Arctic char: Effect of lipid content on pigmentation of Arctic char™, M.Se.
1997.

M. Wettasinghe, "Oxidative Stability and Texture of Meat as Affected by Salis and Haem
Pigments”, M Sc., 1995,

X.Q. Han, "Moedification of Scafood Proteins and Chenistry of Cold-Adapted Marine Enzymes”,
Ph.D., 1992- | transferred to the University of Wisconsin,

J. Synowieck:, "Marine Processing By-Products”, Habilitions Doctorate (D.Sc.}, Technical
University of Gdansk, Gdansk, Poland, 1994,

X3 Han, "Marine Enzymes”, M.Sc., 1993,
D.M. Power, "Tea Tannins”, M.Sc., transferred.
M. Metusalach, "Effect of Stacking Density on Secafood Guality”, M.Sc., 1996,

D Lam, "Lipid Oxidation in Seafoods: Development and Prevention”, M.Sc., 1992 - transferred to
Medical School.

W M.UN. Wanasandara, "Further Processing of Marine Gils”, Ph.D., 1995,

WMUN, Wanasundara, "Stabilization of Canola Oil by Naturally-Occurring Antioxidants”,
M.Sc., 1993,

A.C. Onodenalore, "Mechanically Deboned Chicken Meat: Products and Properties”™, M.S¢., 1993,
R.B. Pegg, "Development of MNitrite-Free Meat Curing Systems”, Ph.D., 1993,
P.K.JP.D. Wanasundara, "Flaxsced Proteing”, Ph.D. 1996,

P K .LP.D. Wanasundara, "Characteristics of Solvent Exiracted Flaxseed (Linum usitatissimum L.}
Meals", M.Sc., 1992,

R.B. Pegg, "One-Siep Preparation of Nitrosyl Ferrohemochrome and Its Characteristics”, 1989
transferred from M.Sc. to Ph.D.

J.E. Gabon, "Fate of Glucosinolates in Rapeseed”, M.A Sc., 1986,

N. Kassam, "Effect of Methanol-Ammonia Treatment on Sovbean Protein”, M. Eng., 1986,
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3.3, Yun, "Flavour and Oxidative Stability of Meats”, M.ASc., 1984,

L.A. D'Souza, "Meat Flavour Volatiles: A Review of the Composition, Techniques, and Sensory
Evaluations”, M. Eng., 1984,

b. Underoraduate. Honours:

H. Miraliakbari, “Wheats as Free Radical Scavengers”, B.Sc. (Nutrition), 2002,
3. Farrell, APhytochemicals from Amaranth@, B.Sc. (Nutrition}, 1999, Moved to Medical School.

M. Murrin, “Production and Characteristics of Structured Lipids invelving Loung-chain
polyunsaturated and medium chain fatty acids”, B.Sc. (Nutrition}, 1999,

R. Saunders, AToxicological Studies on Cod Sperm and Eggsa, B.Sc. (Biology), 1997,

S.A. Spurvey, "Oxidative Stability of Fresh and Heat-Processed Dark and Light Muscles of
Mackeral (Scomber scombrus)”, B.Sc., 1995,

J.L. Lewis, "Effect of Processing on Meat Flavour”, B.A Sc., 1986.

J. Brito, "Sinigrin Breakdown Products”, B.A 8¢, 1986.

A. O'Boyle, "Microencapsulation of Dinttrosy! Ferrohemochrome”, B.A.Sc., 1986.

S. Joseph, "Dinitrosyl Ferrohemochrome and its Application to Meat”, B.A Sc., 1985,
T.G.M. Chiu, "Meat Flavour Volatiles”, B.A.Sc., 1985,

PI. Kawamura, "Preparation and Application of the Synthetic Pigment Dinttrosyl
Ferrohemochrome”, B.A Sc., 1984,

M.T. Lau, "Dietoxification of High-Glucosinolate Rapeseed by the Two-Phase Extraction Methode,
B.ASc., 1984

R.J. Gongeza, "The Effect of Changes in Contact Time, Temperature, and Solvent Concentration on
the Glucosinolate Content of Brassica Juncea (L2247, B.A.Sc., 1984,

N.S. Lee, "Stabihization of Dinitrosyl Ferrohemochrorne and its Application to Meat@, B.ASc.,
1983,

A. Shimizn, "The Determination of Sulpbur by Desulphurization with Raney Nickel", B.A Sc., 1982,
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Industrial Reseqrch Assistance Program (IRAP) Projects And Reports Supervised:

6.

Is.

14.

3.

12.

it

19,

4.

'b».)

Saleemi, £. Chicken Surinu. 1992,

Chong, X. Hot Filleting of Farmed Cod (Gadus morhua). 1991

Keats, M. Poultry Products and Modified Atmosphere Packaging. 1991,

Oeary, R, Quality Management Program of Fish and Shellfish Processing. 1991,

Pegg, R. B. Colour Evaluation of Muscle Foods. 1990.

Hong, C. Studies of Drip Water, Gaping and Effect of Exercise on Farmed Cod Quality.
1990.

Murphy, G. Seafood Products Research and Development Handbook., 1990,

Harris, R. The Development of Secondary Pork and Pouliry Products, 1990.

Hewitt, 8. Product Enhancement and Production Control of Seafoods, 1990,

Walsh, K. Collection and Quality Assurance of Cod Livers, 1989,

Murphy, G. Evaluation of Feed and Quality of Wintered Cod. 1989,

Williams, L. Quality Enhancement and Production Control in Crab Processing. 1989,

Walsh, K. Storage-Life Study of Frozen Breaded Chicken Picces and Mechanically
Separated Chicken Meat. 1988,

Murphy, G. Some Quality Characteristics of Cod Fillet and Liver. 1988,
Harris, R, Upgrading of Crab Processing as the Utilization of Crab Shells, 1988,

Brooker, J. Development of Capelin Ouality and Cod Rigour Mortis Indicators. 1988,
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Teaching Dutics at Memorial:

2009-Present Bioenergetics (BC 4200}

1996-Present Biochemical Techniques (BC 4211)

19R7-Present Food Chemistry (BC 3402)

1987-Present Food Biochermstry (BC 6530)

1987-1998 Instrurnental Methods of Food Analysis (BC 4400

1988-1990 Food Topics (BC 4501

1990-Present Science and Technology of Marine Foods (BC 4650/BC 6650)
1992-Present Marine Biochemistry (BC 6630}

1988-1992 Training of students on IRAP-H and NSERC projects

Other Activities:

36. Serving P & T Committee of the Department of Biochemistry, 2009-2010.

35. Serving P & T Committee of the Department of Biochemistry, 2007-2008.

34. Serving P & T Committee of the Department of Biochemistry, 2005-2006.

33, Serving on the University’s Biosafety Committee, 1997- .

32.  Elected to Senate, Memorial University of Newtoundland, 2002-2005.

3t Serving on Departmental Safety Commuittee, 1997-2001.

38. Serving on Departmental Promotion and Tenure Committee, 1998-1999.

29, Serving as a aember of the Nomination Commnuttee for the Academic Council of

Graduate Studies, 1994-1995,

28. Serving as an International network coordinator for Meat Focus International Journal.

27. Serving as a Supervisory Committee Member for M.Sc. thesis of N. Senanayake.

26. Served as a member of Steering Committee of the Department of Fisheries and Oceans
on seal meat research and developing of sealing industries (1990-92}.

25. Served as external examiner for the Ph.D. thesis of C.A. Thompson, University of
Alberta, 1994,

24, Served as external exarmner for the Ph.D. thesis of A, Khamessan, McGill University,
1994,

23 Member of Scnate Commiuttee on Research, 1992-95. Served as a number of the

sub-committee for evaluation of "A Sea Change" report and served as the chair of the
"President's Awards” evaluation sub-cormiitee (1993-94).
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19.
18.

17.

16.

—
(v

14.
13.

18

o0

‘\l

W

b ek

Served as the internal examiner for M. Sc. thesis of M. Ogbomo, Departroent of
Chemistry, 1993,

Served as the representative of the Dean of graduate Studies for the Comprehensive
Examination of Mr. Xiao Ping, Department of Physics, 1993,

Member of Academic Council of Graduate Studies, 1992-95. Also served in the
subcommittee on adruission of refugeces and served as the Chairperson on the
subcommittee on evaluation of M.Sc. and Ph.D. oral cxamination procedures.

Served as the Member of Search Committee for Biochemistry Headship, 1992,

Dean of Graduate Stadies Representative for the Ph.D., comprehensive of Amgad
Hossein in Enginecring, 1992,

Served as a member of the Graduate Studies Comamittee in the Department 1987-198%,
1992-1993.

Served as a member of the Undergraduate Studies Coramittee n the Department
1988-89, 1989-90 and 1990-91 and 1993-94 as well as Undergraduate Food Science
Advisor, 1993-94.

Served on the technical committee of the Eighth World Congress of Food Science and
Techuology, IUFoST, held in Toronto September 29-October 4, 1991 and organizing two
syraposia entitled "Flavour of Mcat and Meat Products” and "Scafoods: Chemistry,
Processing Technology and Quality” in that conference.

Reviewed grant applications for NSERC, Texas A and M University and MRC.
Organized a sympostum on Canola Proteins and Co-Products for the Amenican Oil
Chemists’ Socicty, held i Toronto May 10-14, 1991

Served as a member of the supervisory committee of R F. Omar (MSc.), 1989-91.

Was elected as the Canadian Chairman of the Pacific Basin 1989 Conference. Served as
the Canadian Chairman of the Third Chemucal Congress of North America, June 5-11,
1988, Toronto, Canada.

Elected to the National Office of Education Committee Chairman of the CIFST
{1988-present). Organized two symposia in the Third Chemical Congress of Notth
America, June 5-11, 198X, Toronto, Canada. They were entitled "New Trends and
Developrments in Flavour Chemistry” and "New Trends and Developments n
Canola/Rapeseed Rescarch”.

Have been charged to form the Agricultural and food Chemistry Division of the Canadian
Institute of Chemistry.

Was the reader of Mr, Tony Nakhla's M.S¢. thesis in the Biochemistry.

Was invited to give a presentation on the "Current Status of Meat Processing Industry” in
the Conference on Food Processing in Newfoundland and Labrador ~ Producer to
Consumer, Corner Brook, Nov. 18-2(, 1987,

Have served as a member of the Advisory Group to the publishing recomumendations of
the CRC Publishing Company since 1986,

Was a member of Provincial/Federal Government delegations and Sealing Industry and
Acadermia Delegations to visit interested industries in Japan.

Was a Member of Government, Industry and Acadernic Delegation to Singapore, Tatwan,
Hong Kong and China to present the current status of underutilized fish specics and seal
to counterparts in those countries.
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(a2

3

Presented seminars 1o the Departments of Chernistry and Biochemustry at Memorial
University of Newfoundland and at the Agricultural University in Denmark., Supervised
16 IRAP-H projects funded jointly by the NRC and the industry.

Regularly reviewing papers for Canadian Inst. Food Sci. Technol. 1. {now Food Research
International), 1. Food Sci,, J. Agnic. Food Chera., Food Quality, Food Chemistry J. Food
Biochem. and 1. Muscle Foods.

Reviewed promotion applications for candidates at several Universities including
Untversity of Kentucky, University of Georgia, Universitie Putra Malaysia, University of
Karachi, University of Massachusetts.

Research Support gf Memorial:

Since joining Memorial University in 1987, over 88,000,000 rescarch support has been obtained.
{(Partial List Only). Other applications are in process.

rle)
L

71.

~3
&

69.

68.

67.

66.

63.

64.

Shahidi, F. EGCG Derivatives: Application areas and commercialization perspectives,

DFA, 2011-2012 $ 62,125

Shahidi, F. Phenolics and polyphenolic compounds in food and as functional food
ingredients:characterization, mechanism{s) of action, structure modification and process
effects. 2010-2015 $210,000

Shahidi, F. Stabilization of Highly Unsaturated Lipids with Novel Compounds. AFMNet.
2009-2010 $22,000

Shahidi, F., Sun. G., Naczk, M. and Cao, R. Effect of Agricultural
Products and By-products on Oxidative Stress in Animal Model,
2008-2012 $480,000

Shahidi, F., Sun, G., Muir, A, Clinical Studies on Flax Lignan

And Protein Hydrolyzates

Agriculture and Agri-Food Canada, 2008-2012 $428.000
Shahidi, F., Sun, G. and Cao, R. Role of Antioxadants in Cereals, Legume

And Oilseed Products in Metabolic Syndrome and Oxidative Stress

20608-2011 $366,000
Rupasinghe, V., Shahidi, F. ¢t al. Beyond Basic Nutrition: Healthy

Functional Food Ingredients, Snacks and Beverages from Nova

Scotia Apples AIF/ACOA  2008-2011 $1,900,000

Shahidi, F. Process Induced Changes in Antioxidants
NSERC 2005-2010 $200,000

Shahidy, F. A member of team led by Dr, R, Yada of University of
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61.

60.

N
@]

55.

34.

Guelph for Canadian Advanced Foods and Biomaterials Network
(CAFBN), 2003-2007

Shahidi, F. A member of team of applicants. Nutritional strategies
to fprove lipid utilization i diets for comruercially moportant farro
tish species, Aguanet, 2003-2006

Shahidi, F. A member of team of applicants for AIF funding
to establish a scafood by-product centre, and others 2003-2006

Shahidi, F. Antioxidants and Prooxidants in Food Sources:
Characteristics and Potential as Functional Food Ingredients in
Health Promotion, NSERC, 2001-2005

Shahidi, F. Centrifugal partition chromatographs, NSERC, 2002
Shahidi, F. Lead applicant for CFI application for establishment of
a scafood by-product centre, 2002 and associated contributions  CFL

Total:

Shahidi, F. A meraber of team of applicants for CFI funding to OSC

and Chenustry

Shahidi, Y. Yield and Quality of Chitosan as Affected by Varying Raw
Material Quality, Feasibility of use of Chitosans as Hdible Invisible Films

and Production of Chitosan Oligomers. ACOA, held 2000-2002.

Shahidi, F. Travel Grant. Departmaent of Fisheries and Aquaculture,
beld 2000,

Shahidi, F. Phytochemicals in Almond. Almond Board of California,
held 1999, 20060

Thompson, R., Parish, C. and Shahidi, F., Algal Food Quality
and the Enhancement of Bivalve Aquaculture. NSERC Strategic,
held 1999-2002,

Shahidi, F. Extraction of glycolipids from marine oils, DFO held 1999,

Shahidi, F. Travel Grant. Department of Fisheries and Aquaculture,
held 1999,

Shahidi, F. {with G. Herzberg). Production of Hurman Milkfat Structural
Lipids. Memorial University of Newfoundland, held 1998-2001.
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$99.600

§390.,500

$1,430,060

$130,400

836,000

$890,600
$2,240,000

$2,600,000

$125,000

$7.000

$28,500

$402, 310

$2.500
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49,

4K,

47.

46.

45.

44,

41.

44.

(]
=3

3
[

(29
(921

Shahidi, F. Several Small Contracts, held 1998, $14,500
Shahidi, F. Seal Protein Hydrolyzate Products, held 1997-98. $186,000
Shahidi, F. Scal Oil and Protein Capsules, Seal Oil-Based Soaps,

NRC/CCFI/CAFID $10,500
Shahidi, F. Natural Antioxidants, NSERC, held 1997-2001. $88,400
Shahidi, F. Anti-yellow for Scal Oil. CCFL, held 1997, $24,950
Shahidi, F. Anti-yellow for Seal Pelt. CAFID, held 1997, $26,000
Shahidi, F. Natural Antioxidants. NSERC, held 1996-97. 825,610
Shahidi, F. Travel Grant. NSERC/ISPS, held 19906, $9.800
Shahidi F. {with A K. Bal). Evaluation of Beach Pea (Latvrus maritinus)

for Food and Feed Utilization. NSERC Strategic, held 1994-97. $102,000
Shahidi, F. Seal Paté and Gelatin. CAFID, held 1996-97. 346,200
Shahidi, F. Market Studies for Nitrite Alternative Meat Curing Systems.

NRC, held 1995, $10,000
Shahidi, F. Cooking Cured-Meat Pigrent (Pilot Studies).

SID, held 1995, $46,672
Shahidi, F. Green Tea Cateching, NRC, held 1994-95, $17,000
Shahidi, F. Sesame Seed Resecarch. Foreign aid, held 1993-95. $10,000
Shahidi, F. Scal Protein Hydrolyzates. CAFID, held 1994-95. $52,000
Shahidi, F. (J. Brown, Co-investigator). Effect on Population

Density on Pigmentation of Arctic Char. CFL, held 1994-95. $19,050
Shahidi, F. Isolation and Characterization of Glycolipids.

DFQO, held 1993-94. $10,000
Shahidi, F. Shellfish Components. DFO-NSERC, held 1994-95, $12.000
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Shahidi, F. Equipment. NSERC, held 1994-95.

Shahidi, F. Shellfish Components. DFO-NSERC, held 1993-94.

Shahidi, F. Multifaceted Scal Rescarch. NF Fisheries/CSA, held 1993-94.

Shahidi, F. Chicken Surimi. Schneider, held 1993-94.
Shahidi, F. Travel Grant. NIFDA/CV], held 1992,

Shahidi, F. Quality of Salted and Smoked Seafoods.
NIFDA, held 1992-93,

Shahidi, F. Fish Oil Capsules. NIFDA, held 1992-63.
Shahidi, F. Pigmentation of Arctic Char. NIFDA, held 1992-93.
Shahidi, F. GC/MS. CFI/NIFDA/NFE Fisheries, held 1992-93,

Shahidi, F. Seal Meat and Blubber Research.
CSA, ACOA, CFl, held 1992-94,

Shahidi, F. Stabilization of Meat Lipids. NSERC/held 1992-96.

Shahidi, F. Stability of Canola (1l. Canada Council of Canada,
held 1992-93

Shahidi, F. Shellfish Components. DFO-NSERC, held 1992-93,
Shahidi, F. Travel Funds. DFO, held 1991-92.

Shahidi, F. Conference Funds. NSERC, held 1991-92.

Shahidi, F. Conference Funds. DF(, held 1991-92.

Shahidi, ¥. Farmed Cod Quality. DFO-NSERC, held 1991-92.

Shahidi, F. Capelin Proteins. DFO-NIFDA, held 1991-92.

Shahidi, F. Seal Meat and Lipids. Newfoundiand Fisheries - NIFDA,

held 1991-92.

Shahidi, F. Travel Funds. Newfoundiand Fisheries, held 1990,
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$31,106
$15,860
$30,000
$29,500

$8.,340

$29,500
$4,700
$25.,000

$78,000

$107,000

$91,940

$10,760
$14.600
$3,318
$4,000
$11,000
$17,400

$39.800

$82,000

$2,000
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1L

19,

9.

0

N

Shahidi, F. Utilization of Discards frora Crustacean Offal and preparation
of Value-Added Products, DFO-NIFDA, held 199(-01. $43,900

Shahidi, F. Farroed Cod: Quakbty Enbavcement and Production/
Process Control, DFO-NSERC, held 1990-91. 818,600

Shahidi, F. Preparation and Quality Enhancement of Scal Meat/
Surimi and Seal-based Products, Newfoundland Fisheries-NIFDA,
held 1990-91. $49,98¢

Shahidi, F. Effect of Heat Processing and Packaging on the Quality
Characteristics of Scal Meat. Canadian Scalers Association,

held 1990-91. $25,000
Shahidi, F. Quality of Farrned Cod, DFO-NSERC, held 1989-90. $18.0600
Shahidi, F. Preparation of Seal Surimi and its Characteristics,

Newfoundland Fisheries-NIFDA, held 1989-90. $28.510
Shahdi, F. Utilization of Discards from Crab and Shrimp Processing.

DFQO-NIFDA, held 1988.90, $34,900
Shahidi, F. Meat Processing-Role of Lipids in Flavour Development

in Cured meats, NSERC Operating, held 1989-92 66,180
Shahidi, F. IRAP-H Contracts (15 in total), NRC, held 1988-92, $171.863
Shahidi, F. Flavour of Muscle Foods, President's NSERC, held 1987-88. $13,180

Shahidi, F. Meat Processing: Alternatives to Nitrite, NSERC Operating,
held 1987-89. 542,010
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Appendix B

Nutritional Labeling and Education Act
(NLEA) Requirements (8/94 - 2/95), U.S.
Food and Drug Administration (available at
http://www.fda.gov/ICECI/Inspections/Inspe
ctionGuides/ucm114098.htm)

00000110



Inspection Guides > GUIDE TO NUTRITION LABELING AND EDUCATION ACT (N... Pagclof4

1 R I A

i3, Food & Drug Adminisiration

R B T T e N N S L T
s, Compliancs, Baforcameant, ang

i Il f U Bugus 3

Toife Inccsment Rownding {(#7)

& 5 o
o fa X
2
< 5 2x0 c
2
00000111

htin://'www fda. gov/ICECInspections/InspectionGuides/ucm | 14098 hitm 3/16/2012



K % e

b 41
Tiver M o

Natrient/Ssrving

o

wi e

& Incoluanle
BunEars M 43 <DL Sy - exow 38 210
cohul W <
i/ 9 <
-
Protedn M X o - 25 zaro
< Cuontains than g7
> to nears
Vitam: ainerals M %DV
v 3
(M1 o= Mandaiicry and (V) = Vol
(A% o exon to the nearest 1Lg anernt
vetween fwo whole
round . 2y and amount
whole wmdbers le.g., 2.01 to

ver amount will

confusion 102.54d

e whole nwmabers

LTWn &7

ACEMENT 7

2,000 Ca

(D0

00000112

htin://'www fda. gov/ICECInsnections/InspectionGuides

uem 14098 him




Inspection Guides > GUIDE TO NUTRITION LABELING AND EDUCATION ACT (N... Pagc3of4

2R

<

feAie

2oV FDAGQew IS/ Iy

00000113

htin://'www fda. gov/ICECInspections/InspectionGuides/ucm | 14098 hitm 3/16/2012



Inspection Guides > GUIDE TO NUTRITION LABELING AND EDUCATION ACT (N... Pagc4of4

18 fda.gow/ FRagev/ ICECH Inspectiong/ InspectionGuites/defawt ki

00000114

htin://'www fda. gov/ICECInspections/InspectionGuides/ucm | 14098 hitm 3/16/2012


vlhoeft
Typewritten Text


LS KN 95/601,774
Declaration of Dr. Fereidoon Shahidi

Appendix C

RAS Notice for Aker Biomarine Antarctic
AS, December 14, 2010.
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749 46% Square
. , Vero Beach, FL 32968, USA
oni & Aggociates Hne,  Telephone 7eag0-0s
Facsimile: 772-209-5381
Femail: sonim@belisouth.net

’g E.f‘”\’ o I\Y/ BT
December 14,2010 ||LJ EGEIVE
Office of Food Additive Safety (HFS-255) DEC 162010
Center for Food Safety and Applied Nutrition i ) o
Food and Drug Administration Division of
5100 Paint Branch Parkway G%otecmnpiegy and
College Park, MD 20740-3835 AS Notice Review

Subject: Notification of GRAS Determination for Krill Ol

Dear Sir/Madam:

In accordance with proposed 21 CFR 170.36 (Notice of a claim for exemption
based on a GRAS determination) published in Federal Register (62 FR 18938-18964;
Aprit 17, 1997}, | am submitting in triplicate, as the agent of the notifier, Aker Biomarine
Antarctic AS, Norway, a Generally Recognized As Safe (GRAS) notification for
Superba® Kell Oill

Superba™ Krill Gil extracted from Antarctic knill, Euphousia superba is intended
for use as a food ingredient in non-alcoholic beverages; breakfast cereals; cheeses; frozen
dairy desserts; milk whole and skimy; processed froit and fruit juices; and medical foods,
at use levels ranging from (.05 to (.50 g per serving (reference amounts customarily
consumed, 21 CFR 101.12). The intended use of Superba® Krill (3l is estimated to
result in g maximum daily intake of 8.28 g/person.

If you have any questions or require additional information, please feel free to
contact me by phone at 772-299-0746 or by email at sonim@belisouth.net.

Madhu G. Soni, Ph.D.

Enclosures:

Www,sonasso¢iates. net @ @ @ @ @ 2
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744 46 Square
Vero Beach, FL 32968, USA

Soni & Aggoriates Wne,  Telephone 7220004

Facsimile: 772-209-5281

F-mail: sonim@belisouth.net

GRAS NOTIFICATION
Claim of GRAS Siatus

A. Claim of Exemption from the Requirement for Premarket Approval Reguirements
Pursuant te Proposed 21 CFR § 176.36(c)(1}

Aker Biomarine Antarctic AS, Norway, has determined that high phospholipid krill ol is
Generally Recognized As Safe, and therefore, exempt from the requirement of premarket
approval, under the conditions of its intended use. This determination is based on scientific
procedures as described in the following sections, under the conditions of krill 0il’s intended
use in food, among experts qualified by scientific training and expertise.

Date il}“ﬂ \O

Madhu G. Som, Ph.DD., FACN

Agent tor
Aker Biomarine Antarctic AS

Fiordalléen 16, 0115 Oslo
Norway
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B.

Name and Address of Notifier:

Hogne Vik, MLD., Ph.D.

EVP Documentation

Aker Biomarine Antarctic AS
Fiordalléen 16, 0115 Oslo
MNorway

Tek +47 24 12 60 00

Fax: +47 24 1301 10

Email: hogne.vik@akerbiomarine.com

Common or usual name of the notified substance:

The comumon name of the substance of this notification is high phospholipid krill oil. The
specific substance of this GRAS determination is Superba™ Krill Oil extracted from
Antarctic knill, Fuphausio superba. Superba™ Krill Oil is rich in omega-3 fatty acids,
most of which are attached to phospholipids. Superba™ Krill Oil also contains
astaxanthin ester.

Conditions of use:

High phospholipid krill oil is intended for use as a substitute or alternative to fish oils in
the following food categories: non-alcoholic beverages; breakfast cereals; cheeses; frozen
dairy desserts; milk whole and skim; processed fruit and fruit jnices; and medical foods’,
at use levels ranging from 0.05 to 0.50 ¢ per serving (reference amounts customarily
consumed, 21 CFR 101.12). The intended use of Superba™ Krill Oil, in the above
mentioned food categories, is estimated to resull in a maximum daily intake of 8.28
g/person. The proposed use of Superba™ Krill Gil will provide a maximum daily
consumption of uwp to 2.20 giperson/day of ecicosapentaenocic acid (EPA) and
docosahexaenocic acid (DHA).

Basis for GRAS Determination:

In accordance with 21 CFR 170.30, high phospholipid krill ot} has been determined to be
Generally Recogrized As Safe (GRAS) based on scientific procedures. A comprehensive
search of the scientific literature was alse utilized for this determination. There exists
sufficient qualitative and guantiiative scientific evidence, including human and animal
data to determine safety-in-use for Superba™ Krill Oil, Recently, high phospholipid krill
oil {GRN 000242} has been the subject of a GRAS notification, while two of its
important component fatty acids, EPA and DHA as part of fich or algal oil, have been the
subject of multiple GRAS notifications. In response to these notices, FDA did not
question the conclusions that the use of high phospholipid krill oil or sources of fatty
acids (EPA and DHA) is GRAS under the conditions described in the notices. The safety

Y {nder Section S(b} of the Orphan Drug Act {ODA), a Medical Food is defined as a food that is
formuiated to be consurmed or administered enterally under the supervision of a physician and that is
intended for the specific dietary managersent of g disease or condition for which distinctive nutritional
requirements, based om recognized scientific principles, are esiablished by medical evaluation. The
intended use of kyill oil in medical foods will be as per these and other applicable regulations.
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determination of high phospholipid krill oil is based on the totality of available scientific
evidence that includes buman observations and a variety of preclinical and clinical
studies. Based on the available safety-related information, the estimated daily intake, if
ingested daily over a lifetime, is safe.

¥. Availability of Information:

The data and information that forms the basis for this GRAS determination will be
provided to the Food and Drug Administration upon request and are located at the offices
of:

Madhu G. Som, Ph.D., FACN,
Sont & Associates Inc.,
749 46" Square,
Vero Beach FL, 32968
Phone: (7723 299-0746; E-mail: sonim@bellsouth.net
H. Detailed Information About the Identity of the Notified Substance:
A. Trade Name:
The subject of this notification will be marketed as Superba™ Kiill Gil
B. Physical Characteristics
Superba™ Krill Oil is dark red colored viscous oil
. Chemiecal Absiract Registry Numbers
Not available
3. Chemical Formula:
Not applicable
E. Structure:

The important constituents of high phospholipid krill oil are the fatty acids, EPA and
DHA. The structures of these two fatty acids presented in Figure 1.

HO 1 ™" ™~"5 STy T ST Ty T

CHyCHCH=CHCH,CH=CHCH,CH=CHCH,CH=CHCH,CH=CH(CH,;,COOH

Eicosapentacnoic acid (EPA)

41T w1 .
CH;CHCH=CHCH,CH~CHCH,CH=CHCH,CH=CHCH,CH=CHCH,CH=CH(CH;,CO0H
Docosahezaencic acid (BHA)

Figure §. Chemical structures of EPA and DHA
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F. Typical Compesition and Specifications

Typical compositional analysis and specifications of Superba™ Kl Oil are presented in
Table 1. Analytical results of five lots from non-consccutive batches {Appendix I)
indicate that the product consistently meets these specifications. The major components
of Superba™ Krill Oil are triglycerides and phospholipids high in omega-3 fatty acids
such as EPA (C 206:5 n-3 fatty acid) and DHA (C 22:6 n-3 fatty acid). The maximum
amouat of EPA + DBHA present in Superba™ Krill Oif will be 23.5 + 2 ¢/100 ¢ of the oil.
No processing aids or additives, with the exception of residual amounts of ethanol solvent,
are included in the final Superba™ Krill Oil product. Likewise due to naturally occurring
astaxanthin esters that aid in its preservation, addition of an exogenous antioxidant is not
required. Based on an 18 month stability test at different storage temperatures, the shelf
Hife of Superba Krill Oil is set to 18 months when stored at 2-8°C. The results of
pesticides and other environmental contaminants including PCBs, dioxins, furans and
dioxin like PCBs, organochlorine pesticides, PBDEs, PAHs, and elements and heavy
metal analyses from multiple baiches of the product are presented in Appendix 1L

Table 1. Typical compositional analysis and specifications of Superba™ Krill (it

Parameter Limits Assay method

Appearance Dark red viscous oil | Visual

Lipid composition

Total phospholipids (g/100 &) 43+3 N ABRY/AM-AKMB-012

- {mega-3 phospholipids of >T76 Caleulation

total PL% (w/w)

Trighyeerides {(g/100 g3 <50 N ASS/AM-AKMB-012

Fatty acid profile

Total ornega-3 {expressed as 23512 AOCS Ce 1b-89/AM-ABM-013
/100 g

-C 20:5 n-3 (EPA)expressedas | 144 2 AQCS Ce 1b-89/AM-ABM-013
/100 g}

< 22:6 -3 {DHA Yexpressed 6.8 & ACCS Ce 1b-89/AM-ABM-013
as g/100 g}

Total omega-d <3.0 AOCS Ce 15-89/AM-ABM-013
Stability index

Peroxide value (mEqg <2 AQCS Cd 8h-90/AM-(58
peroxide’kg}

Antioxidants

Astaxanthin’ (mg/ke)

| 100+ 20 (mintmum) | N AZ3/AM-ABM-011

Water and Ethanol

Water activity at 25°C <{1.5 AQAC 978.18

Ethanol content (% w/w) <3.0 GC

Micrebiology

Total plate count {efivg) <2500 NF EN IS0 4833/CQ-M0-231
E. coli {1 sample at 10 g) Negative Petrifilia Select EC

Coliform bacteria, 37°C (cfu/g) | <18 NordVal Ref. No. 014
Salmonella segative (PCRY (1 Negative AES 10/4-025/04

saraple at 10 g}

Mold and Yeast (cfivy) <igQ NordVal Ref. No. 016

'Based on Homan and Anderson (1998) and Moreau (2006)

*Omega-3 phospholipid: defined as phospholipid where on average one out of two possible
positions i5 occupied by an omega-3 fatty acid.
*Based on Schierle J. & Hirdi W, (1994}; *Expressed as astaxanthin diols,

Krill oif GRAS Notification
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Ags available research highlights the potential for seafood to contain substantial amounts
of arsenic, an extensive chemical analysis of both organic and inorganic arsenic was
undertaken from multiple batches (see Appendix ). These results show that while the
total arsenic levels in krill oil ranged from 4 to 6 ppm, the vast majority of this arsenic
was in organic form. The inorganic arsenic as measured in the form of arsentte and
arsenate was below the level of quantification at 0.05 ppm.

5. Lipid and Fatty Acid Profile:

The lipid profile composition and fatty acid profile of krill 0il is presented in Table 2 and
3, respectively. Analysis of wans-fatty acids from four different batches revealed the
presence of total rans-fatty acids of <0.2% (Appendix 1.

Table 2. Lipid profile, including phospholipids

Lipids Percent Ol
Triacylglycerol 38
Diacylglycerol 0.8
Moneacylglycerol <1
Free fatiy acids 5.4
Cholesterol 1.1
Cholesterol ester <8.5
Phosphatidylethanolamine 1.6
Phosphatidylinsotol <
Phosphatidyiserine <]
Phosphatidyicholine 33
Lysophosphatidyiserine 37
Total polar lipids 44.7
Total neytral Hpids 45.6

Tabie 3. Details of representative fatty acid profile

Faity acid Percent® Fatty acid Percent*
Cl4:0 7.7 C20:4 n-6 0.4
C16:0 15.4 £22:0 <.1
C18:0 8.9 £22:4 n-6 0.5
C20:0 <(.1 Ci8:3 -3 1.4
C22:0 .1 Ci8:4d 3 <f.1
Ci6:1 n-7 4.9 C20:4 n-3 0.5
Ci&:1 (%) + (-7} 12.1 2005 03 147
+ (5
C20:1 (e + (7Y 0.9 £21:5 03 0.4
C22:3 (-1 + (0-9) 8.7 £22:5 -3 0.3
+ (-7}
C24:1 n-9 0.1 C22:6 n-3 6.2
C16:2 n-4 0.5
C16:3 n-4 8.2 SFA 24.1
Ci8:2 p-6 1.2 MEFA 18.7
C1i8:3 n-6 0.2 PUFA (n-6) 1.9
C20:2 -6 <{.1 PUFA (n-3} 24.0
2003 06 0.1 Total PUFA 26.6
Total Fatty Acids| 682

*Percent of total oil; Data from representative baich {A)-U301/006/A10

Krill oil GRAS Notification
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H. Manpufaciuring process

Superha™ Krill Oil i3 derived from shrimp-like, marine crustaceans of
the order Fuphausiacea, Euphausia superba. These organisms have a circumpolar
distribution with the highest concentrations found in the Atlantic sector. Antarctic krill
exist in large numbers in the open sea and are consumed as food by humans. The
Antarctic krill vsed in the production of Superba™ Krill Oil are naturally occurring
orgamsms fished from the wild. The harvested Amtarctic krill 1s cooked and dried on the
vessel to prepare krill meal. The steps involved in the manufacturing are sumumarized in
Figure 1. The raw material that is extracted, krill meal, is a biomass composed of lipids,
carbohydrates, and proteins. By using a solvent extraction process, the proteins and free
carbohydrates are removed. Thus the oil is produced by subjecting the knill meal 1o
ethanol extraction. The solvent used is food-grade quality and is removed from the
product in accordance with current good manufacturing practice.

Following exiraction, the defatted krill meal and the ethanol oil solution are separated.
The ethanol-oil solution is then concentrated by evaporation and stored. The ethanol-oil
solution is analyzed for ethanol, neuiral and polar lipids, and astaxanthin content. Several
batches are blended and the ethanol-oil solution is clarified by centrifugation. The ethanol
is then evaporated from the oil solution and the final product is analyzed to verify the
conformity with product specifications. The final product is filled into suitable containers
and stored at 2-8°C and can be shipped by land, air, or boat. Processing aids, including
solvents {which is removed by evaporation} used in the manufacturing process are food-
grade quality as specified in the 5 Edition of Food Chemicals Codex. The Superba™
Krill il production process is controlled under the Hazard Analysis Critical Control
Points (HACCP) system and points for likely contamination of the oil are strictly
monitored. Additionally, the guality of the final product and production lots are routinely
tested for specifications including solvent residue, microorganisms, heavy metals, and
pesticides.

6006008
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1. Manufacturing of Superba™ Krill Oil Process Diagram

Krill meal
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H
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11. Packaging/shipping

Superba™ Erill (il

Figure 2. Masufacturing process of Superba™ Krill O
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4. Intended Technical Effects

Superba™ Krill Oil is intended for use as a nuirient supplement as defined in 21 CFR
170.3(0)(20). ¥ 1s intended for use by the general population at levels ranging from 0.03
te 0.50 g/serving for addition to the following food categories: non-alccholic beverages;
breakfast cereals; cheeses; frozen dairy desserts; milk products; processed fruit and fruit
juices; and in medical foods. It is recognized that there are Standard of Identity
requirements for some of these foods, located in Title 21 of the Code of Federal
Regulations. If used in such foods, the name will be changed so as not to be confused
with the standardized food. Available information indicates that use levels are self-
limiting because of their strong taste that can be detected, depending on food type, at
levels greater than 0.30-0.50 g/serving. It is intended to be used as a replacement for fish
oil. The intended use of Superba™ Krill (il is in the same foods and at the same levels of
addition as those described in GRN 242 for krill oil. The use of Superba™ Krill Oil in
foods is not intended to function as a color additive as defined in 21 CFR 70.3¢(f).

111, Summary of the Basis for the Notifier's Determination that Krill Gif is GRAS

An independent panel of recognized experts, qualified by their scientific training and
relevant national and international experience to evaluate the safety of food and food
ingredients, was requested by Aker Biomarine Antarctic AS to determine the Generally
Recognized As Safe (GRAS) status of high phospholipid krill oil. A comprehensive
search of the scientific databases for safety and toxicity information on krill oil and its
component omega-3 fafty acids (EPA and DHA) was conducted through August 2010
and was utilized for this assessment. Based on a eritical evaluation of the pertinent data
and information summarized here and erploying scientific procedures, the Expert Panel
members have individually and collectively determined by scientific procedures that the
addition of high phospholipid kiill oil to the foods (non-alcoholic beverages; breakfast
cereals; cheeses; frozen dairy desserts; milk; processed fruit and fruit juices) containing
no other ingredients that are good sources of EPA or DHA, when not otherwise precluded
by a Mandard of ldentity, and to Medical Foods, meeting the specification cited above
and manufactured in according with current Good Manufacturing Practice, is Generally
Recognized As Safe (GRAS) under the conditions of intended use, as specified herein,

In coming to this decision that krill o1l is GRAS, the Expert Panelists relied upon the
conclusions that neither high phospholipid krill oil nor any of its constituents pose any
toxicological hazards or safety concerns at the intended use levels, as well as on
published toxicology studies and other articles relating to the safety of the product. It is
also the opinion of the Expert Panelists that other qualified and competent scientists,
reviewing the same publicly available toxicological and safety information, would reach
the same conclusion.

Krill oil GRAS Notification Page 8 of 38
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IV.  Basis for a Conclusion that Superba™ Krill Ol is GRAS for its Intended Use,
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DETERMINATION OF THE GENERALLY RECOGNIZED AS SAFE (GRAS)
STATUS OF KRILL OIL AS A NUTRIENT

L INTRODUCTION

The undersigned, an independent panel of recognized experts (hereinafter referred to as
the Fxpert Panel)’, qualified by their scientific training and relevant national and international
experience to evaluate the safety of food and food ingredients, was convened by Soni &
Associates Inc., at the request of Aker Biomarine Antarctic AS, Norway, to determine the
Generally Recognized As Safe (GRAS) status of high phospholipid krill oil as a putrient {21
CFR 170.3(0)20)} in non-alcoholic beverages; breakfast cereals; cheeses; frozen dairy desserts;
milk whole and skim; processed fruit and fruit juices; and in medical foods at use levels ranging
from 0.05 to (.50 g/serving resulting in maximum estimated daily intake of 8.3 g/person/day. A
comprehensive search of the scientific literature for safety and toxicity information on kxill oil
and omega-3 fatty acids was conducted through August 2010 and made available to the Expert
Panel. The Expert Panel independently and critically evaluated materials submitted by Aker
Biomarine Antarctic AS and other information deemed appropriate or necessary. Following an
independent, critical evaluation, the Expert Panel conferred and unanimously agreed to the
decision described herein.

1.1. Background

Knill is the common vame given to the order Euphausiacea of shrimp-like marine
crustaceans. The current taxonomic placement of . superba is summarized in Table 4. These
small invertebrates, also known as euphausiids, are found in oceans around the world. The name
krill is a Norwegian word that means "young fry of fish", which is also often atiributed to other
species of fish. Krill 18 a vital component of the marine food chain for baleen whales, whale
sharks, seals, and a few seabird species. In Japan and Russia, krill is also used for human
consumnption. Since the 19% century or may be even earlier, krill has been harvested as a food
source for humans {(okiomi) in Japan. Anmtarctic krill is closely related to shrimp and are
consumed as human food in a similar way. Commercially, krill is used for aquaculture and
aquarium feeds, as bait in sport fishing, or in the pharmaceutical industry. In the Southern Ocean
one species, Fuphausia superba is abundant. Commercial fishing of krill is done primarily in the
Southern Ocean and in the waters around Japan. Approximately 40% of the Japanese Antarctic
krill catch is processed for human consumption, and Antarctic krill has been sold as a food for
human consumption since the mid-1970s.

In recent years, krill has received considerable attention because it is a rich source of
high-quality protein, with the advantage over other animal proteins of being low in fatand rich in
omega-3 faity acids (Tou ef af, 2007). Antioxidant levels in knll are higher than in fish,
suggesting benefits against oxidative damage. Antarctic krill oil has been reported to contain
high levels (30%) of EPA and DHA as well as astaxanthin esters in concentrations of 200 to 400
ppm (Zhu ef of., 2008; Kidd, 2007). Additionally, krill oil is also a rich source of phospholipids,
vitamin A, and other nutrients (Ruben ef a/., 2003).

% See also attachments {curricuinm vitae) documenting the expertise of the Panel members.
* “Nutrient supplements”: Substances which are necessary for the body's nutritional and metabolic processes.
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Table 4. Classification of Eupliausia superbg

Kingdom Animpalia
Phyhumn Arthropoda
Subphylum Crusicia
Class Malacostrasa
Superorder | Euncarida
Order Euphausiacea
Family | Euphausidae
Gerus | Euphausia
Species | Fuphausia superba

1.2, Chemistry and Biclogical Activity

The important constituents of krill oil, omega-3 fatty acids, also known as n-3
polyunsaturated fatty acids (PUFA) belong to an essential fatty acid family characterized by their
first double bond at carbon atom number 3 counted from the methy! or omega end of the carbon
chain constituting the backbone of fatty acids. Omega-3 fafty acids are chemically and
biclogically distinct from omega-6 fatty acids, where the first double bond is at carbon atom
number 6. There are two subgroups of omega-3 fatty acids. One, g-linolenic acid (ALA), derived
from plant oils such as canola oil, rapeseed oil and linseed oil, is composed of 18 carbon atoms
with three double bonds (nomenclature; 18:3). The other group is derived from seafood, and the
major marine omega-3 fatly acids are EPA (20:5) and DHA (22:6) (Figure 1). In humans, ALA
can, to a limited extent, be elongated and desaturated to EPA and DHA. Otherwise, EPA and
DHA are only acquired from seafood.

In a recent review article, Calder (2006) discussed the biological role and mechanism of
action of long-chain omega-3 fatty acids. It is well known that the omega-6 fatty acid,
arachidonic acid, gives rise to the eicosanoid family of mediators (prostaglandins, thromboxanes,
feukotrienes, and related metabolites). These mediators have inflammatory actions in their own
right and also regulate the production of other mediators including inflammatory cytokines.
Consumption of long chain omega-3 fatty acids decreases the amount of arachidonic acid in cell
membranes and the availgbility for eicosancid production. Additionally, these fatty acids also
decrease the production of the classic inflamumatory cytokines, such as tumor necrosis factor,
interfeukin-1 and interleukin-6, and the expression of adhesion molecules involved in
inflammatory interactions between leukocytes and endothelial celis. These latter effects may
occur by eicosanoid-independent mechanisms including modulation of the activation of
transcription factors involved in inflamwatory processes. Because of their potential health
benefits, omega-3 fatty acids bave been commonly consumed and extensively studied for their
physiological effects.

1.3, Description, Manufacturing Process and Specifications

Superba™ Krill il is a dark red colored viscous oil with a seafood odor. Typical food
grade specification and composition of Superba™ Krill Oil produced by Aker Biomarine
Antarctic AS are surrnarized in Tables §, 2, and 3. The primary constituents of Superba™ Krill
Oil are triglycerides and phospholipids which are rich in EPA and DHA fatty acid. Detailed
information about the identity of krill oil along with specifications, composition, and
manufacturing are described earlier in Section H. Analytical results of five different baiches
indicate that the product consistently meets the specifications {Appendix I). The results of
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pesticide, PCBs and dioxins, and furans analyses are presented in Appendix I The rrans-fatty
acid profile from four batches of Superba™ Krill is presented in Appendix 11

In an extensive study, Winther ef ol {2010} used high performance liquid
chromatography-electrospray tandem mass spectrometry to clucidate the phospholipids in
Superba™ Krill Ofl extracted from Euphausia superba. The study was carried out in order to
map the species of the choline-containing phospholipid classes: phosphatidylcholine and lyso-
phosphatidylcholine. A total of 69 choline-containing phospholipids were detected, whereof 60
phosphatidylcholine substances, among others seven with probable omega-3 fatty acids in both
sn-1 and sn-2, The phosphatidylcholine concentration was estimated to be 34 + 5 g/100 g oil (n =
5}. The results of this study reveal the composition of phospholipids of Superba™ Krill Oil and
the presence of long chained, heavily unsaturated fatty acids. This study also verifies previous
findings and offer new insights into the composition of krill oil. In addition to EPA and DHA,
the other major faity acids present in krill oil are palmitic acid, myristic acid, oleic acid, and
palmitoleic acid.

1.4. Similarity with Fish oils

The available information suggests a considerable similarity, particularly omega-3 fatty
acids, between krill o1l and fish oil from different fish sources. In response to a number of GRAS
notices, the FDA has acknowledged the GRAS status of different forms of fish oil. As per 21
CFR 184.1472, menhaden oil has been affirmed as GRAS. Additionally, the FDA has not
guestioned GRAS notifications submitted on funa oil (FDA, 2002), salmon oil (FDA, 2004a),
and anchovy oil (FDA, 2004b). In FDA's review of tuna oil, the fatty acid content of tuna oil was
compared to menhaden oil (FIDA, 2002). The fatty acid composition of krill oil is compared with
those of FDA’s comparison of tuna and menhaden oil in Table 5. Krill oil contains a high level
of the desirable n-3 unsaturated fatty acids that is comparable to other oils.

Table 8. Comparison of fafiy acid profile of Superba™ Krill O#f with
tunsa ofl and menhaden ofl (g/100g)

Fatty acid Tuna oil Menhaden oil Krifl oil
14:0 20.3 9.4 7.7
16:0 20.8 19.0 154
18:0 5.0 3.0 0.9
16:1 4.5 12.0 4.9
18:4 15.0 i3.8 12.1
22:4 1.0 - 0.6
18:2 1.5 1.0 1.2
18:3 1.0 1.0 0.2
20:5 (EPA) 6.0 14.0 14.7
22:6 {(DHA} 28.5 8.0 6.2
*Values for tuna and mevhaden oils adapted from FDA response to GRN 109
(FDA, 2002}

1.8, Technical effects

Superba™ Krill (il is intended for addition to a limited number of conventional foods as
a nutritional ingredient. It is intended for use as a dietary ingredient as a source of omega-3 faity
acids, which are found in their phospholipid form. Supplementation with the omega-3-fatty acids
EPA and DHA has been shown to have a wide variety of biclogical effects. The intended use is
for the general population at levels ranging from 0.05 1o 0.50 g/serving for addition to the
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following food categories: non-alcoholic beverages; breakfast cereals; cheeses; frozen dairy
desserts; milk products; processed fruit and fruit juices; and medical foods. It is recognized that
there are Standard of Identity requirements for some of these foods, and as such, Aker Biomarine
Antarctic AS does not intend to refer to them by the commonly recognized names such as milk,
or yogurt.

The use of Superba™ Krill Oil in foods may tpart a color to foed products. However,
the intended use of Superba™ Krill Oil would fall outside the definition of “color additive”
because: the intended use levels are low enough to impart a significant color to food products,
consisient with the “pon-apparent color” Exemption [21 CFR 70.3(f)]; the intended use of
Superba™ Krill Gil as a nutrient would coniribute a color in a manner consistent with the
“unimportant color” exenmption addressed in 21 CFR 70.3{(g); and the intended use of Superba™
Krill Oil is to provide consumers with an additional source of a nutrient in the diet and does not
relate to any use of the ingredient as a color additive {21 CFR 70.3(5L.

1.6. Current Uses

Krill oil has been reportedly used in human food in Japan, Russia, Ukraine, and France
since the 1970s. Based on information described in FDA dockets, in 2003 a New Dietary
Ingredient Notification was submitted on the use of krill oil as a dietary supplement (FDA, 2003).
The FDA filed the notice without any objections. The supplement is sold in 300 and 500 mg
capsules with a recommended dose of I to 2 capsules/day. Krill oil has been available as g
dietary supplement in North America for several years, European Union, Norway, and Taiwan.
In the GRN 242 (FD2A, 2008), it is stated that a total of 120,000 kg of krill oil has been
consumed by customers as a dietary supplement withowut any reports of serious adverse effects.

Based on information from FDA’s GRAS Notice Inventory” website, in February 2008
Neptune Technologies submitied a GRAS notification to the FIDA on knill oil (FDA, 2008). The
notice indicated that krill oil obtained from krill is intended to be added to a limited number of
different food categories. The notice informed the FDA that knill oil is GRAS, through scientific
procedures, for use as a food ingredient in non-alcoholic beverages, breakfast cereals, cheeses,
frozen dairy desserts, milk products, processed fruit and fruit juices, and medical foods at a use
level to provide 150 to 500 mg of the oil per serving. On October 14, 2008,% the FDA issued a
“No Questions” letter for the GRAS notice,

Recently, on October 12, 2009, the use of krill oil received an approval as a novel food
ingredient in Europe, under Conunission Regulation (EC) No 258/97 related to novel foods and
novel food ingredients. On December 22, 2009, in response to a notification on behalf of Aker
Biomarine Antarctic AS, the Novel Food Board found that Superba™ Krill (il is substantially
equivalent to the krill oil authorized by the commission with respect to composition, nuiritional
value, metabolism, intended use, and the levels of undesirable substances contained therein
{Appendix IV}

1.7. Intended Use Levels and Food Categories

Aker Biomarine Antarctic AS intends to offer Superba™ Krill (il for incorporation into
g limited number of human food categories where krill oil would function as a nutrient

“Accessible at www.accessdata. ida.goviscriptsfonficnNavigation.ofmPrpi=graslisting&displayaliztrue.
SAccessible ab hifp/iwww. accessdata. fda.goviscriptefionigras_notices/gm000242 pdf
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supplement as defined under 21 CFR 170.3(0)(20). Superba™ Krill Oil is intended for use in the
samne foods and at the same or lower use levels of addition as described in GRN 242 for krill oil.
The proposed food uses as a dietary source of krill oil in foods include addition to: non-alcoholic
beverages, breakfast cereals, cheeses, frozen dairy desserts, milk products, and processed fruit
and fruit juices. In addition to these categories, it is also intended for use in Medical Food at
levels not o exceed (.50 g/person/day.

1.7.1. Estimated Daily Intake from the Intended Uses

As Aker Biomarine Antarctic AS intends to use its Superba™ Kirill Gil in the same foods
and at the same use levels of addition as described in GRN 242, estimates of possible daily
intake from the proposed use levels were adapted from GRN 242 (FDA, 2008). In the GRN 242,
the use of krill oil was proposed at use levels of 0.15 to 0.50 g of the oil/serving (reference
amounts customarily consumed, 21 CFR 101.12) of food. The specific food categories, the
intended use levels of krill oil, and the resulting intake of krill oil are summarized in Table 5. In
the GRN 242, the cstimates of possible daily intake of krill oil were calculated using the FDA
guidelives using serving size data and the mean consumption (50%;) of cach tvpe of food of
mterest from the CSFH 1994-96 database (USDA, 2005). According to the FDA guidelines, a
fevel twice the mean consumption was calculated to estimate use at the 90" percentile
consumption level. A summary of dietary intake calculations from the intended food categories
is also presented in Table 6.

The intended use levels of krill oil will result in an estimated daily intake at average (50"
percentile) and high (90 percentile) consumption of 4.14 and 8.28 g/person, respectively. The
resulting intake of total EPA and DHA from the exaggerated estimated daily intake of keill oil
(8.30 g/person/day) would be 2.20 g/person/day. Thus the intended food uses for Superba™ Knill
(il are within the allowances FDA has accepted for the GRAS status use of menhaden oil. The
acceptable menhaden oil food use does not exceed safe levels of consumption for total EPA and
DHA. The maximum estimated consumption of astaxanthin ester, which is present in krill oif at
100 ppm would be 0.83 mg/person/day. The application of krill oil o the same foods and at the
same use levels as those described in GRN 242 are unlikely to affect the dietary intake of keill oi}
from introduction into the market by another supplier whoe will have to compete in essentially the
sarne market with the same foods. Hence, there is no need for a cumulative intake analysis.
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Table 6. Intended Food Uses and Use Levels of Superba™ Krill Q8

Food Food Use Jevel Approximate Food Krill oil Krill off
category subeategory | perserving | serving size infake intake® intake
{g/p/dy | (g/p/d (g/p/d)
50%- S0%-tile S0%-tile X
tile 2
Breakfast Cooked 0.05-0.30 g Y cup of cocked 233 8.60 1.1%
cereals cereal QOatmeal = 117 g
Ready-to-eat | 0.05-0.30 g 1 cup of corn flakes | 48 (.68 1.135
cereal =25 g
Checses Total cheese | (.05-0.30 g 1/2 oz. of cheese = 26 (.18 .36
other than 43 g
cream or
cofiage
Total cottage | 0.05-0.30 g 1/2 cup of cottage 50 0.14 .29
cheese cheese = 105 ¢
Beverages, Fruit drinks | 0.05-0.25 g 8oz =248 ¢ 360 0.22-0.36 $0.44-0.73
Nonalcoholic
Milk, whole Total milk 0.05-0.50 ¢ 1 cup of fluid whole | 216 $4.27-0.45 8.53-0.89
& skim milk =244 g
Milk products | Sowr cream 6.05-0.50 g 1 tablespoon of sour | 6 0.13-0.21 0.26~0.43
cream = 14 g
Creams 0.05-050 ¢ 1 tablespoon of 3 0.06-0.10 $.12-0.20
cream= 15 g
Yogurt® 0.05-0.50 g | Nodatain USDA 0.17 $.03-0.085 6.10-0.17
SUrVEY servings
Frozen dairy | Yce cream, 0.05-0.50 g i/2 cup of hard ice 132 0.58-0.98 1.18-1.97
desserts fee milk cream =67 g
Processed Total orange | 0.05-025 ¢ 6 fl. oz. of orange 186 0.15-0.25 $.30-0.5¢
fraits/fruit Jjuice juice =187 ¢
fuices
Totallemon | 0.05-025g I fl. oz. of lemon <0.03 G.00 8.80
juice juice =30 g
Total apple 0.05-025¢g 6 fl. oz. of apple 150 0.12-0.28 0.24-0.41
jnice juice = 186 g
Medical foods 0.05-0.50 g° | No data in USDA
survey
Sum of all categories | 3.08-4.14 $.16-8.28

* Dristary intake of krill oil for cach food type is caloulated by multiplying ,g/serving by grams of food consumed
divided by grams of food per serving;
* Yogurt consumption in the US has been estimated by Neptune to average 60 servings per year or 0.17 servings
per day, with a high consumer exposure at 250 servings per year. This estirate is based on sales data with a per
capita consumption of 5-6 kg/person;
¢ It is envisioned that these foods would be meal replacernents for patients whose diets would consist of these

foods entirely for 3 meals per data and therefore, total krill oil consumption in these patients would be 0.90-1.50

g/day.

Adapted from GRN 000242 (FDA, 2008); note that values for low proposed intake are not calculated but the low
values from GRN 000242 were considered.

2. DATA PERTAINING TO SAFETY
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The safety of krill oil and its biologically important constifuents such as omega-3 fatty
acids is supported by human observations and clinical irials as well as animal experimental
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studies. Because of the physiological role of omega-3 fatty acids in human health, there have
been considerable efforts to elucidate the mechanism and blological role of these fatty acids in
human nutrition. As a result, the literature is full of information on omega-3 fafty acids. Relevant
biological and toxicological studies on krill oil and its constituents {omega-3 fatty acids) are
inchuded in the following section in support of the safety conclusions determined in this
assessment.

2.1. Absorption and Metabolism

Krill oil consists primarily of phospholipids that are commonly consumed via diet. It is
well established and recognized that dietary phospholipids and fatty acids from either plant or
animal sources are handled the same metabolically. The composition of Superba™ Kuill Gil is
well characterized and from this perspective there is nothing unusual that is not found in a
commonly consumed diet. The components of krill oil have been extensively studied for their
biological and physiological properties. Despite krill oil’s complex composition, available
information suggest that the major phospholipids and fatty acids are consistent with other lipid
sources with differences noted in proportions of phospholipids, minor constituents, and faity acid
content. Given the metabolic sequelae of different dictary lipids, there is no reason to believe that
the Superba™ Krill Oil would pose any different health hazards.

In two separate unpublished pharmacokinetics studies, bioavailability of EPA and DHA
was investigated from different oils (Meyer, 2009a, 2009b). The first study was a single centre,
open-label, randomized four-way crossover siudy designed to evaluate the 24 howr
pharmacokinetic profiles of EPA, DHA| and astaxanthin after single doses of A: Superba™ Krill
(il (8 g), B: Neptune krill o1l (8 g}, C: Omega-3 enriched fish oil (8 g), and I: Krill powder (8 g).
The doses were separated by 72 hours wash-out periods. In this study, 36 healthy male subjects
{age 25 ~ 45 years) were randomized (1:1:1:1) to one of four treatment sequences. Blood samples
were collected pre-dose, and 0.5, 1, 1.5,2,2.5,3,3.5,4, 5,6, 7, 8, 10, 12, 16, and 24 hours after
the dosing. A general trend {o Increases in levels of EPA, DHA, and gstaxanthin across the four
study periods was observed in the majority of subjects. This trend to continuous increase was
confirmed by regression analysis for EPA and DHA in plasma and in phospholipid fractions. The
median tmax for EPA in plasma was 12 bours for all products. With regards to DHA in plasma,
the median absolute tmax was longest after Superba™ krill oil (10 hours), shortest after omega-3
enriched fish oil {6 hours), and in between after Neptune kxill oil (7 hours) and krill powder (8
hours). All study products were safe and well tolerated (Meyer, 2009a).

In another uvnpublished open-label, randomirzed two-way crossover study, changes in
EPA and DHA in phospholipid membranes were determined following eight weeks of daily
intake of 2 g Superba™ Krill Gil or 2 g omega-3 enriched fish oil in healthy male and female
subjects (Mever, 2009b). A total of 28 healthy male and fomale subjects (14/sex; aged 25-45
vears} took part in this study. Blood for the pharmacokinetic analysis was collected on Day 1
{pre-dose) and on Days 14, 28, 42 and 56 (= 2 days) of each treatment period for the analysis of
EPA and DHA in phospholipid fractions and of omega-3 index in RBCs. In addition to daily
enquiry of adverse evenis, a 12-lead ECG, and a3 standard clinical lsboratory assessment
(urinalysis, hematology, clinical chemistry} at screening and on Day 56 of period 2 was
performed. Steady state in EPA levels and omega-3 index was attained carlier after Superba™
Krill Ol (Day 14) as compared to omega-3 enriched fish ol (Day 28). Steady state in DHA
levels was atiained later after Superba™ Krill Oil (Day 42) than after omega-3 enriched fish oil

(Day 28).
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In female subjects, the bicavailagbility of EPA in plasma (after dose adjustment) in krill
oil administered subject was higher compared to fish ol (Mever, 2009b). Similarly, across males
and females, DHA in plasma (after dose adjustment) was higher in subjects receiving krill oil.
Statistically significant differences between the treatments could vot be demonsirated with
respect to omega-3 index in RBCs (afier dose adjustment). In subjects receiving krill oil, overall
AUC(0-36D) of EPA and DHA in plasma and omega-3 index in RBCs was determined as 97908,
98261, 4208 ng*h/(mpg*ml), respectively. Overall, there were no trends related to the study
products in the adverse event reports, in clinical laboratory, ECG, and physical examinations.
There were no withdrawals due to adverse effects. Krill o1l ingestion decreased the mean serum
insudin level, whereas the mean adiponectin level increased. Following omega-3 enriched fish oil
administration, both the mean serum insulin level and the mean adiponectin level decreased. No
statistically significant treatment effects were seen in the analysis of platelet aggregation, Hpid
parameters and the other selected clinical chemistry parameters {glucose, CRP, insulin TNF
alpha, and adiponectin). The investigator concluded that both krill oil and fish oil were safe and
well-tolerated (Meyer, 2009b).

2.2. Human Studics

In a randomized, double-blind parallel arm trial, overweight and obese subjects (n=76; 13
men, 63 women) were randomly assigned to receive double-blind capsules comaining 2 g/day of
krill oil (n=25), menhaden oil (p=26}, or control {(olive} oil (p=25} for four weeks (Maki ¢f af.,
2009}, The objective of this study was to examine the effects of krill oil supplementation on
plasma EPA and DHA concentrations, indicators of safety, tolerability, and selected metabolic
parameters. The krill oil used in this study was Superba™ Krill Oil, the subject of this GRAS
determination. In addition to physical exanunation, clinical laboratory measurements (plasma
chemistry, hematology, urine, and lipids} were performed. At baseline and at the end of week 4,
subjects completed a gastrointestinal (GI) tolerability questionnaire, which assessed the presence
and severity {on a scale of G to 5) of GI symptoms such as gas, bloating, nausea, flatulence,
diarrhea, constipation, and cramping over the period of seven days. Subiects also completed a
symptom checklist at the end of week 4, which assessed the incidence of or changes in a variety
of symptoms (e.g., irritability, nervousness, mood, blurred vision, drowsiness, mental sharpness,
and hair and skin changes}) in the previous four weeks on a scale of 1 {(a lot less) to 3 (a lot more).
Adverse events were assessed from the time subjects signed the informed consent form at
screening (week -1) and continued through the end of the study.

The changes from baseline to week 4 did pot differ significantly among the treatment
groups for hematology values or for plasma concentrations of albumin, electrolytes, creatinine,
or liver enzymes. Responses for measures of glucose homeostasis, lipoprotein lipids, hs-CRP
{high-sensitivity C-reactive protein}, and F2-isoprostanes did not vary significantly by treatment
group. The results revealed that compared to the control group, plasma EPA and DHA
concentrations increased in the krill oil and menhaden oil groups. Blood urea nitrogen declined
in the krill oil group as compared with the meunhaden oil group. The frequencies of adverse
events were similar in the threc treatment groups. At week 4, significant differences were
observed among the treatment groups in the number of subjects with scores of 4 or higher for gas
or bloating (F = 0.05) and flatulence (£ = 0.034). The number of subjects with gas or bloating
increased from 2 (8%) at bascline to 5 (20%) at week 4 in the krill ofl group and from 1 (4%) at
baseline to 5 (20%) in the control group. No significant differences were observed among the
treatment groups in the frequencies of any symptoms assessed with the symptom checklist. The
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investigators concluded that compared with both menhaden oil and olive oil, krill oil was
generally well tolerated and showed no indication of adverse effects on safety parameters (Maki
et al., 2009).

Ulven ef af. (2010) investigated the effects of krill oil (Superba™ Krill Gil) and fish oil on
serum lipids and markers of oxidative stress and inflamnmation. The objective of this study was to
evaluate if different molecular forms, triacviglycerol and phospholipids, of omega-3
polyunsaturated fatty acids (PUFAs) influence the plasma level of EPA and DHA differently. In
this study, 113 subjects with normal or slightly elevated total blood cholesterol and/or
triglyceride levels were randomized into three groups and given cither six capsules of keill oil
(n=736; 3.0g/day, EPA + DHA = 543 mg} or three capsules of fish oil (n=40; 1.8 g/day,
EPA + DHA = 864 mg) daily for 7 weeks. The third group did not receive any supplementation
and served as controls {n=37). Safety was evaluated by assessment of hematology and
biochemistry parameters, and by reported adverse events.

Compared o controf group, a significant increase in plasma EPA, DHA, and DPA was
noted in the subjects supplemented with n-3 PUFAs. However, there were no significant
differences in the changes in any of these fatty acids between the fish oil and the krill oil groups.
The serum lipids or the markers of oxidative stress and imflammation did not reveal any
statistically significant differences between the study groups. The safety assessment did not
reveal any patterns in the changes in any of the hematological or serum biochemical variables,
vital signs or weight that might indicate a relation with administration of any of the studied
products. Chinical sympiloms registered during the study included mainly symptoms of common
cold or gastrointestinal symptoms. One subject in the fish oil group experienced moderate
bruises, and one subject in the kyill oil group withdrew from the study because of an outbreak of
rash that was possibly related to intake of the study products. There were no apparent differences
in the rate of adverse events or blood safety parameters between the krill oil, fish oil or control
groups. These observations indicate that krill oil was well tolerated. The resulis of this study
show that krill oil and fish oil are comparable dictary sources of n-3 PUFAs, even if the
EPA + DHA dose in the krill ol was 62.8% of that in the fish oil (Ulven ef of, 2010},

Sampalis ef al. (2003} investigated the effects of krill oil on premenstrual syndrome
{(PMS) and dysmenocrrhoea in 70 female adults of reproductive age. The females were
randomized to receive either krill oil or fish oil. The subjects consumed two 1 g capsules once
per day with meals during the first month. Subsequently, the subjects consumed same dose
during the second and third months but for eight days prior to menstruation and for two days
during menstroation. During the course of study, no serious adverse effects were reported. Three
subjects reported a reduction in the duration of the menstrual cycle during the first month of
treatment. In subjects receiving krill oil, a slight increase in the oiliness of the facial skin was
noted. No subjects reported gastrointestinal disturbances. However, in fish oil group 64% of the
participants reported “unpleasant” reflux following consumption. The results of this study
suggest that krill oil softgels were well tolerated.

In another study, Deutsch (2007) investigated the effects of krill oil on markers of chronic
inflammation in 90 subjects (age 50 to 68 years) recruited from primary care physicians. The
subjects recruited had been diagnosed with cardiovascular disease, rheumatoid arthritis, or
osteoarthritis, and were reported to have C-reactive protein levels greater than 1.0 mg/dL. Except
for acetaminophen, the subjects were asked not to consume any other pain medication. The
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subjects were administered either 100 mg of placebo or 300 mg krill oil/day and were followed
for 30 days. C-reactive protein levels and pain and functional impairment scores were assessed
during the experimental period on a weekly basis. Compared to baseline, a significant decrease
in C-reactive protein levels was observed in subjects consuming krill oil at the end of 7, 14, and
30 days. No adverse effects were associated with the consumption of krill oil.

Bunea er al. (2004 evaluated the effecis of krill oil on the clinical course of
hyperlipidemia in 120 patients (mean age 51 years). The patients were randomized into fowr
groups which were further subdivided according to their body mass index (BMI) (Bunea e o/,
2004; FDA 2008). Group | was administered either 2 g krill oil/day (BMI<30) or 3 g knill
oil/day (BMI>30). Group 2 was admimsiered either | or 1.5 g knll oil/day (BMI< or >30,
respectively). Group 3 was administered a fish oil capsule that provided 180 mg EPA and 120
mg DHA, and Group 4 was the placebo group. The experimental period was 12 weeks while
Group 2 consumed 500 mg knll oil/day for an additional 90 days. No adverse effects were noted
in any of the groups.

In an unpublished study described in GRN 242 {(FDA, 2008}, the safety of keill oil was
examined in 25 healthy male and female subjects between the ages of 25 and 33 years. The
volunteers consumed two kxill oil gelcaps, three times a day for two months. Each gelcap
contained 1 g of krill oil that provided 386 mg of omega-3 fatty acids, 416 mg phospholipids,
and 0.16 mg of astaxanthin. As described in GRN 242, complete blood counts and biochemical
blood tests, medical histories, and vital signs were collected at baseline, one month, and two
months. The volunteers were asked about the occurrence of adverse effects and if there was any
regurgitation effects of the capsules. The subjects were also asked to stop consuming the gelcaps
if they had the following symptoms: low or high blood pressure, difficulty breathing, bleeding,
loss of consciousness, unusual migraines or body pain, weight gain, or significant alierations in
blood test results. Biochemical parameters examined included cell counts, PTT, creatinine,
glacose, alkaline phosphatase, albumin, arylase, total bilirubin, total cholesterol, HDL and LDL
cholesterol, triglycerides, urea, and TSH levels. As described in GRN 242, no serious side effects
were reported in volunteers consuming & g kxill oil throughout the experimental period. No
regurgitative effects were reported or any unpleasant aftertaste. Of the 25 volonteers, three
withdrew for reasons associated with consuming krill oil. One female withdrew due to 2 known
salt tolerance for which consumption of krill oil resulied in a moderate increase in water
retention. Two females withdrew because they felt an increasing greasiness of their facial skin
which was attributed to consuming krill oil. In the remaining volunteers, no noticeable physical
or biochernical changes were observed. A significant decrease in serum tofal cholesterol,
triglyeerides, LDL cholesterol, the ratio of total cholesterol to HDL cholesterol, albumin, and
amylase were observed. A significant increase in HDL cholesterol was also observed. These
effects were not considered adverse effects but beneficial changes in blood lipids and pancreatic
function, While a decrease in albumin levels might be indicative of underlying disease processes,
their occurrence in the absence of other biochemical abnormalities suggested they were not
adverse clfects (FDA, 2008).

2.3, Animal Studies

Batetta ef al. (2009) compared the effecis of dietary (n-3) LC-PUFA, in the form of either

fish ol or krill oil (Superba™ Krill (il balanced for EPA and DHA content, with a control diet

containing no EPA and DHA and similar contents of oleic, linoleic, and o-linolenic acids, on
ectopic fat and inflammation in Zucker rats, a model of obesity and related metabolic
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dysfimction. In this study, male Zucker rats (Harlan) four weeks of age, with an initial weight of
250430 g, were equally divided into three groups and were fed either a control diet or diets
containing krill oil or fish oil for four weeks, The amount of 0.5 g of EPA + DHA per 100 g of
diet, equivalent to 0.8% by energy in the rat diet, was chosen. Effects on lipid metabolism,
ectopic fat deposition, and susceptibility to inflammation was measured. The investigators
concluded that diets rich in (o3} LCPUFA, and s krill oil-based diet in particular, exert
beneficial effects on several metabolic dysfunctions in Zucker rats, which was associated with
lower endocannabinoid concentrations in several peripheral tissues. Although the objective of the
study was to investigate the efficacy of krill oil, growth and food intake was not affected by krill
oil diet. Additionally, the investigators also reported that none of the rats exhibited adverse
effects.

In another study, Di Marzo ef af. (2010) investigated whether in Zucker rats, under the
same conditions as described above by Batetta ef ol (2009), fish and krill oil are also able to
influence LC-PUFA and endocannabinoid profiles in the brain. The study design and protocol of
this study was identical to the above described study. In this study, only krill oil was able to
significantly increase DHA levels in brain phospholipids, with no changes in arachidonic acid.
Based on the resulis of this study, the investigators claimed the beneficial effect of krill il on the
metabolic syndrome is mostly exerted by modifying endocannabinoid levels in peripheral
tissues. Similar to the above described study, feeding krill oil in the diet for four weeks did not
affect growth and food intake. No differences in growth and food intake among groups, nor any
adverse effects of the diets, were observed.

Ruggicro-Lopez ef af. (1994) investigated the effect of krill oil, as compared to fish and
corn oil, on the rat intestinal fucosylation process at weaning, a very sensitive model of the
influence of nutritional factors. In this study, the effects of oil were studied over a three-day
period immediately after weaning. All the oils were well-tolerated by pups at a level of 10% of
the diet. The use of krill oil was not reflected in the enzymatic activities involved in the
fucosylation pathway. The investigators concluded that the results of their study confirm the
harmiessness of krill derived products and their possible use in human matrition.

A repeai-dose toxicity study described in GRN 242 (FDA, 2008) was conducted to
examine the safety of krill oil in mice for six months. In this study, 96 CS7BL6 nude congenic
mice (BO6NU-T heterozygotes) were fed a diet containing 16.6% krill oil {equivalent t0 283 g
krill oil/kg body weight/day. The animals were examined weekly by a certified veterinarian. At
the end of the experiment, all the animals were cuthanized by gas exposure and subjected to
histopathological examinations. No adverse effects were noted over the experimental peried and
no histopathological abnormalities were observed in the brain, lungs, heart, stomach, pancreas,
liver, kidneys, uterus or prostate, intestines, or skin.

In a follow up investigation to the above described study, also described in GRN 242, the
development of UVB-Radiation Induced Skin Cancer in mice was investigated (FDA, 2008). In
this study, CSTBLS Nude Congenic mice (BONU-T heterozygotes) were randomized into two
groups {48/sex/group). One group was administered oral, topical, or oral and topical treatmenis
of krill oil. The second group was adminisiered soya oil. In the oral dosing regime, mice were
administered diets where 10% of the daily dietary intake consisted of either krill oil or soya oil
{equivalent to 17.1 g/kg body weigh/day). In the topical treatment regime, krill oil or soya oil
was applied to the skin. The mice were exposed for 30 minutes to UVB radiation, at a distance of
30 cm, daily for 20 weeks. After 20 weceks, the animals were euthanized and subjected to
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histological examinations. The occurrence of cancers and pre-malignant tumors in mice
administered topical treatments was 12.5% and 31.3%, respectively, as compared 10 37.5% and
31.3%, respectively, in the sova oil group. In mice administered both oral and topical treatments,
the occurrence of cancers and pre-malignant tumors was reported to be 18.8% and 31.3%,
respectively in the krill oil group and 37.5% and 12.5% respectively, in the soya oil group. As
compared to the soya oil group, a significant reduction in the incidence of cancers was noted in
mice administered krill oil.

2.4. Safety of Omega-3 fatty acids- EPA and DHA

The principal fatty acid constituents of krill oil, EPA, and DHA are typically contained in
oily fish, such as salmon, lake trout, tuna, and herring. The composition of EPA and DHA in krill
oil, which is the subject of this notification ranges from 1422 and 6.5 £1% w/w, respectively.
The total of EPA+DHA in krill oil is 23.5 + 2%. In the 1997 final rule on the GRAS affirmed use
of menhaden oil as a direct food ingredient (FDA, 1997) and also regarding the use of omega-3
fatty acids as a dietary supplement in 2005 (FDA, 2005), FDA has critically evaluated the safety
of DHA and EPA. The FDA {1997} has affirmed menhaden oil as GRAS in 1997, as a direct
human food ingredient with specific Hmitations of use to ensure that the total daily intake of EPA
and DHA would not exceed 3 g/person/day (62 FR 30751; June 5, 1997; 21 CFR 184.1472). In
these regulations, the FIDA established maximum use levels of menhaden oil in certain foods (62
EFR 30751 at 30757, June §, 1997; amended March 23, 2003) because of concerns over possible
adverse effects of consurnption of fish oil on bleeding coagulation time, glycemic control, and
LDL cholesterol,. The FDA reaffirmed the maximum intake of DHA and EPA to 3.0 g/day from
all fish oil sources. To ensure the consumption remains below 3.0 g/day, the agency placed
specific limitations, including the category of foods, the functional use of the ingredient, and the
level of use.

Besides the menhaden oil GRAS affirmation, the FDA has not guestioned multiple
GRAS notices for additional sources of EPA and DHA as food ingredients. These notices
include GRN 000102, GRN 000105, GRN 000109, GRN 000138; GRN 000146; GRN 000193,
GRN 000200; GRN 000217°%, In these GRAS Notifications, the intended maximum use levels
were consistent with those specified in the final rule affirming GRAS status of menhaden oil as a
direct human food ingredient with specific limitations of use. Furthermore, the FDA did not
ohiect to a GRAS netification for high DHA algal oil {GRAS Notice No. GRN 000137). In this
case the notifier estimated that the use of algal oil in a number of food categories at the
maximum proposed use levels would result in a mean exposure of no more than 1.5 g DHA/day.

In order to support the safety in use of DHA and EPA, the composition of prineipal krill
oil fatty acids was compared with menhaden oil and tuna oil (Table 5). As noted in Table §,
menhaden oil contains 8% DHA and 14% EPA. The total of DHA+EPA (22%) in menhaden oil
is essentially similar to that in krill oil (23%). Similarly, the individual levels of DHA 8% vs
6.5%) and EPA (14% vs 14%) are also essentially similar between menhaden and krill oil. In
different FDDA GRAS Notifications, the total amount of DHA+EPA ranged from 20 10 41% and
was reported as follows: GRN 000103 = 38%, GRN 000109 = 28%, GRN 000138 = 29%, GRN
000146 = 209, GRN 000200 = 41%, and GEN 000279 = 22%. In all of these notices, the

® The FDA response to all these and other GRAS notices is assessable at GRAS Notice Inventory:
hitp:/fwww.accessdata. fda gov/scripts/fon/fenNavigation.ofm?rpt=grasListing& display All=true
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maximum levels of use in food categories were adjusted such that the resuliing intake of
DHA+EPA was similar to or lower than what is currenily permitied for menhaden oil under 21
CFR 184.1472. As krill oil is proposed for use as a substitute or alternative to fish oils, the
intended use of krill oil will not add to the existing intake of DHA and EPA.

2.5, Astaxanthin

In addition to lipids, one of the minor components of biclogical importance of the oil is
astaxanthin. In Krill, either one or both of the alcoholic hydroxyl functional groups of
astaxanthin may be esterified to fatty acids. Thus astaxanthin from knll are found almost
exclusively in esterified form. Takaichi ef /. (2003) determined that only five kinds of fatty
geids, dodecancate, tetradecanocate, hexadecanoate, hexadecenoate, and octadecencate were
esterified to astaxanthin in krill. Assuming one C16 faity acids in each position gives a molecular
weight of the esterified molecule of 1110 or approximately twice as much as astaxanthin alone.
Hence to specify the astaxanthin content of krill oil, one can consider the molar concentration or
the amount of astaxanthin diol. Because of the general unfamiliarity with molar concentrations,
Aker Biomarine declares its product on the basis of astaxanthin diol. Thus the levels presented in
Table 1 for astaxanthin of 100 ppm means the product contains 100 pg/g of the diols, regardless
of fatty acids that may be esterified.

As mentioned earlier, the intended use of the keill oif will result in & maximum estimated
consumption of 0.83 mg astaxanthin/person/day. Although there is no recommended daily
allowance (RDA)Y for astaxanthin, available safety-related information suggests that the
estimated daily intake of astaxanthin (0.83 mg)} from the intended uses of Superba™ Krill Oil is
fower than the generally considered safe levels of 6 mg/day. It has been reporied that in
consumers with a high intake of fish and seafood, the estimated daily intake of astaxanthin
ranges from 1.6 to 4.1 mg/day. Recently, in respounse to a GRAS notice on Haematococcus
pluvialis extract containing astaxanthin esters (GRN 000294), the FDA did not question the
safety of astaxanthin intake at levels of 1.08 mg/person/day.

2.6. Trans-Fatty acids

As shown in Appendix I, high phospholipid krill oil contains ondy small amount of
trans-fatty acids (<0.3%). Accordingly, one of the fatty acids vaccenic acid (C18&:1, n-7) in
Superba™ Krill O is almost exclusively present in the cis-isomeric form. The vaccenic acid
content of high phospholipid kxill o1l in GRN 243 was reported as about 10% (FDA, 2008). From
more comumon sources such as fat from ruminants and in diary products, vaceenic acid is present
naturally as frans-fatty acid in the fat of ruminants and in dairy products such as milk and yogurt.
In knill oil, the vaccenic acid (C18:1, n-7) primarily occurs in the cis-isomeric form. The fatty
acid profile presented in Table 3 provides values for C18.1 that includes n-5, v-7, n-9 and n-11.
Among these, n-7 represents vaccenic acid, while n-9 represents oleic acid. Additional analysis
of C18:1 fatty acids revealed that Superba™ Krill O primarily contains C18:1 n-9 + n-11 in cis
configuration at levels of ~11%, while the levels of vaccenic acid are below 1%. As compared to
these low levels, the vaccenic acid content (10%) reported in GRN 243 (FDA, 2008) is
significantly higher. It is possible that the differences in manufacturing method may affect the
levels of vaccenic acid,

7 The FDA response is assessable at GRAS Notice Inventory:
http://www.accessdata. fda. gov/seripts/fon/fenNavigation cfinPrpt=grasListing&displayAll=true
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The presence of vaccenic acid is also reported in edible fats and oils (Wasowicz and
Hougen, 1976; Sauer ef al., 1997). Several vegetable and animal oils are known to contain lower
levels of vaccenic acid, while butter contains higher amounts of various isomers of 18 fatly
acids in the rans configwration. These fatty acids are not believed to exhibit the same clot-
forming potential as saturated fatty acids or other frans-fatty acids formed by partial
hydrogenation of vegetable sils. In a critical review on the health benefits of vaccenic acid, Field
e al. (2009} noted that epidemiological, clinical, and rodent studies to date have not
demonstrated a relationship of vaccenic acid with heart or cardiovascular disease, insulin
resistance, or mflammation. Available evidence does not indicate that dietary vaccenic acid
poses any safety concerns and levels of this faity acid in Superba® Krill Oil are very low.

2.7, Other Safety Considerations

As krill oil, the subject of this GRAS determination, is derived from marine organism, it
is important to characterize the nature and gquantity of impurities/contaminants that might be
stored in marine lipids that way pose a health hazard. The potential iropurities and incidental
constituents present in krill oil arise largely from environmental exposure of the Antarctic Kiill.
As krill oil is derived from the lipid fraction of krill biomass, Aker Biomarine Antarctic AS
routinely analyzes production lots of Superba™ Krill (il for the presence of dioxins, furans,
organochlorine pesticides, PBDEs, PAHSs, heavy metals and PCBs. Likely contaminants were
analyzed from mmltiple representative batches. These results, presented in Appendix [,
demonstrate the levels of contaminants are low and consistent with levels of other food
ingredients.

It is well recognized that arsenic especially in seafood is present in an organic form that is
less toxic (EFSA, 2009). Hence, there is a need for speciation data for arsenic. As presented in
Appendix I, an exiensive chemical analysis of both organic and inorganic arsenic was
undertaken from multiple batches of krill oil. These results of eleven different forms of arsenic
show that the total arsenic levels in krill oil ranged from 4 to 6 ppm, the majority of which was in
organic form. The organic arsenic was found to be primarily in the form of dimethylarsinate,
arsenobetaine, and trimethylarsine oxide (Appendix H}. The inorganic arsenic as measured by
the levels of arsenite and arsenate was below the level of quantification at 0.05 ppm. In a critical
scientific opinion on arsenic in food, the European Food Safety Authority (EFSA, 2009) panel
reported that on the basis of limited data on inorganic arsenic in foods, fixed values for inorganic
arsenic of 0.03 mp/kg in fish and 0.1 mg/kg in seafood were considered realistic for calculating
human dietary exposure, The levels of inorganic arsenmic in kyill oil are lower than these
assumptions, particularly for seafood. The EFSA panel also siated that the organic forms of
arsenic, arsenobetaine, which is the major form in fish and most seafood, is widely assumed to
be of no toxicological concern. The available evidence suggests that arsenic levels in krill oil are
similar to other sea-foods. Considering that keill oil contains maximum total arsenic levels of 6
ppm, the intended use Superba™ Krill Oil will result in maximum daily intake of 48 pg/person
or 0.08 ug/kg body weight/day. The WHO/FAO (1989) has suggested a provisional maximum
tolerable weekly adult imntake (PTWI) for inorganic arsenic of 0.015 mg/kg of body weight. Thus,
the WHO/FAQO provisional maximum tolerable intake is about 130 pg inorganic As/day for a 60
kg individual (15 pg/kg/week x 60 kg / 7 days/week = 128.6 pg/day). The above reporied total
arsenic intake of 0.08 ug/kg body weight/day is negligible compared to the tolerable daily intake
of inorganic arsenic. This also suggests that knll o1l consumption does not represent a major
increase in the expected total daily arsenic exposure, and especially with regards to inorganic
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arsenic. Thus the intended use of Superba™ Krill 01 15 unlikely to present any safety hazards to
human health.

2.8. Allergenicity and Other Related Concerns

As krill o1l is prepared by the scparation of lipids from protein of krill meal, consumption
of krill oil by individuals allergic to shellfish may trigger an allergic response. Generally, krill oil
is confraindicated for individuals who are allergic to crustacean. There is a lack of allergic
responses based on the use of krill 0l as a dictary supplement. While krill is known to contain
allergens, its processing in the production of oil results in a reduction of its protein content to
typically less than 1% which is an order of magpitude lower than in krill (about 10-15% protein).
While this does not eliminate a risk, the risk is certainly no greater and possibly lower than that
naturally contained in the starting materials. Aker Biomarine Antarctic AS will market krill oil in
full compliance with the Food Allergen Labeling and Consumer Protection Act of 2004 (Title 11
of Public Law 108-282) (FDA, 2004). Aker Biomarine Anfarctic AS intends to include a
warning on food products containing Superba™ Krill Oil to suggest that individuals with
seafood allergies, coagulopathy or who are taking anticoagulants or other medications should
consuldt their situation with thetr physician before taking Superba™ Krill Oil as an ingredient in
conventional foods or as nutritional supplements.

3. COMMON KNOWLEDGE ELEMENT

The compositional similarity of krill o1l with fish oils from multiple sources that already
have GRAS status supports the common knowledge element. The composition of krill oil and
common fish oils are published and the similarity in compositions is readily ascertainable in the
ctted public documents (FDA, 2002, 2004a, 2004b, 2008). As described in GRN 242 (FDA,
2008) documentation exists in the Federal Register for the GRAS siatus of menhaden oil and on
the FDA website for tuna oil, salmon oil, and sardine oil. These documents cite and support the
consumption of fish oil resulting in total daily consumption of EPA plus DHA of less than 3
g/person. This GRAS determination is based on the totality of the available evidence,
particularly from human observations, in concert with animal experimental studies. Majority of
this information as described above, particularly in Sections 2.2 and 2.3 is available in public
domain. Furthermore, safety documentation for food uses of krill oil is found in GRN 242, which
also constitutes information that is generally available for review and evaluation. The composite
information noted thereby fulfills the common knowledge element required for GRAS
determination,

4, SUMMARY

Knll, a vital component of the marine food chain, is also consumed by humans,
particularly in Japan and Russia. Because it is 8 rich source of high-quality protein as well as
omega-3 fatty acids, krill has received considerable attention in recent vears. Two fatty acids,
EPA and DHA, that have received considerable attention for their potential health benefits have
been reported to be present at high levels (30%) in krill oil. Aker Biomarine intends to use
standardized krill oil (Superba™ Krill (i) as a nutrient at levels of 0.05 to 0.50 g of the oil per
serving in non-alcoholic beverages, breakfast cereals, cheeses, frozen dairy desseris, milk
products, and processed fruit and fruit juices. In addition to the above categories, krill ol is also
intended for use in Medical Food at levels not o exceed 0.50 g/person/day. The intended use of
krill oil will result in an estimated daily mean and high (90" percentile) intake of 4.1 and £3
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g/person/day. The resuiting high intake of EPA+DHA is estimated as 2.2 g/person/day. Krill oil
has been the subject of a GRAS Notice submitted to the FBA for use as a nutrient. In this case,
the FDA responded that they had no questions on the proposed use and did not object 0 the
GRAS determination. The composition of Superba™ Krill Gil is well characterized and is
substantially equivalent to the Furopean Commission approved krill oil.

it is well established and recognized that dietary phospholipids and fatty acids from either
plant or animal sources are handled the same metabolically. Given the metabolic sequelae, there
is no reason to believe that the minor variations in the levels of Hpids inchuding phospholipids or
fatty acids between these oils would pose any different health hazards. Similar to other
phospholipids from other sources, phospholipids from knll ol will be absorbed, transported, and
converted into endogenous constituents. The fatty acids present in knill oil are typical
componenis of the diet and are not anticipated to pose any risk at the levels consumed.
Furthermore, the different fatty acid chains are unlikely to affect the overall oral toxicity, as the
fatty acid portions of molecides are largely cleaved prior to absorption by mucosal cells.

Among the fatty acids of krill o, there is a potential safety concern for EPA and DHA at
high levels of intake. The safety of these two fatty acids has been extensively evaluated by the
US FDA in the final rule on the approved use of menhaden oil as a direct food ingredient and
subsequently in 2003, regarding the use of omega-3 fatty acids as a dictary supplement. The
FDA affirmed the GRAS status of menhaden oil for use in foods provided daily intakes of DHA
and EPA did not exceed 3 g/person/day from all fish oil sources. The FDA also permitied the use
of a Qualified Health Claim on dietary supplements containing EPA and DHA as well as for
conventional foods. The FDA concluded that the use of EPA and DHA omega-3 fatty acids as
dietary supplements is safe, provided that daily intakes of EPA and DHA do not exceed 3
g/person/day from conventional food and dietary supplement sources. For the food uses of
menhaden oil, the FDA imposed specific limitations in its use in different food categories to
ensure that total intake of EPA and or DHA is safe. Further, the FDA concluded that in order to
help ensure that a consumer does not exceed an intake of 3 g/person/day of EPA and DHA
omega-3 fatty acids from consumption of a dietary supplement with the gualified claim, an EPA
and DHA omega-3 fatty acid distary supplement bearing a qualified claim should not
recommend or suggest in its labeling, or under ordinary conditions of use, an intake exceeding 2
g EPA and DHA/day. Given the substitutional (for substances with DHA and EPA) uses of krill
oil, the resulting intake of DHA and EPA is unlikely to exceed 2.2 g/person/day and is
considered as safe.

The safety of krill oil has been investigated in human clinical and animal experimental
studies. Although the majority of these studies were designed to investigate the potential health
benefits of krill o1, no adverse effects were noted. These studies support the safety of krill oil. Of
the five clinical studies on krill o1, three were more significant with regard to dose and duration.
In one clinical trial conducted to examine the safety, krill oil was well tolerated at a dose of 2
g/day for four weeks, In the second study, no adverse effects were noted following the
consumption of & g krill oil/day for two months. In the third clinical study, participants tolerated
keill ol at doses of up to 3 g/day for a period of 12 weeks, followed by an additional 0.5 g/day by
some participants for 90 days. In these studies no significant adverse effects of krill oil
consumption were noted.

There is sufficient qualitative and guantitative sciemtific evidence, including human and
animal data, to determine safety-in-use for krill oil. The safety of krill oil is based on several
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factors that include the inherent safety of the fatty acid, phospholipids and other components in
the oil, the compositional similarity of the krill oil with fish oils, extensive knowledge of their
metabolism, the expected levels in the diet of EPA and DHA fatty acids, and astaxanthin from
the intended use of krill oil, the safety of krill oil as demonsirated in pre-clinical and clinical
trials, and the absence of reports of toxicity. Additionally, Antarctic krill also has some history of
consumption by humans in Japan and Russia. On the basis of scientific procedures®, the
consumption of krill oil as an added food ingredient is considered safe at levels up to &3
g/person/day. The intended uses are compatible with current regulations, f.e., krill ol is used in
non-alcoholic beverages, breakfast cercals, cheeses, frozen dairy desserts, milk products, and
processed fruit and fruit juices, and Medical Foods.

po0028

821 CFR §170.3 Definitions. (h) Scientific procedures inchude those human, animal, analytical, and other scientific
studies, whether published or unpublished, appropriate to establish the safety of a substance.
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5. CONCLUSION

Based on a critical evaluation of the publicly available data summarized above, the
Expert Panel members whose signatures appear below, have individually and collectively
concluded that krill oif {Superba™ Krill Gil), meeting the specifications cited above, and when
used as a food ingredient in selected food products (non-alcoholic beverages, breakfast cereals,
cheeses, frozen dairy desserts, milk products, and processed fruit and fruit juices, and Medical
Foods} at levels of 0.05 to 0.50 g keill oil/serving (reference amounts customarily consurned,
21CFR 101.12) when not otherwise precluded by a Standard of Identity as described in this
monograph and resulting in the oo™ percentile (high) estimated intake of 83 g kuill
oil/person/day is Generally Recognized As Safe (GRAS).

It is also our opinion that other qualified and competent scientists reviewing the same
publicly available toxicological and safety information would reach the same conclusion.
Therefore, we have alse concluded that Superba™ Krill Oil, when used as described, is GRAS,
based on scientific procedures.

Signatures

/ %/Wﬁ

Jok%s %x Thomas, Ph.D., FACT., DATS. Date
o, a;%f;
Date

Bee o) 201
Madhusudan G Soni, Ph.Db., FACN. Diate
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7. APPENDIX

Analytical data from different manufacturing lots of

Superba™ Krill Oil (Aker Biomarine, 2010)

Parameter Limits UE33 Ui7s Uidd 14l U141
802 004 881 $83 862
AlD AlD AlS Alg AlQ
Appearance Dark red Dark red Dark red Darkred | Darkred | Darkred
viscous oil § viscous gil viscous oil | viscous oil | viscous oll | viscous oil
Lipid composition
Total phospholipids 4343 40.3 44.8 40.8 45.3 42.7
{g/100g)
-Omega-3 phospholipids’ | >70 >73 >70 >T70 >70 >T70
of total PL % {w/w)
Triglyeerides (g/100g) <50 39 36 32 32 32
Fatty acid profile
Total ornega-3 {expressed | 23.542 229 22.4 24.5 262 255
25 2/100g)
-C 2005 n-3 1442 {34 14.3 14.7 16.7 163
{(EPAXexpressed as
&/100g)
~C 22:6 n-3 6.5 +1 6.5 5.8 6.7 6.7 6.5
{DHAYexpressed as
&/100g)
Total cmega-6 <3.0 1.8 2.0 2.2 2.4 2.4
Stability index
Peroxide value (mEg <2 <] <1 < <1 <}
peroxide’kg}
Antioxidanis
Astaxanthin (mg/kg) 160 =20 164 125 144 96 92
{minimun}
YWater and Ethanol
Water activity at 25°C <5 8.116 0.149 3 0.115 L 0.139
Ethanol content (% w/w) | <3.0 1.8 1.52 1.37 | 1.21
Microbiology
Total plate count {cfivg}) | <2500 <100 <109 <100 <100 <100
K. coli (1 sample at 10 g) | Negative Negative Negative | Negative | Negative | Negative
Coliform bacteria, 37°C <ig <iG <10 <1$ <1$ <18
(cfi/g)
Salmonella negative Negative MNegative Negative | Negative | Negative | Negative
{PCR) {1 sample at 10 g3
Mold and Yeast {cfivg) <18 <10 <ig <iQ <ig <iQ

*Omega-3 phospholipid: defined as phospholipid where on average one out of two possible positions is oecopied

by an omega-3 fatty acid.
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Additional Specification and compositional analysis data of
Superba™ Krill Oil from five different batches
Adapted from Superba™ Krill oil substantial equivalence netification

Parametler Unit Baich Batch Bateh Bateh Bateh Batch
23334/A | 234/42/A | 234/43/A8 | 235/24/A | 28O8/42/A | 279/2%
8 8 8 5 AS

1. Saponification Mg N.D ND ND ND 149 160

value KOH/g

2. Peroxide value® eFakg | <2 <2 <2 <2 <2 <2

3. Moisture®* £.19 $.251 0.27 0.339 N.D N.D

4. Total g/100g | 460 44.3 45.7 44.5 N ND

phospholipids

5. Trans-fatty acids 8 of 0.23 0.23 $.23 0.24 NG N.D

6. EPA (2015} iipids 14.8 14.9 14.3 14.9 N.D N.D

7. DHA (22:6) 8.6 8.7 8.4 8.7 N.D NP

Analysis 3-7 was performed by validated methods af an aceredited Iaboratory (NOFIMA). Analysis number
1 was performed at NOFIMA, Adapted from Superba™ Krill Gil substantial equivalence notification.

¥ As assayed by the relevant AOCS method,

¥* Moisture expressed as water activity at 25°C. NLD. = not determined.
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8. APPENDIX U

Analytical Resuits of Dioxins, Furans, Organochlorine Pesticides,
PBDEs, PAHs, and Heavy Metals from Five Batches, and
Marker PCBs from Four Batches of Superba™ Krill Oil
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ELevels of Mavker PUBs from four represeniative batches of Superba™ Krill O}

Marker PCBS Unit | 34170 A9 | AJIZBIV/ALD | UI194/001/A10 | UZI2/M02/A10
PCR 28 PE/E <54.5 <89.7 <92.8 <80.7
PCB 52 pE/e <43.1 <46.2 <47.7 36.8
PCB i1 pg/g <54.6 <66.7 <69.0 <67.4
PCR 118 pe/g <21.6 <24.1 62.7 362

PCB 138 pe/g <63.2 <78.5 <§2.2 <303
PCB 153 pe/s <66.1 <84.6 <87.5 <§5.3
PCE 180 PE/E <26.4 <61.5 <$3.7 <62.2
Total 7 indicator PCBs | pg/e 330 452 506 479

000039
krill oil GRAS Notification 00000154 Page 36 of 38




9. APPENDIX 113

trans-Fatty acid profile from four batches of Superba™ Krill Gl

Fatty acids Batch 235- Batch 234- | Batch 62925~ | Batch 234-
24-A8 33-A8 §1 43-A8

frans 16:1 <41 <81 <Q.1 <1
frans 18:1 <{.1 <0.1 <{.1 <{.1
frans 18:2 <1 <0.1 <01 <31
rans 18:3 <{.1 <61 <1 <01
trans 201 <f.1 <Q.1 <Q.] <f.1
trans 20:2 <3.1 <1 <Q.1 <{.1
trans 20:3 <f.i <0.1 <G.1 <1
wans 20:4 <{3.1 <{.1 <§.1 <{.1
frans 2005 0.1 0.1 0.1 8.1
trans 22:1 <Q.1 <11 <. 1 <{.1
roms 22:6 <{3.1 0.1 0.1 0.1
Total rons-fatty acids 0.2 0.2 0.2 0.2

Values are expressed as g/108 g of fatty acids; Method: AOCS Ce 1h-05; Data
information provided by Aker Biomarine
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10, APPENDIX IV

Novel Food Ingredient approval for Superba™ Krill Oil

s EUROPEAN COMMIBSION

X e REALTH AND GONSUBIERS HRECTORATE GENCRSL )

& +

R e Sabety of e Food 2t SA N {3@

= Koo T, cadrition ang InbEng .
22 3 m

Brogsels,
SANOOBAAR S (2009 D!S%S?&

Naote to the Pomevent Represeniations of

Ansiria, Beiginw, Buigsda, Caoch Repeblic, Cyprus, Denmark, Estonis, Finland,
Framee, Brrmany, Girevse, Hungany, Incland, lady, Latvis, Lithusais, Lanembomry,
Bisitn, The Netberinnds, Polond, Portugel, Romania, Stovakds, Sinvenin, Spain,
Sweden, United Xngdom

Bubjorz Regolation (E43 N° 23837 concorning movel foods and novel Food
ingredients
Rotifiention prsuant su Avticle § of the abave mentionad Regulation
Lipid extract from Anferelic Krif)

Parssiant to Article 3 of Regulation (B N® 25857, the Commission hay received &
nanification for the placing of the sbove-mentioned product on the Comemunity market on
17 Decanber 2008,

Nathfier Aker Biedlurine Antartic AS
Fiordalléem 16
PO Box 1423 Vika
N - 01315 Dslo
Norway.

The Novel Food Bowd {F16) has delivered au opinion thet the Krill oil to be placed on
the market &y the company Aker HioMaine Asteretic AR s substentially squivalent wo
e Bl ol setherised by Covemission Decision 2009/752EC with respect 1o
compositon, nutritional v, membolism, ntendsd use and the level of undesirsble
substances contained therein {Asticle 3.4 of Regulation (5O N 25897,

Purswanst tw Artisle 5 of Regulation (50} K® 23887 you are now reveiving 8 copy of e
notification with iy enclognres, - )

Enclosures

e Compeient suthorites, EFTA Searsiariat, My Hogre VI

Somerdsssso surmbaus, B-1080 Brussles ) Rumpesk Covnmigala, 87535 Brssel - Balghsn Tejephons (32-33299 19 13
Offeer. FIO T W22 ToRphone: drsat bas (3072 BRSA2ID Sy, {32-23 2051735
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Soni & Asgociates Jne,

January 28, 2011

Dr. Paulette Gaynor

(Hfice of Food Additive Safety (HFS-255)
Center for Food Safety and Applied Nutrition
Food and Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740-3835

Subject: GRAS Notification for Kri!

Dear Dr, Gaynor:

749 46t Square
Vero Beach, FL 32968, USA
Telephone: 772-209-0746

F-mail: msoni@soniassociates.net

G TS TR T e e Ty
s Ny o |
& [

!
N i
I

i FEB O @01 o

This has reference o our discussion about Superba™ Krill Gil GRAS netification
submitted on behalf of Aker Biomarine Antarctic AR, Norway. As discussed, please find
attached three copies of the revised Avatlahility of Information statement (page 3).

If you have any questions or require additional information, please feel free fo
contact me at 772-299-0746 by phone or at msoni(@soniassociates.net by email.

Madhu G. Soni, Ph.D.

Enclosure:

WWW.soniassociates. net
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determination of high phospholipid krill ol is based on the totality of available scientific
evidence that includes human observations and a variety of preclinical and clinical
studies. Based on the available safety-related information, the estimated daily intake, if
ingested daily over a lifetime, is safe.

Availability of Information:

The data and information that forms the basis of Aker Biomarine’s Superba™ Krill Ol
GRAS determination will be available for the Food and Drug Adminisiration’s review
and copying at the following address or will be provided to the FDA upon request:

Madhu G. Soni, Ph.iD., FACN,
Sont & Associates fng.,
749 46" Square,

Vero Beach FL, 32968
Phone: (772) 299-0746; E-mail: sonim@belisouth.net

1. Detailed Information About the Identity of the Netified Substance:

A.

C.

Trade Name:

The subject of this notification will be marketed as Superba™ Krill (il
Physical Characteristics

Superba™ Krill Gil is dark red colored viscous oil

Chemical Abstract Registry Number:

Not available

Chemical Formula:

Not applicable

Structure:

The important constituents of high phospholipid krill oil are the fatty acids, EPA and
DHA. The structures of these two fatty acids presented in Figure 1.

gj\/\\// \v’ \/ﬁ W

CHOHCB=CHCH,CH=CHCH,CHB=CHCH,CH=CHCH, CH=CH(CH,;;COOH

Eicosapentiaenoic acid (EPA)

% 4 7 10 13 16 18
CHCHCH=CHCHCH=CHCH,CH=CHCHCH=CHCHCH=CHCIH;CH=CH(CH: ,CO0OH
Docosabhexaenscic acid (BHA)
Figure 1. Chemical structures of EPA and DHA
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