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fig V DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
‘-1 —g _____.___.....__._.___...

Memorandum

DOCKETS TRANSMITTAL MEMO 0 4 1 3 '03 JAN 27 P 2 :03
Date: 2 3 2003 —

F'°m3 Consumer Safety Officer, Division of Standards and Labeling Regulations, Office

ofNutritional Products, Labeling and Dietary Supplements, HFS-821

Subject‘ 75-Day Premarket Notification of New Dietary Ingredients

T05 Dockets Management Branch, HFA-305

Firm: Neptune Technologies & Bioressources

Date Received by FDA: 5-15-02

90-Day Date: 8-13-02

In accordance with the requirements of section 413(a) of the Federal Food, Drug, and

Cosmetic Act, the attached 75-day premarket notification and related correspondence for the

aforementioned substance should be placed on public display in docket number 95 S-0316 as

soon possible since it is past the 90-day date. Thank you for your assistance.

  Gloria Chang, R.Ph./Inte sciplinary Scientist

Attachments

Q5/5 - cs/e /<4/07‘/W

AKER877|TC00057906

1 AKBM 1107

RX-0135.0001



2

‘ Y’

;-»"":-..,
 ' , DEPARTMENT OF HEALTH 8: HUMAN SERVICES Public Health service

%..,~__ Food and Drug Administration
Washington. Dc 20204

OUT A 2032

Tina Sampalis, M.D., Ph.D
Vice President of Research

Neptune Technologies _& _Bior_'§ssou£ces Inc.
"566 §t7s71fli17FWdE‘West “‘~‘_ ‘"7 7 “

Laval, Quebec '
H7W 3J8,€anada e- - ~ —- -V ‘-

Dear Dr. Sampalis:

This is to inform you that your notification, dated February 17, 2002 was originally filed with

the Food and Drug Administration (FDA) on February 28, 2002. Your original notification

contained three separate notifications concerning three new dietary ingredients that were

identified as: Neptune Krill Oil" (Krill oil), Neptune Aquatvinen‘ (Krill-based protein

concentrate powder of the dry residue from the extraction of oil), and Neptune Ly0-Kn'll""
(freeze-dried Krill). You indicated that the primary source oi all three ingredients is Krill, a
shrimp-like crustacean identified as Antarctic Krill (species known as Euphausia superba). In

~ a telephone conversation with you on April 8, 2002, we informed you that your notification
was incomplete in that it did not supply all of the information as required in Title 21 of the

Code ofFederal Regulations (21 CPR) _90.6.

Your amended notification, dated April 26, 2002, containing the additional information was

received by FDA on May 15, 2002, which was the revised filing date for the three ingredients

cited above. We note that in the amended notification you included a new notification for an

ingredient described as Neptune Krill Enzyme'"‘. Subsequently, in telephone conversations
with you on June 17 and July 15, 2002, we requested additional information on this ingredient

and indicated that the new filing date for Neptune Krill Enzyme?“ would be the date that we

receive this information. The new filing date for the notification on Neptune Krill Enzyme”

was July 19, 2002. Further, on July 18, 2002 you notified us ‘via electronic mail that you

changed the tradename fi-om Neptune Krill Enzyme“ to Neptune Krill Euphausial“. Hence,
we will be using the new tradename for the rest of this letter. FDA considered the notification

for Neptune Krill Euphausiam separately fi'om the other threc notifications. Nonetheless, this

letter addresses the four notifications for the following ingredients: Neptune Krill Oil” (Krill

oil), Neptune Aquateine““ (Krill-based protein concentrate powder of the dry residue from the

extraction of oil), Neptune Ly0-Krilll“ (freeze-dried Krill), and Neptune Krill Euphausial“)
(a blend ofNeptune Krill Aquateinem and Neptune Lyo-Krill”).

In your amended notification, you indicated that the serving levels and daily servings are:

Neptune Krill Oil'"" (1 gram ofoil per geleap with a reeornmended daily serving of 1 to 3

gelcaps per day);Neptune Aquateine"'” (300 mg per sac with a recommended daily serving

of l to 3 sacs per day), Neptune LyO-Krill“ (300 mg per capsule with a recommended daily
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serving of l to 3 capsules per day) and Neptune Krill Euphausirfl“ (300 mg per capsule with a
recommended daily serving of 1 to 3 capsules. You also stated that there was no limitation in
the duration ofuse for any ofthe four ingredients and that the only subpopulations excluded
from using these ingredients are persons with seafood allergies and those taking

anticoagulants.

In accordance with 21 C.F.R 190.6 (c), FDA must acknowledge its receipt ofa notification for
a new dietary ingredient. For 75 days alter the filing dates, you must not introduce or deliver

for introduction into interstate commerce any dietary supplement that contains Neptune Krill

Oil“ (Krill oil), Neptune Aquateine'“‘ (Krill-based protein concentrate powder ofthe dry

residue from the extraction of oil), Neptune Ly0-Krill“ (freeze-dried Krill) or Neptune Krill

Euphausiam (a blend ofNeptune Krill Aquateine“‘ and Neptune Lyo-Krill“).

Please note that acceptance ofthis notification for filing is a procedural matter and, thus, does
not constitute a finding by FDA that the new dietary ingredient or supplement that contains

the new dietary ingredient is safe or is not adulterated under 21 USC. 342. Irnportantly, new

dietary ingredients for use in dietary supplements that FDA has reviewed through the
premarket notification process are not "approved" or “authorised” by the agency.

Although we are not finding at this time that the basis on which you concluded that a dietary

supplement containing either Neptune Krill Oil“, Neptune Aquateine", Neptune Ly0-
Krill“ and Neptune Krill Euphausial" will reasonably be expected to be safe is inadequate,

' FDA is not precluded from taking action in the firture against 4 dietary supplement containing
any ofthese ingredients if it is found to be adulterated or misbtanded. It is the manufacturer's
or distributor-’s responsibility to ensure that any dietary ingredient or a dietary supplement
marketed in the United States is safe and complies with all applicable requirements of the
Federal Food, Dmg and Cosmetic Act and implementing regulations in Title 21 ofthe Code
ofFederal Regulations as well as any other applicable Federal laws and regulations.

Your notifications for Neptune Krill Oil“ (Krill oil), Neptune Aquateinem (Krill-based

protein concentrate powder ofthe dry residue fi'om the extraction of oil),

Neptune Ly0-Krill“ (freeze-dried Krill) and Neptune Krill Euphausiam (a blend ofNeptune
Krill Aquateine“ and Neptune Lyo-Krilll”) will be kept confidential for 90 days from the
date of their receipt. Therefore, your notifications for Neptune Krill Oil“, Neptune

Aquateine“, and Neptune LyO-Krill?“ and your notification for Neptune Krill Euphausia“‘
will be placed on public display at FDA's Dockets Management Branch in docket number
955-0316 afier August 13, 2002 and October 16, 2002, respectively. However, any trade

secret or otherwise confid_ential commercial information in the notifications will not be ._
disclosed to the public.

Prior to October 16, 2002, you may wish to identify in writing specifically what information

you believe is proprietary in the notification for Neptune Krill §3uphausia“‘ for FDA's
consideration. Nevertheless, our Centers Freedom ofInformation Officer has the authority to
make the final decision about what information in the notifications should be redacted before

it is posted at Dockets.

AKER877|TC00057908
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For your information, the following FDA Internet sites and their corresponding links may be
useful:

http://www.cfsan.fda.gov/:g_n1s/supglmnthhnl
http://w-ww.cf§an.fda.ggv/~lrd/fr9722;e.1;m1 (21 CFR 190.6)
http://www.cfsan.fda.gov/~d1ns/ds-info.htm1
http://www.cfsan.fda.gov/~dms/ds-indhfl
hwr// 
http://www.cfsan.fda.gov/~lrd/§7223b.hgg
http://www.cf§an.fda.gov/~dms/ds-1&1.htmI#structure
http://w/ww.fic. ov/bc lconlinel ub b di . 

Please contact me at (301)436-2371, ifyou have any questions concerning this matter.

Sincerely yours,

Gloria Chang R.Ph

Interdisciplinary Scienti:-1:
HFS-821

Division of Standards

and Labeling Regulations

Ofiice ofNutritional Products, Labeling

and Dietary Supplements

Center for Food Safety

and Applied Nuuition
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‘ @ NEPTUNEtec/mologies G bIO7‘€SSOl/!l’(‘€\‘

500 St—Manin Blvd.West Telepimne ’-S50» 9726291
Suits‘ 550 Toll free 1. 888 564-9166
Laval (Quebec) Fax 1450) 972-635’;
Canada H7M 3Y2 www nmminebiorech com

Ms. Gloria Chang

Acting Team Leader

Dietary Supplement Team

Division of Standards and Labeling

HFS-821,

CFSAN,—
2OO C Street, SW

Washington, DC 20204

Telephone No. 301-436-1853

April 26, 2002

Re: ITPN 79419

Dear Ms. Chang,

Please contact me if further information is required at:
tel.: 450-972~6291

cell: 514-865-9917

e—mai1:tinas ne tunebiotech.com 

Best Regards
7/" E

:2: EaG.#I‘A A
Vice President Research

/.119
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 APPENDIX A: Photostatic copies or reprints of the

full—published references, 

  

 

  

  
  
 

APPENDIX B: Neptune Krill Oil TM serving and daily dos:

APPENDIX C:Neptune Aquateine TM serving and daily dose

  APPENDIX D : Ly0—Kri1l daily serving and dose

APPENDIX E : Neptune Krill Enzymes TM serving and daily
dose

APPENDIX F:  Scientific Report

APPENDIX H Krill additive by Nippon Suisan
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Neptune Technologies & Bioressources Inc.

Information Package

Table of Contents

1. General information requested

2. Appendix A : Photostatic copies or reprints of the full-published references,

citations, and articles in English:

a Krill

b. Cardiovascular disease

c. Inflammatory disease

d. Phospholipids

e. Astaxanthin

Appendix B : Neptune Krill Oilm serving and daily dose

Appendix C : Neptune Aquateinem serving and daily dose

Appendix D : LyO-Krill daily serving and dose

Appendix E: Neptune Krill Enzymesm serving and daily dose

Appendix F: Scientific Report

a. —&Neptune Aquateinem

b. LyO-Krill

9. Appendix H: Krill additive by Nippon Suisan

9°.\'.°‘S":“.‘*’
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SUPPLEMENTARY INFORMATION

> The references included abstracts. I informed her that we needed photostatic copies

or reprints of the full-published references, citations, and articles in English.

0 Please refer to “Appendix A”

> The specific species of Krill was not identified in the notification. I ask if there was

a specific species that was to be marketed. Dr. Sampalis stated that there was, and

that she would provide that information to us.

0 The krill species used is: Antarctic Krill Eup/zasia superba fished in the

Antarctic ocean near the South Georgia and Sandwich Islands

> The notification was unclear as to what form of the Krill was to be orally ingested,

there were 3 forms: the oil extract, the dry fraction, and the freeze—dried form. Dr.

Sampalis stated that all three forms were to be marketed for oral ingestion. I asked

her to indicate this in her response.

0 All three forms are meant for oral ingestion:

I Neptune Krill Oilm : gel caps (1 gram ofoil per gel cap)
I Aquateinem (dry fraction): powder
I LyO-Krill (freeze dried): capsules (300mg per capsule)

> The notification was unclear as to the specific levels or concentration of Krill

per serving dose for each form (i.e., the oil extract, the dry fraction, and the

freeze-dried Krill) and the total daily serving intake and I asked Dr. Sampalis

to provide information for all three forms. I also requested if there was any

limitation or duration of use and frequency of serving doses (e.g., how many

times a day it is taken), if so, to please indicate, if not to also state this.

o Neptune Krill Oilm : gel caps
I 1 gram of oil per gel cap

I recommended dose = 1 — 3 gel caps per day

I Daily dose: Appendix B

o Aquateinem (dry fraction): powder
I 300mg per sac

I recommended dose = 1 — 3 sacs per day

I Daily dose: Appendix C

o LyO-Krill (freeze dried): capsules

I 300mg per capsule

I recommended dose = 1 — 3 capsules per day

I Daily dose: Appendix D

0 Limitations:

I No limitation in the duration of use

AKER877|TC00057913
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)> Because the target population was not clear or missing, to provide the target

population that the NDI would be used. If there is no target population, to

please indicate that. To also provide information if there is any excluded

populations such as pregnant/lactating women, the elderly, children or infants

(state age range if any) or other populations with specific disease or medical

conditions. If so, to specify, if not also state this.

0 There is no target population

o Excluded populations:

' Seafood allergy

- Anticoagulant use

> I also asked Dr. Sampalis to submit the requested complete information

in triplicate.

0 Three copies enclosed

> Also please make sure that the complete processing information for all three

forms, if not in original submission notification, are included in the submission,

(i.e., the processing technique used, the chemicals, compounds, or other

ingredients used in processing if any, the drying and freezing techniques, etc.)

o Please refer to “Appendix E”

> If there are any other ingredients in the various serving (dosage) forms such as

excipients, flavors, coloring, preservatives, stabilizers, etc, also please identify
and indicate levels.

0 The company that fishes the raw material (krill) in the Antarctic add

“sodium hydrogen sulfite (NaHSO3)” as an additive upon freezing. The

amount ofNaHSO3 in krill is approximately 100 ppm.

0 There are no other ingredients included in any of the serving forms

AKER877|TC00057914
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_)r'1|1_c_)_c(1)g_ j|'J',D.:)I’TI l'\CN\ ~JIILI'\\3L(_I'_. LIVK,

MATERIAL SAFETY DATA SHEET .-.......—--5--——-........_...__-_.____-_..._.._.._._.......__........_—..-..._....__........-..._.—-—........_....._...._-__.....____.__.____.___.._-...__-_....._.__.__._.....

SECTION I - PRODUCT IDENTIFICATION
=————“=—"—"Z='.1.._."""'—==;'=—"=='3...-"""..-."'=.'.=’—-'=—.'—"'....-"—'—‘—'="——"‘-1 =="—==

Product Name: Marine Oil

Product Use: Dietary supplement

WHMIS Class: Not Controlled

TDG classification: Not Regulated

Manufacturerlsupplierz Neptune Technologies 8: Bioresources
Address: 500 boul Saint—Mar1in Guest

Bureau 550

Telephone: 450 — 972-8291519

SECTION II - HAflRDOU$ INGREDIENTS
——-u -¢—-.-—-»——== ——————=. _.-.-.-=

-..'— ———.—
 

ingredients OAS13 WI% OSI-IA-PEL ACGII-I-TLV L050 I.Dso

None by WHMISIOSHA criteria.=-"='.'.'=:‘.====:====:=='-==:=‘=".£==3======"-—===“—1-°===i==='-

SECTION III - PHYSICAL DATA
£5323:ii====%======i==i==.1..."='.::..":===:

Boiling Point ("(3): Not available Specific Gravity («r20 = 1): Not available

Vapour Pressure (mm Hg): Not available % Volatile (Wt 56): Not avaiable
Vapour Density (Air = 1): Not available Evaporation Rate (Ether = 1): Not availau
Solubility in Water: Insoluble oil (100%): Not available
Physical State: Liquid Viscosity: VISCOUS
Appearance: Brown Odour Threshold (ppm): Not available

=c_ro='uvrv—q-u.—w—--—-=-:3-coop-uvp_-;=up-.o-go-—:_-_—_—-_.._=__:‘._..==.__...::_..

SECTION IV - FIRE AND EXPLOSION DATA
==:==‘”¥“‘_.*Z'.1‘:==:2“__:=:‘.~“::=‘*" "”‘“3‘-‘———"’——-

Flammability: Not flammable by WHMISIOSHA
Flash Point ('0. rec): None LEL: Not applicable UEL: Not applicable
Hazardous combustion Products: May include and are not limited to oxides of carbo
Autoignition Temperature P0): Not appmble
Means of Extinction: Treat for surrounding material
special Fire Hazards: Firefighters should wear self-contained breathing apparatus.

PAGE lbs 3
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-—__.--- —-———_—_———-—.....——————_.———-——____..__...--............__:__—-.—_...._.-..................._—.._..—..__......._-_..__.__..._

SECTION V - REACTIVITY DATA============== =%. “======——====:======

Conditions for Chemical Instability: Stable.
incompatible Materials: None known.
Reactivity. and Under What Conditions: Not available.

Hazardous Decomposition Products: May include and are not limited to oxides of rbon when
heated to

Decomposition

.. -....__....__..__.-_..-_.._-_.._-_....._..__-...._............._.....--..

..:........___._.____-___.._-___.__-__...__-__._._-_._-..-_.-....-..

SECTION VI - TOXICOLOGICAL PROPERTIES
—:_. _==‘;: .2:22::—..': —._‘‘‘'_——_===__'..._'”.._ ._-nu-o'-.—og-c-—" -.—¢—c——"-"'=—"—‘_——'

Route of Entry: Eye, Skin contact, Inhalation. Ingestion.

EFFECTS OF ACUTE EXPOSURE:

Eye: May cause irritation upon direct contact.
Skin: May cause irritation upon direct contact.
inhalation: May cause respiratory tract irritation.
Ingestion: May cause stomach distress, nausea or vomiting if ‘ngcsted in large quantities.

EFFECTS OF CHRONIC EXPOSURE:

Skin: Prolonged or repeated exposure can cause drying. defatting and dermatitis.
lrritancy: Non-hazardous by Wl-lMlSlO$HA criteria.
Respiratory Tract sensitization: No data available.
carcinogenicity: Non-hazardous by WHMISIOSHA criteria.
Tcratogenicity. lllutagenicity, Reproductive Effects: No data available.
Synergistic Materials: Not available.

%—————-o-""'-—-...-o—==‘3==="—-u-"o===—“"———""=="'—=-'—‘==—‘«—--‘====:

SECTION VII- PREVENTATIVE MEASURESQ-.——-.—-—up~— ————-——----———"~=%——-.—.—..——___—.':==='.==—-——-_.—'.‘=‘J2=i_..__t_____.__

Gloves: No requirements beyond standard industrial hygiene practices. -
Eye Protection: No requirements beyond standard industrial hygiene practices.
Respiratory Protection: Not normally required ifgood ventilation is maintained.
other Protective Equipment: As required by employer code.
Engineering controls: General ventilation normally adequate.
Look and Split Procedure: Before attempting clean up. refer to hazard data given above. Small
spills may be absorbed
with non-reactive absorbent and placed in suitable, covered. labelled containers. Prevent large
spills from entering sewers or
waterways. Contact emergency services and supplier for advice. .
Waste Disposal: Review federal. statelprovincial. and local government requirements prior to
disposal.
Storage and Handling Requirements: Keep out of reach of children. Store ‘n a closed contaher
away from incompatible »
materials.

PAGE 2 OF 3
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=33.“-"...--—-~----2:-=2:::=._'-:'*‘.._::::::t-.::::::::::‘.::-:-:

SECTION VIII - FIRST AID—__—.....—___...—.._—-..—...—_..—___..—..——....-_—____.._——_——_____.--———————-.——.._.————-—u———-————..———-‘—__....————._._—..—_-. ——

Eye: Flush with cool water. Remove contact lenses. if appticabte. and continue flushing. Obtain
medical attention if

persists.
Skin: Flush with cool water. Wash with soap and water. Obtain medical attention if initation
persists.

Inhalation: If symptoms develop move victim to fresh ait. If symptoms persist. obtain medicat
attention

Ingestion: Do not induce vomiting. Rinse mouth with water then drink one or two glasses of
water. Obtain medical attention.

Never give anything by mouth if victim is unconscious. or is oonvutsing.
 
—-——-——==="—:'~‘=====——=‘“-======:='::::==::=:‘=.==$8==3‘-3‘&’2

SECTION IX - PREPARATION INFORMATION

Date: 2oo2Io1I24 MSDS Prepared by: KGK SYNERGIZE INC.
Telephone: 1 —- 51 9- 438-9374-—-——.---..—--a--1;-—c-.—.——--g. -v-————-—-———-_— __ «-—————__-—..-_——-..—.—_—-..-—.———..—-'—'—.—..~___:_._._—=-._=_:

Disclaimer

Imawmbnbrmbmamwukydahmeumsouaindfiomswmecmnddwwbdxmawamnbamrebue
WhiteeveryefforthasbeenmadOtoenwmIuIdsdo$0Ndn0ducIhazams,msmIecasesdahisrmwaflobIemdb
sostawd.SheocondlolxsofacmalptounxnnearebeymiaoonuoIonhesuppiev.itlsassuunedtt\atuaoIsofthIs
maufidMwbembwvdnedawor6mwmmUuabwwmhumnhdwHMls.mmnaw.awruudwhp5e¢
Blmmawnmplnmlruuhbbwmubughwuummmmfiddamuswuwmayvwwfiwfluuisd
uneuaoceonanyinfomiafionuontatraedtnttitsfoim.lfuserrwaiasiideneiidentisicxmaiouimiwguedievivabittisorany
olhormatatlatwereonrrunend wnhctwimmeCanadianCenwoforOocupaflma|HoatmandSafoty(cooHs)m
Hamilton, Ontario (1—905-572-4400) or CSST in Montreal. Quebec (514-873-3990).

PAGE 3 OF 3
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JI'I‘1.CD.CUUC 1U‘J‘4I'I'I l\bI‘\ DIINLKULLL U1. l1U.DlJ. F.D

MATERIAL SAFETY DATA SHEET—.——-.-—_.._.q.-—-_-.—..——._——._.. _.._...__..__...__.-_...._.__———-.-.—_——...-—u-..——¢.——<.——c._——.——_..—-.—.--.....-—_._____...__

SECTION I - PRODUCT IDENTIFICATION

Product Name: Krill Protein

Product Use: Dietary supplement

WI-Illlls Class: Not Controlled

TD6 Classification: Not Regulated

Manulacturerlsupplier: Neptune Technologies 8. Bioresources
Address: 500 boul Saint-Martin Guest

Bureau 550

Laval. Quebec. H7M 3Y2

Telephone: 450 — 972-6291
an......._....-pg —%-"===:=-'¥'—’==m=====l=:_‘i=333

SECTION II — HAZARDOUS INGREDIENTS
=== =%===$=:-':==‘—="—=.:.¥¥=——”':==;“::::=::22:

 

Ingredients. 95% Wfle fitiflfifl A.Q.G_l_|J:IL¥ L__.C50 _.LD___50

None by WHMISIOSHA

 —~..‘“:=:=:%==:=:=i¢——.* .———-—-nu--:3‘:

SECTION III - PHYSICAL DATA

Boiling Point (“(2): Not applicable Specific Gravity (H20 = 1 ): Not available
Vapour Pnssuro (mm Hg): Not applicable 96 Volatile (wt 95): Not available
Vapour Density (Air :3 1): Nol applicable Evaporation Rate (Ether = 1): Not applicable
solubility In Water: Not available pH (100%): Not available
Physical State: Solid Viscosity: Not applicable
Appearance: oil-white powder Odour Threshold (ppm): Not available

_-_:._ nuns ——-n—- -v..— -._.....__.....-...-upa-u-—-.-_____.-:_........._...-.._.....m====.--——-..——-.__.._.--...——-..-

SECTION IV - FIRE AND EXPLOSION DATA... .. _ --...___...-...__-..—-—.... ....__...._...—..._=:..._==_‘:..-...___.__.._.........—--p---.-n-"""'=-—===~..__-.._...._

Flammability: Not flammable by WHMISIOSI-IA criteria.

Flash Point ('0. TOG’): None LEL: Not applicable UEL: Not applicable
Hazardous combustion Products: May include and are not linited to oxides of carbon.
Autoignition Tomporaturo ('C): Not applicable
Means of Extinction: Treat for surrounding material.
special Firo Hazards: Firefighters should wear self-contained breathing apparatus.

PAGE 1 OF3

15 AKER877|TC00057920
RX-0135.0015



16

Jl"i‘$.fiC).Ct9K)C. J.U‘J‘-§I1I'l l’\\)l'\ Z>II1LRK)1LL Alix. ..v...,r

.._.._.—__—_—_—-_.—__-_-._——__..——._.—_..———__——._.._——_—..——._.._...._.._....__.._...—....—_-.-.._—_——..__.-—_—__.—.....—-..._ __._.-—.——...

SECTION V - REACTIVITY DATA——.-——..--.————-..—_————-.——..——_——_—_-——————..------—_-—-_————-— --.----—..—»-_..—.———_.—-up-—.—-.—————-.-—.———.———

Conditions for chemical instability: Stable.

Incompatible Materials: None known.
Reactivity. and Under What Conditions: Not available.
Hazardous Decomposition Products: May include and are not limited to oxides of carbon when
heated to decomposition.

_..:__.........-..........._—_....-.._.._...——_.—-e.-—-—...—~__._____.___..__..._._...__._...__._..-_....._...-..-m_—-up.-p-—u---.--——u—..

SECTION VI - TOXICOLOGICAL PROPERTIES
 "‘"""""‘——.¢-""“"—’."’-————.’—""'¢-——“-up.-“"‘£=--"'.-""."—--"—’—:=’’—_..:.'=-—-——

Route of Entry: Eye. Skin contact. Inhalation, ingestion.

EFFECTS OF ACUTE EXPOSURE:

Eye: May cause irritation upon direct contact.
inhalation: May cause respiratory tract irritation.
ingestion: May cause stomach distress. nausea or vomiting if ingested in large quantities.

EFFECTS OF CHRONIC EXPOSURE:

Skin: Prolonged or repeated exposure can cause drying. defatting and
Irritancy: Non-hazardous by WHMISIOSHA criteria.
Respiratory Tract Sensitization: No data avaiable.
carcinogenicity: Non—hazardous by WHMISIOSHA criteria.
Teratogenicity. Mutagenicity, Reproductive Effects: No data available.
synergistic Materials: Not available.

—..———a- _-.——_—o-———-o—- .—.._—.._...—-.....--.......——-———-.--————u-pc —-—--————-—w.-on-.=——___.__._...__......

SECTION VII- PREVENTATIVE MEASURES ~——_—._-___________.:._._——_—__¢—-————-¢-u--—-up—..-.—-—.-.—_—--.__.._..___......_~_.-a——-———-—-

 

Gloves: No requirements beyond standard industrial hygiene practices.
Eye Protection: No requirements beyond standard industrial hygiene practices.
Respiratory Protection: Not normally required if good venmation is maintained.
other Protective Equipment: As required by employer code.
Engineering controls: General ventilation normally adequate.
Look and spill Procedure: Before attempting clean up, refer to hazard data given above. Use
broom or dry vacuum to
collect material for proper disposal without raising dust. Rinse area with water. Prevent large
spills from entering sewers or
vmterways. Contact emergency services and supplier for advice.
Waste Disposal: Review federal. state/provincial, and local govemment requirements prior to

disposal.
Storage and Handling Requirements: Keep out of reach of children. Store in a closed container
away from incompatbie
materials.

PAGE 2 OF 3
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_....—.________..._._.____..__=_..a--== _-.-—————..————u----

SECTION VII! - FIRST AID

Eye: Flush with cool water. Remove contact lenses, if applicable, and continue flushing. Obtain
medics! attention if irritation

persists. 1
Skin: Bmsh away excess of dry material. Flush with water. Obtain medical attention if irritation
persists.
Inhalation: If symptoms develop move victim to fresh air. If symptoms persist, obtain medical
attention.

Ingestion: Do not induce vomiting. Rinse mouth with water then drink one or two giasses of
water. Obtain medical attention.

Never give anything by mouth if victim is unconscious. or is oonvuising.
.....____.-...._-.._.....__._.-..—-....——..—— up.-.-— — ..__.._-__....-.-..._______..........__.._..-so. —-== ""'-‘=-=..c——-—-———-—

SECTION IX - PREPARATION INFORMATDN
‘ "".....—=""—.—==3B===833'—'3=33:==:B=S===:2-T“""‘——="-—=""--='—=-1::

Date: 2002/01/24 ulsos Prepared by: KGK SYNERGIZE mc.
Teicpnono: 1 - 519 -438~9374._...._.,...__.._.___.._______—_—.——.———.a—————-—————————-_______..__..__---__._.....--—-——s¢-——————-—-.;____......_....

Disclaimer

Informationtumknamrialnfewdamsheuwawhmdfiomswrmswuwaedwdmialyaocuabamdabh.
wnileeveryeiiorthasbeenmadebwsuomldisdmndmodmhazams.hsomocasesdataisnmavaihbbmdis
sostated.SinuwM|fimsda1adummdmeuebeymflcmIddVnwpHhf,IhuamwdhutweIsdHs
mhrflhawbemuwwnwamordmbmomanubqmmkamibdwuwsuomnmmaoiesswuhmud,
isrmdeaftdsuppliervflnmbehbbfuuiylossesjwibsuwnsequmiddamuesflfldtmayresmfimlmetaed
anfimwmmylmanubnmnbmedhfisfmmflmanqmnskflowmafihhunfimmhgeienahhkuay
othamatenaI,werecmmnendoontactMdWooCmadIanCenueforOewpafionalHeaithandSa1ety(Cc0Hs)in
Hamilton. Ontario (1-905-572-4400)or CSST inMontn:a|. Quebec (514-873-3990).

PAGE 3 OF 3
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MATERIAL SAFETY DATA SHEET--—--———-——----——:-—-.9-——-.—_—--—-_.._.%_ ___..__.__....————_....._—._..———.____.____-_-——-—-.-—_—-______.__._——_-—.-———

SECTION I - PRODUCT IDENTIFICATION
=3=======:‘::::========:==::j:::i=========::

Product Name: Freeze Dried Krill

Product Use: Dietary supplement

WHMIS Class: Not Comrolled

TDG classification: Not Regulated

 

Manufacturerlsuppller: Neptune Technologies & Bloresources
Address: 500 boul saint-Martin Ouest .

Bureau 550

Laval, Quebec, H7M 3Y2

Telephone: 450 — 972-6291

::=======%:%—~——-—=:::i“==T%—=2====%=

SECTION ll - HAZARDOUS INGREDIENTS

lggredients CAS# Wl:% OSI-IA‘-‘PEI. ACGII-I-TLV LC 50 LD 50

None by WHMISIOSI-IA criteria.

'"""""""s'£érT6»TnT.‘£fi?'s?éRI.'53?i“""""’
====:=%S:==:=======¥~*——‘=%=‘- ”;:::

Boiling Point (°C): Not applicable Specific Gravity (H20 = 1): Not avaflable
Vapour Pressure (mm Hg): Not applicable 56 Volatile (Wt 96): Not available

Vapour Density (Air = 1): Not applicable Evaporation Rate (Ether = 1): Not applicable
Solubility in Water:_Not available pl! (100%): Not available
Physlcal State: Solld Viscosity: Not applicable
Appearance: Off-white powder Odour Threshold (ppm): Not availaale

_..-.._____.—._......¢p—-————u-nu-——-cc-.————-....____.._——...._.._..._..____——.-____————————-pc-—...——————..—____._.

SECTION IV - FIRE AND EXPLOSION DATA.._......._._....-...._.... _......... -9-.-__=-4-——————--————-~..=--—--..= —..——-—-—-.....___._ 

Flammabilityz Not flammable by WHMISIOSHA criteria.

Flash Point (-0, rec): None LEL: Not applicable UEL: Not applicable
Hazardous Combustion Products: Mayindudeandarenotlmitedtooxidesofcarbon.

Autolgnltlon Temperature (re): Not applicable
Ileana of Extinction: Treat for surrounding material.
special Fire Hazards: Firefighters should wear self-contained breathing apparatus.

PAGE 1 OF 3
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JF1l\.L..I.l_|'_IL}L Lu-_2i_rni l\\.It\ ‘r..._. ..,-___ - ~

—_.._.._.........__________*1_ —_———.-.___.-1—x—..___.._.._.__.___....__.____._.—..: —......_.—___-..__._-___.—.

SECTION V - REACTIVITY DATA— — _—_ —— __—._....a_.._-..._.._._._.___._.____.._.—..__—.=‘%—::--....:.=‘_"===_—=...__.__......__.-__..._..___.___._._-_........._

conditions for Chemical Instability: Stable.
Incompatible Materials: None known.
Reactivity, and Under What Conditions: Not available.
Hazardous Decomposition Products: May include and are not limited to oxides of carbon when
heated to decomposition.

_...__........_.__.____.____..__.___.__...._._..w—.-.a——..——_..........—-—..——..___.___........__...___..._—.-—.-—.———-—.-—¢->—-—--——o—-—-—————.-

_— c.—...-—__-__...._._.—__—_...._.-___.._._.._....__...__..... _3=‘_‘_.._'.==_...._..._.%_.__.....__—__.-..__.--—__-——..—i..—_.—-——_.=—=

Route of Entry: Eye. Skin contact, inhalation, ingestion.

EFFECTS OF ACUTE EXPOSURE:

Eye: May cause irritation upon direct contact.
Inhalation: May cause respiratory tract irritation.
Ingestion: May cause stomach distress. nausea or vomiting if ingested in large

EFFECTS OF CHRONIC EXPOSURE:

Skin: Prolonged or repeated exposure can cause drying, defatling and dermatitis.
lrritancy: Non-hazardous by WHMISIOSHA criteria.
Respiratory Tract Sensitization: No data available.

carcinogenicity: Nonhazardous by WHMIS/OSHA
Teratogenicity, Mutagenicity, Reproductive Effects: No data available.
synergistic Materials: Not available.

----.~.——¢——--u--o-....._....__:.___...__.._.__..-_—_....-..-...____..u-—-———.-—-—-——..—_....-...____._...__.._._._.__._._.._...__.....-.._.....:_.__

SECTION VlI- PREVENTATNE MEASURES=‘_*—‘—T—=:::===—_:===::=::=::=:7—:"."====T_‘.:_—‘:£==i:—‘:.=:”.:i

Gloves: No requirements beyond standard industrial hygiene practices.
Eye Protection: No requirements beyond standard industrial hygiene practices.
Respiratory Protection: Not normally required if good ventilation is maintained.
other Protective Equipment: As required by employer code.
Engineering Controls: General ventilation normally adequate.
Leak and spill Procedure: Before attempting clean up. refer to hazard data given above. Use
broom or dry vacuum to

collect material forproperdisposalwilhoutraisingdust. Rinseareawithwater. Preventlarge
spills from entering sewers or
waterways. Contact emergency services and supplier for advice.
waste Disposal: Review federal. statelprovincial. and local government requirements prior to
disposal.

storage and Handing Requirements: Keep out of reach of children. store in a closed container
away from incompatible
materials.

PAGE 2 OF 3
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_;ffi|1_(__;_{_§;L;¢_ ALJ'.J_)T\¢| l\\)I\ .JiI!;I\\)A1_n_ ‘In,

-_..._..__..._____.____—....._—-—.—o—oo..——-.up——_-nu.--—-.—.-—

SECTION VIII - FIRST AID
==2===2**.—='—.-====’.==:=2===$ ======2

" Eye: Flush with cool water. Remove contact lenses. if applicabte. and continue flushing. Obtain
medical attention if irritation

persists. .
Skin: Bmsh away excess of dry material. Ftush with water. Obtain medical attention if
persists.

Inhalation: If symptoms deveiop move victim to fresh air. If symptoms persist, obtain medical
attention.

Ingestion: Do not induce vomiting. Rinse mouth with water then drink one or two glasses of
water. Obtain medical attention.

Never give anything by mouth if victim is unconscious, or is convulsing.

==-7======'—=======8=3S=3=8= ==2=3

SECTION IX - PREPARATION INFORMATION——-u. --..--a-_...._...___._____..._._._-__._....____._.—_...._._

Date: 2002l01I24 MSDS Prepared by: KGK SYNERGIZE INC.
Telephone: 1 — 519 -438-9374—-——.....——__...._..:.—-———  ———_o——--——_..--u———--——_.-c-.¢-——“ —..p-——————— 

Iniorrrlationiorthiamabliat satetydahsheetwuobuficdtrunsmlcesomsiduedhduicallyaountemflmiaue
Whleovoryotiorthasbeonmadobmwnmdsdoaneofuodvahazerdsmsamoososdmiomtavaiabbandis
sostatettsinoecurdifiomdachnlmomxtuseaebcyutdoormddhewppflmhbasnmoduatxsusdfls
murh|MwMmbwuflnuno«dngwmemndmwwmfiamnsdwkM|s.Nomnmv.eomesedwhpied.
ismadeandsuppliorwiltnotbeiablebranybssoglrujxbsuoonsoonnflaluamgasmildimaynsuttmmflsousoot
orrelianoeonanyinformationoontoinedinmisiam.tfuserrequireshdepmduninbrmafionutingre¢ie¢:tsmtisuany
other rnateriatwe reoornrnendoontactwitn the Canadian Centre for Ocoupattonat Hunt: and Sa1ety(CCOHS)in
Hamimn. omano (1-905-w2.44oo) or cssr in Montreal. Quebec (514.37:-3990;

PAGE 3 OF 3
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Yhis electronic document was downloadedfrom the GPO web site, A/lay 2001, and is providedfor

information purposes only. the Code ofFederal Regulations, Title 21, is updated each year in early

summer. The most current version of the regulations may be found at the §fi() web site orfrom the

CZIITEIII printed l‘6I‘.\‘I0ll.

[Code of Federal Regulations]
[Title 21, Volume 1, Parts 1 to 99]
[Revised as of April 1, 2000]
From the U.S. Government Printing Office via GPO Access
[CITE: 21CFR73.75]

[Page 337—338]

TITLE 21——FOOD AND DRUGS

PART '73——LISTING OE‘ COLOR ADDITIVES EXEMPT FROM CERTIFICATION--—Table of Contents

Subpart A——Foods

Sec. 73.75 Canthaxanthin.

(a) Identity. (1) The color additive canthaxanthin is <greek—b>~
carotene—4,4'—dione.

(2) Color additive mixtures for food use made with canthaxanthin may
contain only those diluents that are suitable and that are listed in

this subpart as safe for use in color additive mixtures for coloring
foods.

(b) specifications. Canthaxanthin shall conform to the following
specifications and shall be free from impurities other than those named
to the extent that such other impurities may be avoided by good
manufacturing practice:

Physical state, solid.
1 percent solution in chloroform, complete and clear.

Melting range (decomposition), 207 deg.C. to 212 deg.C. (corrected).
Loss on drying, not more than 0.2 percent.
Residue on ignition, not more than 0.2 percent.
Total carotenoids other than trans—canthaxanthin, not more than 5
percent.

Lead, not more than 10 parts per million.
Arsenic, not more than 3 parts per million.
Mercury, not more than 1 part per million.
Assay, 96 to 101 percent.

(c) Use and restrictions. (1) The color additive canthaxanthin may
be safely

[[Page 338]]

used for coloring foods generally subject to the following restrictions:
(1) The quantity of canthaxanthin does not exceed 30 Hdlligrams per

pound of solid or semisolid food or per pint of liquid food; and
(ii) It may not be used to color foods for which standards of

identity have been promulgated under section 401 of the act unless added
color is authorized by such standards.

(2) Canthaxanthin may be safely used in broiler chicken feed to
enhance the yellow color of broiler Chicken skin in accordance with the

1 0Y2 11/05/02 H 54 PM
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following conditions: The quantity of canthaxanthin incorporated in the
feed shall not exceed 4.41 milligrams per kilogam (4 grams per ton) of
complete feed to supplement other known sources of xanthophyll and
associated carotenoids to accomplish the intended effect.

(3) Canthaxanthin may be safely used in the feed of salmonid fish in
accordance with the following prescribed conditions:

(i) Canthaxanthin may be added to the fish feed only in the form of
a stabilized color additive mixture;

(ii) The color additive is used to enhance the pink to orange—red
color of the flesh of salmonid fish; and

(iii) The quantity of color additive in feed shall not exceed 80
milligrams per kilogram (72 grams per ton) of finished feed.

(d) Labeling requirements. (1) The labeling of the color additive
and any mixture prepared therefrom intended solely or in part for
coloring purposes shall conform to the requirements of Sec. 70.25 of
this chapter. '

(2) For purposes of coloring fish, the labeling of the color
additive and any premixes prepared therefrom shall bear expiration dates
(established through generally accepted stability testing methods) for
the sealed and open container, other information required by Sec. 70.25
of this chapter, and adequate directions to prepare a final product
complying with the limitations prescribed in paragraph (c)(3) of this
section.

(3) The presence of the color additive in finished fish feed

prepared according to paragraph {c)(3) of this section shall be declared
in accordance with Sec. 501.4 of this chapter.

(4) The presence of the color additive in salmonid fish that have

been fed feeds containing canthaxanthin shall be declared in accordance
with Secs. 10l.22(b), (C), and (k)(2), and 10l.l0O(a)(2) of this
chapter.

(e) Exemption from certification. Certification of this color

additive is not necessary for the protection of the public health, and
therefore batches thereof are exempt from the certification requirements
of section 721(c) of the act.

[42 FR 15643, Mar. 22, 1977, as amended at 50 FR 47534, Nov. 19, 1985;
63 FR 14817, Mar. 27, 1998]

Color Additive Regulations .% _*__$

Foods Home I FDA Home I H118 Home | Search/SubjcctI11dex ] Di.~;c.laimcrs & PrivacvPolicv
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This electronic document was downloadedfrom the GPO web site, May 2001, and is providedfor

information purposes only. The Code ofFederal Regulations, Title 21, is updated each year in early
swimmer. The most current version of the regulations may be found at the Q0 web site orfrom the

current printed version.

[Code of Federal Regulations]
[Title 21, Volume 1, Parts 1 to 99]
[Revised as of April 1, 2000]
From the U.S. Government Printing Office via GPO Access
[CITE: 2lCFR73.1075]

[Page 352]

TITLE 21--FOOD AND DRUGS

PART 73—~LISTING OF COLOR ADDITIVES EXEMPT FROM CERTIFICATION—-Table of Contents

Subpart B--Drugs

Sec. 73.1075 Canthaxanthin.

(a) Identity and specifications. (1) The color additive
canthaxanthin shall conform in identity and specifications to the
requirements of Sec. 73.75(a)(l) and (b).

(2) Color additive mixtures for ingested drug use made with
canthaxanthin may contain only those diluents that are suitable and that
are listed in this subpart as safe in color additive mixtures for
coloring ingested drugs.

(b) Uses and restrictions. Canthaxanthin may be safely used for
coloring ingested drugs generally in amounts consistent with good
manufacturing practice.

(c) Labeling requirements. The label of the color additive and of

any mixtures prepared therefrom intended solely or in part for coloring
purposes shall conform to the requirements of Sec. 70.25 of this
chapter.

(d) Exemption from certification. Certification of this color

additive is not necessary for the protection of the public health, and
therefore batches thereof are exempt from the certification requirements
of section 721(c) of the act.

Color Additive Regulations

Foodsllomc I FD/\}lome | HlISHomc | Sczuch/Sumcclludex | Disclain1ers&Pfivac\ Poljcv
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Yhis electronic document was downloadedfrom the GPO web site, May 2001, and is providedfor
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summer. The most current version of the regulations may befound at the Q£() web site orfrom the
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[Code of Federal Regulations]
[Title 21, Volume 1, Parts 1 to 99]

[Revised as of April 1, 2000]

From the U.S. Government Printing Office via GPO Access
[CITE: 21CFR73-35]

[Page 336]

TITLE 21-—FOOD AND DRUGS

PART 73~—LISTING OF COLOR ADDITIVES EXEMPT FROM CERTIFICATION-—Table of Contents

Subpart A~—Foods

Sec. 73.35 Astaxanthin.

(a) Identity. (1) The color additive astaxanthin is 3, 3'—dihydroxy-
<greek—b>, <greek—b>-carotene—4, 4'—dione.

(2) Astaxanthin may be added to the fish feed only as a component of
a stabilized color additive mixture. Color additive mixtures for fish

feed use made with astaxanthin may contain only those diluents that are
suitable and are listed in this subpart as safe for use in color
additive mixtures for coloring foods.

(b) Specifications. Astaxanthin shall conform to the following
specifications and shall be free from impurities other than those named

to the extent that such impurities may be avoided by good manufacturing
practice:

Physical state, solid.
0.05 percent solution in chloroform, complete and clear.
Absorption maximum wavelength 484—493 nanometers (in chloroform).
Residue on ignition, not more than 0.1 percent.
Total carotenoids other than astaxanthin, not more than 4 percent.
Lead, not more than 5 parts per million.
Arsenic, not more than 2 parts per million.
Mercury, not more than 1 part per million.
Heavy metals, not more than 10 parts per million.
Assay, minimum_96 percent.

(c) Uses and restrictions. Astaxanthin may be safely used in the
feed of salmonid fish in accordance with the following prescribed
conditions:

(1) The color additive is used to enhance the pink to orange—red
color of the flesh of salmonid fish.

(2) The quantity of color additive in feed is such that the color

additive shall not exceed 80 milligrams per kilogram (72 grams per ton)
of finished feed.

(d) Labeling requirements. (1) The labeling of the color additive
and any premixes prepared therefrom shall bear expiration dates for the

sealed and open container (established through generally accepted
stability testing methods), other information required by Sec. 70.25 of
this chapter, and adequate directions to prepare a final product

I of2 11/05/02 11.50 W
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complying with the limitations prescribed in paragraph (C) of this
section.

(2) The presence of the color additive in finished fish feed
prepared according to paragraph (c) of this section shall be declared in
accordance with Sec. 501.4 of this chapter.

(3) The presence of the color additive in salmonid fish that have
been fed feeds containing astaxanthin shall be declared in accordance
with Secs. 101.22(k)(2) and l0l.lO0(a)(2) of this chapter.

(e) Exemption from certification. Certification of this color
additive is not necessary for the protection of the public health, and
therefore batches thereof are exempt from the certification requirements
of section 721(c) of the act.

[60 FR 18738, Apr. 13, 1995]

[[Page 337]]

Color Additive Regulations
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ANALYTICAL REPORT

Client Louis Lappointte

Company Neptune Technologies & Bioressources Inc.
Date Received November 14, 2001.

Date Reported November 22, 2001.
 

Analysis of astaxanthin and canthaxanthin was performed on the following samples submitted
with your order

Sample name Type of sample
800 Marine oil

801 Marine oil

The following reference method was used

Enzymatic hydrolysis using Lipase from Candida rugosa followed by extraction and high
performance liquid chromatography.

References

Xinia el al. J, Food Comp. Anal. 13 (2000), 179-187.

800 801

Canthaxanthin ug/g 389.3 454.2

Astaxanthin pg_/g 168.7 122.3

This report has been approved by:

 ;5.6 C(/«(Li
Elzbieta M. Kurowska, Ph.D.

Vice President, Research & Development

Suite l030, One London Place, 255 Queens Avenue, London, ON N6A 5R8 Canada Tel: (519) 438-9374

or (519) 438-8916 Fax: (519) 438-8314 E-mail: kurowska@kgksynergize.com www.kgksyncrgize com
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ANALYTICAL REPORT
 

Client Louis Lappointte

Company Neptune Technologies & Bioressources lnc.
Date Received November 14, 2001.

Date Reported November 23, 2001.
 

Trace metal analysis was performed on the following samples submitted with your order

Sample name Type of sample
800 Marine oil

801 Marine oil

The following reference method has been used

Digestion by nitric acid and hydrogen peroxide followed by ICP—MS (Inductively Coupled Plasma
Mass Spectrometry)

This report has been approved by:

ézowwéwci

Elzbieta M. Kurowska, Ph.D.

Vice President, Research & Development

Suite 1030, One London Place, 255 Queens Avenue, London, ON N6A 5R8 Canada Tel: (519) 438—9374

or (519) 438-8916 Fax: (519)438-8314 Email‘ kurowskafi/‘kszksxmergizecom wwwkgksynergize com

31 AKER877|TC00057936
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800 801

Lead pg/g

Sodium mg/g

Magnesium pg/g

Iron pg/g

Copper pg/9

Zinc pg/g

Selenium ,ug/g

Potassium mg/g

0.005 0.002

0.0023 0.019

0.06 0.03

0.87 0.41

0.05 0.09

0.06 0.04

0.05 0.02

0.015 0.024
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BIOPHARM inc. Certificate of analysis

3885, bouL Industriel,Laval Québec

NCA : N18-020408-37

 

 

 

 

Req : -

Canada I-17L 4S3 Code Client : N13

Tel (450) 663-6724 Version : 1

Téléc. (450) 9 75-81] 1

Our quality system is certified according to ISO-9002 standard R::;?:-Z:
Date : 2002/04/29

Neptune Technologies/Tina Sampalis ~90 9 O 0‘; tyvvvlmm/dd)
500, boul. St-Martin Ouest Page ; 1 of 2
Laval, Quebec H7M 3Y2

"~90 9 o0”
RESULT

Sample : MARINE OIL

Section : 1

Lot Not : WA1303

Gabarit ; Raw material

Description : Reddish opaque oily liquid having a fishy odor Complies

TEST METHOD SPECIFICATION

Cholesterol JAOAC Vol. 76, No. 4 (GLC) Report (gl100 g) 1.3

Wamin A HPLC Report (Ul/g) 809.2

Vitamin E HPLC Report (Ul/g) 1 01

Free fatty acid profile AOCS Ce 1b-89 (GLC) Report (%) (2)

A .e GLC Report (ppm) < 100

Free fatty acids USP <A01> (1) Report (mg KOH/g) 29.7

Phosphatidyl inositol (TLC) Report (gl1OO g) < 2 5

Phosphatidyl choline (TLC) Report (g/100 g) 5 0

Phosphatidyl ethanolamrne (TLC) Report (g/100 g) 48 5

Phosphatidyl serine (TLC) Report (gl100 g) < 2 5

Sphingomyelin (TLC) Report (gl100 g) < 2 4

Total phospholipids Calorimetry Report (g/100 g) 53.5

Iodine value A.O.C.S. Cd. 1-25 Report (mg I/100g) 3 56

Oil stability index A.O.C.S. Cd‘ 12b. 92 Induction time converted to the > 50
reference temperature of 97.8°C
(hrs)

p-Anrdisine value A 01C 8. Cd. 18 90 Report 1 98

Peroxide value A.O C.S. Cd. 8b‘ 90 Report (meq peroxide/kg) < 0 1

Saponrfrcation Index A.O C S. Cd 3.25 Report (mg KOH/g) 172 1

Moisture and volatile matter Dried 16 h at 60°C under vacuum Report (%) 0 61

 
Verified by I Sylvai

(1) Under Acid Value, (2) (100 - % ash). USP Current Edition

L7l ML
M ndeville, Ph.D., Scientific Director

34

Approved by : w?4g,wégtp0e Bla chard, Chemist

No reproduuran, unless tnfull, IS permitted without written authorrzutron /ram the laboratory
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BIOPHARM inc. Certificate of analysis

3885, bouL Industriel,Laval Québec

NCA : N 18-020408-37

Req : -

Canada H7L 4S3 code c|ient ; N13

TéL (450) 663-6724 Version : 1

Téléc. (450) 975-811]

Printed : 2002/04/29

Received : 2002/04/08

Date: 2002/04/29

Neptune Technologies/Tina Sampalis ‘.90 9 0 0', (yyyy/mmldd)
500, boul. St-Martin Ouest

Our quality system is certified according to ISO-9002 standard

 

 

 

Page : 2 of 2
Laval, Quebec H7M 3Y2

'3‘o 9 0°"'
RESULT

Sample: MARINE OIL

Viscosity FP-78 Report (cst) 2 927.2

Ash (total inorganic substances) KGK (2h at 500°C) Report (%) 4.09

Total protein CA-126-050 Report (%) 6.08

Total lipids CG-118-039 Report (%) 79.3

Assay of Sodium (AAS) CM-109-1 25 Report (mgl100 g) 386

Assay of Zinc (AAS) CM—109-125 Report (mg/100 g) 0.66

Assay of Potassium (AAS) CM—109-125 Report (mg/100 g) 207

Assay of Calcium (AAS) CM-109-125 Report (rng/100 g) 0.60

Assay of Selenium (AAS) CM-109-215 Report (mgl100 g) < 3 1

I ofA|uminium (AA) CM—109—125 Report (mg/100 g) 7.45

About] of Copper (AA) CM-109-125 Report (mg/100 g) 0.17

Assay of Manganese (AAS) CM-109-125 Report (mgl100 g) < 0.31

(1) Under Acid Value, (2) (100 - % ash). USP Current Edition

Wm“ M
Verified by I Sylvain andeville, Ph.D., Scientific Director ADPF°Ved by I ChaI'é.fiChemiSt 

\ Na rz'pmrIuctwn an/mt in/ull, H‘/Jt‘fmll[(’(/ wztlmut WIl(I(‘Il nu!/mrzzzumu_/mm the la/20r(ilr;ry

35 AKER877|TC00057940
RX-0135.0035
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CERTIFICATE OF ANALYSIS

NCA: N 1 8—O20408-3 7

Req: -
Code client: N18

Version: 1

Neptune Technologies _./3 '3}()¢;}0 Reguz 2002/04/08
500, boul. St-Martin Ouest "“ 63:” Date: 2002/04/29
Laval, Quebec H7M 3Y2 ,_, Q’ Section: 2

'’§(’) 9 00‘
Page I of 2

Echantillonz Marine 011, lot WAl303

FAI I Y ACIDS AREA % gI100 g of sample

6.10

0.15

0.34

19.55

5.89

0.82

12.77 7 10.13 *1

1 .47 1 .17

0.05 0.04

C 18 :3n-3 0.72 0.57

J.

C 18 :4n-3 1.11 J 0.88
C 20 :0 0.08 I 0.06
C 20 :1 0.38 0.30

C 20 :2n—6 0.13 0.10

C 20 :4n—6 0.65 0.52

C 20 :4n~3 0.47 0.37

WARNEXI B/OPHARM I NORSC/E/\/CE [GENEV/SIONI

3885, boul. lndustnel, Laval (Quebec), Canada H7L 433
Tel‘ (450) 663-6724 Fax. (450) 669-2784 www.warnex ca

36 AKER877|TC00057941
RX-0135.0036
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C 20 :5n—3 (EPA) 23.06 18.30

c 22 :0 0.25 0.20

c 21 :5n-3 7.12 5.64 ‘

C 23 :0 1.21 0.96

C 22 :5n-3 0.12 0.09

c 24 :0 1.09 0.87 ”

c 22 :6n-3 12.09 9.58

c 24 :1 0.32 0.25

 
  

Venfied by: Syl ain I U\AdMfiU:£/ App1ovedby ‘l'andcvillc, Ph D , Scwntzfic Dxrector xe Blan ard, ChemistI

3 AKER877|TC000579427

RX-0135.0037
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--_ ,.mm_m w;my__mk --~ UHU dud,

SGS Labomtoires d'Analyses Agro-Alimentaires
Une Division de SGS Canada Inc.‘EEG

185 boul Brunswucx
P0mte~C!aura. Quéoec
Canada I-19R 421
Téléphone (514) 630-609
Télbcopleur (514) 530-60 5

TEST REPORT 

 
NEPTUNE TECHNOLO (ES & BIORESSOURCES INC.

500. St-Martin ouesl, b can 550

Laval, Québec
H7M 3Y2

RECEPTION DATE: 01 11 16
LABORATORY NUMBER '. 160080544R

NUMBER OF SAMPLES : 5
REPORT DATE : 01 12 05

PAGE : 1 DE 1
ATTENTION OF M. LUC RAINVILLE ANALYSIS REPORT! 01 11 30

v,;/

SAMPLES 1 2 3 4 5

KRILL KR|LL KRILL KRILL KRILL
15-11-01 15-11-01 15-11-01 15—11-01 15-11-01

ANALYSIS

AClOlTY (cmuc AC1 ) cnooc; 0.02 0.03 0.03 0.03 0.03 0‘ ,4; 1 8‘

INTERSPACE wnn-: GI100G 9.48 9.43 9.61 16.96 11.48

sumnas PPM < 2 < 2 < 2 < 2 < 2 < 2.

MOISTURE (311006 81.9 81.2 80.8 80.9 80.9 ‘C ' . /‘I

ASH (311006 3.0 2.9 3-0 3.0 3.0 fl \ 78'

pkorems Gnooe 13.2 13.6 13.6 14.2 14.1 W: 7 3‘

FAT cnooc 2.0 2.3 2.2 2.3 2.5 -g 3 Q

CARBOHYDRATES G/1006 0.0 0.0 0.3 0.0 0.0 g I L, e.

ENERGY PER 190 G cnwmss 71 75 75 78 78 7 5 IT

V ]

JACQUELINE BEAUPRG, UPERVISEURE - CHIMIE 01 12 05 REVISION 1
naptunsCHEMmI8
FAX I 450-972£351
FAX: 450-979-0660

his mom -9 Iuuoa by the Cam In] undo! its oonuu Condhlons lo: Inwucnon and Town: Senlcu (copy nwuau upon Ilquuxq, Tm Isuuuwq ol In-o
Icyofl does not omnorlu Ian.-yc or sellers horn nu:-may an mun eight: and dxaclumlnq nu man uablmlu undo: the Contact 01 Solo. Sx|gu.um.; lo 15.
coomvy us: not bhsdmo on III») C «many The Companft raccnalaulty undo: IN: sugar! 1: liml\¢¢ to prawn mgllgqncq and run an no us: on man man inn
llmn the Amount OHM lot: or c nuuqon Exccnt ny spquul urnnucmcng I|mpl¢:_ II down will not but roulnod by tho Comnnny NI men am» an menu-.

AKER877lTC00057944
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Iyltlullllllll
500. bout. do I‘Ae‘roparc, CP. 598 Té|.; (514) 562-8525
Lacnute (Ouébec) Canada. JCH ‘G4 . Fax: (514) 562-1433

RAPPORT D ' ANALYS 

Date IQ 2'¢MM« 1001/

No dc lot /~’- 3-02» 

Nora du produit ': Krill ‘lxoghfiise en goudre

  

  
 

pggcripcion ; Poudre couleur rosee, forte odeur de poisson.

 
 

condition: d 'e|crepo:aqa :

 

 
SPECIFICATIONS RSSULTATS HETHODES .

Humldlti O'Haus

Hiczobioloqie

Colnpte Total U.S.P.

Levuze: U.S.P.

Hols Issure:

Colifoztncs ‘rotaux A.P.H.A.

S. Auteus A.P. }!.A.

1:-:. con o.§,'q/ u.s.p.
salmonella up. U.s.P.

Analyste : 4{(4g4“gl';¥:[:!f%§ ,1--—‘“

wmuspcrunxaa oe pnoouns ucmusés 1550455 A mom) 5 as Lyo:=HIL:sATEun&
s=FI!.=.ZE DRIED FOODS a. FF-‘(E312 omeas muumcmnea.

 

40 AKER877|TC00057945
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Une Division de SGS Canada Inc.r@\ SGS Laboratoires d’Ana|yses Agro-Alimentaires
3

185 boui. Brunswick
Pointe-Claire. Québec
Canada H9R 4Z1
Téiéphone (514) 53045093
Téiécopieur (514) 630-6095

NEPTUNE TECHNOLOGIES & BIORESSOURCES INC. DATE DE RECEPTION: 02-03-06

500, St-Martin ouest, bureau 550 NUMERO DE LABORATOIRE: 100033519

Laval. Ciuébec NOMBRE D'EcI-IANTII.LoNs: 2
H7M 3Y2 DATE DE RAPPORT: 02 03 26

PAGE: 7 DE 7

A L'ATTENT|0N DE MME. TINA SAMPALIS DATE D'ANALYsE: 02-03-06

ECHANTILLONS: 1 2
A-SGS-1 LK-SGS-1

EXTRACTION #114, 44II‘=.ME sEcHAcE KRILL LYO EN POUDRE, LOT: 130202
nu 14.02.2002, EMBALE LE 1502-2002 POIDS NET 2505

METHDDE:

BACTERIES TOTALES IG MFHPB-33 <1oo 1,400

COLIFORMES TOTAUX IG MFHPB-34 <10 <10

E.COL| IG MFHPB-34 <10 <10

STAPH. AUREUS IG MFHPB-21 <10 <10

LEVURES IG MFHPB-22 <10 <10

MOISSISURES IG MFHPB-22 <10 <10

SALMONELLES IG MFHPB-20 NON oérecrée NON DETECTEE

PSEUDOMONAS SPP. <50 50

1 Q£(Zu 94:“ I/i3C*“\ -
DANIELE LESSARD
SUPERVISEURE DES SERVICES TECHNIQUES ET DU ca 02 03 2s

neptuneMlCmas
FAX: 450-972-5351

La present rapport a ere émis par la Société contormément 5 us Conditions Générales pour les pnstations de services de controie et d'anaIyse (copie disponible sur demande)
Uemission du présent rapport ne dispense pas its acheteurs ou les vendeurs (fexercer tous Ieurs droits at d‘executer toutes ieurs obligations lies au contrat dz vente. Toute stipulation:
contraires Ifengagent pas la Soclété. La responsabiiité de la Societé rclativz au present rapport est llmitée A la negligence prouvée at n'excedera en aucun cas dix tois le montant dc:
honoraires on de la commission. Saul disposition spéciaie, Ies echantillons, s'iI en a été prelevés, ne semnt pas conserves par la socieu au dela d‘une periode de un mois.

41 AKER877|TC00057946
RX-0135.0041
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Junu 1_«_A x_x—-- .__ 4. -.

@555

185 Brunswick Blvd
Points-Claim, Quebec
Canada I-19R 421
Yelephone (514; 630-6093
Fax (Sit) 630-6095
NEPTUNE TECHNOLOGIES & WORESSOURCES INC.
500. S!-Martin ouest. bureau 550
Laval. Quebec
H‘IM 3Y2

A UATTENTION DE MME. TINA SAHPALIS

PRODUIT: coucemné DE Paotémes Ascs-1

RAPPORT D'ESSAlS

comeuu CONTENU '1.
DESCNPTEON uMOLI9r mglgt

1 numu: 31 10.1 2.1 5
2 AC. ASPARTIOUE 312 41.5 8.81
3 Hvonoxvwnouue
4 ?HREONflv‘E 1 88 22.4 4.75
5 seams 120 12.6 2.68
I ASPARAGINE

1 Ac. GLUTAMIOUE 392 57.7 1 2.24
a GLUTAMINE
9 snncosms
1o Ac. AMINOADIPIQUE
1 1 noun: 1 99 22.9 4.86
12 curcms 329 24.7 5.24
1: ALANINE 282 25.1 5.33
14 CITRULLINE 1
1s Ac. AMINO-n-BUTYRIOUE
1: VALINE 21 1 24.7 5.24
11 cvsnus 30 7.2 1.53
1: uénuoums 80 11.9 2.53
19 nonocnnuums
2o cvsmruonma

Total 3600 471.3 100 0

JACQUELINE SEAUPRE, SUPERVISEURE - C!-1L'.'.SE
ntnlunoCHEMm:s
FAX: 450-972-6351

SGS Agri-Food Testing Laboratories
A Division 01 SGS Canada Inc.

one DE RECEPTION: oz 03 as
NUMERO DE LABORATOIRE: 160083515
NOM8RED‘éCHAN1‘lLLONS: 2

one as RAPPORY: oz o: 25
PAGE: 5 DE 7

DATE UANALYSE: 02 03 11

conreuu comeuu
DESCRIPTEON uMOLlg( mglgr

:1 ssotsucme 161 21.1
:2 Lsucmc 269 35.3
n AC.ARGlNlN0$UCCII|0UE
24 nruosms 131 23.7
25 B-ALANINE
zc PMENVLALAMNE 165 27.3
27 Ac. a.Awuo4soaunmaue
28 uomocvsnus
as Ac waumoautvmnue
ao oaumns 46 6.1
:1 LYSINE 282 41.2
:1 1-Ie£THYLmSflD:!lE
an msnocua 69 10.7
:4 1-Mémvunsnums
as cumosms
as menu»: 218 38.0
:11 mvnovnme 34 6.9

02 03 28

‘In

d.48
7.49

5.04

5.78

1 .29
8.75

2.27

8.06
1 .47

ll I-431-“ "V9011 3 III lam ya: 1: Bed“! cnlorvlémonlh l§ Coalnio-u Gbolulu pout lu putmuu 4- unncu In co-ultolodfnnolyu (mph dnpu-«No outduwm-491 L'6-nauhn dc prism! uppon
we lnponn p-1 Iu -:7-coco” on In uncut: lunch but Hun duh M lo-knew burn ban oblcguionl in 31: count In vans. Yum nlhauooon zonlaitw no-Igaoen pa: 1: second. It
v-spa-‘nuns do In IOCHM ruldimo an pduunl noun an Inn: A In Mgllgunu pvmvk M A‘:-‘Mon on zuaan us can bk In nu-Ia! don honovulool nu In In eoannaxbm Saul I-opouuu speenla. inkhnhlboi. u’-I U1 n no pdlovon, valuation: 2-mun. pr In scam at Hz run. ,4-ion do an wan

Member of the S65 Gcoup (Soc-élé Genelale de Surveillance)

42
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SGS Laboratoires d’Ana|yses Agro-Alimentaires
Une Division de SGS Canada inc.@3513

185 boui. Brunswick
Poinie-Claire. Québec
Canada H9R 4Z1

Téléphone (514) 530-5093
Télécopieur (514) 630-6095

RAPPORT D'ESSA|S

NEPTUNE TECHNOLOGIES 8: BIORESSOURCES INC. DATE DE RECEPTION

soo. St-Martin ouest, bureau 550 NUMERO DE LABORATOIRE

Laval, Québec NOMBRE D-EcIIANTII.I_oNs:
H7M avz DATE DE RAPPORT

PAGE

A L'ATTENTION DE MME. TINA sAMPALIs DATE D'ANALYSE

1

ECHANTILLONS coNcENrRE
DE PRDTEINES

sPEcIPIcATIoNs Ascs-1
ANALYSES

ALUMINIUM PPM 46

BARIUM PPM 5.0

BORON PPM 21

cADMIuM PPM 0.6

cALcIuM PPM 22600

cHRoMIuM PPM 1.1

coPPER PPM 114

I=I_uoRIDE PPM 376

IRON PPM 54.6

LEAD PPM < 1

MAGNESIUM PPM 6940

MANGANESE PPM 2.8

MERCURY PPM < 0.1

PHOSPHORUS PPM 15200

PoTAssIuM PPM 8290

SELENIUM PPM 5.2

soDIuM PPM 19600

STRONTIUM PPM 346

SULPHUR PPM 12600

zINc PPM 74

A Pwacewvu T
JACQUELINE BEAUPRE, SUPERVISEURE - CHIMIE
neptuneCHEMmas
FAX: 450-972-6351

02 03 26

:02 03 06
: 160033519

2

:020326

:4DE7
:020311

2

coNcENTRE
DE PRoTéINEs

LK-SGS-1

43

4.6

18

0.4

17300

1.2

92.2

41 1

45.2

5010

2.2

< 0.1

1 3500

14010

4.4

29300
260

11500

53

Le present rapport I éte emis par la Sociélé conformément I Se: Conditions Generaies pour les prestauons de services de control: at tfanalyse (copie disponible sur
demande). Uémission du présem rapport ne dispense pas ies acheteurs on ies vendeurs Ifexen.-er tous ieurs droits et rfexécuter tomes leurs obligations lies au contra! de
veme. ‘route stipulations contralres n'engagent pas in secure. La responsabilité de la societe relative au present rapport est iimltée A la negligence pcouvee at n'exc¢dera en
aucun cas dix iois Ie montant des honoraires ou de la commission. Sauf disposition specials, les échantinons, s'iI en a éié préievés. ne serom pas conservés par la Société au
deia Ifune periode de un mois,

AKER877|TC00057948
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@955

185 boul Brunswick
Pointe—C!aire. Québec
Canada H9R 4Z1

Téléphone (514) 630 -5093
Télécopieur (514) 630 ~6095

NEPTUNE TECHNOLOGIES & BIORESSOURCES INC.

500, St-Martin ouest. bureau 550
Laval. Québec
H7M 3Y2

A L'ATTENTION DE MME. TINA SAMPALIS

ECHANTILLONS

ANALYSES

CHOLESTEROL MGI100G

SATURATED FATTY ACIDS GI100G

MONOUNSATURATED GI100G

POLYUNSATURATED GI100G

TRANS G/1006

EPA GI100G

DHA GI100G

PC GI100G

PI GI10OG

PS G/100G

PE Gl100G

SM GI100G

3/l,i7,u2zm}l~€/
JACQUELINE BEAUPRE, SUPERVISEURE - CHIMIE
neptuneCHEMmas
FAX: 450~972-6351

SPECIFICATIONS

SGS Laboratoires d’Ana|yses Agro-Alimentaires
Une Division de SGS Canada Inc.

RAPPORT D'ESSA|S

DATE DE RECEPTION: 02 03 06
NUMERO DE LABORATOIRE: 160083519

NOMBRE D'ECHANT|LLONS: 2
DATE DE RAPPORT: 02 03 26

PAGE: 2 DE 7
DATE D'ANALYSE: 02 03 11

1

coNcENTRE
DE PROTEINES

A~SGS-1

26

0.42

0.38

0.33

< 0.01

0.15

0.14

0.31

0.04

0.05

0.16

0.05

02 03 26

2

CONCENTRE
DE PROTEINES

LK$GS—1

528

1.93

1.68

1.95

< 0.01

0.99

0.62

3.32

0.04

0.07

0.58

0.16

Le présent r=PPO|“ I été émis par la Société conformémam l ses Conditions Génénles pour Ies prestztions dc services de commie 2! cfanalysc (copie disponible sur demande). L'émis
du priscnl rapport ne dispense pas les acheteurs ou la: vondeurs dexemertocss leuvs droits d cfexécuhr (cures lsurs obligcuons liés nu contnt dc vente. Tout: stipulations conm...______,. ___ .- 1-_--.1“ . - __--_-_._u;44 .._ ._ ¢-._-4.; _._.:_ _ _. -,;_.,. ,._,- A ,,.
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@355

185 boul. Brunswick
Pointe-Claire. Québec
Canada H9R 421

Téléphone (514) 630-6093
Télécopieur (514) 6306095

SGS Laboratoires d'Analyses Agro-Alimentaires
Une Division de SGS Canada Inc.

RAPPORT D'ESSAIS

NEPTUNE TECHNOLOGIES 8: BIORESSOURCES INC.

500, St-Martin ouest, bureau 550

Laval, Québec
H7M 3Y2

A L'ATTENTl0N DE MME. TINA SAMPALIS

I-icHAN‘m.LoNs

ANALYSES

MOISTURE enooe

FAT enooc

PROTEIN GI100G

ASH GI100G

CARBOHYDRATES GI1 00G

ENERGY CAU10OG

ENERGY KJI100G

OXYCAROTENOIDS' MGI100G

ACETONE PPM

' Astaxanthine & canthaxanthine

SPECIFICATIONS

9I5.,QL'C</x T’
JACQ ELINE BEAUPRE, SUPERVISEU E - CHIMIE
neptuneCHEMmas
FAX: 450-972-6351

DATE DE RECEPTION: 02 03 06
NUMERO DE LABORATOIRE: 160083519

NOMBRE D'ECHANT|LLONS: 2
DATE DE RAPPORT: 02 03 26

PAGE: 1 DE 7
DATE D'ANALYSE: 02 03 11

1

CONCENTRE
DE PROTEINES

A-SGS-‘l

2.76

1.13

81.71

14.07

0.33

338

1436

0.7

300

02 03 26

2

CONCENTRE
DE PROTEINES

LK-SGS-1

2.92

5.54

73.39

15.77

2.38

353

1493

11.0

Le present rapport a été émis par la societe conformément I mes Conditions Generates pour les prestatlons dc services de control: at ofanalyse (cople disponible sur demand
L'émIssIon du présent rapport ne dispense pas Ies acheteurs ou Ies vendeurs tfexercer Ious Ieurs drums at tfexécuter toutes leurs obligations Iiés au contrat de Verne. Tot
stipulations contraires rfengagent pas la Socléte. La responsabitite Ge la socléte relative in présent rapport est flmltee A la negligence prouvee et rrexcedera en aucun cos 4
tois Ia montant des honoralres ou de la commisslon. Saut disposition spéclale. les échantlllons. s'il en a été prélevés, ne seront pas conserves par la Société au dela d‘u

45
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(93 SGS Laboratoires d‘Ana|yses Agro-Alimentalros
§ Una Division dc 8G8 Canada Inc.

I65 boul. Brunawnck
Polme-Claire, Qubboc
Canada HQR 41!"!
Telephone (514) 830-3093
Tateooolour (5141 630-6095

NEPTUNE TEISHNOLOGIES 8: BDORESSOURCES INC.

500. Sc-Manln ouoal. human 550
Laval. QU‘bGl(‘.
H7M 3Y2

A L'AT‘|’ENTI()N DE MME. mm SAM!‘-‘ALIS

SPECIFICATIONS

SCHANTILLONS

ANALYSES

VITAMIN A (RETINOL) umooc

VITAMIN I’: UlI100G

VITAMIN tn umoos

RIBOFLAVIN (B2) MGI1ooG

THIAMINE (B1) M011 DOG

VITAMIN H8 MGI1 DOG

CYANOCIZDBALAMINE (B1 2) UGI1 006

FOLIC ACID MGHOOG

PANmm‘ENIc ACID Menooc

atom: PPM

NIACIN MG/100G

UN
MILLIE CHEN
COORDONNATRICE DE LABORATOIRE
nopIunoCHEMunu
FAX. 150-972-6351

L0 Dunn: uppafl - at (mil 60¢ In Sumo unloauanm A 401 Conculonc Gdndulu new no onuulons an unulzu do cammq at tfumyu (coon dhaonnzln aw damuxdc).
L‘6mlislun nu wluuml llonofl no auoonu us In achouun on In vmooun: n‘unu:q¢ tau! more «mu: 0! 4'-tum louloc nun ah||gnIIo-to IMO Iv comm an vmu. mun
ulnululono canmnn lflunglnunl an In locum. L. ruponumnu no In aocwu mlmln nu Mum: noun on «man I u Mgllgqncu pmuvh at n ucocorn on auwn cu dun
Volt Io manual don nanonlm on as to commission $2-A dhpoauon Ipocwn. In lclunilliam. in on n at pdhvk. no mom pus comm-via par 1: soclm an am full!
ptrlndn do un molt.

46

RAPPORT D'ESSAIS

one DE nécevnon: 02 as on
NUIIERO DE LABORATOIRE: 1600l3519R
NOMBRE D'ECHANT|LLONS= 2

DATE DE RAPPORT: 02 05 08

1

coucznmé
oe PROTEINES

01 05 03

A-SG8-‘|

275

16

<10

0.2

102

92

67.6

PAGE: 3 DE 7

Révlston 2

DATE D'ANALYSE: 02 03 ‘I1

2

concamae
as PROTEINES

LK-SGS-1

7100

B2

<10

23.8

<1

-2 0.1

1.7

676

187.3

AKER877|TC00057951

RX-0135.0046
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@355

135 boul Brunswick
Points-C:aira. Ouébec
Canada HSR 421
Téléphone (514) 630 -6093
Téiécopieut (514) 630 -6095

SGS Laboratoires d’Ana|yses Agro-Alimentaires
Une Divlslon de SGS Canada Inc.

NEPTUNE TECHNOLOGIES & BIORESSOURCES INC-
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Haematococcus Pluvialis andAstaxanthin Safety For Human

Consumption

Safety for human consumption of Haematococcus gluvialis algal meal and

astaxanthin has been demonstrated by a number of studies:

0 A recent 28-day rat study with Haematococcus Qluviglis dry algal meal,

produced by Aquasearch’s proprietary technology, demonstrated that there

was no observed sub-acute toxicity at a daily dose of 50 mg/kg body weight,

corresponding to 3,500 mg algal meal per 70-kg body weight of a typical adult
man.

0 No lethality was seen for Haematococcus gluvialis algae at doses up to 5000

mg/kg body weight, in an earlier, 13-day, single-dose (acute-toxicity), rat study.

0 A human safety study demonstrated that daily ingestion of up to 1,140 mg

Aquasearch’s Haematococcus gluvialis algal meal, for 29 days, did not result in

any safety concern.

0 A recent sub-acute rat toxicity with Aquasearch’s Haematococcus Qluvialis algal

meal, showed no signs of toxicity, after dosing rats with up to 1.15 mg

astaxanthin per kg body weight per day (equivalent to 80.5 mg astaxanthin per
70-kg body weight) for 28 consecutive days.

0 In a human safety study with Aquasearch’s algal astaxanthin, no sign of toxicity
or safety concern was observed, when volunteers ingested up to 19.25 mg

astaxanthin per day for 29 days, while an earlier human study failed to find any
harmful effect from 14.4 mg/day astaxanthin ingestion for two weeks.

0 Pure astaxanthin (up to 80 mg/kg feed), is Generally Considered As Safe by
FDA, for use in salmon diets. This can result in astaxanthin deposition of 10 to
15 mg/kg in salmon fillets. Levels of astaxanthin naturally occurring in
wild-caught seafood, and dietary studies on carotenoids, seafood, and salmon,
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also suggest that a daily serving of 5 mg astaxanthin, corresponding to 125 g of
wild-caught Sockeye salmon fillet or less than 100 g of krill, is safe.

0 The proprietary technology and quality control developed by Aquasearch to

produce Haematococcus Qluvialis algal meal, ensure that the product meets

dietary supplement safety standards.

Conclusion: A supplement containing 5 mg astaxanthin derived from 250 mg, or less,

of Aquasearch’s Hgematococcus Qluvialis algal meal is safe for daily human

consumption.

Aquasearch’s proprietary technology allows the production of a high quality algal meal

containing 2% total astaxanthin or more. It is therefore a very good source ofnatural

astaxanthin, a carotenoid pigment and biological antioxidant widely encountered in nature.

Safety for human consumption of astaxanthin and Haematococcus pluvialis algae has

been demonstrated by a number of studies.

1. Toxicity studies

1.1. Haematococcus algae.

1.1.1. Human safety study

In a recent clinical safety study with Aquasearch’s Haematocccuspluvialis algal meal, 33

human volunteers (15 males and 18 females, age 28 to 62) ingested on a daily basis, for 29

consecutive days, either a Low Dose supplement containing 228 mg algal meal and 3.85

mg astaxanthin, or a High Dose supplement containing 1140 mg algal meal and 19.25 mg

astaxanthin. 1

Volunteers underwent a complete medical examination before, during and at the end of the

study. The physician, examined specifically, but not exclusively, the weight, skin

coloration, general appearance, blood pressure, vision and eye, (near and distant vision,

color vision, depth perception, eye condition), ears and nose, mouth, throat and teeth,

chest and lungs, and reflexes, for each volunteer.

This medical examination was complemented by extensive urine analyses and blood
analyses (cell counts, hemoglobin, liver enzyme activity indicators, and other blood

parameters) (Table 1). No ill effects or toxicity from ingestion of the supplement were

2 of 19 11/05/02 1:
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observed, confirming the absence of toxicity of Aquasearch’s Haematococcus pluvialis

algal meal.

1.1.2. Rat toxicity studies

Absence of toxicity ofHaematococcus pluvialis has also been demonstrated in rats and

mice, widely accepted animal models for safety assessment of human dietary supplements.

A 28-day sub-acute rat toxicity study, with Haematococcus pluvialis algal meal produced

with Aquasearch’s proprietary technology, failed to find any sign of toxicity of this algal

meal.2Three groups of 20 rats each (10 males/10 females) were fed daily by gavage 0, 5,
or 50 mg/kg algal meal in a corn oil suspension for 28 consecutive days (corresponding to

daily doses of 0, 350 mg and 3,500 mg algal for 70-kg body weight). After sacrifice, the

post-mortem observations, hematology and clinical chemistry failed to detect any sign of

toxicity.

An earlier 13-day rat toxicity study demonstrated that the LD50 acute toxicity of

Haematococcuspluvialis algal meal in rats was greater than 5000 mg/kg.3 In this study,
three separate groups of 10 rats (5 males and 5 females per group) were fed 5,000 mg/kg

algal meal suspended in a 0.5% methylcellulose solution. Mortality, body weights,

necropsy examination and pharmacotoxic signs were evaluated on each group. The study

found no remarkable difierences in body weights or visible abnormalities. The

post-mortem examination afier sacrificing the animals at the end of the study revealed no
abnormalities.

Another acute toxicity trial was reported with male and female mice.4 In this study,
Haematococcuspluvialis algal meal was suspended in distilled water for gavage to give a

30% solution (w/v). The solution was given in a single dose, at dosages ranging fiom
10,417 to 18,000 mg/kg. No mortalities occurred and no abnormalities were observed in

the post-mortem examination. When converted to a 70-kg body weight, these doses are

equivalent to single doses ranging from 729 g to 1,260 g.

1.1.3. Other studies

In salmonids, numerous experiments have shown that Haematococcuspluvialis can be
incorporated in the diet at dosages ranging from 0.1% to 6% without any negative effect

on growth or survival.5’6’7’8 A recent report showed no indication of disease, toxicity or

neoplasia in fish fed Haematococcuspluvialis as a dietary source of astaxanthin.4 The
fish were reported in excellent nutritional status with abundant body fat. Studies have also
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indicated that feeding Haematococcus pluvialis can enhance growth and/or survival in

trout and shrimp.8‘10

1.2. Astaxanthin.

Astaxanthin naturally appears in the human diet when seafood such as salmon, red fishes,

shrimp, krill or lobster are eaten.

1.2.1. Human studies

The recent clinical safety study, mentioned above, proved the safety of astaxanthin from

Aquasearch’s Haematocccuspluvialis algal meal. 1 In that study, 33 human volunteers
(15 males and 18 females, age 28 to 62) ingested on a daily basis, for 29 consecutive days,

either 3.85 mg or 19.25 mg algal astaxanthin. As mentioned earlier, extensive blood and
urine analyses were conducted throughout the study (Table 1), and the physician
conducted a detailed medical examination. Based on the results of these urine and blood

analyses and the observations of the physician, no sign of toxicity from astaxanthin was

detected even at the higher dose.

In a study with healthy human patients, who ingested up to 14.4 mg/day astaxanthin for

« two weeks, no ill effect was reported. 11 On the contrary, a positive antioxidant effect of
astaxanthin on serum Low Density Lipoprotein (LDL) was observed. In that study, thirteen

healthy patients were selected, subdivided into 3 groups, and given three levels of

astaxanthin daily, for two weeks, as follows: 5 patients fed 3.6 mg/day, 5 patients fed 7.2

mg/day, and 3 patients fed 14.4 mg/day. The astaxanthin was administered sublingualy in

the form of a softgel capsule. Blood samples were taken and the LDL fraction was

collected and exposed to an oxidizing agent. The study demonstrated that increasing doses

of astaxanthin significantly and increasingly slowed down the oxidation of the LDL
fraction.

1.2.2. Rat toxicity studies

In the recent study with Aquasearch’s Haematococcuspluvialis algal meal, described

above, rats ingested daily up to 1.15 mg astaxanthin per kg body weight (equivalent to

80.5 mg for 70-kg body weight per day), for 28 days, without showing any sub—acute

toxicity sign.

Other animal studies on the effects of astaxanthin have shown that even higher doses could

be fed to rats for prolonged periods. Some of these studies have demonstrated beneficial
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results. In one study, feeding rats 500 ppm astaxanthin for 34 consecutive weeks resulted

in reduced cancer occurrence in the intestinal and oral mucosa and improved the condition

of the oral cavity. 12)”

1.2.3. Safety of astaxanthin in food salmon — safe daily dose of astaxanthin

For years, astaxanthin has been added to aquaculture diets at levels of up to 200 mg/kg,

without any toxic effect on target animals. Additionally, numerous studies have

demonstrated improved growth, survival and immune response in fish and

shrirnp.8'1°’14'23 Astaxanthin is regularly added at 50 ppm or higher to commercial diets
fed to food fish for prolonged periods, i. e., for up to 2 years in the case of farmed salmon.

According to the Code ofFederal Regulations, astaxanthin is Generally Recognized As

Safe ("GRAS") when used as a color additive in salmon foods, with a maximum inclusion

of 80 mg/kg feed.24 Numerous studies have shown that such an inclusion level results in
accumulation of astaxanthin in the flesh of Atlantic salmon at levels between 4 and 10

mg/kg, and at even higher levels in other species (Table 2).

These levels in Atlantic salmon are comparable to or slightly higher than levels observed in

their wild counterparts, but lower than levels found in other wild salmon species found on

the Pacific coast of the United States, where values as high as 58 ppm in Sockeye salmon

were reported by a recent FDA study.25 (Average of astaxanthin measurements in this
study were 13.8 ppm in Coho salmon and 40.4 ppm in Sockeye salmon).

It was noted that the main astaxanthin stereo isomer identified by the FDA researchers in

the 5 species of wild Pacific salmon they studied, was the 3S,3’S stereo isomer, identical

to that found in Haematococcuspluvialis.8’25

Salmon, a fish rich in omega-3 fatty acids, is considered a healthy food, and, like other

sources of these poly-unsaturated fatty acids, is highly recommended by nutritionists.26'29
According to an epidemiological study on Alaska’s native and non-native residents, the

lowest rate of ischaemic heart disease mortality, less than one-third that of US Caucasians,

occurred in Alaskan Eskimos who lived in an area with documented patterns of high
salmon consumption by individuals with high blood concentrations of omega-3 fatty

acids.28 Based on the salmon flesh astaxanthin values mentioned above, a daily
consumption of a 200-g portion ofwild Sockeye salmon with 40 ppm astaxanthin in the

flesh would lead to a daily ingestion of 8 mg astaxanthin per day. From a different point of

view, the intake of a 5 mg supplement of astaxanthin corresponds to eating 500 g per day

11/05/02 10:18 PM
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of farmed rainbow trout or Atlantic salmon, 125 g of wild Sockeye salmon, or less than

100 g of krill.

Based on these published data, as well as the animal toxicity data publicly available, it may

be inferred that the ingestion of 5 mg astaxanthin per day by an adult hmnan is reasonably

safe. This was further substantiated by Aquasearch’s 29-day human safety study, which

investigated the safety of 3 .8 mg astaxanthin/day and 19 mg/day astaxanthin from

Haematococcuspluvialis algal meal, i. e., almost four-fold higher than the assumed safe

daily dose of 5 mg.‘

The results of the extensive blood and urine analyses and complete physical examinations

before, during, and at the end of the trial period, raised no apparent safety concern. The

data were reviewed by two independent physicians, a clinical pathologist and a

professional pharmacotoxicologist, all of who concurred that both doses were safe.

2. Non-mutagenicity of Haematococcus

A recent study” reported no mutagenic effect ofHaematococcuspluvialis algae, using a
mutagenicity test with Salmonella typhimurium strains TA100, TA1535, TA98, TAl 537,

TA1538, and E.coli WP2 uvr A.

In this experiment, Haematococcuspluvialis algal meal was formulated in a 50mg/mL

solution of dimethyl sulfoxide. The formulation was spread onto petri dishes in the

presence of the microbial cultures with positive controls. The positive controls (mutagenic

agents): 2-(2-furyl)-3-5(S-nitro-2-furyl)acrylamide, 1-ethyl-2-nitro-3-nitrosoguanidine,

9-aminoacridine, 2-aminoanthracene, and 2-nitrofluorene, showed a remarkable increase in

the number of reverent colonies in every case, compared to the solvent control.

3. Carcinogenicity

Haematococcus pluvialis is not known to have any carcinogenic effect, or contain

significant levels of recognized carcinogens. On the contrary, Haematococcuspluvialis

contains a high level of astaxanthin which has widely demonstrated anticarcinogenic

efi'ects.3 1'35

4. Heavy metals

Haematococcus pluvialis algae produced and processed by Aquasearch for human food

consumption meet the Federal Food and drug Administration’s list ofmaximum tolerances:

5 0f19 11/05/02 10:18 PM
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0 Heavy metals (as lead): < 10.0 ppm

0 Mercury < 1.0 ppm

0 Cadmium < 0.5 ppm

- Arsenic < 2.0 ppm

0 Lead < 5.0 ppm

This has been confirmed by analyses of various batches (Lot HP98005136 and Lot

990610Mix37, a blend resulting from combining five batches: Lots 990513A, 990518B,
990520A, 990524A, 990526A, and therefore, highly representative of the quality of

Haematococcuspluvialis algal meal produced with Aquasearch’s technology).

5. Bacteriology

Manufacturing process follows FDA GMP recommendations for food supplements to

avoid spoilage and contamination ofHaematococcuspluvialis algal meal by harmful

micro—organisms or other types of contaminants.

During the processing, the algal biomass is mechanically cell-broken to ensure a thorough

rupture of cell walls, undergoes a pasteurization process, and is dried to a moisture content

less than 5%. The pasteurization treatment ensures that the following bacteriological

specifications in the final product are achieved, as confirmed by analyses by an

independent laboratory37:

- Total aerobic plate count <1,000 CFU

0 Total coliforms <10/g

0 E. coli <10/g

0 Salmonella absence in 25 g

6. Other natural toxic compounds and toxicity risks

Aquasearch is not aware of any significant or detectable levels ofknown carcinogenic or

toxic compounds in Haematococcuspluvialis algae that could have a negative effect on
human health.

Analyses on the algae meal have demonstrated absence of mycotoxins, and especially of

aflatoxins.36’37

Haematococcus pluvialis may contain small amounts of canthaxanthin, a carotenoid

7 of 19 11/05/02 10:13 PM
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pigment closely related to astaxanthin. Analyses have shown that canthaxanthin

concentrations in Haematococcuspluvialis algal meal produced with Aquasearch

proprietary technology are less than 2% of total astaxanthin concentration. Aquasearch's

proprietary technology maximizes astaxanthin biosynthesis by Haematococcus pluvialis

and in so doing also minimizes the relative proportion of other carotenoids (including

canthaxanthin).

At the levels of canthaxanthin encountered in Aquasearch’s algal meal, a daily dose of 5

mg algal astaxanthin as a supplement would entail also ingesting 0.1 mg canthaxanthin per

day. Although canthaxanthin has been demonstrated to have positive metabolic effects

such as an anticancer activity,38 there has been reports that, at high doses for prolonged
periods, it can have negative effects. One case of aplastic anemia associated with

canthaxanthin ingested for tanning purposes, was reported a few years ago”. Others have
reported the appearance of crystalline formations in the retina of some individuals who

ingested up to 66 g cantaxanthin over 24 months (corresponding to an average daily

ingestion of 90 mg cantaxanthin per day) for tanning purposes40. However, later it was

demonstrated that these canthaxanthin deposits in the retina could be reversed” In any
case, the levels of canthaxanthin that would be ingested through a 5 mg astaxanthin dietary
supplement formulated with Aquasearch's algal meal are nearly 1000-fold lower than the

doses which were observed to cause canthaxanthin maculopathy. Therefore, they should
i represent no safety risk.

The rat toxicity and human studies which were conducted with Aquasearch’s algal meal
confirmed this. It should also be noted that FDA has approved canthaxanthin as a color
additive in fish foods (up to 80 mg/kg feed, which can result in canthaxanthin deposition

levels of4 to 12 mg/kg fillet) and broiler diets, as well as in foods and drugs.“ In foods,
the limit authorized by FDA is 30 mg canthaxanthin per pound of solid food. The ingestion
of 0.1 mg cantaxanthin in a dietary supplement containing 5 mg astaxanthin, is therefore
well below the levels that would be encountered in foods that are considered safe by FDA.

7. Product specifications

A detailed description of the manufacturing process and of the specifications of
Haematococcuspluvialis for use in dietary supplements are reviewed in a separate
technical report.42

8. Metabolic effects of astaxanthin

Astaxanthin is a powerful natural antioxidant. There is a growing amount of scientific

ll/O5/O2 10:18 PM
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evidence not only on the safety of astaxanthin for human consumption, but on the positive

metabolic effects that it may have. These findings have been reviewed in detail in

Aquasearch Technical Reports TR.3002.00143 and TR.3003.00l 44.

9. Dietary studies - safe daily dose of algal astaxanthin

Astaxanthin appears to be absorbed in the blood in the same way as other carotenoids.

Carotenoids are absorbed by passive diffusion through the intestinal mucosa after being

emulsified and solubilized in lipid micelles which are incorporated into chylomicrons when

exiting the intestinal mucosal cells.45 They are transported in the blood after being

transferred from the chylomicrons to lipoproteins.

In a recent human study, a single dose of 100 mg dietary astaxanthin was not found to

have any negative effect and demonstrated that astaxanthin has a similar absorption pattern

to other carotenoids.46 Astaxanthin was measured in the blood plasma of 3 rniddle-aged
male subjects after ingestion of a single dose of 100 mg astaxanthin. Astaxanthin was

readily absorbed and transported by various lipoproteins: chylomicrons/Very Low Density
Lipoproteins, High Density Lipoproteins and Low Density Lipoproteins.

Plasma levels of astaxanthin peaked at 1.2 mg/L (= 2 umol/L) afier 6 hours and
progressively declined over the next 66 hours to a 0.2 mg/L level. These levels and

duration are comparable to levels reported in the literature for other carotenoids.47‘49
Astaxanthin appears to be absorbed at a similar rate than beta-carotene which peaks in the

serum after 6 to 9 h.49 In mice, astaxanthin also appeared to be absorbed quite effectively,
when compared to beta-carotene or lutein.49

The ofiicial recommended dietary intake for vitamin A is 1,000 retinol equivalents, for

men, and 800 for women.5 1 This corresponds to 6 ug (micrograms) beta-carotene or 12

pg of other pro-vitamin A carotenoids.“ On the other hand, practical levels of carotenoid
intake are significantly higher. Epidemiological studies in North Europe have found daily

ingestion of carotenoids ranging from 2.9 to 7.6 mg/ (milligrams) per day,52'54 while in
the US, the level of carotenoids supplied by the "normal" diet is estimated to be 1.5 mg

beta-carotene per day.51

The Alliance for Aging Research, a US Citizen Advocacy organization for research to

improve the health and independence of older people, has recommended 10 to 30 mg
beta-carotene per day for optimal health, and doses of 20 to 180 mg beta-carotene for

11/05/02 10:18 PM
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many years have been used to treat erythropoietic protoporphyria, with no evidence of

toxicity and without development of abnonnally-elevated blood vitamin A levels.5 1 In
addition it should be noted that astaxanthin, unlike other carotenoids such as beta-carotene,

has no provitamin A activity;5556 therefore it represents a lower risk ofhyper-vitaminosis
A.

It may be argued that because astaxanthin is closely related to canthaxanthin it could also

have similar toxic effects as those described above. However, the available data indicate

that astaxanthin consumption at no greater than the recommended dose of 5 mg per day

poses no safety risk:

0 The proposed daily intake of astaxanthin (5 mg) is much lower than the levels of

canthaxanthin which were found to have toxic effects (up to 90 mg average daily

intake for 24 months).

0 The human safety study conducted with Aquasearch's algal astaxanthin found no

changes in vision or eye condition in the patients. Another good indicator, skin

coloration, did not change throughout the Aquasearch safety study.

0 The post-mortem examination of the animals in Aquasearch’s rat toxicity study also

failed to find any adverse effect of astaxanthin supplementation at the doses tested.

0 Researchers at the University of Illinois also reported that, in an animal model (rats),

astaxanthin, unlike canthaxanthin, did not form crystalline depositions in the eye. 57
Furthermore, they demonstrated that astaxanthin can have a beneficial role in the

protection of the eyes from UV-light damage.

In conclusion, based on published studies (reviewed above), on natural levels of

astaxanthin found in seafood, and on the results of the studies conducted by Aquasearch, it

appears that the consumption by a healthy adult human of a daily dose of 5 mg astaxanthin,

in the form of a supplement formulated with 250 mg (or less) Haematococcuspluvialis

algal meal produced with Aquasearch’s proprietary technology, represents no safety risk.

This suggested dose is approximately four times lower than the high dose which was

demonstrated to be safe by Aquasearch’s safety study.
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Table 1: List of analyses in human safety study conducted on Aquasearch’s

Haematococcuspluvialis algal meal.‘
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Blood chemistry analyses

Serum glutamate pyruvate transaminase (SGPT)

Lactate dehydrogenase (LDH)
Glucose

Total protein
Total bilirubin

Blood urea nitrogen OBUN)
Creatinine

Total cholesterol

High-density lipoprotein (HDL) cholesterol

Triglycerides

Low-density lipoprotein (LDL) cholesterol (calculated)
Albumin

Globulin

Complete blood count (CBC)

White blood count (WBC)

Red blood count (RBC)

Hemoglobine (HGB)

Hematocrit (HCT)

Mean corpuscular volume (MCV)

Mean corpuscular hemoglobin (MCH)

Mean corpuscular hemoglobin concentration (MCHC)

Red cell distribution width (RDW)
Platelet count

Neutrophil (segs)

Lymphocytes

Monocytes

Eosinophils

Bsophils

Red blood cell morphology -

Coagulation test (activated partial thromboplastin time, PTT

w————w—— m
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Urinalysis tests

Color pH

Appearance Protein

Specific gravity Glucose

Leukocyte esterase Ketones

Nitrite Urobilinogen

Blood Bilirubin
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Table 2. Levels of of astaxanthin in selected types of seafoodss

Astaxanthin

Seafood type Content (mg/kg) Free/esterified

Sockeye salmon 26-37 Free,esterified**

Coho salmon 9-21 Free,esterified**

Chum salmon 3-8 Free,esterified**

Chinook salmon 8-9 Free,esterified**

Pink salmon 4-6 Free,esterified**

Atlantic salmon 3-11 Free,esten'fied**

Rainbow trout 1-3 Free,esterified**

salmon eggs O-14 Esterified***

Red seabream 2-14 Esterified***

Red seabream eggs 3-8 N.A.

Peneaus monodon 10-150 Esterified,free**

Lobster Esterified,free**

Krill 46-130 Esterified***

Krill oil 727 Este1if1ed**"‘

Crayfish meal 137 Este1ified***

Artic shrimp 1160 Esterified***

Haematococcus nluvialis 10.000-30,000 Esterified***

66

Main isomer

3S,3'S

3S,3'S

3S,3'S

3S,3'S

3S,3'S

3S,3'S

3S,3'S

N.A.

N.A.

N.A.

3S,3'S

N.A.*

3R,3'R

3R,3'R

N.A. *

3S,3'S

3S.3'S
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* Most crustaceans studied appear to have mostly the 3S,3'S form, unlike Krill.

** depending on tissues, free or esterified astaxanthin may be found

*** also contain a small proportion of free astaxanthin

Copyright© 2000 by Aquasearch, Inc. All rights reserved. Any unauthorized copying,

distribution, or adaptation is strictly prohibited. Revised: 03/30/00
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KOREA FOOD & DRUG ADMINISTRATION

SUBJECT : REGARDING KRILL PRODUCT

QUESTION FROM SAM OH

: THERE IS EPA AND/OR DHA FOOD IN HEALTH FOOD CATERGORIES AND, ITS

\ IS ‘A THINGS FROM EDIABLE FISHES, AQUATIC ANIMALS AND

AIEAE;

WE HAVE A KRILI. OIL (OMEGA 3 FATTY ACIDS (EPA/DHA) CONTENT 40% UP) AND,

WE WOULD LIKE TO KNOW WHETHERTI-IIS KRILL OIL IS EPA ANDI OR DI-IA FOOD

PLEASE INVESTIGATE AND LET US KNOW YOUR RESULT.

1',

' ANSWER FROM FOOD EVALUATION DEPARTMENT
: KRILL PRODUCT IS ACCEPTABLE AS A RAW MATERIAL FOR HEALTH FOOD

BECAUSE IT IS CLASSIFIED INTO EDIABLE MATERIAL AND, KRILL OIL IS ALSO

ACCEPTABLE AS EPAIDHA FOOD YOU CAN MEET THE KOREA FOOD CODE.

- _ '\JA_..I, .‘_y| I’.

L-:"-

rL..:. .:.I.. .
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CERTIFICATE OF ANALYSIS

PRODUCT: Neptune Krill Oil TM (NKL TM)

      

 
   
 

  
  
  
  
 
  

 

DESCRIPTION PER INTAKE OF

ONE 1 g THREE 1 g

CAPSULE (S)

Total Omega - 3 (mg)
EPA

DHA

OTA

Linoleic acid

Linolenic acid

Oleic acid

Stearic acid

Palmitic acid

Palmitoleic acid

Total Phospholipids (mg)

Phosphatidylcholine

Phosphatidylinositol

Phosphatidylethanolamine

Phosphatidylserine

Sphingomyelin

Vitamins (IU):

Vitamin A 809 2427

Vitamin E 1,0 3,0

Pigments (micro-grams) :

Canthaxanthin 389,3

Astaxanthin 168,7

Metals (mg) :

 

 

 
  

   
  

  
  

  
  
 

 
 
 

 
1 167,90

506,1

 

 
 

 
 
 

 

 
 
 
 

 
 

Zinc 0,007 0,020

Sodium 3,9 1 1,6

Potassium 2,1 6,2

Proximate Analysis (mg) :

 
 
 

 
 

Protein 61 1 83

Fat 793 2379

Cholesterol 1 3 39

0,3

0,03

 
 

Solvent (ppm) 0,1

Heavy Metal (mg) 0,01  

LAR FDA - NKO CAPS CERTIF ANAL.x|s 12-05-02
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LAR

I vCERIf»IIgfICA'lfE‘0;§,’;A1§lALYSIS _J V

Pnionfiér :éNépian fij<jUAi*1ifi‘v[ ::(N
Recommended daily dose 3

PER INTAKE OF

DESCRIPTION ONE 300 mg THREE 300 mg

GELCAP(S)

(units / 300 mg) (units / 900 mg)
Total Omega - 3 (mg):
EPA 0,5

0,4

Proximate Analysis (mg):
Protein

FDA - NKA CAPS CERTIF ANALXIS

73

1,4

1,3

O8-05-02
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LAR

 C§,'§.'l§I§I,CA:l'E,11SNAI§°‘SIS~

 
  

 

;‘1¥Rbi)uci€: Né V; . 6%

  DESCRIPTION '»§“.t;1*g:a1is7;;_,,:a§§;
..c

THREE 300 mg

 

ONE 300 mg

 

  
  

  

  
Gelcap(s)

(units / 300 mg) (units / 900 m)

Total 0 -: - 3( )= ——
—
_
————
Total Phosholi ids( )= 22,1
T
j
j

 

  
  

 
 

—

—
_
—

  
  

  

 

 

————
———
—

 _
—“
————
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—
—
—
—
—
—
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—
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FDA - NLK CAPS CERTIF ANAL.x|s 08-05-02
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[AR

CERTIFICATE 01+‘ ANALYSIS "

' PRODUCT 5 Neptune KRILL ENZYMi§i"”’;(l§1]{(E:\i’§)‘¢1:
R!-ZCOM M ENDED DAILY DOSE = 3 CELCAPS

DESCRIPTION PER INTAKE OF

ONE 300 mg THREE 300 mg

GELCAP(S)

(units I 300 mg) (units I 900 mg)

Total Omega - 3 (mg):
EPA

DHA

Total Phospholipids (ng): 4,5

Vitamins:

Vitamin A (IU)
Vitamin D (IU)
Vitamin E (IU)
Vitamin B2 (mg)
Niacin (m )

Metals (mg):
Calcium

Magnesium
Potassium

Glutamic Acid

Glycine
Histidine
Isoleucine
Leucine

Lysine
Methionine
Omithine

Phenylalanine
Proline

Protein
Fat

Carbohydrates

FDA - NKE CAPS CERTIF ANAL.xls 08»05—02
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pi
NEPTUNEInIumlogier :5 bmrexmurcvs

April 17"‘ 2002

Dear colleague,

I would like to take advantage of this opportunity to present to you the updated Scientific Report of

Neptune Technologies & Bioressources Inc. In the next few pages, you will find a brief description

of the primary Neptune extraction process designated as “Neptune OceanExtract“"’ followed by an

introduction to the three initial products, “Neptune Krill Oil"’'’’, “Neptune Aquateinm” and

“Neptune LyO—KrillTM”. You will also find a summary of the medical research performed with

Neptune Krill Oil”. If you require a more specific profile of our products, it will be a pleasure to

send it to you within a short delay.

Should you have any questions or comments, please feel free to contact me at Neptune

Technologies & Bioressources Inc. main office or via e-mail at tinas@n§ptunebiotech.com.

Sincerely,

Tina Sampalis MD, PhD.

Vice President, Research

Neptune Technologies & Bioressources Inc.

500 Saint-Martin Blvd. West, suite 550,

Laval (Québec) H7M 3Y2

Tel. (450) 972-6291 1-888-664-9166

Fax (450) 972-6351
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NEPTUNE OCEANEXTRACTT”

During 1998-1999, Neptune Technologies & Bioressources Inc. developed, in experimental phase

at University of Sherbrooke, an extraction process (Neptune 0ceanExtract““) of natural health

products with high nutritional value from marine biomasses. Krill was the first biomass used with

this new process followed by sea], whole fish, fish residue and others. Subsequently, the procedure

on krill was brought to a pilot industrial level in collaboration with the CRIQ. Neptune recently

announced the initiation of the first phase of its industrialization plan and production is scheduled

to begin in June 2002 under GMP and GLP compliance.

PROCEDURE

Neptune OceanExtract“‘ is a cold extraction process, allowing the extraction of:

a) Neptune Krill Oil” : an oil rich in Omega-3, phospholipids and potent antioxidants,

b) Neptune Aquateinm: a protein concentrate containing all essential amino acids.

ADVANTAGES OF “NEPTUNE OCEANEXTRACTW”

o This cold extraction process allows the preservation of the biological activity of all krill

components;

o Neptune OceanExtract“‘ process is effective in the destruction of bacteria, offering a

secure product for human consumption;

o Lipid alterations are minimal;

o Achieves complete utilization of the biomass allowing a high yield and minimal waste;

o Offers significant stability of the final products without the use of additive antioxidants or

preservatives;

o Produces non-oxidized (peroxide value * 0) high quality products, rich in essential

nutrients, highly stable, bacterial free and thus, safe for human consumption with

noteworthy health benefits.

I
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NEPTUNE PRODUCTS

NEPTUNE KRILL OILW

Neptune Krill Oil”, a marine oil offering a unique and natural mixture of essential nutrients. It is

characterized by its high content of polyunsaturated fatty acids such as Omega-3 and 9, potent

antioxidants such as astaxanthin, canthaxanthin, vitamin A, vitamin E as well as a novel flavonoid

and unique phospholipids such as phosphatidylcholine, phosphatidylethanolarnine,

phosphatidylserine, phosphatidylinositol and sphingomyelin while demonstrating a remarkable and

naturally acquired stability without the addition of any preservatives or antioxidants.

NEPTUNE AQUATEINTM

Nepfdune AquateinTM , the dry fraction (or residue) remaining afier the extraction of Neptune Krill
Oil . This residue’s main characteristic features are its high protein content, 20 common amino

acids including all essential amino acids, active and stable enzymatic activity, traces of residual

pigments, traces of polypeptides (more or less short chains of amino acids resulting from the

protein’s self-digestion), chitin and growth agent.

NEPTUNE LYO—KRILLTM

Neptune LyO-KrillTM, a marine biomass product with preserved bioactive ingredients in the form
of natural antioxidants such as: vitamin A, vitamin E, vitamin B1, niacin as well as axtaxanthin and

canthaxanthin. Combined with P.U.F.A’s and naturally enriched with calcium, copper and

phospholipids, LyO-Krillm represents an exceptional multi-fi1nctional dietary supplement, rich in
essential amino acids, Branch Chained Amino Acids, digestive enzymes and peptides.

NEPTUNE KRILL ENZYMESTM

Neptune Krill EnzymesTM, a new marine enzyme supplement with 80% protein that contains 20%
amino acids including 10 essential and 17% of BCAA (Branch Chained Amino Acids: Leucine,

Isoleucine, Valine). Natural powerful digestive enzymes like proteases, phosphatases and
phosphohydrolases combined with peptides that have potent biological activity offer a natural

health product that can facilitate digestion and healing in multiple burn and trauma patients.
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NEPTUNE KRILL OILT”

1. OMEGA-3 FATTY ACIDS

a) Omega-3 fatty acids

Neptune Krill Oill” contains a high quantity of Omega-3 fatty acids (EPA / DHA).

The distribution of these Omega-3 fatty acids is what distinguishes Neptune Krill

Oi1TM as unique among the family of Omega-3 oils.

Scientific evidence proves that:

o DHA and EPA play a key role and may be beneficially supplemented for

depression, schizophrenia, diabetes, cancer, rheumatoid arthritis and

atherosclerosis (1, 2, 3);

o Omega-3 fatty acids (EPA & DHA) have a beneficial effect on

dysmenorrhoea in adolescents (4);

o The effects of Omega-3 fatty acids supplementation in obese people and

patients with arterial disease is verified in relation to genetic variation.

b) Omega-3 : Omega-6 ratio

Neptune Krill Oil” offers an ideal ratio of Omega-3 : Omega-6, significantly

favouring the Omega-3 which is deficient in our everyday diet.

- This ratio inhibits the effects of excess Omega-6 fatty acids, especially

arachidonic acid, which is associated with chronic disease (5);

- Neptune Krill Oil” contains 0.00 — 0.41 grams of arachidonic acid per 100

grams of oil.

c) Omega-9 (oleic acid)

Scientific evidence suggests that:

o Oleic acid slows down the gastrointestinal transit for patients with short

bowel disease (38).

2. Potent antioxidants

a) Vitamin A — all-trans retinol

Scientific evidence suggests that:

o Vitamin A can reverse cell and tissue changes during neoplastic

transformation indicating a potential role in cancer prevention (6);

- Retinol, beta-carotene, along with other dietary carotenoids, filnction as

antioxidants that can prevent cellular damage at all stages from aging to

carcinogenesis by decreasing the levels of the free-radicals that cause DNA

damage (7).
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b) Vitamin E —— alpha-tocopherol

Scientific evidence suggests that:

0 Vitamin E may help prevent or delay coronary heart disease by inhibiting

LDL- cholesterol oxidation and thrombus formation (8);

o Antioxidants such as vitamin E help protect against the damaging effects of

free radicals, which may contribute to the development of chronic disease

such as cancer (9).

c) Astaxanthin - esterified 3R-3R/Canthaxanthin

Astaxanthin has been proven to be:

- Twice as effective as beta-carotene (and about 80 times more effective than

vitamin E) in quenching singlet oxygen in chemical solution (13);

o 50% more effective than beta-carotene and zeaxanthin, in preventing fatty

acid peroxidation in chemical solution (14);

o In a membrane model, astaxanthin was found to be more effective at

scavenging peroxyl radicals than was beta-carotene (15).

d) Flavonoids

Scientific evidence has shown that:

o Flavonoid antioxidant activity is accepted as a scientific fact (16-19);

o Epidemiological, clinical, and laboratory research on flavonoids, demonstrate

the use of flavonoids in the prevention and/or treatment of cardiovascular

disease, cancer, inflammatory conditions, asthma, periodontal disease, liver

disease, cataracts and macular degeneration (l7,l8);

- Until today, there has never been a flavonoid extracted from anything other

than plant, Vegetable, fruit or algae.
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3. Phospholipids (PL)

Phospholipids 46 g/100g

(PC) Phosphatidylcholine 24.0

(PS) Phosphatidylserine TBA

(PI) Phosphatidylinositol 4.8

(SM) Sphingomyelin TBA

(PE) Phosphatidylethanolamine 8.9

Phospholipids available in the market are derived from plant, egg yolk or cows (brain or

liver);

Scientific evidence suggests that:

0 Soy-based PC contain linoleic acid and alpha-linolenic acid as fatty acids;

0 While plant-based PC have some beneficial effects on the brain, their fatty acids

profiles are not ideal since they are different than those in the human brain;(20)

According to Dr. Michael Schmidt, krill-based phospholipids can be regarded as the preferred

phospholipids for supporting peak brain performance due to their high content of polytmsaturated

Omega-3 (EPA/DHA) fatty acids (20).

4. High natural stability

a. Peroxide value 0.00

This is the classic test for measuring oxidation in fresh oils. A peroxide value over 2

is an indicator that the product has a high rancidity potential and could fail on the
shelf.

b. Oil stability index Peroxide value <0.1 for more than 50 hours at 97.8°C

All oils and fats have a resistance to oxidation, which depends on the degree of

saturation, natural or added antioxidants or prior abuse. Oxidation is slow until this

resistance is overcome, at which point oxidation accelerates and becomes very rapid.

The length of time before this rapid acceleration of oxidation is the measure of the

resistance to oxidation and is commonly referred to as the “induction period” or

“Oxidative Stability Index”.
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Fig. 1: Comparison of Neptune Krill Oil“ Omega fatty acids with other natural oils in the market.
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Fig. 2: Comparison of Neptune Krill Oil” phospholipids and antioxidants with other natural oils in
the market.

The above histograms (Fig. l and 2):

0‘ Demonstrate the advantages of Neptune Krill Oilm versus other popular natural oils in the
market;

0 The alternative products and main competitors are fish oil, cod liver oil and flaxseed oil.

0 Fish oil contains a high quantity of Omega-3 and EPA / DHA in an excellent

proportion but only a 1 : 1 Omega-3 : Omega-6 ratio. Furthermore, it does not

contain antioxidants;

o Cod liver oil has an excellent Omega-3 EPA / DHA content and very high vitamin A

but does not contain phospholipids and offers none of the more potent antioxidants

like astaxanthin and canthaxanthin;

o Flaxseed oil contains a high quantity of alpha-linolenic acid, an Omega-3 fatty acid,

but no EPA or DHA. In addition, the Omega—3:Omega—6 ratio is unfavourably

reversed, in support of Omega-6.
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NEPTUNE AQUATEINTM

Neptune Aquateinn" , the dry fraction (or residue) remaining after the extraction of Neptune Krill
Oil”. This residue’s main characteristic feature is its high protein content of Antarctic Krill

Euphausia superba. It offers the following genuine and potential attributes : high protein content,

20 common amino acids, all essential amino acids, active enzymatic activity, traces of residual

pigments, traces of polypeptides (more or less short chains of amino acids resulting from the

proteins self-digestion), chitin and traces of a growth agent.

PROTEINS

0 Krill proteins are made of 20 common amino acids the contents of which are typically

displayed (or described) in the manufacturers’ specification sheets;

0 The pure proteins value in Neptune Aquateinm is 83%.

ENZYMES

0 Scientific research has shown that Aquateinm enzymes:
o Are: lipases, phospholipases, alkaline phosphatase, acid phosphatase, esterase,

trypsine, phosphohydrolase, 5-glucoronidase, a-glucosidase, proteases, hyalurinases,

and nucleases;

0 Have uncommonly high enzymatic activity;

0 React in low temperatures.

CHITIN

0 The chitin and chitosan content of krill is, on a dry basis, between 2.4% to 2.7% and 2.8

respectively;

0 Chitin is the source of a high-value added biopolymer chitosan with applications in the

biomedical and pharmaceutical industries.

PEPTIDES

0 Peptides correspond to pre-digested proteins, which, if taken raw, facilitate the digestion and

assimilation;

0 Peptides correspond to sections of proteins issued from the action of proteolytic enzymes

contained in krill;

0 These sections are chains of amino acids more or less short;

0 The presence of noticeable contents of polypeptides adds nutrient value to the Neptune

protein concentrate (Neptune Aquateinm).
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NEPTUNE LYO-KRILLTM

Neptune LyO-KrillTM, a rich and well balanced source of essential nutrients: polyunsaturated fatty
acids (P.U.F.A.), amino acids, phospholipids, vitamins and minerals. The superior quality of our

product is attributed to the presence of intact absorbable, pre-digested proteins and biologically

active polyunsaturated fatty acids, especially EPA and DHA and active enzymes. This condition

ensures optimal biological action.

AMINO ACIDS, ENZYMES, PEPTIDES

0 20 amino acids, including all the essential amino acids, with 16% of BCAA (Branch

Chained Amino Acids);

The enzymes are: proteases, alkaline and acid phosphatases which are powerful, digestive

and hydrolytic;

Special peptides are present and have potent biological activity.

PHOSPHOLIPIDS

0 Five phospholipids;

May boost memory and improve concentration, learning, mood and overall well-being;

May help to decrease the effects of neurodegenerative diseases (20).

OMEGA -3

0 Omega—3 fatty acids are proven to have a significant beneficial effect on inflammatory and

cardiovascular disease (1-4).

ASTAXANTHIN AND CANTHAXANTHIN

0 Astaxanthin is recognized as one of the most potent natural antioxidant;

Beneficial for cardiovascular diseases, primary cancer prevention, anti-aging,

neurodegenerative diseases and ophthalmic disorders (13-15).

VITAMINS

0 Vitamin A(al1-trans retinol) , an essential fat-soluble vitamin with proven photoprotective
and anti-aging potential (6,7).
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CARDIOVASCULAR DISEASE

0 A recent study performed by Andrioli et al.(21) indicated that the systemic administration of

fish oil rich in Omega-3 fatty acids inhibits platelet adhesion and thus plaque formation with an

important determinant being the Omega-6 / Omega-3 ratio (17);

0 Meydani showed that Omega-3 polyunsaturated fatty acids in fish oil have protective effects on

cardiovascular disease by reducing the vascular endothelial inflammation in atherosclerosis;

0 Postoperative daily administration of Omega-3 fatty acids in heart transplant recipients is

effective as hypertension prophylaxis as proven by Guardia et. al.(l 8,21);

0 Furthermore, astaxanthin has been shown in both in vitro experiments and in human subjects to

be effective for the prevention of the oxidation of low density lipoprotein. Cos et al. (19).

The increased content of Omega-3 and antioxidants in Neptune Krill Oilm allows us to presume
beneficial effects for the maintenance of a healthy cardiovascular system.

Neptune is presently conducting a series of prospective randomized double blind trials in order to

investigate the health benefits ofNeptune Krill Oilm on cardiovascular disease.

NEOPLASTIC DISEASE

0 Retinols have been proven to have prophylactic effects against UV radiation induced skin

cancer (6);

0 Astaxanthin has been proven to be twice as effective as beta-carotene (and about 80 times more

effective than vitamin E) in quenching singlet oxygen in chemical solution (13);

0 50% more effective than beta-carotene and zeaxanthin, in preventing fatty acids peroxidation in

chemical solution (14);

0 In a membrane model, astaxanthin was found to be more effective at scavenging peroxyl

radicals than was beta-carotene (15,23).

The high content of all-trans retinols and astaxanthin in Neptune Krill Oilm justifies further
investigations of possible anticarcinogenic properties of our product preparation.

Neptune is conducting a study to evaluate the photoprotective potential of Neptune Krill Oilm
against UVB-induced skin cancer.
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RHEUMATOID ARTHRITIS

0 Piet Geusens et al. showed that eicosanoids have an inhibitory effect on the formation of 2-

series prostanoids and 4-series leukotrienes resulting in an improvement in the severity of

symptoms and a decrease in the amount of corticosteroids and NSAIDS consumed (24);

0 These observations are confirmed by Kremer et al., who demonstrated that Omega-3 fatty acids

significantly inhibits the production of IL-1 (3).

Neptwune is conducting a research study in order to evaluate the potential effects of Neptune Krill
Oil supplementation on the clinical course of rheumatoid arthritis.

FACIAL WRINKLE REDUCTION

0 The main property of retinol is the significant increase in cell differentiation. Based on their

regenerative properties, retinols have been proven to be effective in the reduction of wrinkles

when used topically (25, 26);

0 Astaxanthin preparations have been shown to be efficient for the prevention of light aging of

skin (23).

Neptune Krill Oilm is a natural source of retinol and astaxanthin combined which could potentially
increase their efficiency.

Neptune is conducting a research project in order to measure the effects of Neptune Krill Oilm on
aging and facial wrinkles.

TRANSDERMAL TRANSPORT

0 Santoyo and Ygartua (28) demonstrated that percutaneous absorption can be enhanced with the

topical use of fatty acids and phospholipids (24,25).

The high fatty acid and phospholipid composition and the significant all-trans retinol content with

vitamin E in Neptune Krill Oilm may facilitate the transdermal transportation of creams, ointments,
gels or lotions.

Neptune is testing these properties on experimental models (nude mice) with skin analogous to that

of human skin. The objectives of this study will be to evaluate the efficacy of Neptune Krill Oilm
as a substrate for topical treatments and to verify the speed of transdermal absorption of Neptune
Krill Oilm alone or as a substrate to other products in the cosmeceutical and/or biopharrnaceutical
industries.

Neptune Technologies & Bioressources Inc., recognizing the trend

of modern medicine is investing in Research & Development

of natural, efficient and pure products for the nutraceutical,

biopharmaceutical and cosmeceutical industries.
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Fish farming

Among the lipids found in krill, Calanus and fish, high concentrations of fatty acids

‘ 20:5 (eicosapentaenoic acid) and 22:6 (docosahexaenoic acid) are present. These

fatty acids are essential nutrients and are beneficial as fish feed. Furthermore, these

essential nutrients are carried over in human diet by eating the fish grown on such

diets.

Animal feed

Animal feed diets rich in omega-3 fatty acids may increase the level of unsaturated

fatty acids and decrease cholesterol levels of meat. This property is already exploited

in the poultry industry to improve the quality of eggs.

Various methods for extracting marine and aquatic animal oils are known, For

example, it is known to extract fish oil using organic solvents such as hexane and

ethanol. It is also known to measure the fat content in fish muscle tissue using

solvents such as acetone.

USP 4,331,695 describes a method using pressurized solvents which are gaseous

at room temperature, such as propane, butane or hexane. The extraction is

performed at preferred temperatures of 15 to 80°C on shredded vegetable or finely

divided animal products. The extracted oils are then made to precipitate under high

pressure and elevated temperatures of 50 to 200°C. However, hexane is a poor

extraction solvent for marine animals such as krill. Furthermore, the high

temperatures used in the precipitation step negatively alters the lipids. '

Canadian Patent Application 2,115,571 describes a method for extracting oils from

various brown and read algae species. The method provides for example Soxhlet

extraction using nearly pure ethanol for 40 hours.

USP 5,006,281 describes a method for extracting oil from marine and aquatic

animals such as fish. The marine and aquatic animal is first treated with an

antioxidant compound, finely divided and centrifuged to separate the oil phase from

AKER877|TC00058005

100

RX-0135.0100



101

10

15

20

25

30

W0 00/23546 PCT/CA9_9/00987

3

the aqueous phase and solid phase. The oil phase is then further treated with

antioxidant to remove undesirable odour or taste.

Canadian Patent 1,098,900 describes a method for extracting oils from krill. The

method involves emulsifying fresh or defrosted krill in an aqueous medium. The oil

fraction is recovered by centrifugation.

Folch in the article published in the year 1957 in J. biol. Chem. 226: 497-509 “A

simple method for the isolation and purification of total lipids from animal tissues"

proposes an extraction method using chloroform and methanol. This method is not

commercially feasible because of the toxicity of the solvents involved.

However. prior art processes are generally commercially unfeasible or provide low

quantitativeiyields. Thus, it is an object of the present invention to provide an

improved marine and aquatic animal oil extraction method allowing recovery of a

valuable lipid fraction and separate recovery of a valuable protein rich solid residue

that comprises active enzymes.

Other objects and further scope of applicability of the present invention will become

apparent from the detailed description given hereinafter. It should be understood,

however, that this detailed description, while indicating preferred embodiments of the

invention, is given by way of illustration only, since various changes and

modifications within the spirit and scope of the invention will become apparent to

those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Gas-liquid chromatography of fatty acids from dry krill (chloroform-

methanol)

Figure 2. Gas-liquid chromatography of fatty acids from dry krill (acetone)

Figure 3. Gas-liquid chromatography of fatty acids from frozen krill (acetone)

Figure 4. Gas-liquid chromatography of fatty acids from frozen krill (ethanol)

Figure 5. Gas-liquid chromatography of fatty acids from frozen krill (t—butanol)
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Figure 6. Gas-liquid chromatography of fatty acids from frozen krill (ethyl

acetate)

Figure 7. Thin-layer chromatography of neutral lipids of Calanus sp. and

M. norvegica

Figure 8. Thin-layer chromatography of neutral lipids of E. pacifica

Figure 9. Thin-layer chromatography of neutral lipids of M. schmitti

Figure 10. Thin-layer chromatography of neutral lipids of G. galeus

Figure 11. Thin-layer chromatography of neutral lipids of Angel Shark

Figure 12. Thin-layer chromatography of phospholipids of Calanus sp. and

M. norvegica

Figure 13. Thin-layer chromatography of phospholipids of E. pacifica

Figure 14. Thin-layer chromatography of phospholipids of M. schmitti

Figure 15. Thin-layer chromatography of phospholipids of G. galeus

Figure 16. Thin-layer chromatography of phospholipids of Angel Shark

Figure 17. Influence of the volume of acetone on lipid extraction (E. pacifica)

Figure 18. Influence of incubation time in acetone on lipid extraction

(E. pacifica)

Figure 19. Influence of the volume of ethanol on lipid extraction (E. pacifica)

Figure 20. Influence of incubation time in ethanol on lipid extraction

(T. raschii)

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

PCTICA99/00987

Before describing the present invention in detail, it is to be understood that the

invention is not limited in its application to the process details described herein. The

invention is capable of other embodiments and of being practised in various ways.

It is also to be understood that the phraseology or terminology used herein is for the

purpose of description and not limitation.

The method of the invention comprises suspending freshly collected marine and

aquatic material in acetone. Lipids are extracted with a ketone such as acetone.

This allows a rapid dehydration of animal tissue and a migration of the lipid fraction

to the solvent. The dry residue is a valuable product rich in active enzymes.
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In a preferred embodiment, the extraction is carried out by successive acetone and

alcohol treatments. Preferred alcohols are isopropanol, and t-butanol. The alcohol

' may also be substituted with an ester of acetic acid such as ethyl acetate. The

procedure produces two successive lipid fractions and a dry residue enriched in

5 protein, including active enzymes. Recovery of total lipids is comparable to the Folch

et al. (1957) procedure reported in the background of the invention. It has been

tested with krill. Calanus, fish and shark tissues.

Surprisingly, it was found that successive extraction treatments as proposed by the

10 present invention has a better yield in lipid extraction that single solvent system

extractions. The extraction using two successive solvents which starts with a ketone

such as acetone is especially advantageous since the acetone, in effect, dehydrates

the animal tissue. Having the animal tissue in dehydrated form greatly facilitates the

extraction process with the second solvent, alcohol or an ester of acetic acid such /‘

15 as ethyl acetate.

In the case of zooplancton such as krill and Calanus and in the case of fish~filleting

by-products such as fish viscera, it is noted that extraction with acetone alone may

be sufficient to allow a cost-effective recovery of lipid fractions and separate recovery

20 of a dry solid product rich in proteins including active enzymes.

The general extraction method of the present invention will now be described. The

starting material consisting of freshly harvested and preferably finely divided marine‘

and aquatic animal material is subjected to acetone extraction, for at about two hours

25 and preferably overnight. However extraction time is not critical to the yield of lipid

extraction. To facilitate extraction, it is preferable to use particles of less than 5mm

in diameter. Extraction is preferably conducted under inert atmosphere and at a

temperature in the order of about 5°C or less.

30 Preferably, the beginning of the extraction will be conducted under agitation for about

10 to 40 minutes, preferably 20 minutes. Although extraction time is not critical, it
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was found that a 2 hour extraction with 6:1 volume ratio of acetone to marine and

aquatic animal material is best.

The solubilized lipid fractions are separated from the solid material by standard

technigues including, for example, filtration, centrifugation or sedimentation.

Filtration is preferably used.

After separation by filtration on an organic solvent resistant filter (metal, glass or

paper) the residue is optionally washed with pure acetone, preferably two volumes

(original volume of material) to recover yet more lipids. The combined filtrates are

evaporated under reduced pressure. Optionally, flash evaporation or spray drying

may be used. The water residue obtained after evaporation is allowed to separate

from the oil phase (fraction I) at low temperature.

The solid residue collected on the filter is suspended and extracted with alcohol,

such as ethanol, isopropanol, t-butanol or alternatively with ethyl acetate, preferably

two volumes (original volume of material). The filtrate is evaporated leaving a second

fraction of lipids (identified as fraction ll). Although the extraction period is not

critical, it was found that an extraction time of about 30 minutes is sufficient at

temperatures below about 5°C.

Temperature of the organic solvents, except t-butanol, and temperature of the

sample are not critical parameters, but it is preferable to be as cold as possible.

However, in the case of t-butanol which is solid at room temperature, it is important

to warm it before using it and to perform the extraction at 25 °C immediately.

Comparative examples

To compare the efficiency of the extraction process, a classical technique (Folch et

al. 1957) using chloroform and methanol was applied to krill. This method is the

reference for measuring efficiency of the extraction process. Another comparison has

been made with a technique using hexane as the extraction solvent. Lipid recovery
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was estimated by suspending lipid fractions in small volumes of their original solvents

and measuring by gravimetry small aliquots after evaporation.

For all examples provided herein, the method of the present invention involving

acetone extraction followed by extraction with a second solvent (ethyl acetate, for

example) gave a translucent oil having appearance and properties more attractive

than any oil obtained by the classical technique of Folch et al. (1957).

To analyze lipid composition, 780 pg of each extract was loaded on silica-gel plates

and fractionated by thin layer chromatography, TLC (Bowyer et al. 1962) with the

following solvents. Neutral lipids: hexane, ethyl ether, acetic acid (90:10:1, v/v) and

phospholipids: chloroform, methanol, water (80:25:2, vlv). Fatty acid composition of

E. pacifica was analyzed by gas liquid chromatography, GLC (Bowyer et al. 1962,

see bibliography) including some modifications to the original technique: 2h at 65°C

instead of 1h at 80°C, three washes with hexane instead of two and no wash with

water.

To get rid of traces of organic solvents, lipid fractions I and ll are warmed to about

125°C for about 15 minutes under inert atmosphere.

Fat was analyzed according to the American Oil Chemist's Society (AOCS). The

following criteria have been used to analyze the lipids extracted: saponification and

Wijs iodine indexes and moisture-volatile matter levels. Cholesterol content has also '

been determined by the method of Plummer 1987 (see bibliography). The same

analyzes and others have been made by an independent laboratory under Professor

Robert Ackman's supervision (Canadian Institute of Fisheries Technology, DalTech,

Dalhousie University, Halifax, Nova Scotia, Canada). This includes Wijs iodine index,

peroxide and anisidine values, lipid class composition, fatty acid composition, free

fatty acid FAME, cholesterol, tocopherol, all-trans retinol, cholecalciferol,

asthaxanthin and canthaxantin contents.
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Table 1 shows that higher levels of lipids are extracted from dry krill by acetone

followed by ethanol as compared to the classical procedure of Folch et al. (1957).

Table 2 shows the results of lipid extraction from frozen Euphausia pacifica, a

species of krill from Pacific Ocean. Assuming an eighty percent content of water, the

lipid content is comparable to dry krill as shown in Table 1. lsopropanol, t-butanol

and ethyl acetate, as solvent for the second extraction, give a yield less important

than ethanol, but are not necessarily less effective in lipid recovery since ethanol

carries more impurities than isopropanol, t-butanol or ethyl acetate. Then, they can

be used as second solvent after acetone as well. Variations between results from

acetone extractions are mainly due to the water-oil separations. These separations

are influenced by the quantity of residual acetone in the water-oil solution after

acetone evaporation. This quantity of acetone varies from an experiment to another;

because the evaporation system used at a small scale is less reproducible (at the

industrial scale, the evaporation step will be optimized). Single" solvents have also

been tested to extract the totality of lipids from krill. This shows that ethyl acetate

(1,37% extraction rate), as hexane (O,23% extraction rate) are not good solvents,

compared to acetone alone (1 ,86% extraction rate, and even greater extraction rates

with an efficient acetone evaporation system).

One of the main advantages of the procedure is the removal of bacteria from extracts

(lipid fraction and solid protein-rich material). Indeed, samples of E. pacifica

incubated in different ratios of acetone at 4°C for 112/days have been inoculated on

NA medium containing Bactom beef extract 0,3°/o, Bactom peptone 0,5°/o and Bactoi”

agar 1,5°/o (Difco Laboratories, Detroit, USA) then incubated at room temperature or

4°C for 18 days. No significant bacterial growth was observed at a ratio of 1 volume

of acetone per gram of krill. At higher proportions of acetone (2 volumes and 5

volumes), there was no bacterial growth at all, which means that acetone preserves

krill samples. Acetone is known as an efficient bactericidal and viricidal agent L’

(Goodman et al. 1980).
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Table 3 shows the yield of lipids from M. norvegica. The percentage of lipids (3.67%)

is comparable to the one obtained with E. pacifica (3,11°/o) shown in Table 2.

' Variations can be attributable to diet and time (season) of collection, which are

different for those two species.

Table 4 shows the influence of grinding on the efficiency of extraction of M.

norvegica lipids. These extractions were carried out under optimal conditions and

show the definite advantage of the procedure over the classical method (4.46 °/o

versus 3,30 %). It also shows that grinding may be an important factor when the

species is large (4,-46% versus 3,53 %).

Table 5 reports on lipid extraction from Calanus. Considerable quantities of lipids

were obtained. Some variations in Calanus species composition may explain the

variations between experiments 1 and 2 (8.22 % and 10,90 % of fresh weight).

Tables 6-8 report the total amount of lipids extracted from fish tissue. The method

of the present invention was demonstrated on mackerel, trout and herring. The

method was demonstrated on peripheral tissues (mainly muscles) and viscera.

Advantageously, the present method would permit the recovery of valuable lipid

fractions from parts of fish that are usually wasted after the withdrawal of fillets of the

fish. Those fish tissues not used after the transformation of the fish for human

consumption could be stored in acetone, and lipids extracted therefrom in

accordance with the present invention even if the method Folch [1957] recovers

more lipid than our method. Indeed small amounts of lipids from mackerel (0.52%

from viscera and 1,45% from tissues) have been extracted by the method of Folch

after a first extraction with acetone and ethanol as described in the present invention.

Comparative extractions with the method described in the present invention carried

out in parallel with the method of Folch on trout and herring show superior recovery

with the latter. However, it is noteworthy that the Folch method can not be applied

for the recovery of lipids for commercial uses (because of toxicity).
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In Tables 9 to 11, are shown results of lipids extraction from shark liver tissues.

There is no marked difference in results between techniques within a species.

Table 12 shows the fatty acid composition of krill oil (e. pacifica) following extraction

in various solvents.

Tables 13 shows some characteristics features of fraction l (acetone) and fraction

II (alcohol or ethyl acetate) for krill oil (e. pacifica). First, the saponification index of

fraction I (130,6) indicates that this fraction contains fatty acids with longer chains, \/

compared to fraction ll (185.7). The Wijs iodine index of fraction I shows that this

fraction contains high levels of polyunsaturated fatty acids. As compared to olive oil

which has an index of 81.1. lt explains why fraction I is liquid at room temperature.

It is well known that unsaturated fatty acids have a fusion point inferior to the one

of their saturated homologues. The same observations are made for fraction II which

has a iodine index. of 127,2. The fatty acid composition shown in Table 12

corroborates these iodine indexes: fraction I has a high percentage (30,24%) of

polyunsaturated fatty acids (pentaenes+hexaenes) and so fraction ll (22,98%).

Finally, Table 13 shows also that fraction l is comprised of 10,0% of volatile matter

and humidity after evaporation of the solvent. For the same test, the fraction ll gives

a value of 6,8%. To get rid of traces of solvents, it is important to briefly heat (to

about 125°C, for about 15 min) the oil under nitrogen.

Results on krill oils obtained in accordance with the method of the present invention ‘

(fraction l extracted with acetone and fraction ll extracted with ethyl acetate) are /

provided in Tables 13, 14, 15, 16, 17 and 18. It is noteworthy to mention that in

Table 18, the carotenoids content was significantly high as measured in terms of two

carotenoids namely asthaxanthin and canthaxanthin. Indeed, duplicates analyzes

revealed values of 92 to 124 uglg of lipid fraction for asthaxanthin and 262 to 734

pg/g for canthaxanthin. Thus, for the purpose of the present invention it may be said

that the krill extract comprises asthaxanthin at least 75 and preferably at least 90

ug/g of lipid fraction. In the case of canthaxanthin_ at least 250 and preferably at

least 270 pg/g of lipid fraction. Low values for peroxide and anisidlne are

advantageous and are due to the presence of high levels of natural antioxidants
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(astaxanthin and canthaxanthin). These compounds are indicative of favourable

phannaceutical or cosmetological properties of the krill extract whereby high levels

. of carotenoids indicate excellent transdermal migration characteristics. Thus, krill

extract is a good candidative for transdermal delivery of medicines.

Table 19 shows the best mode of the method in accordance with the present

invention for lipid extraction of aquatic animal tissues.

Table 20 shows that the enzyme activig of the solid fraction is maintained following

the method of the present invention. Indeed, the demonstration was completed for

solid krill residue obtained after successive acetone and ethyl acetate extraction.

Proteolytic activities were measure by the liberation of amino groups by

spectrophotometric assay using o-pthaldialdehyde as reagent. Protein

concentrations were measured by the Bradford method. Soluble proteins were

extracted with water and added to a 10% lactoserum protein concentrate obtained

by ultrafiltration. At the end of incubation at 37°C in 50mM potassium phosphate

buffer. trichloroacetic acid was added and the amount of NH3 group was measured

in the supernatant according to the method of Church et al. [1983, J Dairy Sci 66:

1219-1227].

Figures 1 to 6 show chromatograms of fatty acid composition of E. pacifica lipids.

On each of them, high proportions of 20:5 and 22:6 fatty acids (characteristic of

marine and aquatic oils) are noticeable and represented by two distinct peaks. Data

are shown in Table 12.

Variations in lipid patterns of neutral lipids (from Figure 7 to Figure 11) from one

species to another are attributable to the differences in food sources. Within a

species (E. pacifica, for example) there is no marked variation between lipid patterns

obtained from different techniques of lipid extraction. Concerning phospholipids

(Figure 12 to Figure 16), the opposite is observed: variations are explained by the

different extraction processes of lipids since the same species do not lead to the

same lipid pattern. Lipids from shark species (extracted by the mentioned methods)
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and commercial cod-liver oil (sample available from Uniprix drugstores, Province of

Québec, Canada) are mainly composed of neutral lipids as opposed to

phospholipids.

The influence of the volume of solvent and incubation time on the efficiency of the

acetone to extract lipids from E. pacifica is illustrated in Figures 17 and 18.

respectively. A ratio of 1:6 (wlv) produced optimal yield with near complete extraction

after 2h. The second extraction step has been experimented with ethanol. The

volume of this solvent does not appear to be critical since the same yield was

obtained with different volumes of ethanol (Figure 19), but incubations time in

ethanol should be at least 30 minutes as indicated by the results on Figure 20.

One of the inventors, Dr. Adrien Beaudoin, has ingested the different lipid fractions

of krill. No side effect profile was observed.

Although the invention has been described above with respect with one specific fonn,

it will be evident to a person skilled in the art that it may be modified and refined in

various ways. lt is therefore wished to have it understood that the present invention

should not be limited in scope, except by the terms of the following claims.

Demonstrgatign that krill residue. obtained after acetone and ethyl acetate extraction,

contains enzyme proteolfiic activities. Proteolfiic activities were measured by the

liberation of amino groups by spectrophotometric assay using o-phthaldialdehyde

as reagent. Protein concentrations were measured by the Bradford method.

The enzyme source was the residue obtained after acetone and ethyl acetate

extractions of lipids. Soluble proteins were extracted with water and added to a 10%

lactoserum protein concentrate obtained by ultrafiltration.

At the end of incubation at 37°C in 50 mM potassium phosphate buffer,

trichloroacetic acid was added and the amount of NH3 groups were measured in the

supernatant according to Church and al. 1983.
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS 5E. eacificag

Exg. No. Technigue Yield (%) Total (%) Mean 1%) 1; s.d.

1-1 acetone °’ 8,00
ethanol "l 7,60 15,60

2- " 19,70

6,90 26,60

3- " 8,15

11,20 19,35

4- " 6,80

13,60 20,40

2o,49:3,95

5- chlor : MeOH °> 15,50

6- " 14,90 .

1 5,20:o,30
 

Determinations in triplicates (variation < 5 %).

” ‘Extraction made with a sample-solvent ratio of 1:9 (wlv), no incubation.
"’ :Extraction made with a sample-solvent ratio of 1:4 (wlv), incubated 1 night at 4°C, following

a first extraction with acetone.

°’ :Folch et al. 1957.

TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS 1E. gacifica!

Exg. No. Technigue Yield (%) Total (%) Mean (%) 1 s.d.

1- acetone 3’ 1,17
ethanol "’ 1,23 2,40

2- " 3,05

1,09 4,14

3- " 1,53

1,26 2,79

3,1 110,91

4- acetone 3’ 2,45
isopropanol '” 0,70 3,1 5

5- " 1,80

0,80 2,60

6- " 1,60

0,80 2,40

2,72i0,39
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TABLE 2 gcontinuedg. EXTRACTION OF FROZEN KRILL LIPIDS §E. Eacifica!

 

Eio. No. Technigue Yield (%) Total (%) Mean (%) i s.d.

7-’ acetone 3’ 2,15
t-butanol °’ 0,47 2,62

8- " 2,11

0,40 2,51

9- " 2,37

0.45 2,82

2,65:tO,1 6

1 0- acetone 3’ 2,28

ethyl acetate "’ 0,21 2,49

1 1- " 1,09

0,16 1 .25

1 2- ” 2,54

0,09 2,63

2,1 2120,76

13- combined

acetone-ethanol " 3,28

14- " 3,02

15- " 3,25

3,1 8i0,14

15- ethyl acetate °’ 1,32

17- " 1,49

18- " 1,31

1 ,37iO,1 0

19- hexane °’ 0,31

20- " 0,18

21- " 0,20

0,23i0,07

22- chlor:MeOH '> 2,37

AKER877|TC00058019
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TABLE 2 continued . EXTRACTION OF FROZEN KRILL LIPIDS E. acifica

Exg. No. Technigue Yield (%) Total (%) Mean (%) : s.d.

25- " 2,07

24- " 2,62

2,35:l:0,28
 

Determinations in triplicates (variation < 5 %).

" :Extraction made with a sample-solvent ratio of 1:6 (wlv), incubated 2 h at 4°C.

°’ :Extraction made with a sample-solvent ratio of 1:2 (wlv), incubated 30 min at 4°C,
following a first extraction with acetone.

" :Extraction made with a sample-solvent ratio of 1:2 (wlv), incubated 30 min at 25°C,
following a first extraction with acetone.

‘” :Extraction made with a sample-acetone-ethanol ratio of 125:5 (w/vlv), incubated 2 h at 4°C.
9’ :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 2 h at 4°C.
" : Folch et al. 1957.

TABLE 3. EXTRACTION OF FROZEN KRILL LlPlDS§M. norvegicai

Exg. No. Technigue Yield (%) Total (°/o) Mean 1%) i s.d.

1- acetone " 1,82

ethanol °’ 1,82 3,64

2- ” 1,15

2,35 3,50

3- " 1,68

2,19 3,87

3,67:l:0,1 5

Determinations in triplicates (variation < 5 %).

°’ :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 1 night at 4°C.
"’ :Extraction made with a sample-solvent ratio of 1:4 (wlv), incubated 1 h at 4°C, following a first

extraction with acetone.
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TABLE 4. INFLUENCE OF GRlNDlNG ON EXTRACTION OF FROZEN KRILL LIPIDS

(M. norvegica) 

Exg. No. Technigue Krill ground before 1“extraction Yield 1%) Total (%) \

1- acetone ” yes _ 3,10 ”' J./z; .’,
;.,* ,.» ethanol L’) 1,07 4,17

2- " no 2,14

1,39 3,53

3- ” . ', 1'1” yes 3.32
v ‘M 1,14 4,46

4- chlor : MeOH °’ yes 3,30

5- " yes 3,26
 

Determinations in triplicates (variation < 5 %).

3’ :Extraction made with a sample—solvent ratio of 1:6. incubated 2 h at 4°C.

"’ :Extraction made with a sample-solvent ratio of 1:2, incubated 30 min at 4°C, following a first
extraction with acetone.

°’ :Folch et al. 1957.

TABLE 5. EXTRACTION OF FROZEN Calanus LIPIDS gcalanus SE.)

Exg. No. Technigue Yield 1%) Total (°/o) Mean (%) t s.d.

1- acetone 3’ 6,18
ethanol “l 2,04 8,22

2- " 8,64

2,26 10,90

9,56i1,34

Determinations in triplicates (variation < 5 %).

3’ :Extraction made with a sample-solvent ratio of 1:9 (wlv). incubated 1 night at 4°C.

"’ :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first
extraction with acetone.
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TABLE 6. EXTRACT|ON OF FRESH FISH LIPIDS §Mackere|i

Exg. No. Technigue Yield (%) Total {°/o)

5 - viscera acetone " 6.11
fish 1 ethanol “l 0,59 5,70

2- tissues " 3.78

fish 1 0.91 4,69
10

3- viscera " 10,46

fish 2 0,57 1 1 .03

4- issues " 6,65

15 fish 2 1,41 8,06

5- viscera " 8,39
fish 3 0,66 9,05

20 6- tissues " 5,27

fish 3 0,97 6,24

7- viscera " 8.47

fish 4 0,69 9,16
25

8- tissues " 8,40

fish 4 1.02 9,42

9- viscera chlor:MeOH °’ 0,52
30 fish 1

10- tissues " 1,45
fish 1
 

35 3’ :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubation time:
- fish 1 viscera: 4h, fish 1 tissues: 23h

- fish 2 viscera: 23h45, fish 2 tissues: 45h3O

- fish 3 viscera: 8 days 2h20. fish 3 tissues: 8 days 22h30

- fish 4 viscera: 17 days 23h. fish 4 tissues: 18 days 2h25.

40 °’ :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1h at 4°C, following a first
extraction with acetone.

°’ :Folch et al. 1957, jollowing egraggions with acggggg meg gghgngi.
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TABLE 7. EXTRACTION OF FRESH FISH LIPIDS l rout!

Exg. No. Technioue Yield (%) Total (%)

5 1.. viscera acetone a’ 34.70
ethanol “i 2.18 _ 36,88

2- tissues " 5,53

1.17 6,70
10

3- viscera chlor:MeOH °’ 39,81

4- tissues " 14,93
 

15 Determinations in triplicates (variation < 5 %).

3’ :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 1 night at 4°C.
°’ :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a tirst

extraction with acetone.

°’ :Folch et al. 1957.
20

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS gflerringl

Exg. No. Technigue Yield (%) Total (%)

25 1-tissues and viscera acetone 3’ 2,09
ethanol "’ 0,68 2,77

30 2-tissues and viscera chlor.MeOH °’ 5,95 
Determination in triplicates (variation < 5% ).

3’ :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 1 night at 4°.

"’ :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first
extraction with acetone.

35 °’ :Folch et al. 1957.

TABLE 9. EXTRACTION OF FRESH SHARK LIVER LIPIDS 1M. schmittil

40 Exg. No. Technigue Yield (%) Total (‘Vol

1- acetone ” 36,39
ethyl acetate “l 4,48 40,87

45 2- ethyl acetate °’ 36,68

3- chlor : MeOH “‘ 41,86

Determinations in triplicates (variations <5 %).

50 3’ :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 2h at 4°C.
°’ :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following

a first extraction with acetone.

°’ :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C.
°’ :Folch et al. 1957.

118 AKER877|TC00058023
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_‘_l" "‘LE 10. EXTRACTION OF FRESH SHARK LIVER LIPIDS (G. galeus).

Exg. No. Technigue Yield (%) Total (%)

1- acetone " 21,39

ethyl acetate “l 5,27 26,66

2- ethyl acetate °’ 25,89

3- chlor: MeOH ‘l 29,99

Determinations in triplicates (variations <5 %).

" :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 2h at 4°C.

"’ :Extraction made with a sample-solvent ratio of 1:2 (wlv), incubated 30 min at 4°C. following
a first extraction with acetone.

°’ :Extraction made with a sample-solvent ratio of 1 :9 (wlv), incubated 2h at 4°C.
‘’ :Folch et al. 1957.

TABLE 11. EXTRACTION OF FRESH SHARK LIVER LIPIDS jAnge| Shark!

Exg. No. Technigue Yield (%) Total (%)

1- acetone 3’ 19.23 ‘
ethyl acetate ”’ 8,98 28,21

' ethyl acetate °’ 39,22

3- chlor: MeOH ‘l 39,23

Determinations in triplicates (variations <5 %).

" :Extraction made with a sample-solvent ratio of 1:9 (wlv), incubated 2h at 4°C.

"’ :Extraction made with a sample-solvent ratio of 1:2 (wlv), incubated 30 min at 4°C, following
a first extraction with acetone.

°’ :Extraction made with a sample-solvent ratio of 1 :9 (wlv), incubated 2h at 4°C.
“’ :Fo|ch et al. 1957.

TABLE 12. FATTY ACID COMPOSITION 1E. Eacificaf

Solvent Saturated Unsaturated Mono Q_i [fly _lj-l3_ol_y Unidentified

chlo-meth 26.18 22.54 1.91 3.23 26.34 19.8

acetone 21.4 ‘22.1 8 1.75 3.7 24.52 26.46

acetone 19.09 22.11 2.03 3.48 30.24 23.03

ethanol 28.07 22.92 2.14 3.07 27.78 16.03

t—butanol 32.63 24.96 1.86 2.86 17.86 19.83

I acetate 22.68 25.77 2.17 2.88 22.98 23.51

.,..ta expressed in percentage of total fatty acids (%).

I...
.,
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TABLE 13. CHARACTERISTICS OF KRILL OIL 1E. gacificai

Sagonification index

Fraction I °’
Fraction II ‘’
Olive Oil

Wiis iodine index

Fraction I "
Fraction II "’
Olive oil

Cholesterol content (%)

Fraction I °’

Fraction ll ‘”
Olive oil

Volatile matter and moisture levels (%)

Fraction I °’

Fraction II "’

Peroxide value (meg geroxidelkg oil)

Fraction I "
Fraction II ‘”

Q-Anisidine value gg" absorgtion)

Fraction I °’
Fraction II ‘”

130,6

135,7

192,0 ‘I

185,2
127,2

85,3 °’

2,1
3,7

0,2 °’

10,0
6,8

independent ha

laboratory "

0,0

0,0

0,1

5,5

18

81

ndbook”

9,7

.1

 

3’: Professor Robert Acl<man's laboratory, Canadian Institute of Fisheries Technology,
Halifax, Nova Scotia.

b’ : Harwood and Geyer 1964.C) .

d).

following a first extraction with acetone.

°’ : Extra virgin olive oil cold compressed from Bertolli T”.

120

. Extraction made with a sample—acetone ratio of 1:6 (wlv), incubated 2h at 4°C.

. Extraction made with a sampleethyl acetate ratio of 1:2 (wlv), incubated 30 min at 4°C,

AKER877|TC00058025
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TABLE 14. LIPID CLASS COMPOSITION OF KRILL OIL IAREA ‘Ma! IE. gacifical

Triglycerides

Fraction I ‘I

Fraction II “I

Hydrocarbons

Fraction I ‘’

Fraction ll '”

Free fatg acids

Fraction I "’

Fraction II "’

Monoglycerides

Fraction I a’

Fraction ll ”’

Phosoholigids or other golar material

Fraction I ‘’

Fraction II °’

19.0-I.-0.7

66,5i 2.3

trace

1.3: 0.1

23.7: 1.1

20.3: 0.3

1.4: 0.3

0,5:l: 0,1

54,1: 6.1

8.5 $1.6
 

Data from Professor Robert Ackman's laboratory. Canadian Institute of Fisheries Technology,
Halifax. Nova Scotia.

3’ : Extraction made with a sample-acetone ratio of 1:6 (wlv). incubated 2h at 4°C.
"’ : Extraction made with a sample-ethylacetate ratio of 1:2 (wlv), incubated 30 min at 4°C,

following a first extraction with acetone.

TABLE 15. FATTY ACID COMPOSITION OF KRILL OIL §WTlWT%} IE. Bacificaz

 

Fatty acids Fraction I '> Fraction II ''>

12 :0 0,0 0,1
13 :0 0,2 0,1

iso 14 :0 0,4 0,6
14:0 4.2 7,6

ISO 15:0 . 0,5 0,7
ANT 15:0 0.2 02

15:0 1 0,5 1,0
ISO 16:0 0.2 0,3

ANT 15:0 0,2 0,2
16:0 14,1 21,6

7MH 0,0 0,9

ANT 17:0 0.1 03
17:0 2,8 3,7
18:0 1,0 1.5
20:0 0,1 0,3

Saturates 25,2 39,2
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121

RX-0135.0121



122

10

15

20

25

30

35

40

45

50

WO 00/23546

24

PCT/CA99/00987

TABLE 15 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WTIWT°/o)

1E. Eacifica)

Fattv acids

14:1

15:1

16:1 n-7

18:1 n-5

17:1

18:1 n-9

18:1 n_-7
18:1 n-5

20:1 n-9

20:1 n-7

20:1 n-5

22:1 n-11 +13
Monoenes

16:2 n-6
16:2 n-4

18:2 n-7
18:2 n-6

18:2 n-4

20:2 NMID

20:2 n-6
Dienes

16:3 n-4
1 8:3 n-6

18:3 n-4

18:3 n-3

18:3 n-1

20:3 n-3

Tfienes

16:4 n-3

16:4 n-1

18:4 n-3

18:4 n-1

20:4 n-6

20:4 n-3

Tetraenes

20:5 n-3

21 :5 n-3

22:5 n-6

22:5 n-3
Pentaenes

122

Fraction I "

0,4

0,1

6,6

0,6

0,6

8,0

4,2

0,1

0,3

0,3

0,3

0,1

21,6

0,6

1,3

0,1
2,0

0,1

0,2

0,1

4,4

1,4
0,4

0,2
3,2

0,1

0,1

5,4

0,9

1,0

9,2

0,1

0,7
0,7

12,6

17,4
0,7

0,2
0,5

18,8

Er_a_c_ti2rm."_’

0,5

0,2

7,8

0,2

0,7

9,8

5,6

0,1

0,4

0,4

0,4

0,2

26,3

1,2

1,3

0,2

1,8

0,1
0,2

0,1

4,9

1,2
0,3

0,2

3,0

0,1

0,1
4,9

0,7
0,8

7,4
0,0
0,5

0,3

9,7

8,6

0,5

0,1

0,3
9,5
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TABLE 15 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%)
(E. gacifica)

Fat_*t_\; acids Fraction I °’ Fraction II “I

22:6 n-3 13,2 : 6,6
Hexaenes

Iodine value calculated 214,8 145,1

Data from Professor Robert AcI<man"s laboratory, Canadian Institute of Fisheries Technology,
Halifax. Nova Scotia.

3’ : Extraction made with a sample-acetone ratio of 1:6 (wlv), incubated 2h at 4°C.

°’ 2 Extraction made with a sample—ethyl acetate ratio of 1:2 (wlv), incubated 30 min at 4°C,

following a first extraction with acetone.

TABLE 16. KRILL LIPID FREE FATTY ACID FAME gWTM!T°/o) §E. Eacifica!

Fatty acids Fraction I " Fraction II "’

12:0 0,5 0,1

13:0 0,2 0,0
lSO14:0 0,2 0,2

1420 1,3 2,6
ISO 15:0 0,3 0,3

ANT 15:0 0,1 0,1

15:0 0,2 0,5

ISO 16:0 0,1 0,2

ANT 16:0 , 0,2 0,1
16:0 3,3 10,6
7MH 0,6 0,8

ANT 1710 0,2 0,2

Phytanic 0,2 0,0
17:0 0,5 0,8

18:0 0.2 0,6
20:0 0,3 0,2

22:0 0,0 0,1

Saturates 8,4 17,4

14:1 0,2 0,2

15:1 0,2 0,1

16:1 n-9 0,5 0,0

16:1 n-7 5,2 6,8
16:1 n-5+l17:0 ‘ 0,1 0,1
17:1 0,6 0,7

18:1 n-9 7,0 11,4
18:1 n-7 4,9 9,3
18:1 n-5 0,1 0,3
20:1 n-11 0,2 0,3

20:1 n-9 0,1 0,3
22:1 n-11+13 0,1 0,2

24:1 n—9 0,0 0,1
Monoenes 19.2 29.8

AKER877lTC00058028

123

RX-0135.0123



124

WO 00/23546 PCTICA99./00987

26

TABLE 16 (continued). KRILL LlPlD FREE FATTY ACID FAME (WTlWT%l §E. Eacifica)

Fat_ty acids Fraction l " . Fraction ll ‘”

5 '16:2 n-6 0,4 0,9
16:2 n-4 1,2 1,0

18:2 n-7 0,1 ‘ 0,2

18:2 n-6 2,4 2,6

18:2 n—4 0,1 0,1
10

20:2 n-6 0,1 0,1

Dienes 4,3 4,9

16:3 n-4+l17:1 ' 1,4 0,9
15 16:3 n-3+l18:0 0,2 0,5

18:3 n-6 0,4 0,3

18:3 n-4 0,1 0,1

18:3 n-3 3,3 3,4

18:3 n-1 0,1 0,1
20 20:3 n-6 0,1 0,1

20:3 n-3 0,1 0,2

Trienes ' 5,7 5,6

25 16:4 n-3 0,6 0,3

16:4 n-1 1,0 0,6

18:4 n-3 9,8 6,2
18:4 n-1 0,1 0,1

20:4n-6 1,7 1,4

30 20:4 n-3 0,6 0,5

22:4 n-3 0,3 0,3

Tetraenes ‘ 14,1 9,4

18:5 n-3 0,2 0,1
35 20:5 n-3 26,4 17,4

21 :5 n-3 0,9 0,6
22:5 n-6 0,0 0,1

22:5 n-3 0,7 0,5

Pentaenes 28,2 18,7
40

22:6 n-3 20,5 14,4
Hexaenes 20,5 14,4

lodine value calculated 291,6 220,3
45 ~

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology,
Halifax, Nova Scotia. . ‘

3’ : Extraction made with a sample-acetone ratio of 1:6 (wlv), incubated 2h at 4°C.

b’ : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C,
50 following a first extraction with acetone.
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TABLE 17. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT

IN KRILL OIL §E. Eacifica)

aloha-tocogherol by HPLC (IU)
Fraction I " 0,91

Fraction ll °’ 0.83

oamma-tocooherol by HPLC gglg
Fraction l 3’ Tr

Fraction ll ”’ Tr

delta-tocogherol by HPLC gglg
Fraction 1 " N.D.

Fraction II b’. N.D.

all-trans retinol by HPLC (lU)
Fraction l " 395,57

Fraction ll °’ 440,47

cholecalciferol by HPLC (IU)
Fraction I 3’ N.D.

Fraction ll ”’ N.D.

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology.
Halifax, Nova Scotia.

Data expressed per gram of krill oil.

"" 2 Extraction made with a sample-acetone ratio of 1:6 (wlv), incubated 2h at 4°C.
"’ 2 Extraction made with a sample—ethyl acetate ratio of 1:2 (wlv), incubated 30 min at 4°C,

following a first extraction with acetone.
TR = trace

N.D. = not detected

Conversion : Vitamin alpha—tocopherol
All-trans retinol

mg/g oil x 1,36 = International Unit

pg/g + 0,3 = International Unit

TABLE 18. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL

(E. gacifica) '

Asthaxantin (gg/u oil)

Fraction I a’ 93.1
Fraction II b) 121.7

Canthaxanthin (gg/0 oil)

Fraction I” 270.4

Fraction ll ‘” 733.0

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology.
Halifax. Nova Scotia.

3’ : Extraction made with a sample~acetone ratio of 1:6 (wlv), incubated 2h at 4°C.
°’ : Extraction made with a sample—ethyl acetate ratio of 1:2 (wlv). incubated 30 min at 4°C,

following a first extraction with acetone.
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TABLE 19. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL
TISSUES su

STEP

Grinding (if particles > 5mm)

Lipid extraction

Filtration

Washing

Filtration

Evaporation

Oil-water separation

Lipid extraction

Filtration

Evaporation

3

ested rocedure

CONDITIONS

4°C.

sample-acetone ratio of 1:6 (wlv)

2h (including swirling 20 min)
4°C

organic solvent resistant filter
under reduced pressure

sample-acetone ratio of 1:2 (wlv)

pure and cold acetone

organic solvent resistant filter
under reduced pressure

under reduced pressure

4°C

@ ratio of1:2 (W/V)”
Pure $
30 min

4°C °l

organic solvent resistant filter
under reduced pressure

under reduced pressure

2 Ethanol can be replaced by isopropanol. t-butanol or ethyl acetate.

°’: 25 “C when using t-butanol.

TABLE 20: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE

SUBSTRATE, AT 37 °C, PH 7.0 FOR A RATIO ENZYME:SUBSTRATE OF 1 :43 

Time I Amino acids released

(min) (gmolesl

15 28.76

30 43.74

170 98.51
255 177.26

Enzymatic rate

* total quantity of enzymes in hydrolysis media

126

Specific enzymatic

{gmoles/min) activity

(gmoles/min/mg‘)

1.917 0.164

0.999 0.125

0.322 0.050
0.308 0.060
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We claim:

~ 1. A method for extracting lipid fractions from marine and aquatic animal

material. said method comprising the steps of:

(a) placing marine and aquatic animal material in a ketone solvent,

preferably acetone to achieve extraction of the soluble lipid fraction

from said marine and aquatic animal material;

(b) separating the liquid and solid contents;

(c) recovering a first lipid rich fraction from the liquid contents by

evaporation of the solvent present in the liquid contents;

(d) placing said solid contents in an organic solvent selected from the

group of solvents consisting of alcohol, preferably ethanol. isopropanol

or t—butanol and esters of acetic acid, preferably ethyl acetate to

achieve extraction of the remaining soluble lipid fraction from said

marine and aquatic animal material;

(e) separating the liquid and solid contents;

(f) recovering a second lipid rich fraction by evaporation of the solvent

from the liquid contents;

(g) recovering the solid contents.

2. A method as in claim 1 wherein during step (a), the solvent and animal

material are homogenized.

3. A method as in claim 1 wherein during step (d), the solvent and solid contents

are homogenized.

4. A method as in any of claims 1 to 3 wherein steps (b) and (cl) are conducted

under inert gas atmosphere.

5. A method as in any of claims 1 to 4 wherein steps (b) and (e) are effected by

techniques selected from filtration, centrifugation and sedimentation.
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A method as in any of claims 1 to 5 wherein steps (c) and (f) are effected by

techniques selected from vacuum evaporation, flash evaporation and spray

drying.

A method as in any of claims 1 to 6 wherein after step (b) and before step (c),

the method additionally comprises the intervening step of washing the solid

contents with the solvent and adding the resulting washing solution to the

liquid contents of step (b).

A method as in any of claims 1 to 7 wherein after step (e) and before step (f),

the method additionally comprises the intervening step of washing the solid

contents with the organic solvent selected in step (d).

A method as in any of claims 1 to 8 wherein prior to step (a) the marine and

aquatic animal material is finely divided, preferably to an average particle size

of 5mm or less.

A method as in claims 1 to 9 wherein steps (a) and (b) are conducted at

solvent temperatures of about 5°C or less.

A method as in claims 1 to 10 wherein said marine and aquatic animal is

zooplancton.

A method as in claim 11 wherein said zooplancton is krill.

A method as in claim 12 wherein said zooplancton is Calanus.

A method as in claims.1 to 10 wherein said marine and aquatic animal is fish

filleting by-products.
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A method for extracting lipid fractions from marine and aquatic animal material

selected from zooplancton and fish filleting by-products, preferably viscera,

said method comprising the steps of:

(a) placing said animal material in a ketone solvent, preferably acetone to

achieve extraction of the soluble lipid fraction from said marine and

aquatic animal material;

(b) separating the liquid and solid contents;

(c) recovering a lipid rich fraction from the liquid contents by evaporation

of the solvent present in the liquid contents;

(d) recovering the solid contents.

A method as in claim 15 wherein the animal material is krill.

A method as in claim 15 wherein the animal material is Calanus.

A method as in cIaims15 to 17 wherein during step (a), the solvent and animal

material are homogenized.

A method as in any of claims 15 to 18 wherein steps (b) and (d) are

conducted under inert gas atmosphere.

A method as in any of claims 15 to 19 wherein step (b) is effected by

techniques selected from filtration, centritugation and sedimentation.

A method as in any of claims 15 to 20 wherein step (c) is effected by

techniques selected from vacuum evaporation, flash evaporation and spray

drying.

A method as in any of claims 15 to 21 wherein after step (b) and before step

(c), the method additionally comprises the intervening step of washing the

solid contents with the solvent and adding the resulting washing solution to

the liquid contents of step (b).
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A method as in any of claims 15 to 22 wherein prior to step (a) the marine and

aquatic animal material is finely divided, preferably to an average particle size

of 5mm or less.

A method as in claims 15 to 23 wherein steps (a) and (b) are conducted at

solvent temperatures of about 5°C or less.

A krill lipid extract characterized in that the carotenoid content in asthaxanthin

is at least about 75 and preferably at least about 90:9/g of krill extract.

A krill lipid extract characterized in that the carotenoid content in

canthaxanthin is as least about 250 pglg and preferably at least about 270

pg/g of krill extract.

A method of lipid extraction as in claims 1 or 15 wherein the solid contents

recovered in the last step consists of a dehydrated residue containing active

enzymes.
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DATABASE HPI

Section Ch, Heek 197633
Deruent Publications Ltd., London, 68;
Class 013. AN 1976-62648X
XP002129263

—& JP 51 076467 A (KYOHA HAKKO KOGYO),

2 July 1976 (1976-07-02)
abstract

  
  
  
  
  

  

  

  
  
  
  
  
  
  
  

  
  

 

CHEMICAL ABSTRACTS, vol. 98, no. 21,
23 Hay 1983 (1983-05-23)
Columbus, Ohio, US;
abstract no. 177859,
RAA, JAN ET AL.: ‘Isolation of
astaxanthin from crayfish or shrimp waste
for use as a coloring agent in fish feed‘
page 531; column 2; ‘
XP002129261
abstract
—& NO 147 365 B

20 December 1982 (1982-12-20)_—._
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page 2 of 3
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INTERNATIONAL SEARCH REPORT  

 

 

  
  
  

Inn ad Aaoficdbn No

PCT/CA 99/00987 - —

C.(®tfiIIfilI) IXXXIIENTI GIBIDEREDTO BE RELEVANT

uhlmddoutrutwlahdcduxunonuppuupoamdhmwulpunnou Rdcvurnodulnflo.
7PATENT ABSTRACTS OF JAPAN 2

vol. 009, no. 059 (C-270),
15 March 1985 (1985-03-15)

-& JP 59 196032 A (FUHIO NISHIKAHMOTHERS:
02), 7 November 1984 (1984-11-07) ‘
abstract
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page 3 of 3
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From me:
INTEPNAHONAL PREUMINARY EXAMINWG AUTHORITY

13:58 nu 619 S21 8215 BLILL»-L01-:3

gvva

PATENT COOPERATION TREATY

 
   

  
  

 

  
 

  

To;

DUBUC, Jean H.
GOUDREAU GAGE DUBUC

The stock Exchange Tower
800 Place \hctoria_ Suite 3400
Po. Box 242

Montreal, Ouébec H42 IE9
CANADA

Duh of rnafling
(dty/monmvnad

CGI1 0857.274

Inbmulonal aopiicafion Ne. tnmmabona: ding dale (deynnon04'ea.r) Priority we (o‘a‘//montfwlarj

lnlnrnnfiond Pnbnl Ohuiiadon UPC: or both nalonal eiuiliwbon Ind IPC

UNIVERSITE DE SHERBROOKE et al.

1.

PCT

WRITTEN OPINION

(PCT Rule 66)

 
11.082000

 
within 3 month(s)
tram the about an ehnniitg

 

Thk written opinion is the first drawn up by this International Prelminary Examining Authority.

2. This opinion contains Indications relating to the following items:

W
VII!

Beats oi the opinion

Priotiiy

Non-establishment of opinion with regard to novety, inventive step and indualriai applicabirny
Lack 01 unity of invention

Reasonad statement under Rule 68.2(a)(1I) with regard to novetty, Inventive step er ind-..-strlal appicabirny;
citations and explanations supporting such statement
Certain document cited

Certain detects In the international appncalion
certain observations on the imernaiiennl application

The applicant is hereby Invited to reply to this opinion.

When?

Horfl

Also:

sea the Imo rxritindwad above. ‘me
request we Aufliorlsy :0 grantan mansion, sea Run 632(6).

appilant may. before the expiration of tin: lmo fimnt

Dy submflfing a written re,:ty, uoornparied, whore apptoprub. by an-.en:1rnen‘.s. uccct-ding in Rule 66 3.
Po: the Ionn and the language of the amen:-nanrs, sac Hula 66.3 and 66.9.

Fe! an Iddionai oppommty b submit umendmcntt. see Rule 36.4.
Forms examiners ohligaisn he ccnsldorarnendnonls I.-»d’eratg.nmenLs, an Rule 66.4 bis.
For an intormai aomrnunicauon with 3:: exzminu, sea Rub 66.5.

Name and mailing adckess of Ina inurndanai
preiin-hu-y examining ammaxity:

Q)
Euwpoua Patent Cine.-i
D-I029! Munich
Tei. as as 2395 - 0 Tx: 523658 epmu :5
Fax: +49 83 2399 - 4485

Renault, Y

Mastropietro, M

L HECU
n no reply I: mod, mo inwmsonal prolinhuy oxaminaflan teporhvli be eszanssnoe or. the am orw?»EQEI
The final due by which in international praiminary
examiralbrx repon mustbo established uzoocdirg (0 Rule 652 is: 2l»'0?J'2001. T 5 AUUT 2000

Formllifias ulfr.-or final. extension at true fmib)

Telephone No. «:9 I3 2399 8092
Form PCTAPENK2! (cave: Ihaa1)(JanuI.'y 1994)
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WRITTEN OPINION Intomational application No. PCT/CA99/00987 

I. Basis of the opinion

1. This opinion has been drawn on the basis of (substitute sheets which have been Iumished to the receiving Ofiice

in response to an invitat.‘on under Article 14 are referred to in this opinion as 'on'gina!Iy filed";

Description, pages:

1-28 as originally filed

Claims, No.:

1 -27 as originally tiled

Drawings. sheets:

1/20-20/20 as originally liled

?_ The amendments have resulted in the cancellation ol:

U the description, pages:

E1 the claims, Nos.:

C! the drawings. sheets:

3. This opinion has been established as ll (some oi) the amencknents had not been made. since they have been
considered to go beyond the disclosure as filed (Rule 7o.2(c)):

4. Additional observations, it necessary:

V. Fleasonecl statement under Rule 5G.2(1t)(II)WI1I"l regard to novetty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 15,25

inventive step (IS) Claims 1-27

Industrial applicability (IA) Claims

2. Citations and explanations

see separate sheet

Form PCT/IFEA/406 (eons I-viii. Shoot 1) (January 1994)
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WRITTEN OPINION Intomational application No. PCT/CA99/00987 

VII. Certain dotocts in the international application

The Iollowing defects In the loan or contents of tho intemational application have been noted:

soc separate sheet

VIII. Certain observdions on the International application

Tho following observations on the clarity of the claims, description, and drawings or on tho question whother the
claims am fully suppoutod by'the desciiption, are made: ' - ~ - ‘ ' -‘ ' ' " ' ‘

no separate shoot

Form PCTIlPEA.'4oo (Bonus I-VIII. Sheet 2) (Janu:ry1§94)
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WRITTEN OPINION international application No. PCT/CA99/00987
SEPARATE SHEET

Re Itgm V

Fleascned statement under Rule 66.2(e)(ii) with regard to novelty, inventive step

or industrial applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1: JPéA-53112195 ,

D2; Chem. Abs. 177859

ugvelty (Art. 33(2) PCT)

Claims 15 and 25 are not novel.

Document D1 describes a method to extract fat from, e.g. Horse Mackerel by placing

said animal preferably in acetone followed by drying at 40-60 ‘C. The step of

separating the liquid and solid content before drying is obvious.

The subject matter of claim 15 is therefor not new.

Document D2 discloses a shrimp extract (krill is e shrimp) containing 445 mg/L of

carotenoid in astaxanthln. The krill extract is less than 200 kg. taking into account that

the density of soybean oil is less than the density of water. Hence. the krill lipid extract

carotenoid in astaxanthin is at least 220uglg of krill extract

The subject matter of claim 25 is therefor not new.

lnv ntiv n ss Art 3 PCT

The present set of claims is not based on an inventive step. The proposed method of

extraction does not seem to improve the amount of extracted products. The results are

often worst than when using the method of Folch et all. (see Table 7 to 11).

R9 I. 29-30. the applicant writes that the lipids extracted with the Folch method are

toxic. No documents are cited to support this affirmation. Also. the applicant has not

shown a particular selectivity of his method over the method of Folch (see Table 12).

Because of the absence of any quantitative or qualitative technical effect, neither the

objective problem nor the solution to this problem can be delined. The present ap-

plication cannot be considered as involving an inventive step (Article 33(3) PCT).

Forth PCT/Soparufiu Shull40a(Shcetl)(EF'O-Ap.'ll1937)
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WRITTEN OPINION international application No. PCT/CA99/00987
SEPARATE SHEET 

Fie lggm Vii

certain defects in the international application

The symbol ":' in claim 25 is obviously an error and has been interpreted as ‘pi

e Item iii

Certain observations on the international application

Claims 25 and 26 are not supported by the description as required by Article 6 PCT, as

their scope is broader than justified by the description. The reason therefor is the

following: the amount oi carotenoid in asthaxanihin or in canlhaxanthin per weight of

krill extract has not been mentioned in the description or in the examples.

Form PCTl5Ipnr|te S'taeU406 (ShI:¢t2)(EPO-Apr] I997)
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Lyo-San lnc. Ta. : (450) $628525
500 DOW. d9 rAéfOD8¥C. 593 | 0 I 0 g u 0 I g I 0 I | FGX 3 562‘14a3
Lachute (Ouébec) Canada 2 E—mai|:|yo-sanfllyo-san.ca
J3H 454 ' Internet : www.lyo-san.ca

TEE FREEZE-DRYING TECHNOLOGY’

AND TEE LYO-TECH FREEZE DRIERS

General Information

 

"net MANUFACTURIEFI os PRODUITS LYOPHILISES xsscmés A mom; ”"”’°V"
sneeze-omen PRODUCTS MANUFACTURER P 
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LYO~SAN INC. FAX
500 Aéroparc, C P 5§8
Lachute, Quebec, Can
18H 4G4

Tel: (450) 562-8525:? e-mail: celine@lyo-snn.ca
Fax; (450) 562-1433! Internet: wwwjyo-san.ca

  —..—._—-..-.......-no-g...-an--9.-uncuu....-._--_..-.a—o.-.1.-—_-.-uuoc-ww--o-o

A: Neptune teclfiologie 8: bioressources De: Céline St-Pierre (Poste 28)
NS: M. Roger C rivean Directrice general:

Fax: (450) 972-63 1
|

Date: 12 avril 2002‘ Nombm total de pages incluam celle-ci: 12  -_.__..._....--p 

Sujet : Document lyophilisation ex lyopbilisateur dc Lyo-San.

Bonjour M. Conivcqx,

Tel que convenu lorsfide notre conversation télephonique de ce matin, vous trouverez ci-joint les
documents suivams zg

- the freeze-dtying technology and the Lyo-Tech freeze driers

- Specificatiohs , Lyo-Tech freeze drier Y5 model.

Vous pouvez également aflcr sur le site de YACIA (Agcnce canadiennc dc Pinspcction des
aliments), les noms (Es enueprises approuvees sont inscrits.

Voici Ie site intemet ':
Veuillcz noter qu‘il Ja beaucoup d'infommion sur cc site ct cc n’cst pas toujouts évident dc
trouvcr tapidemem cg quc Yon veut. Je vais vous envoyer un message par couniel qui vous
donnc le lien direct [put arrivcr sw In section qui VOIIS permcttra dc voir lc nom dc Lyo-San dans
les compagnics apprdvécs pour les Etats-Unis ct l’Union Européenne.

Yespére que ces infoimations vont vous aidcr pour vottc dossier. N'hésitez pas & me contacter si
des renseignements oomplémentaires sont nécessaires.

Recevez, M. Coniveau, mes salutations distinguées.

gm, [1
Celine St-Pierre

AKER877|TC00058063
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What is freeze-dr in exactl ?

Freeze-drying is a process by which we bring a product to a stage
where it will contain a very low content of residual moisture.
Water extractipn from the product will assure a much better

stability and conservation on a long term basis will then be
possible.

Freeze-drying is using a simple physical transformation. This
transformation is called sublimation and occurs when ice changes
to water vapor directly by-passing the liquid phase so there is no
presence of water at any time in the process.

To achieve freize-drying. four conditions need to be met:

- the product has to be frozen

- the environment has to be under a negative pressure
(vacuum)

- an energy source for sublimation must be available

- a water vapor trap must be available

Lyo-Tech freeze-driers are equipped to realize all those conditions
efficiently. following is a short description of the different
equipment and explanation of their individual functions.

AKER877|TC00058064
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Degcription and function of freeze-drier comgonegts

Sublimation a cylindrical tank in which takes
chamber: 2 place the sublimation. when the

1 door is closed the tank is airtight
and can be put under vacuum.

Trays: Recipient on which the product to
be dried is placed.

Shelves: Surface on which we put the trays
in the sublimation chamber. The

shelves may be cooled to freeze the
product and heated to dry it.

Condenser: Heat exchanger, placed inside the
sublimation chamber, that can be

cooled to recuperate the water
vapor after sublimation.

Compressor: § Mechanical unit that achieves the
s cooling of the shelves and

condensers.
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Vacuum pump: : Mechanical unit that achieves the
; vacuum inside the sublimation
. chamber.

3

I

Circulating phmp: Mechanical unit that takes the
heating fluid and sends it to the
shelves. By heating that fluid we
can increase the temperature of the
shelves and thus supply the
necessary energy for sublimation.

I

Heating elements: Immersed electrical elements that
. heat the heating fluid.
II1

Control panel} Panel on which are all control and
' instruments of the freeze-drier.

161 AKER877|TC00058066
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Why ig freeze-drying the best?

Freeze-drying has numerous advantages it compared to other types
.of drying and conservation process.

1- Freeze-dried products can be stored at room temperature when
packed injairtight containers. Transportation and storage
cost are thus lower.

2- Freeze-drying produces an important weight loss that
facilitates the handling. As an example, some foods can
lose as much as 90 8 of their initial weight.

3~ The freete-drying process will _echieve drying at low
temperature. The product is thus protected against
overheating that will alter its quality.

4- Once recohstitued the freeze-dried product will recover
its initihl color, flavor and texture in a few minutes.

5- One of the most important advantages of freeze-drying is
that this process can dry food: while keeping their
vitamins, minerals and protein almost intact. Vitamins and

protein are very sensitive to heat. Low temperature
involved ‘in this process will prevent deterioration of
these important elements. Also since the drying is done under
vacuum this will prevent oxydation of the vitamins.

AKER877|TC00058067
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Food prepiration:

Freezingfi

i
3

Vacuum:

Sublimatibn:

Opening::

Defrostinfi:

The normal cycle

LYO-SAN HDRIZENSANTE

Ihe freeze-dryigg ggcle

Foods are processed and trays are

filled with the product.

Trays are placed in the sublimation
chamber, compressor is started,
shelves begin to cool down and the
product is freezing slowly.

Vacuum pump is started and pressure
in the sublimation chamber drops.

Heat is
starts.

switched on and drying

Freeze-drier is opened and product
is removed from the trays.

While the empty trays are sent to
preparation, freeze-drier is
defrosted and cleaned.

time for a freeze-drier is 24 hours.

Pflbt BI
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.... Iyncnn I (450,
500, boul. de )‘Aéroparc. C9. 598 ' ‘ ' ' ' ' ' ' ' ’ ' ' ' Fax 2 (450) 562-1433
Lachute (Québec) Canada Email : Iyo-sanalyo-san.ca

JBH 464 Internet : www.|yo-san.ca

SPECIFICAT]Qfl§

LYO-TECH FREEZE DRIER

 

Y5 MODEL

I

MANUFACTURIER DE PRODUITS LYOPHIUSES (seer-res A mono) “WW0”y0 FREEZE-omeo PRODUCTS MANUFACTURER (11%/fleéF2!//VA/R
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Eguigement agg gcceusgzigg list

. One compressor

. One vacuum puixmp

. Two heating filaments

. Two circulating pumps

. Three condeniuern

. one automatit: defrosting system

. one control panel with electromechanical switch

- one Hcleod gzhuge for lecture of vacuum

. One digital temperature control

AKER877|TC00058070
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Igcngical Lnfiormatjon

Freeze-drier type:

Capacity:

Total sublimation surface:3

Refrigeration system:

Condensing sysfem:

Vacuum system:;

166

trays for bulk products
interior condensers
wall mounted

from 66 to 88 kg of wet

product per cycle depen-
ding on product to dry.

12.25m

5.6Rw compressor, using freon
R502, water cooled.

* minimum water consumption:
1100 1 / hr

* maximum water consumption:
1900 l / hr

* water at 20C

3 condensers

total capacity of 85 kg of water
minimum temperature: -65C

0.15xW vacuum pump
pumping capacity of
500 1 / min

supplying a vacuum of 100
microns in 60 minutes

approximately.

16
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Heating ayutemt 2 electrical elements of GKW
each

Quantity of trays: 44 (45 cm x 60 cm)
stainless steel

Quantity of shélves: 11

' Space requitod: 2.5m deep
I 2 . Om wide

2.5m high

Maximum power qequitedx 22.8KW

Total electricity
consumption poi cycle: aooxwh
(approx.)

Voltage: 240 Volts, one phase, 608:
600 Volts, three phase, 6032

* Could vary dépendinq on layout.
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« . - ' worxsnep on the Essentiality of Omega-6 and Omega-3 Fatty Acids ' Page 1 Sm‘ 59

...,« -7.

‘.i'
I

Vlorkslhop on the Elssentialitye of» and Dietary
I Reference Intakes (DRIS) for

-On'1ega—.6?‘and Omega-3 Fatty Acids L

o36:0)3

Program andAbstracts

. The Cloisters

National Institutes of Health

Bethesda, Maryland, USA

April 7-9, 1999

. Sponsored by:

National Irxstitute on AlcoholAbxlse andAIcohoIi9rr:—NIH

Oflice ofDie1a1y Supplements-NIH A

h . The Centerfor Genetic, Nutrition andHealth

l International Socieovfbr the Study ofFattyAcids andLipid}

httpJlodp.od.nih.govlods/news/conferences/w6w3_abstracts.hunl ' . oo-11-15_
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worxsnop on the isssentiality ofOmega-6 and Omega-3 Fatty Acids ~ ' Page 2 sur 59

- r

' National Institute ofChild Health and Human Development

‘, Workshop on the Essentiality of and Dietary Reference Intakes (l)RIs) for Omega-6 and
‘ — Omega-3 Fatty Acids, The Cloisters, National Institutes of Health, Bethesda, MD, USA

I April 749, 1929

_ Background

- Following the 3rd Congress ofthe International Society for the Study ofFatty Acids and Lipids -

(ISSFAL) in Lyon, France, June 1-5, 1998, the ISSFAL Board ofDirectors agreed to convene a
' workshop on the essentiality of and DRIs for omega-6 and omega-3 fatty acids. An international

group ofexperts will present reviews and new data in a round table format with ample time lefl for
discussion. The participants will include speakers and discussants from the National Institutes of

Health, other government agencies, academia, industry, non-profit organizations, the World Health

Organization, the Food and Agriculture Organization, and the Food and Nutrition Board.

Venue

The Workshop will be held in the Mary. Woodard Lasker Center for Health Research & Education
(The Cloisters, Building 60) at the National Institutes ofHealth in Bethesda, Maryland, USA.

Conference Secretariat

The Center for Genetics, Nutrition and Health, 2001 s Street, NW, Suite 530, Washington, D.C.
20009 USA, phone: (202) 462-5062, fax: (202) 462-5241, e-mail: cgr_1l;@bellatlang’c.net.

Hotel Accommodations

We have selected The Bethesda Ramada in Bethesda, Maryland, as our hotel [8400 Wisconsin
Avenue, phone; (301) 654-1000], since it is within walking distance ofthe National Institutes of‘ .
Health (NIH). Parking on the campus ofthe NIH is very limited. The Medical Center Metro stop

(Red Line) is on the‘NlH campus. . .

Conference Cochairs

Artemis P. Simopoulos, M.D._(USA)

Norman Salem, Jr., Ph.D. (USA) 0

Alexander Leaf, MD. (USA)

Sponsors

National Institute on AlcoholAbuse and Alcoholism.-NIH

Oflice of]-Dietary-Supplements-‘N11-I_

httpzl/odp.od.nih.gov/ods/news/conferenceelw6w3_absuacts.htinl' . A I oo.11-1s
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I

I The Center for Genetics; Nutrition and Health

International Society for the Study ofFatty Acids and Lipids

National Institutefof Child Health and Human Development

Cosponsors

BASF Corp, USA

BASF I-_Iea1th & Nutrition A/S

Bestfoods I

IENRECO

‘F. Hoffmann-La Roche, Ltd. -

Groupe Danone

Kfafl Foods, Inc.

Martek Biosciences Corporation

Mead Johnson Nutritionals

Ocean Nutrition Canada; Ltd. .

OmegaTech, Inc. ‘

Pronova Biocare .-

Roche Vitamins; Inc.

Workshop on the Essentiality of and Dietary Reference Intakes (DRIS) for Omega-6
- and-Omega-3 Fatty Acids

National Institutes of Health, The Cloisters

' April 7-9, 1999

, WEDNESDAY; Ann. 7, 1999

Welcoming Reniarlcv - Enoch Gordis, M.D., NIAAA-NIH

http:Ilodp.od.nih.gQvlodS/nears/oonfelences/w6w3_absuacts.hhn1 ‘ I ' . 00-11-16
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,Workshop on the Essentiality ofOmega-6 and Omega-3 Fatty Acids I _ . -~‘ . Page 4 sur-59

Claudio Galli, M.D., President, 1ss1=AL

Session 1. Principles to.be Considered in Determining Essentiality and DRIs
Cochairs: P. Simopoulos, M.D. .

Harald S. Hansen, Ph.D., D.Sc.

9:00 - 9:30 a.m. Criteriafor Determining Essentiality and Standardsfbr DRIS

Vernon R. .Young, Ph.D., D_.Sc.- .

9:30 - 10:00 a.m. Essentiality ofOmega-3 FattyAcids

Arthm A. Spector, M.D.

10:00 - 10:30 a.m. Defining the Omega-3 Status in Mammals

‘Andrew J. Sinclair, Ph.D. - 0

10:30 - 11:00 a.m. Cofiee

11:00 — 11:30 a.m. An Evolutionary View ofDiet Recommendations

S. Boyd Eaton, M.D.

11:30 - 12:30 pm. Discussant and General Discussion

Harald S. Hansen, Ph.D., D.Sc.

12:30 - 2:00 pm. Ltmch

Session II: Essential Fatty Acids and Central Nervous System Function"

Cochairs: Norman Salem, Jr., Ph.D.

William C. Heird, M.D. .

2:00 - 2:30 pm. Evidencefor the Essential Natare ofDHAfor the Human and Rat

Nervous Shtstem

. - Norman Salem, J11, Ph:D.

2:30 - 3:00 pm. DHA Supplementafion ofBreastfeedingMothers: E_fi"ects on Matenml '

Plasma andMilhFatty Acids, Infiznt Plasnta FartyAcids, Infant Visual
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Function and Infant Neurodevelopmental Status

William C. Héird, M.D.

- 3:00 - 3:30 pm. IiuncfionalBasisfor the Importance ofOmega-3 Fatty Acids in Retinal

V and CNSDevelopment

Martha Neuringer, Ph.D.

3:30 - 4:00 p.m. Long Chain Polyunsaturates and Human Visual Development

Eileen Birch, Ph.D.

4:00 - 4:30 p.m. Coffee Break

4:30 - 5:00 p.m. The Eflects ofDHA on Hostility

. '1‘omohito Hamazaki, M.D., Ph.D.

5:0!) - 5:30 p.m. Omega-3 Fatty Acids in Mood Disorders
Andrew L. Stoll, MD.

5:30 - 6:30 p.m. Discussants and General Discussion »_

Peter Willatts, Ph.D.

Joseph Hihbeln, M.D.

7:30 - 10:00 pm Dinner at the Bethesda made

THURSDAY, APRIL 8; 1999'

Session 1]]. Cardiovascular Disease

Cochairs: Alexander Leaf, M.D.

Rafiaele De Caterina, M.D., Ph.D.

-. 9:00-1o§0o a.m. PoIyunsan4ratedFattyAcids and Cardiovascalar-Disease «

Alexander Leaf,

http://0dp.0d.nih.gov/ods/news(conferenqcs/w6w3_abstracts.html .' ' 00-11'-16
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10:00 - 10:30 am. n-3 Poiynsaturated Fatty Acids Inhibit C:0.X'-2’ Expression

Raffaele De Caterina, MD., Ph.D. 0 '

10:30 - 11:00 Coffee Break

11:00 - 11:30 am. Alpha-Linolenic Acid in the Prevention ofCardiovascular Disease

Serge Renaud, M.D. V

11 :30 - 12:00 p.m. Omega-3’LongChain PUFA and Triglyceride Lowering: Minimum

Eflective Intakes '

William S. Harris, Ph.D.

12:00 - 12:30 pm. Eflicacy ofn-3 PUFA and vitamin E in I1,324post-AHpatients:

Results ofGISSI-PREVENZIOKIE .

Roberto Marchioli, I

12:30 - 1:00 p.m. Discussant and General Discussion -_

Williaxh B. Lands; Ph.D._

1:00 - 2:00 pm. Lunch

Session IV: Relationship of Essential‘ Fatty ‘Acids to Safurated, Monounsattirated,
and Trans Fatty Acids . -

Cochairs: Claudio Galli, M.D.

Andrew J. sinclair, pm).

2500 -2:30 p.m. Relationships Between Saturated, Monounsaturated, Poljiunsaturated

FattyAcids: Dietary Data vs. Datafi'om Plasma FatiyAcid and .

L1]pidAna_lyses '

Claudio Galli, MD.

http://odp.od.nih.gov/ods/news/confeiences/w6w3_abst1'acts.hunl ‘ 2 ' , 001 1-16.
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2:30 - 3 :00 p.m. Nntfitianal andMetabolic Interrelationships Between Omega-3

Fatty Acids and Trans Fatty Acids

Bruce J. Holub, I:h.D.

3:00 — 3:30 p.m. Coffee Break

3:30 - 4:00 pm. ‘Choice ofMonounsaturated, Trans and Omega-3 FattyAcid-Rich Oil:

for the Prevention ofExcessive Linoleic Acid Syndrome

Harumi Okayama, MD.

4:00 -5:00 p.m. Discussion

FRIDAY, APRIL 9, 1999 .

Session V. Dietary Recommendations and Omega-6:Omega-3 Ratio (LA, LNA, AA,
EPA, DEA) .

Cochnirs: Peter R.C. Howe, Ph.D.

Biuce J.Ho1ub, Ph.D. '-

9:00 - 9:20 a.m. Intake: ofDietary FattyAcid in the United States: Resuhsfiom the USDA'.§ I994-
1996 Continuing Survey ofFoodIntakes by Individuals - ‘

Gary J. Nelson, Ph;D. W

9:20 - 9:30 am. irarld Health Organization/Pan Anzerican Health Organization

(Status ofEFA Worldwide)

’ManuelPefia, M.D. .

9:30 - 9:40 a.1n. n-3 FattyAcids.‘ Food supply, Food Composition

andFood Consumption i)ata

William D. Clay, Ph.D.

9:49 - 9:52 am". BAS1i"s Approach to Conwmefcialization ofLong Chain

hthp://odp.odLnihgov/ocis/news/conferences/w6w3_aBstracts.hunl . h . 00-1 1-16 .
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Omega-3 Fatty Acids

. Herbert D. Woo1_f, pm.

9:52 - 10:04 Essential Fatty Acids and the Products ofthe Groupe Danone

for Human Nutrition .

Dominique Lanzmann-Petithory, M.D. .

10:04 _- 10:16 am.» Advantages and Disadvantages ofthe _Use ofFlax Seed as a Sourpe of‘Omega-3

Paul A. Stitt, Ph.D.

10:16 - 10:28 a.m. Omega-3 LC-PUFA fifiom a Health Concept to Foods in the Shelves

Reto Muggli, Ph.D.

10:28 - 10:40 am. Infant Fonnulas with no DH4 or ARA.. Are They Causing Harm?

‘David1. Kyle, Ph.D.

10:40 - 11:00 am. Coffee Break

11:00 - 11:12 am. Clinical Safety Studies ofLCPUFA Supplementation ofPremature and
Infi1ntFormuIas 3 . '

James W. Hansen, MD., Ph.D.’

11:1é - 11:24 ea. Omega‘-3 Long Chain PUFA 17 Closing the Nutritional Gap

Jacques Boudreau

11:24 - 11:36 a.m. 0megaTech, Inc.

William R. Barclay, 1511.1).

11:36 L 11:43 a.m. Safety"ofomega-3 Produets Based on Fish oil as Starting Material -

Bjorn Rene 1 I

11:43 - 12:00 pm Other '

12:00 - 1:00 p.m. Discussants and 1)iscussion

http:Ilodp.od.nih.govlods/news/¢0ni;erencesIw6w3;absuacts.ht1n1 0 . _ 00-11-16
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Bruce Holub, Ph.D,.-

Rebecca Costello, Ph.D.

1:00 - 2:o_o p.m.- Lunch

Session VII. Conclusions and Recommendations

Cochairs: Alexander Leaf, M.D.

Artemis P. Simopoulos, M.D.

2:00.- 5:00 p.m. Roundtable Discussion

 ABSTRACTS
Wednesday, April 7, 1999

Session 1. Principles to be Considered in Determining Essentiality and DRIs

. Criteria for Determining Essentiality and Standards for DRIS

i Vernon R Young, Ph.D., D.Sc.

. Massachusetts Institute ofTechnoIogy, Cambridge, MA02139, USA

This introductorypresentation to the workshop will begin with an initial, briefstatement about the

importance ofknowledge on the quantitative needs for nutrients and the multiple uses ofnutrient-
based dietary reference values. From this introduction we will turn to (i) a consideration ofthe.
evolving conceptual and factual basis underlying the "essentia1ity' ofnutrients and (ii) the definition
and description ofdietary reference intakes (DRIs). The latter include (following the structure
proposed and applied recently by the US Food and Nutrition Board/Institute ofMedicine/National

Academy ofSciences):- Estimated Average Requirement (EAR); Recommended Dietary Allowance
(RDA); Adequate Intake(AI) and Upper Tolerable Level (UL). The most useful DRI is the EAR, the .
reasons for which will be examined. Then a detailed discussion will follow with respect to the
establishment ofDRIs, including an emphasis on (a) the choice ofthe criterion (criteria) ofnutrient
adequacy chosen to establish a specific DRI and (b) the approach(es) that might be taken and data
that are desirable to achieve this goal. The importance ofseeking a congruence of evidence, where.
this is possible, in arriving at a DRI will be emphasized, by example. Finally some suggestions will

be made with respect to the setting ofDRIs for omega-3 and omega—6 fatty acids.

Essentiality of Omega-3 Fatty Acids

ArthurA. Specter; MD.

httpzllodp.od.nih.gov/ods/news/conferences/w6w3__abstracts.html ‘ j 00-ll-16
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I

Department ofBiocliemistry, liniversity ofiowa College ofMedicine,

Iowa City, Iowa 52242, USA1

There is a growing consensus that omega-3 fatty acids are essential nutrients for humans. Much of

the evidence is based on physiological measurements such as neurological development and visual

acuity. To better understand why this class ofpolytmsaturated fatty acids is required, wemust

determine the biochemical basis for the essentiality. Ofthe eight fatty acids that comprise the-

omega-3 metabolic pathway, the two that are most likely to have essential biochemical functions are .
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). ‘

EPA can be converted to prostaglandins, thromboxanes and lipoxygenase products. However, no

essential role for these EPA-metabolites has been reported, and it seems unlikely that the formation of
these products is the reason that omega-3 fatty acids are essential. When elevated amounts ofEPA are

available, the incorporation ofarachidonic acid (AA) into cell phospholipids and its conversion to

eicosanoid mediators is reduced. Thus, EPA acts as a competitive inhibitor ofAA, and this probably
accounts for some of the beneficial effects ofomega-3 fatty acids in the treatment ofcardiovascular

and inflammatory diseases. While the possibility that EPA is essential in order to modulate the efiects. -

ofAA cannot be ruled out, the amotmts ordinarily present in the plasma and tissues probably are too
low to competitively inhibit the actions ofAA. Therefore, modulation ofAA metabolism is more

likely to be a pharmacological effect ofomega-3 fatty acid supplements rather than an essential
physiological function. ' . ‘

The basis for considering.DHA as the biochemically essential omega-3 component is much more .

compelling. DHA is the most abundant ‘omega-3 fatty acid in most tissues, and it is present in large _
amounts in the brain and retina. DHA is the omega-3 fatty acid required for normal development of .
the nervous system and optimum visual acuity. Furthermore, when an omega-3 fatty acid deficiency
exists, the body compensates by replacing it with the corresponding fatty acid ofthe omega—6 series,

- omega-6 docosapentaenoic acid (DPAn-6). These findings strongly suggest that DHA has an essential

biochemical fimction. The most likely possibility is a membrane structural efiect involving the
packing ofphospholipid head.groups or the interaction ofthe lipid domains with membrane proteins.
The lipids that contain the highest percentages ofDHA are ethanolamine plasmalogen, ‘

phosphatidylethanolamine and phosphatidylserine. Therefore, it is likely that the fimetion ofDHA
involves the metabolism, traflicking or physical properties ofthese phospholipids. Other possibilities
that must be considered include the conversion ofDHA to a lipid mediator, binding ofDHA to a
nuclear receptor that regulates gene expression, or formation ofa DHA-centered free radical.

-A central question concerning the essentiality ofomega-3 fatty acids is why DHA rather than the

corresponding member ofthe omega-6 series, DPAn-6, firlfills this pmpose. The usual Western diet ,
contains 10-‘ to 20-times more omega-6 fatty acid, and the same metabolic pathway is utilized byboth,

fatty acid classes. One possibility is that DHA is utilized more emciently than DPAn—6.

http://odp.od.nih.govlods/news/conferences/w6w3_abstracts.html '‘ 00-ll-16
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However, studies with neural cells in culture indicate that there is no appreciable difference in the

uptake, retention or incorporation into phospholipids ofDHA as compared with DPAn-6. While .1*

more detailed measurements may reveal a functional difference between DHA and DPAn—6, no

such evidence is currently available. This suggests that DHA is utilized rather than DPA1i-6 because

it is more available to the tissues. Although the absolute amounts ofthese fatty acids in the plasma

lipids are very small, there ordinarily is about five-times more DHA than DPAn-6. Furthermore, the

main product formed by cultured astrocytes fitom omega-3'fatty acid precursors is DHA, whereas the

main omega-6 product is AA. Astrocytes are the site where most ofthe polyunsaturated fatty acid
precursors are elongated and desaturated in the brain. Thus, much more DHA than DPAn—6 appears . '
to be available in the central nervous system. -

These findings suggest the following hypothesis regarding the essentiality of‘omega-3 fatty acids.

Certain tissuesgespecially parts ofthe central nervous system, require arelatively large amount ofa

22-carbon polyunsaturated fatty containing a 4,5-double bond for optimum fimction. The omega-6

metabolic pathway cannot satisfy this requirement because it operates primarily to produce AA for

-eicosanoid and inositol phospholipid synthesis. While some docosatetraenoic acid (22:4n-6) is made,

it is primarily retroconverted to AA rather than proceeding down the pathway to form DPAn-6.

Therefore, even though more omega-6 fatty acid precursors are available, the omega-6 pathway

cannot produce enough DPAn-6 to satisfy tissue requirements. By contrast, the main product ofthe
omega-3 pathway is DHA, not the 20-carbon intermediate. This fimdamental

difference in the operation ofthe polylmsaturated fatty acid metabolic pathway is likely to the

biochemical reason why omega-3 ‘fatty acids are essential.

(Supported by NIH grants HL49264 and CA6608l)

Defining the omega 3 status in mammals

A.ISincIair, Ph.D. V

Department ofFood Science, RMIT University, Melbourne, Victoria, Australia 3001

This talk examines the status ofomega 3 polyunsaturated fatty acids (PUFA) as essential nutrients in
mammals. The first issue to be addressed is the importance ofhaving a surrogate championwhich
promotes the cause ofa nutrient on a daily basis. The question, what isyour cholesterol level, is a
message which sustains the cholesterol-heart disease story. Clearly, despite the importance ofanti-
oxidants,.fibre, folate and anti-platelet therapy in CHI), cholesterol has been a survivor. Do the

omega 3 PUFA have such a champion? In other words, do wehave the data to support the importance
ofthese essential nutrients; the existence ofthe MRFIT data and the more recent secondary
prevention data from France and India provide strong support for the essentiality ofthe omega 3
PUFA. . . -

The history ofthe EFA reveals that the omega 3 PUFA were ignored by most for 40 years or more.

http://odp.od.nih.gov/ods/news/conferences/w6w3_abstracts.html I ‘ 1 00-1 1-16
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Why is this so? Iftheirdietaryabsence was associated_with more obvious clinical symptoms, theme is .
no doubt there might have been an omega 3 champion. The rather subtle effects ofthedietary absence

(or low intakes) makes it hard to sell to the general public. For example, we know that effects of
deficiency on the electroretinogram (ERG) amount to a loss of a- and b-wave amplitudes ofsay 30%

with perhaps other more substantial lossesin sub-components, however we cannot yet say what this
might mean in terms of "vision" which is what the public relate to. Perhaps, we too ofien ignore the

fact that in the EPA field there are substitute fatty acids which prevent complete absences ofsay 22
carbon PUFA in the retina (e.g. 22:5n-6 or 22:3n-9 substitute for_22:6n-3 in omega 3 and EFA,

deficiency, respectively). This argues for the importance of these types ofPUFA in this tissue,

however necessarily the availability ofsuch substitutes reduces the physiological impact ofa dietary

deficiency. Perhaps, we should be looking for a tissue where it is possible to alter the DHA content

without the substitute PUFA being present. Such a tissue is the guinea pig heart - with an ALA rich
diet the level ofDHA is less than 1% ofthe phospholipid fatty acids and it is only on the inclusion of

DHA that the heart DHA level rises. Given the sound data showing the crucial role ofomega 3 PUFA
and DHA, in particular, on cardiac fimction in other-species/situations, surely this tissue in this

species might be a useful research tool. _

In the early years, linoleic acid had a prominent role as an anti-cholesterol fatty acid, however since
the 1970is the omega 3 PUFA have made a comeback in heart disease, vision and other diverse areas

such as arthritis, bone development and neurological disorders. Where we currently stand is that we

have much data on diet and the effect on tissue fatty acids, but relatively few data on exact intakes
titrated against .physiological function. This is especially true in the omega 3 and electroretinography

field which was the first area where omega 3 PUFA (A-LA!) were shown to have a specific
physiological role. Furthermore, much ofom’ research could be criticized because there are-few
studies where pure ALA has been used. It is surely no longer adequate to compare oil A (poor in
ALA) with oil B (containing ALA) because ofour ever increasing understanding ofthe potential
actions ofthe many compounds found in the unsaponifiable fiaction of

naturally-occurring oils. This highlights the need for pure ALA for research purposes.

Finally, we might be responsible for diluting the message of essentiality for the omega 3 PUFA
f because ofthe many éargumentsi in house and in the public arena regarding the nutritional "

importance ofALA versus.the long chain PUFA (EPA and DHA). I think it is instructive to recall
that the research data show that ERG function is optimal in all animal models with dietary ALA and
not dietary DHA and that the de Lorgeril and Singh data on secondary prevention indicate a role for
ALA in the cardiac area. . '

An Evolutionary VievrofDietary Recommendations’
3. Boyd Eaton, MD. A

Emory University, Atlanta, Georgia, USA

Traditional Research - satisfactory for preventing classical deficiency

syndromes; less so for reducing chrome degenerative disease risk:

. 1. Clinical trials - generally focus on diagnosis or treatment,.not prevention.

http:l/odp.od.nihLgovIods/news/conferences/w6w3_abstracts.html . .' 1' - ' 00-1 1-16'
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.2. Mechanistic studies - limitless possible study subjects; limited fimding; .

facilities, and investigators. -
3. Epidemiology jconflicting results emphasized by media. leading to public

confusion and skepticism. Examples:

a. vitamin B, [3 carotene and lung cancer ‘

b. fat and coronary heart disease

c. fiber and colon cancer

d. salt and overall‘ mortality

e. calcium and osteoporosis

f. fat and breast cancer

Needed: Additional Approach - to focus future efforts, ‘reconcile past investigative discrepancies, and
provide solid theoretical basis for entire field. Viewing nutrition from the perspective ofhuman
evolutionary experience might achieve these ends. -

Evolution and Nutrition

1.‘Basic Premise - current humans are genetic Stone Agers; cultural change

since agriculture has eiiceeded capacity ofgenetic evolution to keep pace..

2. Essential goal - determine character ofhlnnan nutrition during Stone Age experience.

3. Investigative approaches:

a. analysis ofrecent forage: subsistence patterns

b. analysis ofhuman skeletal remains - gross anatomy andradioisotopic
c. archaeological finds - animal remains, botanical residues, implements

d. nutritional analysesofgame animals and wild plant foods 4 similar to

those available before agriculture

4. Modeling

A(C‘X) + v(c'x5 = daily energy intake '

http:/lodp.od.nih.gov/ods/news/conferences/w6w3_abstracts.hunl " 00-1 1-16_ .
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A and V‘; mean ener./gy content (kcal/g) ofanirnaland vegetable foods

C’ and Cl’ - proportions ofanimal and vegetable foods, respectively
X - total number of-'grams offood required to provide daily energy

5. Previously reported results:

a. Protein: 30-35% total energy

b. Carbohydrate: 40-50%

c. Fat: 20-25%

Recently Revised Model Inputs

1. Hunter-gatherer subsistence patterns

a. old mean: 35% animal : 65% plant (by weight)

b. revised mean: 45% animal : 55% plant i

2. Improved assessment of game nutritional properties

a. old view‘ - based solely on muscle meats (i.e. "selected cuts.")

b. new view - hunter-gatherers actually consume "total edible," hence fat

content is 1.5 - 18%, not - 5%.

New Estimates:

Mean macronutrient contribution (% total energy)

a. Protein 30-33%

h. Carbohydrate 31-34% - <

c. Fat 36% .

General Fat~ Characteristics:

1. Energy contribution similar to Mediterranean (and current American)

pattern; unlike East Asian

2. But character offat is much diflerent pattern:

httpJlodp.od.nih.gov/odslnewslconferenccs/w6w3_absh'aets.html A V‘ ' p 00411-its‘
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Paleolithic 1J_._S_.

% saturated less more

% C18 more less :'

% C14 + C16 less more

% monounsaturated more less

% polyunsaturated more less

% C20 + C22 more less

(06 : (1)3 lower higher

New Inputs Alter Essential Fatty Acid Retmjections:

Paleolithic Current

’ 1998 Estimate 1999 Estimate American

Total C20 + C22 3.01 g/d 5.79 gld 0.80 g/d

AA : (D3 LCP 1‘.68 1.43 5.6

Overall (06 {ms 0.79 1.39 > 10.0

Wednesday, April 7, 1999

Session II. Essential Fatty Acids and Central Nervous System Function .

Evidence for the Essential Nature of DHA in the Human and Rat Nervoussystem

Norman Solem Jr., Ph.D., Rebecca Greiner, Toru Morigiachi,

Jim Woods, Potricia Menu, and Ricardo Uauy

Laboratory ofMeznbrane Biochemistry & Biophysics, NIAAA, National Institutes ofHealth, -
Rockville, MD, USA and the Institute ofNutrition andFood Technology, ' University ofChile,
Santiago, Chile ’ ' .

A series ofexperiments were performed which demonstrate that diets that are low in ‘n-3 fatty acids
lead to low brain DHA and also lead to losses in nervous system function. Diets were constructed that
varied only in the amount ofalpha-linolenic acid intake derived from flax oil and adequate in linoleic '

hnp://odp.od.nih.govlods/news/conferenceslw6-w3_abs1racts.hunl ' " 00-11-16-
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.' “acid derived fiom safflower oil. No long chain (20C or more).polyunsaturates were present in these
‘diets. Rats were raised for three generations on these diets and animals were tested at adulthood in the

second and third generation. Brain and retinal DHA was markedly depressed in the second and third

generations with increases in the long chain n-6 polyunsaturates, especially docosapentaenoate
(22:5n6). Accompanying this "reciprocal replacement" ofDHA were significant losses in

performance on behavioral tasks related to learning and memory. The n-3 deficient rats acquired an _
olfactory discrimination task more slowly and made significantly more errors. This was significant as

it extends the constellation ofdeficits described in n-3 deficiency to another sensory modality in

addition to vision. In addition, n-3 deficient rats showed delayed escape latency in the Morris Water

Maze task. This was more pronounced in the third generation where the DHA deficit was slightly
greater relative to the second generation. Motor activity was not sigiificantly different between

groups. The swimming speed and distance traveled was greater for the n-3 deficient animals, yet they

took a longer time to find the platform. In a subsequent memory test with the platform removed; the

deficient animals made fewer crossings ofthe former position ofthe platform indicating that the n-3
adequate group better retained the memory ofthe position ofthe platform. This effect was _

particularly pronounced in the third generation. These experiments show that there are functional
deficits associated with low brain DHA that may relate to sensory fimction, but it is more likely that

they are due to losses in higher level functions related to information processing in the brain that are-
necessary for memory and learning.

In the second series ofexperiments, the focus was on the level ofalpha-linolenate necessary to
support nervous system DHA levels. An artificial rearing system was used to control the EPA content

ofrat pup diet from day 5-18 of life. At weaning ratios oflinoleate to alpha-linolenate of 10:1 and
even 1:1 did not produce the same level ofbrain DHA as a 1:12 ratio or that ofdam-reared pups

whose mothers were fed a diet containing 1.1% DHA as well as other LCPs, i.e., were well _
nourished. However, the 1:_ 12 ratio led to a decrease in brain AA while the 10:1 ratio led to a slight

increase over the dam-reared level. There was a similar"-picture in the retina, with the exception that
even the extreme case ofLA/LNA of 1 :12 did not support the same level ofretinal DHA as that of

dam-reared animals. The high I..NA diet (1:12) again led to a significant decrease in retinal AA. Thus

it appears that increasing the level of alpha-linolenic acid in developing-mammals is not an entirely

adequate solution to the problem ofsupporting the neural DHA at a level comparable to that ofa well
nourished maternal reared individual. Raising the n-3 content to a 1:1 level does support a balanced
EFA composition ofthe nervous system to a much greater extent that the 10:1 ratio, a ratio that is
more typical ofhuman infant formulas in North America.

The third issue to be addressed is the applicability ofthese studies to humans. Essential fatty acid -
metabolism was assessed in vivo in adults and in infants ofvarious gestational ages and birth weights.
A controlled trial in adults demonstrated conclusively that linoleic acid is converted to arachidonate '

and alpha-linolenate is converted to DHA. The rates ofthe n-6 metabolism appear faster than the n'-3 .
conversions, in contrast to some previous findings. Increased levels ofn-3 fatty acids associated with

‘a fish-poultry based diet led to decreases in deuterium incorporation in DHA. Smoking and alcohol
intake were associated with increased deuterium incorporation into DHA fiom linolenate. Infants are
capable ofLA to AA and LNA to DI-IA conversion in viva within the first week oflife even when

born very prematurely (e.g., 1 kg BW). In fact, it was surprising that there was an inverse correlation
ofdeuterium enrichment ofDHA with gestational age. Although it is clear that premature and term
infants express EPA metabolic activity, it must be understood that these are trace level studies; the

metabolic activity towards DHA in particular is very limited and unlikely to be adequate to support
rapid brain and organ DHA accretion during the first months oflife. -
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Docosahexaenoic Acid (DHA) Supplementation of Breastfeeding Women: Effects on’Mater_nal'
Plasma and Milk Fatty Acids, Infant Plasma Fatty Acids, Infant Visual and - ' -

Neurodevelopmental Function and Indices of Maternal Depression ’

Craig L Jensen, Antolin MLlorente, Robert G Voigt, Thomas C Prager, JKFraley,

Yali L Zou, Marcia C Berretta and William CHeird, M.D.

Children's Nutrition Research Center, Department ofPediatrics,

Baylor College ofMedicine, Houston, Texas, .USA_

DHA, an important component ofthe structural lipids ofbrain and retina, is present in human milk

- but not in formulas currently available in the United States and it has been suggested that the better

visual and cognitive development ofbreastfed infants is due, at least in part, to the presence ofDHA '

in human milk. However, the DHA content ofthe milk ofU.S. women, which is dependent on

maternal plasma lipid DHA and, hence, intake ofor -linolenic acid and/or DHA, is less than that of

many other populations. Further, the DHA content ofmaternal plasma lipids decreases during

lactation. Thus, it has been suggested that breastfeeding women and their infants might benefit from

maternal DHA supplementation. Indeed, we and others have shown that maternal DHA, _
supplementation prevents the usual decline in maternal plasma lipid DHA content and increases the

DHA content ofmaternal plasma as well as that ofmilk and the recipient infantsi plasma
phospholipid. Based on these data, we hypothesized that maternal DHA supplementation also would
result in better visual and neurodevelopmental status ofthe recipient infants and lessen the incidence

ofmaternal depression which, in epidemiological studies appears to be higher in populations with
low DHA intake. ‘ '

To test these hypothescs,;women were assigned randomly and blindly to receive either ~200 mg of _

DHA daily (n=80) or a placebo (n=65) for 120 days after delivery. Visual function ofinfants was

assessed by transient visual evoked potentials (VEP) and visual acuity was measured by sweep VBP
and the Teller Acuity Card Procedure at 4 and 8 months ofage. Infant neurodevelopmental status at
12 months ofage was assessed by the Clinical Adaptive Test/Clinical Linguistic and Auditory

Milestone Scale (CAT/CLAMS) and the Gesell Gross Motor Developmental Quotient (GM DQ).
Maternal depression was assessed by the Beck Depression Inventory (BDI), the Edinburgh Postnatal
Depression Scale (EPDS) and the Structured Clinical Interview for Depression (SCID).

There were no differences at either4 or 8 months in VEP latency, VEP amplitude, sweep VEP acuity
or Teller acuity between groups whose mothers did or did not receive DHA. There also were no '
statistically significant diflerences in mean CAT (111.2 :1: 11.0 vs. 107.3. :I: 9.3) or CLAMS (101.5
i’ 16.0 vs. 100.9 zl: 13.9) scores ofinfants whose mothers did or did not receive DHA; however, the

mean GM DQ ofinfants whose mothers received DHA was significantly greater than that ofinfants
ofmothers who did not (102.6 :t 13.3 vs. 95.2 2|: 12.7; p=0.03). The incidence ofpostpartum
depression as assessed by BDI, EPDS or SCID did not difl‘er between groups and was lower than
‘expected in both groups. _ ‘ ' ‘

. We conclude that maternal DHA supplementation maintains or increases the DHA content of .
maternal plasma lipidand increases the DHA content ofboth maternal milk and the lipids ofinfant
plasma. However, in this study, these positive effects ofmaternal DHA supplementation were not
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accompanied by better visual function, visual-motor problem-solving ability or language

development ofthe recipient infant and also did not affect the incidence ofmaternal depression. On

the other hand, maternal DHA supplementation resulted in the recipient infants having somewhat

better indices ofmotor development at 12 months ofage. These data, therefore, do not support our

hypothesis that maternal DHA supplementation improves visual and neurodevelopmental status of

the recipient infantlor lessens the incidence ofmaternal depression. They provide little support for the

concept that breastfeeding mothers require supplemental DHA.

Functional Basis for the Importance of Omega-3 Fatty Acids

» in Retinal and CNS Development

Martha Neuringer, Ph.D.

. Department ofMedicine and Ophthalmology,

Oregon Health Sciences University, Beaverton, Oregon, USA

-Infants fed standard infant formulas lacking DHA have low blood and tissue levels ofDHA

compared with those receiving pre-formed DHA or human milk. Whether dietary intake ofomega-3

fatty acids has a substantial impact on CNS levels depends on the infant's stage ofdevelopment and
prior nutritional status. Preterm infants, who are at an earlier stage ofbrain development and ofDHA
accretion, are at greater risk than term infants of failing to achieve normal DHA levels in the retina

and nervous system. However, animal studies have shown that low tissue levels are rapidly corrected
once a dietary supply becomes available and, once incorporated into neural tissue, DHA is-

tenaciously retained. Therefore CNS levels in older children or adults are unlikely to be altered
significantly by low dietary intake ofomega-3 fatty acids. ‘

For the purpose ofdefining essentiality, the ‘more important question is whether a difference in .
acid status ‘during development is related to functional deficits. The most consistent efiects ofomega-
3 fatty acid deficiency and supplementation have been on measures ofvisual system function. In
monkeys and in preterm human infants, diets low in DHA's precursor, alpha linolenic acid, lead to‘

poorer development ofboth visual acuity and the electroretinogram, a measure ofretinal physiology.
Furthermore, supplementation with pre-formed dietary DHA has been associated with enhanced-

visual acuity development in most studies ofpreterm infants and in some, but not all, ofterm infants.

It is assumed that these effects are mediated by differences in the fatty acid composition, and '
particularly the DHA‘content, ofretinal and neural membranes._ However, the rmderlying mechanisms
for these effects, and the critical site(s) for these efiects within the nervous system, are not clearly
understood. Changes in the electroretinogram, which specifically measures retinal frmction, are
hypothesized to be the result ofchanges in the biophysical properties ofphotoreceptor outer segment
membranes, the site for the absorption ofphotons and their transformation into neural signals. These ' '
membranes contain the body's highest levels ofDHA. Diflerences in visual acuity-development, on
the other hand, may be due to changes within photoreceptor membranes, other elements within the
retina, the central visual pathway, and/or the visual cortex. Possible mechanisms include alterations

in the development ofthe fovea, changes in retinal sensitivity, or changes in the synaptic eormectivity
or activity ofthe visual cortex. ‘ ' '
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Studies ofDHA supplementation in human infants have reported differences in visual ‘acuity -
primarily during the first few postnatal months and in one major study at one year ofage. The longer-
term implications of these differences in infant acuity still are unclear, clue to the lack ofstudies with

more extended follow-up.

' However, it is known that restriction ofvisual input during early development can lead to lasting
effects on visual function, so it will be important to examine this issue more closely.

Differences in visual development are of interest not only in their own right, but also because they

may reflect a more general effect on neural, and perhaps cortical, maturation. Studies reporting an
advantage in intellectual development in breast-fed compared with fonnula-fed infants have

‘ prompted speculation that the DHA present in breast milk is a critical factor. However, the diflerence

in DHA content is confounded with many other compositional difierences-, as well as socioeconomic
and parenting factors which are known to strongly influence intellectual development.‘

In monkey studies and in randomized human clinical trials, differences have consistently been found -

inone aspect ofcognitive development, visual attention. In monkey infants fed low levels ofalpha

linolenic acid, and preterm hmnan infants fed formulas without DHA, the duration of fixations to

visual stimuli are prolonged compared to infants with higher DHA status. Developmental

psychologists have interpreted increased look duration as indicating slower speed ofprocessing the
stimulus and encoding it into memory. It is also possible that this effect reflects a specific dificulty in

shifting or disengaging attention, an ability which develops during the first postnatal year, or a

difference in the intensity ofthe infants’ responses to visual stimuli. This effect appears to be .

independent ofeffects on visual acuity, as the two outcomes are not correlated in either monkey or

human infants. Longer look durations are moderately conelated with poorer achievement in later tests

ofcognitive development, including IQ.tests at school age. Thus, as with the effects on visual acuity,

the implications of this difference for later development are unclear but worthy of further study.

Both animal and human studies ofthe effects ofomega-3 fatty acid status on behavioral development
have focussed on possible changes in cognition and learning. Other aspects ofbehavior generally ,

have not been examined but are of equal interest. There.are good rationales to hypothesize effects of '
omega-3 ‘fatty ‘acid status on, for example, sleep and temperament. Preliminary findings in rhesus
monkeys indicate changes in both sleep and responsiveness to environmental Changes in
eicosanoids or in neurotransmitter metabolism provide plausible mechanisms for such effects.

The range of fimctional efi‘ects ofomega—3 fatty acid deficiency and supplementation during,
development and their impact on later vision, ‘cognition and behavior are not completely understood,.
nor are the relationship ofthese effects to the dose ofdietary DHA and the age’ and duration ofdietary
intervention. These issues can only be resolved by longer-term studies with a range ofdietary
treatments and functional outcomes. - '

Long Chain Polyunsaturates and Human Visual Development

Eileen Birch, Ph.D.

V Retina Foundation ofthe Sduthwwt

http://odp.od.nih.gov/ods/news/conferences/w6w3__abstracts.litml ' 00-1l~16
 

AKER877|TC00058092

187

RX-0135.0187



188

,, -___..-1. --- ...- ..,..._............_, V. wLuv5u'U a.uu uuicga-J rauy A0108 - rage LU Sill’ 33

University ofTexas Southwestern Medical Center, Texas, USA

The Effects of on Hostility

Tomohito Hamazaki, MD., Ph.D. _. ab

_ Department ofClinicalApplication, Institute ofNaturalMedicine,

» Toyama Medical and Pharmaceutical University, Toyama-shi, Toyama 930-0194, Japan

Numbers ofstudies have indicated an association between Type A behavior pattern (TABP) and

. CI-lD. TABP is characterized by aggression, hostility , excessive competitive drive, and time ‘

urgency. Because TABP is a vague and complex mixture ofbehavior patterns, many researchers '

began to investigate components ofthe TABP construct. Hostility is the most popular factor among
them. Actually it better predicts important adult diseases than TABP.

We have been investigating the effects ofDHA on extraggression (aggression against others, BA) of
students using P-F study originally created by Rosenzweig. In P-F study testees are asked to give
comments to frustrating pictures. Those comments are judged ifthey are aggressive against others

(EA), selfor nobody. EA contains three categories: obstacle-dominance, ego-defense

(extrapunitive) and need-persistence. Comments arejudged as ego-defensive, ifcomments contain

hostile words to others, or aggressive denial or rciection against othersi reproach or

accusation. Thus, we regarded ego—defense as hostility in the following studies.

According to our previous three-month double-blind study, hostility was enhanced by final in
control students, whose average intakes ofDHA were about 200 mg/d, whereas hostility was not .
enhanced in students who took DHA capsules (1.5-1.8 g DHA/d); in another study we found that if

there was no stressor like exams, hostility was not changed significantly in either the control or the
DHA group. We also found that DHA administration significantly enhanced the ratio ofplasma _
epinephrine to norepinephrine in the DHA group compared with the control group dining continuous
psychological stress (final exams for two months). This DHA ‘effect was mainly due to
norepinephrine reduction in the DHA group. ~ '

Those studies above were all done with young adults. But people over 50. are more susceptible to

s1ress—related adult Consequently, we decided to perform a similar study.with older

subjects to investigate the effects ofDHA on hostility.

Method. Twenty-two‘ males and 18 females of50-60 yr ofage volunteered for the present
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- double-bind study. They were all healthy, and one half ofthem from fanning
villages in Nakornpathom, Thailand. They were randomly allocated either to the DHA group (11
males and 8 females) or to the control group (11 males and 10 females). Subjects in the DHA group

took 10 DHA capsules/d containing 1.5 g DHA as a total for two months, and those in the control
group took 10 control capsules/d, each capsule containing 280 mg ofmixed plant oil (47 % olive oil,

25 % rapeseed oil, 25 % soybean oil and 3 % fish oil). At the start and the end ofthe study, .
volunteers took P-F study. Just before they took P-F study at the end ofthe study, they watched a

provoking_videotape for 20 min as stressor. The videotape contained many cruel scenes from the real
crimes and disasters.

Results. EA was significantly decreased in the DHA group (32 :1: 15 % to 25 :l: 11%, M 1 SD,
p<0.02), whereas not in the control group (27 .-1:, 16% to 23 :1: 10%). Inter—group difference was not

significant by ANOVA. Hostility was significantly decreased in the DHA group (17 :l: 8% to 11 :l:

7%, p<0.05), whereas not in the control group (16 i 11% to 12 :|: 8%). Although the inter—gmup

difference was not significant by ANOVA, the ratio of increment in hostility in the DHA group (Zout
of 19) was significantly (p<0.05) lower than in the control group (8 out of21).

Discussion. We provoked subjects ofboth groups by videotape, but extra aggression or hostility did J
not increase in either group. The place where PF study was performed (Silpakorn University, ‘

Nakornpathom)'was not familiar to most ofthe volunteers. Consequently, there might be effects of

becoming accustomed to" the test in a very unfamiliar place at the end ofthe study. Although the
eflects were marginal compared with the case ofyoung adults with natural stressor, it is likely that

DHA influenced hostility ofpeople even in their fifiies. Taken into account that hostility is a risk

‘ factor ofadult diseases, enough amounts ofDHA (up to 1.5 gld) might be beneficial.
)

Omega-3 Fatty Acids iii Mood Disorders

Andrew I. Stall, M.D. 1

McLean Hospital, Belmont, Massachusetts, USA

Omega-3 fatty acids may inhibit neuronal signal transduction pathways in a manner similar to lithium '
and valproate, two effective treatments for bipolar disorder. To examine this pharmacological .
similarity more closely,‘ a study was performed to examine whether omega-3 fatty acids also exhibit
mood-stabilizing properties in bipolar disorder. This was a 4-month, double—blind, placebo-controlled
study, comparing omega-3 fatty acids (9.6 g/d) vs. placebo (olive oil), in addition to usual treatment, '
in 30 -patients with bipolar disorder. - '

The results ofthe study revealed strong mood stabilizing and antidepressant effects ofthe omega-3
- _ fatty acids. A Kaplan-Meier survival analysis ofthe cohort revealed that the omega-3 fatty acid

patient group had a significantly longer period ofremission thanthegroup (p = 0.002; .
Mantel-Cox). In addition, for nearly every other outcome measure, the omega-3 fatty acid group '
performed better than the placebo group. Omega-3 fatty acids were well-tolerated and improved the'_
short-term course ofillness in this preliminary study ofpatients with bipolar disorder. .

http://odp.od.nih.gov/ods/news/conferences/w6w3;_abstracts.html ' A ’- 00-11-16

AKER877|TC00058094

189

RX-0135.0189



190

vu vnasonavy vu unv uoovuuuulj V1 \lu.lC5d'U auu \JLllC54'J 1'4‘-L] £1910») . A ubv an on; J}

The omega-3 fatty acids offer some unique benefits, should they prove to be truly effective mood
stabilizers. The advantages ofthe omega-3 fatty acids as mood stabilizers include the apparent acute

efficacy in both the manic and depressive phases ofbipolar disorder, their lack oftoxicity, as well as

high patient acceptance. In addition, omega-3 fatty acids confer some health benefits during chronic.
use, such as possible reduction in the risk of a fatal myocardial infarction. In addition, the omega-3
fatty acids have no documented adverse drug interactions, and appear to be safe (and possibly
beneficial) in pregnancy and in children. '.

The disadvantages ofthe omega-3 fatty acids include their low potency, which results in a relatively
large number of capsules per day. This may effect compliance. In addition, at the high doses used in

the pilot study, several patients treated with either olive oil placebo or omega-3 fatty acids developed
mild gastrointestinal distress, generally loose stools. This was completely abolished by lowering the
dosage slightly or dividing the dosage into 3 or 4 separate portions. There is also the theoretical risk
of increased bleeding during high-dose omega-3 fatty acid treatment. However, no change was

observed in bleeding times during the controlled trial in bipolar disorder.

We have also treated more than 20 bipolar patients with open-label flaxseed oil. Flaxseed oil contains

alpha-linolenic acid, a shorter chain omega-3 fatty acid. Measuring the clinical response to an open- '
label treatment is unavoidably subjective. However, the majority ofthe bipolar patients treated with

flaxseed oil appeared to benefit. Many ofthese patients have describai a distinct mood elevating -
effect fiom the flaxseed oil, and most have elected to remain on the flaxseed oil for the long-term. As
with fish oil, the flaxseed oil was used adjunctively, in that the flaxseed oil was added to whatever .

mood stabilizing medication the .patient was already receiving. The flaxseed oil was generally better
tolerated than fish oil. However, whether causally related or not, we have observed several cases of

hypomania in bipolar patients treated with flaxseed oil.

Our results support other data suggesting that the mechanism ofaction ofmood stabilizers in bipolar -
disorder is the suppression ofaberrant signal transduction and inhibition ofkindling processes. This
is consistent with a model of abnormal signal transduction in the pathophysiology ofbipolar disorder. _
If further studies confirm their efficacy in bipolar disorder, omega-3 fatty acids may represent a new
class ofmembrane-active psychotropic compounds, and may herald the advent ofa new class of
rationally designed mood stabilizing drugs. -

Thursday, April 8, 1999

Session III. Cardiovascular Disease

i’olyunsaturated Fatty Acids and Cardiovascular Disease

Alexander Leaf,‘ MD.

Department: qfMedicine, Mqssachzasetns GeneralHospital and

the HarvardMedical School, Boston, Illassachusetts; USA

Coronary heart disease is the leading cause ofdeath in the United States and in Western industrialized
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countries. Many reports have appeared since theepidemiologic evidence of-Bang and Dyerberg called .
attention to the low mortality from coronary heart diseases (CHD) among the Greenland Eskimos,

which they attributed to potential antiatherosclerotic effects ofthe diet high in oil ofmarine " ‘
vertebrates. Many studies have documented the ‘effects of fish oils on a number ofbiochemical and

physiologic factors that are believed to affect the atherosclerotic process. There are also a

l V considerable number of experimental studies in animals which show a reduction in atherosclerosis
when diets high in saturated fatty acids and cholesterol are supplemented with fish oils. Notably
among these are the beneficial effects reported in swine and in nonhuman primates, but even in a

nonhuman primate negative results have been reported.

What Bang and Dyerberg noted among the Greenland Eskimos has been largely confirmed among the
Japanese. The Zutphen study by Kromhout and associates and the reanalysis of the Multiple Risk

' Factor Intervention Trial by Dolecek showed an inverse relation between fish intake and mortality
from CHD, as have other studies. Dolecek analyzed the larger Multiple Risk Factor Intervention Trial
dividing the 6000 subjects in thecontrol group (Usual.Care) for that Trial into quintals according to
their mean ingestion ofn-3 polyrmsaturated fatty acids fiom O to 0.66 g daily and found significant
inverse correlations between the ingestion ofthese fish oils and coronary heart disease, all

cardiovascular diseases and all-cause mortality with the highest quintal having lowest mortality rates.
of some 40 to 50%. However, the rapid atherosclerosis-like processes that ofien cause restenosis
following coronary angioplasty are not prevented by dietary fish oil supplements. There has been one

prospective, randomized, placebo-controlled, secondary clinical trial which has reported a 29%
reduction in all cause and cardiovascular mortality at 2 years follow-up in patients advised to eat oily
fish 2 to 3 times per week compared with those not so advised. Another secondary, single blinded,
clinical trial reported a remarkable reduction in all cause mortality at 27 months mean follow-up and
recently again at almost 4 year follow-up in the same cohort ofsome 70%.compared to controls it The
Lyon Heart Study ii in which ‘alpha-linolenic acid was considered the important dietary
polyrmsaturated fatty acid. I -

Reports by Chamock and McLennan have drawn attention to another aspect ofcoronary heart disease
which the highly polyunsaturated fatty acids in fish oils seem to afl‘ect beneficially. They found that '
rats fed a diet high in a fish oil were protected fiom the fatal cardiac arrhythmias induced by '
experimental coronary artery ligation. We have confirmed their findings in dogs with Prof. George E.
Billman, Ohio State University School ofMedicine. We have then pursued the mechanism ofthe.

antiarrhythmie effect ofthe fish oil fatty acids. With isolated cultured heart cells we have produced
arrhythmias with chemical agents which can cause fatal arrhythmias in humans.‘ We have formd in
every instance that ifwe add the fish oil fatty acids to the fluid bathing the cells before we add the
toxic agent, the arrhythmia is prevented. Ifwe first induce the arrhythmia in the single cultured _
contracting heart cells and then add the fish oil fatty acids the arrhythmia is promptly stopped. This
antiarrhythmie effect is due to stabilization ofthe excitability ofevery contracting cell in the heart;
This in turn results from a modulating effect ofthe fatty acids onithe ionic currents that initiate the
heart beat. Further studies suggest strongly that the fatty acids interact with binding sites on the
proteins ofthe ion charmels thus affecting their conductivity to make the heart much less responsive
to the electrical events that initiate fatal cardiac’ arrhythmias. ' '

Once we had found that the polyunsaturated fatty acids modulate ion currents in an excitable tissue, -
the heart, we surmised that they must have a similar effect on all excitable tissues, since all utilize the

' same electrical communicating system it and they do! We have reported that in the brain

(hippocampal CA1 neurons) the voltage dependent Na+ and the L-type Ca2+ currents are afiected ,
very much as are the same cardiac currents. One consequence ofthis action in the brain is that the
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electrical threshold for inducing generalized seizure activity in the rat using—the cortical stimulation

‘ model, is increased. So these fatty acids are anticonvulsants as well as antiarrhythmic agents. With

the findings by some psychiatrists that these same fatty acids are apparently beneficial in the

management ofdepression and bipolar behavioral disorders, the finding of an important effect ofthe

fatty acids on the electrical activity ofbrain cells may have broader health implications than just to
cardiovascular diseases. There remains much to be learned; we are probablyjust scratching the
surface ofthe importance ofpolyunsaturated fatty acids to health and the prevention ofdiseases.

N-3 Polyunsaturated Fatty Acids Inhibit COX-2 Expression ‘

Rafiaele De Caterina, Ph.D., , Aida Habib?, Laura Lubrano, Giuseppina Basta; Guido

Lazzerini, Jacques Maclouf? and Babette Weksler*

' CNR Institute ofClinical Physiology, Pisa, Italy, *ComeII University Medical College,

New York, USA and ?INSERM Unite 348, Hopital Lariboisiere, Paris, France

N-3 polyunsaturated fatty acids (n-3 FA), including docosahexaenoic acid (DHA) exert anti-

inflammatory and anti-atherogenic properties, mostly ascribed to competition with arachidonic acid
(AA) as substrate for cyclooxygenases and 5-lipoxygenase. A cytokine-inducible cyclooxygenase

(COX-2) expressed at sites ofinflammation permits high production ofprostanoidsand amplification
ofthe inflammatoryresponse. We previously showed that n-3 FA (particularly DHA) are inhibitors of

cytokine-induced expression of adhesion molecules in vascular endothelial cells (EC). Since genes

for adhesion molecules and COX-2 share consensus sequences for transcription factors and patterns
ofcytokine induction, we hypothesized that n-3 FA might be transcriptional regulators ofCOX-2-
expression, We therefore measured changes in AA metabolism in cultured human saphenous vein EC
following 48 h preincubation with 25 uM DHA plus 24 hstimulation with IL-1 or LPS. We measured
COX activity assessing 6-keto-PGFIa by RIA as a reflection ofprostacyclin production. DHA .
decreased thrombin or AA-stimulated 6-keto-PGF1a to a greater extent in IL-1-stimulated EC than in

the absence ofIL-1, suggesting a greater inhibitory effect on COX-2 than on constitutivelyexpressed '
COX-1. Inhibition of6-keto-PGFla production by DHA + the specific COX-2 inhibitor NS-398 was
greater than inhibition byNS-398 alone, suggesting that DHA acted at a diflerent level than on COX-

2 enzymatic activity, Thus, COX-2 mRNA and protein expression were compared by Northern and '
Western analysis in control and DHA-treated EC stimulated with IL-1. DHA-treated EC showed a

50% inhibition ofCOX-2 expression at both mRNA and protein levels. Northern analysis ofcells

treated also with actinomycin D indicated that DHA exerted a transcriptional effect consistent With.
inhibition ofNF-kB as assessed_by electrophoretic mobility shift assays. These results show that

treatment ofEC with DHA reduces COX-2 protein expression and enzyme activity by transcriptional
regulation likely to involve NF-kB, activation, and offer a plausible alternative mechanism to many of
the anti-inflammatory and anti-atherogenic effects ofn-3 FA. ' '

Alpha-Liuolenic acid in the Prevention at Cardiovascular Diseases

S. Renaud, M.D.i
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‘INSERM, Unit 330, ‘University Bordeau'x_2, FRANCE

Cardiac mortality, especially sudden death, been rarely prevented in dietary intervention trials to
lower coronary heart disease (CHD). Only trials with an increased level ofn—3 ’fatty_acids (fish or fish
oil) (DART Lancet l989:2:757) have succeeded so far.

In Crete, cardiac death as shown by the seven coxmtry study is a rare event. In our duplication of

the Cretan diet on 600 coronary patients (Lancet 1994;343:1454) cardiac death was reduced by

76 % and we did not obser_ve any sudden death as compared to 8 in the control group with the

prudent diet. Like the Crete population (Eur J Clin Nutr 1993 :47:20), our subjects with the Cretan

diet had a high level ofoleic and alpha-linolenic acids in their plasma.

Studies have shown that arrhythmia ofmyocytes in culture, and ventricular fibrillation in dogs and

rats are inhibited by n-3 fatty acids (Proc Natl Acad Sci USA l997:94:4182). In rat reperfiision

ventricular fibrillation was inhibited only by the alpha-linolenic acid rich canola oil but not by olive

oil. (J Nutr 1995;125:1003)

In Crete it seems that it is through the consumption ofwalnuts, purslane and other greens as well as

- of snails, that a high intake of alpha-linolenic acid is achieved.

Recent prospective studies USA (Harvard Public Health) and'Europe (Euramic) indicate that the
. only fatty acid apparently inhibiting cardiac mortality in man is alpha-linolenic acid. Thus,.

alpha-linolenic acid, in addition to regulating the level ofprostaglandins and leukotrienes, may be the" _
chieffatty acid protecting fiom the CHD clinical manifestations, cardiac death.and coronary

thrombosis.

Omega-3 Long Chain PUFA and Triglyceride Lowering: Minimum Effective Intakes

William s. Hamzé, Ph.D.

' Saint Luke's Hospital, Kansas ‘City, Missouri, USA

A_I.lLh_9£ rm: . §9;I_@ , 003 FA -(g/d). use
Agren‘ . . I996 * Fish 1.05 -15% (PPL -9

Sclraeferz 1 _ 1992‘ mi V , 1.3 . -7% (PPL -9
sim3 1996 Shrimp , o.s1 g * -19%.
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Fah,e,4 ’ 1991 Fish 1.75 ' ‘-19%

Jacqdes 5 . ‘ 1992 Fish . 0.45 -8%

Ge,,,,,,, 6 ' 1991 ‘ Fish 1.95 - -1%
3,0“ 7 1990 Fish 0.7 -7%

' Ag-m, 8 1988 Fish - 0.8 -1696
Feb“, 9 1983 Fish ~ 0.7 y 4%

Brown 10 1991 Capsules 1.5 ~ -25% (PPL -9

. oosmuizen 11 1994 Capsules . _ - 1.6. -17%

vamini 12 1990 Capsules 1.8 -16%

Gan, 13‘ 1990 _ Capsules 1.8- -33% ‘

3,3114 - 1991 Capsules 1.6- _ -20%

Radgck 15 , 1990 Capsules 1.1 -10%

Roch, 16 ' 1996 Capsules . 0.8 _ -21%.(PPL_ -9
Demke 17 1988 Capsules 1.5 -24%

sc,,;,,d;e,. 18 1998 Capsules A 1.1 H - 16-34% (depending .
. - phenotype)

_ _ (0.18 to 1.1 gld)

saldeen 19 ' - 1998. Bread 0.3 -17%

Lovegrove 20 -_ 1997 Multifoods 1.4 —4% (PPL 4.) _
s,,,.,,,m 21 ~ 1998 Margarine 0.9 .1296

*Bold italic = statistically significant. PPL = postprandial -. = lower on 003 FA

1.AgrenIl,HanninenO,JullmnenA;etal:Fishdiet,iishoilanddocosahexnenoic acidrichoillowet .
fasting and postprandial plasma lipid levels. EuroJ Clin Nulr 1996;50:765-771.

2. Schaefer EJ, Lichtenstein AH, Lamon-Fava S, _et al: Effects ofNational Cholesteml Education Prognm
‘ Step 2 diets relatively high or relatively low in fish-derived fatty acids on plasma in middle- '

aged and elderly subjects. Am J Clin Nutr 1996;63:234-241.

3.De Oliveira eTianll,I-IudginsLC. Sacks FM,BteslowJL: Effects ofslnittp
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consumptionon lipoprotcins. Am J Clin Nutr 1996;64:712-717. -

4. I-‘ahrer H, Hoeflin F, Lauterburg BI-I, Peheim E, Levy A, vsschec in Diet and fatty acids: can fish
substitute for fish oil? Clin Exper Rheum 1991;9:403-406.

5. Jaclrues H, Noreau L, Moorjani S: Effect onplasma lipoproteins and endogenous sex hormones of
substituting lean white fish for other animal-protein sources in diets ofpostmenopausal women. Am J Clin
Nutr 1992;55:896-901. '

6. Gerhard GT, Patton BD, Lindquist SA, Wander RC: Comparison of three species ofdietary fish: efi'ects
on serum concentrations oflow-density-lipoprotein cholesterol and apolipoprotein in normotriglyceridemic
subjects. Am J Clin Nutr 1991;54:334-339.

7. Brown AI, Roberts DCK, Pritchard IE, Tmswell AS: A mixed Australian fish diet and fish-oil ~
supplementation: impact on the plasrm lipid profile ofhealthy men. Am J Clin Nutr 1990;52:825-833.

3. Agren JJ, Hanninen o, Laitinen M; et al: Boreal Freshwater Fish Diet Modifies the Plasma Lipids and
Prostanoids and Membrane Fatty Acids in Man. Lipids 1988;23:924-929.

9. Fehily AM, ML, Phillips KM, DeadrnanNM: The effect of fatty fish onplasma lipid and
- lipoprotein concentrations. Am J Clin Nutr 1983;38:349-351.

10. Brown A], Roberts DCK: Moderate Fish Oil Intake Improves Lipemic Response to a Standard Fat
Meal: A Study in 25 Healthy Men. Arterioscler Thromb 1991;11:457-466.

11. Oosthuizenw, Vorsterl-IH, Jerling JC, et al: Both Fish Oil and Olive OilLoweredPlas1m Fibrinogen
in Women with High Baseline Fibrinogen Levels. Thrornb Haemost 1994;72:557-562.

12. Valdini AF, Glenn MA, Greenblatt L, Steinhardt S: Eflicacy ofFish Oil Supplementation for
Treatment ofModerate Elevation ofSerum Cholesterol. J Fam Practice l990;30:55-59.

13. Gans ROB, Bilo I-HG, Weersink EGL, et al: Fish Oil Supplementation in Patients with Stable
Claudication;_Arn I Surg 1990;160:490-495.

14. Beil UP, Terres W, Orgass M, Greten H: Dietary fish oil lowers lipoprotein(a) in primary
hypertriglyceridemia. Atherosclerosis l99l;90_:95-97. ’

15. Radack KL, Deck CC, Huster GA: n-3 Fatty acid eifects on lipids, lipoproteins, and apolipoproteins at
verylowdoses: results ofarandomizedcontrolledtrialinhypertriglyceridemic subjects.AmJClinNutr
1990;51:599-605.

16. Roche HM, Gibney MJ; Postprandial triaeylglycerolaemia: the effect oflow-fat dietary treatment with
and without fish oil supplementation. Euro J Clin Nutr 1996;50:617-624. '

17. Demke DM, Peters GR, Linet or, Metzler CM, Klott KA;-streets ofa fish oil concentrate in patients '
with hypercholesterolemia. Atherosclerosis l988;70:73—80.

18. OS, Rost R: Effect of low dose omega-3 fatty acid supplementation on plasnn lipids and
lipoproteins in patients with coronary sclerosis and dyslipoproteinaemia. E Ernahr 1996;35:191-198.

19. Saldeen T, Wallin R, Marklinder I: Effects ofa small dose ofstable fish oil substituted formargarine in
bread upon plasma phospholipid fatty acids and serum triglycerides. Nntr Res l998;l8:1483-1492.

‘ 2o._Lovcg:ove JA, Brooks cu, Murphy Mc, Gould 31, Williams CM: use ofrmnufactured foods
ennchedwithfishoilsasameamofirxreasinglongchainn-3polymsammtedfattyacidinmke.BrJNuu‘
1997;78:223-236. ' .
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21. NS, Marclcmann P, Hay CB, van Duyvenvoordc W, Princen HMG: Eifcct offish-oil—enriched
margarine on plasma lipids, low-density-lipoprotein particle composition, size, and susceptibility to
oxidation. Am J Clin Nutr 1998;68:235-241. V

t"

Eflicacy of n-3 PUFA and vitamin E in 11,324 post-MI patients:

Results of GISSI-Prevenzione

Roberto Mar.-chioili, MD. on behalfofGISS.I-Prevenzione Investigators. *

Mario Negri Institute, .9. Marialinbaro (cw, Italy

The protective effects offish oil supplements and vitamin B have been long debated. Within Months

ofa myocardial infarction, 11.324 patients were randomized to an n-3 polyunsaturated fatty acid
(PUFA) supplement (lg daily), a vitamin E supplement (300 mg daily), both, or neither. Baseline

therapy included antiplatelet therapy in 90% ofpatients, beta blockers in 40%, and angiotensin
converting enzyme inhibitors in 50%.

At 42 months follow up, patients who received n-3 PUFA had a significant 15% relative risk

reduction in the combined rate ofdeath plus nonfatal mycardial infarction and nonfatal stroke
compared with those who did not receive n-3 PUFA (12.3% vs. 14.4% R= 0.001). By contrast,

treatment with vitamin B caused a non significant 11%‘.relative risk reduction in the combined
endpoint. All ofthe beneficial effects ofn-3 PUFA were due to 21% reduction in the risk ofdeath.

There were no significant interactions between the two treatments. Both treatments were well
tolerated. Gastrointestinal intolerance was the most commonly reported side effect.

.‘The GlSSI—Group (Gruppo ltalianoperlo Studio della Sopravvivenzanclliinfarto) isjointlysponsorcdbythe . -,
Associazione Nazionale Medici Cardiologi Ospedalieri (ANMCO) and by Istituto Mario Negri Consoizio Mario Negri
Sud. .

Thursday, April 9, 1999

Session IV. Relationship ofEssential Fatty Acids. to Saturated,

Monounsaturated, and Trans Fatty Acids

Relationships Between Saturated, Monounsaturated, Polyunsaturated Fatty Acids : Dietary
Data vs. Data from Plasma Fatty Acid. and Lipid Analyses

Claudio Galli, M.D.
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Institute ofPhimnacological Sciences, University ofMilano, Milano, Italy

Backaund

. Plasma levels ofindividual fatty acids (FA), ofFA classes andofsingle intermediates in the .
metabolic series, are the result ofdiversified processes : intake with the diet, transport, uptake by

cells and tissues, with the additional- influence ofmetabolic processes (de novo synthesisfor precursor

- product conversion and retroconversion in the FA series , i.e. n-9, n-6, n-3).

Determinants ofplasma fat_ty acids

The relationships between major FA classes (saturates, SAT, monounsaturates, MUFA and
polyunsaturated fatty acids, PUFA) in plasma lipids and the intake/ synthesis fi'om precursors, are
rather difierent. In fact SAT and MUFA are synthesized de novo, besides being provided by the diet,

whereas PUFA are exclusively supplied by the intake. In addition, long chain PUFA (LCP) ofthe n-6

and n-3 series in plasma and tissues represent a combination of amounts produced through the

endogenous conversion ofthe short chain polyunsaturated fatty acids (SCP), linoleic (LA) a -
linolenic (ALA) acids to the LCP, and amounts provided directly by the diet. While the first pathway,

i.e, synthesis from SCP, is the only source ofLCP in strict vegetarians, the combined processes

(intake + endogenous synthesis) take place in omnivorous subjects. It is however difficult to evaluate

the relative contributions ofthese two components, due_to the limited quantitative data on these

"minor" individual LCP in foods. The assessment ofLCP synthesis from SCP in individualsubjects
represents also a dimcult task.

Additional factors which contribute to determine the final FA profiles in plasma lipids are : a. The
different rates and degrees ofesterilicationofindividual FA into lipid classes (phospholipids,.PL;

cholesterol esters; CE; triglycerides,TG), as it emerges also from in virrostudies with cultured cells.
b. The positional selectivity in the incorporation ofdifferent FA classes into glycerol. SAT are almost
exclusively incorporated into the 1-position in cell PL and into the sn-l and 3 position ofTG, -
whereas MUFA are predominantly and PUFA almost exclusively incorporated into the 2-position.
The 1-position is metabolically stable, whereas continuous replacement ofFA takes place in the 2-
position, through hydrolysis and reacylation processes. FA which inthe 2-position should therefore
be more readily modulated by changes in the relative availability ofMUFA and PUFA. This should-
in turn result in a significant impact ofthe relative dietary intakes ofthese FA classes on the

relationships MUFA and PUFA in plasma lipids. In contrast, the intake ofSAT should _
minimally affect their relative levels in circulating lipids.

Evaluations of FA relationships in plasma

We have measured several relationships between FA in plasma lipids, with the aim to establish
possible correlationswhich could be ofhelp in elucidating the processes governing the final plasma
FA profile.

' FA distributioninplasma pp‘"ids
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The distribution of individual FA in plasma lipid classes (PL, TG, CE) in humans varies appreciably

even among FA ofthe same class or metabolic series, as it is for instance shown in Table 1; Ofthe

total circulating AA; the greatest proportion is associated with PL, followed by CE, and minimal

amounts are found-in TG, whereas LA is mostly associated with CE, followed by PL and TG. Marked
differences are found also in the distribution ofDHA (mainly associated with PL) and EPA (largely

associated with CE). These differences may affect the relative incorporation and exchanges of
individual FA with cell lipids. '

Table 1. Concentrations and % levels of individual in plasma lipid classes in 20 women.

% distribution . 

FA ml PL T CB

18:2 640:l:l25 34:6 10:5 55:9

20:4 14s:39 67:I:6 4:2 29:7

20:5 9.6d:3.9 57:12 11:10 31:12

22:6.28.8d=9.8 85:5 7:7 08:3

FA correlations

Evaluation ofthe product/precursors relationships within the n-6 and n-3 FA series in Tanzanian
populations on low fat diets (7-12 en%), strict vegetarians (VD) and fish eaters (FD) ingesting .
relatively high amounts ofAA and DHA (typical in tropical fish) revealed the following : in VD
good conelations are present in the n-6 pathway (from LA to AA and especially between DHGLA.
and AA), and between ALA and EPA, in the ns-3 series.‘ In.FD, significant correlations are found only
between LA and DHGLA in the n-6. series, and between EPA and DHA in the n-3. These findings
will be discussed in the context ofthe contributions ofthe exogenous supply ofpreformed LCP (FD
and omnivores,_in general) vs that ofthe endogenous biosynthesis exclusively The correlations in
omnivorous Italian populations (>30 en % fat), are somewhat intermediatebetween those in the two
Tanzanian populations. . A ' ' . ' «

Evaluation ofthe correlations between SAT, MUFAand PUFA in the three populations at study,
revealed that : a. there is no correlation between SAT‘ and MUFA, weak but significant negative’ '

V correlations between PUFA and SAT (SAT vs PUFA : y=42.6-0.24x, r=0.535, p < 0.001 in Italians; y
= 48-0.38x, r=0.62, p<0.00l in-VD Tanzanians; y= 46.2—0.29x, 1=0.47, p<0.00l in FD Tanzanians),
very strong negative correlations between MUFA and PUFA (MUFA vs PUFA : y=58.4—0.75x,

http://odp.od.nih.gov/ods/news/conferences/w6w3_abstracts,hhnl T '' 00-1 1--.l6 .
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1: ‘ ;=’o.'s9 in Italians; y.=53.8 - 0.7lx, r=0.8O in VD and y?=51.9 .4 o.62x, r=0.79 -in FD)..These data .
‘ _ obtained in populations on diets with quantitatively and qualitatively very different fat contents, fit

and are in agreement with the hypothesis that PUFA and MUFA compete for esterification, whereas

' this does not occur between SAT and MUFA. Additional relationships which will be discussed

concern those between n-6 and n-3 levels. These, in plasma, at difference with the situation in cellular

lipids, do not appear to be reciprocally modulated.

In a controlled clinical study with subjects on isocaloric diets (25 en%_ fat) with defined FA .

proportions (prudent diet, olive oil based diet and corn oil based diet) we have evaluated the
relationships between dietary SAT, MUFA and PUFA as en% and the same FA classes as % of

plasma FA. It appeared that differences in dietary SAT between 5 to 9.6 en% result in no difference
in plasma SAT (% oftotal FA), whereas differences in dietary MUFA and PUFA result in '
proportional changes in the corresponding plasma FA.

Additional evaluations on the relationships between levels ofFA classes as well as of individual FA,
on one side, and plasma cholesterol and TG, on the other, reveal that correlations are present only
with TG. '

In conclusion, the observation of‘selected correlations among plasma FA, based on detailed analytical

data, facilitates the interpretation ofthe dietary and metabolic relationships between FA and plasma
lipids.

Nutritional and Metabolic Interrelationships Between Omega-3 Fatty Acids and Trans Fatty
Acids

Bruce J. Holub, Ph.D.

University ofGuelph, Guelph, Ontario, Canarla N]G 2171

Much attention on the health concerns ofcurrent intakes oftrans fatty acids ('I'FA) via fast and ,
processed foods has focused upon the potential for dietary TFA to significantly increase the LDL-
cholesterol level while lowering I-IDL-cholesterol as well as increasing triglyceride and lipoprotein(a)
levels in some studies. Epidemiological studies have indicated that TFA represent amajor dietaryrisk
factor for cardiovascular disease (CVD) in the North American population. A lesser focus has been '

placed on the potential for dietary TFA to interfere with the convertibility oflinoleic acid and alpha-

. linolenic acid (or-LNA) to their longer-chain metabolic products. There is also evidence that TFAis
may impair early growth in humans by impeding desaturation/elongation reactions. Recent data from -

‘ Health Canada (Ratnayake and Chen) has indicated that the mean TFA intake (as trans 18:1) in,
Canadian adults represents 3.7% oftotal daily energy which is above recent estimated intakes ofTFA '

for the US population (Allison et al, J. Am. Diet. Assoc., 1999). Young males in Canada (age 18-34
years) have a mean trans-18:1 intake of 12.5 g/day with intakes as high as 39 g/person/day. One of
the richest sources ofTFA in the Canadian food supply is breast milk fiom mothers who show a

mean content oftotal TFA representing 7.2% oftotal fatty acids (and up to 17.2%). Furthermore, the .
total TFA: or-LNA ratio in Canadian breast milk is 6.2 to 1. These high ratios reflect the very high‘ '

1 ratio ofTFA:n-3 fatty acids in the diet ofpregnant and lactating women. We have analyzed a wide
variety ofprocessed and fast foods in Canada (showing very high ratios ofTFA:n-3 PUFA) as -well as

~ a wide variety ofbaby foods (cereals and biscuits) which, in many cases, show extremely high ratios .
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ofTFA:n-3 fatty acids. Foods containing hydrogenated vegetable oils which greatly-compromise" the - " :-

n-3 fatty acids intake while enhancing the TFA consumption, as well as the potential for TFA to‘ . '

interfere with the convertibility ofot-LNA to docosahexaenoic acid (DHA), likely accounts for the . .
lower DHA status in humans consuming higher intakes ofprocessed and fast foods containing TFA.

Mandatory food labeling in North America for TFA and omega-3 fatty acids is needed to allow
consumers to reduce the consumption of the fonner while increasing the latter. Such regulatory

changes can be expected to enhance the physiological DHA status and related human heal
parameters beginning at conception. '

Choice of n—3, Monounsaturated and Trans Fatty Acid-Enriched Oils

for the Prevention of Excessive Linoleic Acid Syndrome V

Harumi Okuyama, Ph.D.

Faculty ofPliarmaceutical Sciences, Nagoya City University,

Mizuho/01. Nagoya 467-860.3, Japan

Excessive linoleic acid intake‘ and relative n-3 deficiency §_y_ndrome

Animal experiments and epidemiological studies have revealed that excessive intake of linoleic acid

(LA, n-6) is a major risk factor for cancers ofwestern type, allergic hyper-reactivity, coronaryheart
disease (CI-ID) and cerebrovascular disease (CVD) (1). Although epidemiological studies performed.
in the USA failedto reveal a positive correlation between LA intake and breast cancer mortality, this ,

. is probably because the proximate marker for breast cancer is the proportion ofn-6 eicosanoid
precursors in phospholipids, which is saturated both in the high and low LA intake groups in the
USA. Empirical equations presented by Lands indicate that both increasing the intake ofn-3 fatty . .
acids and decreasing that ofn-6 fatty acidsare necessary for effectively decreasing the n-6 eicosanoid
precursors in phospholipids and thereby decreasing cancer mortality. On the other hand, high n-6/11-3
ratio but not hypercholesterolemia has been proved clinically to be ‘a majorrisk factor for thrombotic _
diseases. Over-production of inflammatory lipid mediators ofn-6 series has been shown to be a major

cause for the rapid increase in allergic hyper-reactive patients in Japan.

' Precidentis summa_:1 1997 fiom the lapan Socigg for Lin‘id Nutrition '
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' .’After discussion through several annual meetings of the Japan Society for Lipid Nutrition, Presidents
-Summary 1997 was published (in Japanese) as a review article (J. Lipid Nutr. 65-42, 1997), in which
20% as total fat energy was recommended for those with moderate physical activity. For healthy

populations, saturated plus monounsaturated : n-6 :n—3 = 2.5 : S 0.8 : 2 0.2 (n-6/n-3 S 4) was
recommended. For the primary and secondary prevention ofthose diseases described above, an n-6/n-
3 ratio of2 was recommended. The latter value was based -on: 1) even the n-6ln-3 ratio ofDanes was

3 in a well known epidemiology ofGreenland natives; 2) the ratio ofcurrent- Japanese is '4 but the

incidence ofcancers ofwestern type has been increasing rapidly, and the ratio of4 or above cannot be

recommended; 3). animal experiments have shown the effectiveness ofdecreasing n-6/n-3 ratio to

below 2 for the suppression ofcarcinogenesis. and metastasis; and 4) the safety ofn-6/n—3 ratio of 1

has been established in animal experiments and in a retrospective study on hunters and gatherersi
foods. ' ’ ~

In order to meet the recommendations described above, vegetable oils with n-6/n-3 ratios of2 or
below and those with very low n-6 fatty acid contents (e.g., high-oleic type) are useful. However,

there was another criterion to be considered; the presence ofminor components which affect animal

physiology seriously. . A ~

Survival time:-shortening and renal injggy induced by some vegetable oils and partialbg hflmgenatg
oils in SHRSP rats ‘ ‘ .

Using soybean oil as a control, some oils were found to prolong the mean survival time of SHRSP
rats by ca 10% (e.g., DHA-rich fish oil, perilla seed oil, flaxseed oil) while some others shortened it

dose-dependentlyby ca 40% (double-low rapeseed oil, evening primose oil, high—oleate safllower oil,-
high—oleate sunflower oil, olive oil and partially hydrogenated rapeseed and soybean oil). When the
‘rapeseed oil was lipase-treatai, the resulting flee fatty acid fraction was almost free ofsuch activity,

indicatingpthat the survival—time shortening activity is due to minorcomponents other than fatty acids
in these oils. Free fatty acid fiaction from partially-hydrogenated soybean oil exhibited a survival —
time between those of the original oil and soybean oil. It should be emphasized that lard, sesame oil
and high-linoleate safflower oil were relatively safe for the SI-IRS-P rats.

Those oils with survival-time shortening activity were found to cause renal injury; lesions blood ' '
vessels, accelerated proteinuria, decreased platelet count and elevated gene expression for TGFB,
fibronectin and renin. '

Choice ofn-3, monotmsatmated and trans fat_ty acid-enriched oils

In order to decrease the no6/n-3 ratio ofour current foods to 2 or below, the intake ofhigh-a-
linolenate oils such as perilla seed oil and flaxseed oil as well as seafood and vegetables should be

High-linoleate oils are inappropriate for human use as foods. For deep-frying and . .
preservation purpose, high-oleate vegetable oils are'useful but all the high-oleate vegetable oils and
hydrogenated vegetable oils we have examined so far exhibited the survival time—shortening activity,
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and I carmot recommend people to have these oils in large quantities. Instead; lard was ‘safe. for this
animal model, and could be used in quantities‘not to induce obesity; animal fats as well as a-high-LA
vegetable oil intake caused insulin resistance in a NIDDM model ofrats. . . ' _

Reference . _._

Olcuyama, H., Kobayashi, T., and Watanabe, S. (1997) Dietary fatty acids ii The n-6/n-'3 balance and

chronic, elderly diseases. Excess linoleic acid and relative n-3 deficiency syndrome seen in Japan. '

Prog. Lipid Res. 35:409_-457.

Friday, April 9, 1999

Session V. Dietary Recommendationsiand Omega-6:Omeg‘a-Ii ‘Ratio

Intakes. of Dietary Fatty Acid in the United States: Results from the USDA‘: 1994-1996 -

Continuing Survey ofFood Intakes by Individuals H .

G.J. Nelson, PhD. A

. USDA, Western Human Nutrition Research Center,’ San Francisco, CaIg'fomia'94I29, USA.

_ The USDA has been conducting biennial food intake for many years. In the more

recent surveys individual fatty acid intakes were estimated fi-om food composition data ‘

accumulated and published in the USDA Handbook 8_, "The Composition ofFoods." In the-

compilation fiom the combined 1994 and 1996 surveys, the USDA has published data on 19
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individual fatty acids in the.US diet. included are an the saturated fatty acids from C-zit-to c-18, ‘

the monounsaturated fatty acids 16:1, 18:1, 20:1, and 22:1 and the polyunsaturated fatty acids
18:2, 18:3, 18:4, 2i):4, 20:5, 22:5, and 22:6. The data is broken down by sex and age from less

than 1 to more than 70 and by percent ofcalories or grams per day. Although there are

some age dependent trends in the consumption data, the majority of the population does not

show significant differences between five and sixty years of age, and only slight differences due
to sex. In the USA 11 percent ofcalories are consumed from saturated fat, 13 percent as

monounsaturated fat, and 6 percent as polyunsaturated fat. Oleic acid is the preponderant

monounsaturated fatty acid, and linoleic acid is the major polyunsaturated fatty acid‘. The USDA

‘data for monounsaturated fatty acid presumably include trans isomers ofmonounsaturated fatty

acids and aregrouped together with 18:1 fatty acids. Current calculations using-the best

available estimated oftrans fatty acid C-18 isomers in the foods consumed by the US population

suggest that the actual consumption -of trans configuration fatty acids is ‘3 percent and

cis-monounsaturated fatty acids is about 10 percent. The saturated fatty acid category exhibits a '

broader distribution of fatty acids consumed than that observed for the unsaturated ‘fatty acids;

12:0, 14:0, 16:0 and 18:0 all contribute ‘significantly to the fat calorie intake in the US ‘ ‘

population. Palmific acid accounts for 20 percent of fat calon'es'and stearic acids about

percent. Ofparticular interest to this workshop isthe intake oflong-chain polyunsaturated fatty.

acids, especially those with twenty or more carbon atoms in the fatty acidichain. Unfortunately, * i

the USDA data contain relatively little infonnation on this topic. Due to the natm'eof '

information and the sparsity on information regarding long—chain polyunsaturated fatty acids in

the food composition data fiom which the tables are prepared, no detailed view ofthe intake of

omega-3 fatty acids canbe made; The data do show that the US‘population consumes

approximately -10‘ times the amount ofoniega-6 fatty acids as omega-3 (the ratio is 0.11 n3/n6), .
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but it is probable that the USDA data underestimated the omega-3 intake, termsofper

day the mean intake of linoleic acid plus arachidonic acid is 13.0 while the intake of (1-linolenicI

acid plus docosahexaenoic acid is 1.5. The ratio ofdocosahexaenoic acid to arachidonic is,

however, 1 (0.1 to 0.1 grams per day). As it is not possible to demonstrate an omega-3 fatty acid

deficiency in the US population, the intake of2 grams per day ofomega-3 fatty acids must be at

least the required daily intake when the intake ofomega-6 is 20 grams per day. Ofcourse, 13.

grams per day ofomega-6 fatty acids are likely to be considerably more than the required daily

intake. Evidence fiom animals, and limited human data, suggests that the required daily intake is

likely to be less than 5 grams periday (2 percent ofcalories). Whether the required daily intake

ofomega-3 fatty acids would be less ifless omega-6 fatty acids were being consumed is

unknown. Ifthe total fat intake is reduced, it may be necessary to increase the intake ofomega-3

fatty acids to avoid omega-3 fatty acid deficiency. Neither the USDA northe federal .

Government have a recommendation for the DRI ofpolytmsaturated fattyacids presently. It is

unlikely that a single amount could be recommended for all .age ranges. The requirement for

omega-3 fatty acids will probably be age dependent. Whether there is an absolute requirement .

for polyunsatmated fatty acids with twenty or more carbons in the chain remains to be

determined;

World Health O‘rgauizationlPan American Health Organization

(Status of EFA Worldwide)

Manuel Peiia, up. i

Pan American Health Organization, Washington, DC, USA

The three main nutritional problems in the world are protein-energy (PEM),
rnicronutrient deficiencies (iron, vitamin A, iodine and folic acid) and overweight/obesity.

httpJIodp.od.nih.’goy/ods/news/confenencesJw6w3_absh'acts.hhnl
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Stuntirig is the most common expression ofPEM, but other fonns ofPEM are equally fiequent
among children below two years ofage and child-bearing‘women.

Iron deficiency is t_he most widespread nutritional problem. Vitamin A and iodine deficiency showed
a declining trend during the past years as a result of supplementation and fortification strategies,

carried-out in countries.

Obesity is increasing worldwide at an alarming rate in both developed and developing coimtries. This

situation is associated with rapid changes in dietary patterns and lifestyles.

Data from several countries show relatively high prevalence ofobesity, particularly in women from
poor urban areas. Furthermore, a sharp increase in morbidity and mortality rates due to nutrition-
related non-communicable diseases has been reported;

One ofthe most important factors underlying this scenario among low socio-economic groups is the
increase in energy intake associated with higher fat and refined carbohydrate consumption

accompanied by a low iron, zinc, and folic acid intake. ~

' Very little information exists on quality and composition of fats by low social-economic groups the
majority ofcountries. ' ‘

Information in this area is ofutmost importance to guide the selection and consumption ofhealthy
diets as part ofthe Health Promotion strategy ofPAHO/WHO.

~n-3 Fatty Acids: Food Supply, Food Composition and Food Consumption Data

William D. Clay, Ph.D. andBarbara Burlingame

Nutrition Programmes Service Food and Nutrition Division,

Food andAgriculture Organization ofthe UnitedNations, Rome, Italy

Food supply data, food composition data, and food consumption data provide a fimdamental basis for
assessing the health and nutritional adequacy of individuals and populations. FAO has the UN
mandate for these activities, and regularly produces Food Balance Sheets (FBS), which provide food
supply data, including selected nutrient values. This paper will highlight estimates ofavailable n-3
fatty acid containing foods fiom around the world. Most commonly, the nutrient data from FBS are
expressed only in terms ofenergy, protein and fat. These international "default" nutrient values are

being revised and the list ofnutrients is now being expanded to include several micronutrients. In
1998, the cereals group was completed, and in 1999 the fish. group will be revised. Under discussion

is the" possibility ofincluding fatty acids and/or n-3 fatty acids as a special nutrient category for the
fish group. Food composition activities in FAQ come under the auspices ofthe FAO/UNU ‘ .
INFOODS project.-We are providing assistance in all technical aspects offood composition. More
and more fiequently, fatty acids are included among the nutrients shortlisted by countries for .4 - .
inclusion in their national and regional food composition databases and tables. The inclusion offatty '
acids is based on requests from the countriesi users and potential users offood composition data, and

¢'http:l/odp.odnih.gov/ods/newslconferencesIw6w3_abstracts.hunl .' ~ con-15 .
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the countriesi diet-related morbidity and mortality statistics. Commonly used laboratory instruments
(gas chromatographs), well-defined analytical methodologies, and theavailability ofprimary and .
secondary reference materials and standards, make analysis ofn-3 fatty acids a routine activity for
many laboratories. Data on n-3 fatty acids are now being generated, compiled and disseminated in

many countries, including many developing countries. Sources and quantities ofn-3 fatty acids will
be presented. Food consumption data are routinely used, along with food supply data and food

composition data, to establish food security at household, district and national levels. FAO prepares
Nutrition Country profiles, which to date have not included assessment ofn-3 fatty acids. However,

now that acceptable quantities ofhigh quality n-3 fatty acid data are becoming available from food

composition laboratories, n-3 values can be incorporated into supply data, and food consumption

studies will in the next few years be capable ofreporting the n-3 fatty acid consumption in the
assessments of food security.

BASFis Approach to Commercialization ofLong Chain Omega-3 ‘Fatty Acids

Herbert D. Woolf Ph.D.

BASF Corporation, Mount Olive, New Jersey, USA

The goal to deliver omega-3 fish oils without adverse taste, odor and to prevent oxidative degradation
has been a formulation objective. Utilizing spray-cooling technology for microencapsulating highly
refined, deodorized and stabilized fish oils has proven to be successful in regard to producing ,
powdered products that can be used to formulate fish oils into most all conventional food forms.

Formulated food products, such as pastas, cereals, and even beverages, can be formulated with

microencapsulated fish oils at levels ofabout 100 mg LCPUFAs per 100 gram product without
detection oftheir inclusion.

The powdered microencapsulated product has been evaluated in clinical investigations to confirm its
equivalency to the bioavailability ofoils. Studies are being conducted to establish the productls use in
fonnulated food form to deliver meaningful amotmts ofomega-3 fatty acids to pregnant women and’
ultimately to their breast fed infants.

BASF is enhancing its activities to educate and promote the incorporation oflong chain omega-3
fatty acids to the food industry in a varietyofways: participating in the scientific community by
fimding studies and providing test materials, developing educational materials forhealth care ‘
providers as well as retailers and the consumer, promoting the use ofomega-3is through _ .
advertisements and public relation activities, and developing a trademark to ‘help draw attention to the '
incorporation ofa unique food ingredient. '

BASF will continue to support" trade and professional associations working towards the establishment
ofDietary Reference Intakes and health claim allowances.

" Essential Fatty Acids and the Productsiof the Groups Danone for Human Nutrition

2 http://o_dp.od.nih.govIods/news/confcrenceslw6w3_abstracts.hunl ' . ' oo-11-15.
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Dominique Lanzmann-Petithory, MD.

Groupe Danone, Centre Jean Theves, Aithis Mons, FRANCE

I Recent evaluations on the intake of fat in France show it to be in the range of 38 ‘yo of total calories :,
50% of that fat is hidden in raw materials (27 % in meat and fish, 17 % in dairy products, 6 % in fruit

and vegetables)..The other 50% of the lipids consumed are added directly to the recipes; 30 % by the

consumers themselves (butter, margarine, oil), 20 % by the food industries (meal, sausage,

biscuitsé). Nevertheless, in recent years the intake of fat appears to be on the decline.

In an ongoing prospective study on 15,000 French people, it has been fotmd that saturated fatty acids
supply 17 % ofcalories, mono-unsaturated 14 % and polyunsaturated 6 % :

Suvimax 1998 .
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The ratio n-6/n-3 fatty acids is probably in the range of 15-20.

Over the last 30 years, recommendations have been changing in relation to the type of fatty acid to be
included in the human diet and the total amount of fat suggested. The Danone group has been closely
following this trend and has tried to adapt its products to the recent recommendations. '

h tF__,,_____

http://odp.od.nih.goVlods/news7oonfereneeslw6w3_abstracts.html. ' h‘ A ‘ Q0-11-16

AKER877|TC00058113

208

RX-0135.0208



209

Workshop on theEssentialityiof Omega-6 and Omega-3 Fatty Acids ' Page 41 sur 59

Trend in recommendations in fattyacids ratio : Danone approach

. The present conclusion in France is that the population consumes too much saturated fat as well as
too much n-6 polyunsaturated fatty acids.

Thus, the food industry has to change the fatty acid composition of its products to readjust the intake
of fatty acids in the French population. Instead ofusing butter, tallow or different oils, canola can be
utilized. Canola oil is a typical example of a fat containing a small amount of saturated fatty acids,.

and supplying both n-6 and n-3 polyunsaturated fatty acids in a proper ratio to counterbalance the
fatty acid intake from meat, dairy products and other sources; . .

Thus, it seems fiindamental that the experts in nutrition express‘ clear recommendations in the field of
fats and fatty acids, in relation to public health, since we, the food industry, will follow their
recommendations.

.Advantages and Disadvantages of the Use of Flax Seed as a Sourceof Omega-3 . '

PaulA. Stitt,

Enreco, Inc. P. 0. 3;»: 730, Manitowoc, Wisconsin 54221, USA "

Flax seed is presentlyheing. used worldwide as a source ofOmega-3 in human and companion. .
animalsi diets. History ofthe use offlax seed as food for humans goes back 2,000 years. Flax seed

has several distinct advantages and disadvantages as a source ofOmega-3.

Disadvantages of flax seed include such factors

1. Presence of"Anti B-6” factor. .

http://odp.od.nih.gov/odslnews/confereneesfvv6vv3_abst1acts.hunl - ‘ ' 00-11-16
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2. Presence ofCyanogenic Diglycosides.' .'

3. Unstable afier being ground. . i

4. Contains only short chain Omega-3.

Advantages of flax seed include such factors as:

1. High concentration ofalpha—linolenic acid.

2. Presence ofpowerful anti-oitidants in some varieties.

3. Presence ofhigh levels ofsoluble and insoluble fiber. ’

4. Presence ofhigh levels of lignans that have anti-estrogenic properties.

5. FDA states, "no objection" as a food.

6. Desirable flavor in most foods.

Omega-3 LC-PUFA '- from a Health Concept to Foods iltthe Shelves

R. 'MuggIi,, Ph.D.,

F. Hoifiinann-La Roche Ltd, CH-4070 Basel, Switzerland

Incorporating long-chain polyunsaturated fatty acids (LC-PUFA) into the diet, continues to be a topic

of interest among food manufacturers. Nutritionists believe that addition ‘of omega-3 LC-PUFA. -
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) - to the diet would result in better
nutrition and assist in chrome disease,prevention. General scientific opinion appears to be that as
little as 200-1000 mg ofEPA/DHA may achieve this dietary goal. ' ~ ’

The refining technology for‘ marine oils has advanced to theudegree that, with due care,- careful.
handling and proper precautions, it is now possible to produce. a variety of foodstuffs fortified with
omega-3 LC-PUFA that taste as good as similar, Imfortified products. ‘

At the forefiont of developments are infant formula and baby follow-on food in Europe and the Far
East. In addition, breads, margarines (or other low-fat spreads), UHT milks, yogurts, fruit juices and
beverages have started to enter the mainstream in- Europe. Niche products such as soups, salad-
dressings,'mayonnaise, ice tea drinls, cakes, biscuits and the restoration of omega-3 LC-PUFA to »
canned seafood and tuna are being launched. « -

Despite ofthis list, many food inanufactmers are still reluctant to develop products fortified . '
with omega-3 LC-PUFA due to the following non—technical barriers: ‘ . - ’
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Recommendations: There are no oflicially recognized intake

g recommendations for omega- 3 LC— PUFA. The food
manufacturer has no standard of reference for the nutritional

value or dietary fortification levels ofomega-3 LC-PUFA.

Claims: No product label or health claims are permitted by the

FDA and other regulatory authorities, which makes it extremely

difficult _to market a food with omega-3 LC-PUFA.

Safety: There is an unwarranted fear of allergenieity and the

possible effects of omega-3 LC-PUFA on bleeding and insulin

resistance. There. are numerous reports that such adverse ’
reactions do not occur even at the maximum dosages ofomega-

. 3 LC-PUFA which are considered to be health beneficial (1-2g).

Awareness: The awareness about the health benefits ofomega-3

LC-PUFA is generally poor among consumers.,"The closing of
this lmowledge gap is made difficult by the bewildering number

of and sometimes complicated names for the family ofomega-3

LC- PUFA and its members e.g. PUFA, HUFA, n- 3 LCP,
omega- 3 LC— PUFA, EPA, DHA, eicosapentaenoic acid,
docosahexaenoic acid. '

To make omega-3 LC-PUFA a standard food ingredient it is-' imperative that food industry suppliers,
food manufacturers and professional organizations (such as ISSFAL) work hand in hand to remove

these obstacles by providing authorities, health professionals and the public with truthful,

scientifically valid information about the health benefits ofomega-3 LC-PUFA.
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Infant Formulas’ with no DHA or Are They Causing Harm? '

DavidJ. Kyle» AILD.

MartekBioscie'nces' Corporation, Columbia,‘ Maryland. USA "

Over the past twenty years there have been a large number ofretrospective studies comparing the .
neurological outcomes ofbreast-fed and fonnula-fed infants. A recent meta-analysis ofthe most
relevant ofthese studies has indicated that there is a consistent 3-4 IQ point advantage to the breast- ~
fed infants even alter the contributions ofall other confounding factors had been removed. Breast-fed
babies, however, are getting many-nutrients from the breast milk in addition to docosahexaenoic acid

(DHA) and arachidonic acid (ARA) and many have argued that the contribution ofDHA and ARA is

http://od;i.od.nih.gov/ods/news/conferences/w6w3_absh'acts.hhnl ' ’ oo-11416
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inconclusive. One observation, however, is very clear and consistent. Infants ‘who areprovided

standard infant formula have significant deviations in their blood and brain biochemistry relative to

the breast-fed babies. Full term infants fed unsupplemented formulas have a circulating DHA status
(as indicated by red blood cell or plasma phospholipid DHA levels) of less than one—half that ofthe

breast—fed infant. Furthermore, the brain DHA levels of formula-fed infants are about one-third lower
than those of -

breast-fed infants.

Since some groups have also argued that such changes in the blood and brain biochemistry in the
formula-fed infant is irrelevant, it has been critically important to more fully understand the ftmction
ofDHA in the tissues ofthe body. Recent studies have revealed that DHA has many critical fimctions

in the normal development and metabolism ofneuronal cells. These include, but are not limited to,

the following: 1) the control ofnormal migration ofneurones fiom the surface ofthe ventricles ofthe

brain to the cortical plateduring development; 2) the control ofthe normal resting potential ofthe
neurone by regulation ofsodium and calcium channels; 3) the regulation ofthe density ofcertain '

membrane proteins such as rhodopsin in the retina and, possibly, 4) the regulation of levels ofcertain
neurotransmitters such as serotonin. With such key roles in normal neuronal development and ‘

function, it is quite plausible that abnormally low levels ofthis primary nutrient during the

development ofthe brain may be one cause ofthe long term neurological detriments observed in
formula-fed infants relative to breast-fed infants.

The final proofofthe importance ofDHA in early infant nutrition, however, comes not fiom

demonstrating that the long term neurological outcome of formula-fed infants is poorer than breast-

fed infants, or that this poor outcome is correlated with a DHA deficiency early in life, but from ' i
’ interventional studies which demonstrate that when the DHA deficiency is removed, the neurological

outcomes revert to normal. There have been at least 24 well-controlled studies involving over 2,000 '

infants in the last 15 years (12 studies with- term infants and 12 studies with pre-term infants) which

have compared outcomes ofstandard formula-fed infants with DHA—supplemented formula-fed -

infants. In every study the DHA status ofthe infants was returned to nonnal (as defined by the DHA ’
status ofthe breast-fed infants) when the formulas were supplemented with DHA. In all ofthese
studies, except where fish oil was used as a source ofDHA, the ARA levels were also nonnalized-

because ofthe use ofsupplemental ARA in the formulas. In several studies, precursors such as

gamma-linolenic acid (GLA) or alpha-linolenic acid (ALA) were added to the formulas in an attempt
to elevate ARA or DHA levels respectively. Even when added in significant excesses over what is
found in breast milk however, these precursors did not elevate the DHA'and ARA levels to those of '

the breast-fed infant. That is, the‘precursors do not adequately substitute for the preformed DHA and '
ARA provided in motheris milk. Ofall the trials completed with DHAIARA supplementation, single .
cell oils (SCOis) were used with the largest numbers ofbabies (45% with SCOis, 35% with egg yolk;

and 20% with various fish oils). ‘ - ‘ I

Ofthe 24 DHA/ARA supplementation studies mentioned above, only 12 looked for firnctional,
outcomes differences (i.e., visual, neurological, or developmental assessments). Seven ofthose 12

. studies reported statistically significant deficits in standard formula-fed babies compared to breast—fed
- babies (the gold standard). In all 7 cases, those deficits were normalized with the DHA/ARA

supplementation. Ofthe remaining 5 studies, no statistically significant differences could be fotmd
between formula-fed and breast-fed babies using the test metrics employed in those studies and, .
therefore, no effect ofDHA/ARA supplementation was observed. ’

' http:l/odp.od.nih.govIods/news/conferences/w6w3_abstracts.ht1nl ' , 00-ll-16
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The totality. ofthese observations provide strong evidence that DHA is a critical nutritional

requirement for the newbom infant and that an early deficiency ofDHA could lead to long term
neurological deficiencies. Given our present state ofunderstanding, it is quite possible that the lack of

availability ofDHA and ARA-supplemented infant formulas in the United States and Canada today
may be putting formula-fed newborn babies at risk. Since the only way that newborn babies in the

United States and Canada can get DHA and ARA today is from their motheris milk, we must use our

best efforts to encourage new mothers to nurse their babies for as long as possible to avoid potential
long term neurological deficits to the child.

Clinical Safety Studies of LCPUFA Supplementation of

Premature and Term Infant Formulas

Deborah A. Diersen—Schar_Ie', l’h.D., James W. Hansen, M.D.. Ph.D.,

Kimberly L. Merkel, ‘and Cheryl L. Harris

Mead Johnson Research Center, Evansville, Indiana, USA

Introduction: Many studies support a need for long chain polyrmsaturated fatty acids (LCPUFA),

and particularly docosahexaenoic acid (DHA, 22:6n-3), for optimal retinal and neural development in
early infancy. Hmnan milk contains LCPUFA, including DHA and arachidonic acid (ARA, 20:41:-6),

but U.S. infant formulas do not. We have now completed twopofthe largest clinical trials ofLCPUFA

supplementation, one with very low birth weight infants and a second with healthy full term infants.

Premature Infant Study‘: DHA supplementation has been shown to enhance visual development of

preterm infants, but some studies found decreased growth when DHA was provided without ARA.

Objectives: (1) To establish the safety of feeding DHA and ARA from single cell oils- to preterm
infants and (2) to determine effects on visual acuity. Design: In a double-blind, controlled, multi--
center trial, 194 preterm infants were randomized to preterm formulas difiering only in fatty acid ‘
content: no DHA or ARA (control), 0.15 % (ofenergy) DHA, or 0.14 % DHA + 0.27 % ARA.

Preterm formulas were fed for at least 28 days; all preterm infants then received tmsupplemented term '
. formula. Ninety breast-fed term infants were enrolled as a reference group. Results: Growth

suppression was not seen in the DHA or DHA+ARA groups; in fact, post—hoc analyses indicated that “

weight gain ofDHA+ARA infants was significantly enhanced compared to control. Weight of
DHA+ARA infants was not different fiom breast-fed term infantsat 48 and 57 wk postnienstrual age
(PMA), but weight ofcontrol and DHA infants remained significantly less than breast-fed term

. infants through 57wk PMA. There were no significant differences between preterm groups in
incidence ofserious adverse events, NEC/suspected NBC, or sepsis/suspected sepsis. Visual acuity
determined by Teller Acuity Cards (TAC) at 48 and 57 wk PMA did notdifier among preterm
groups.‘ Conclusions: Single cell oils are safe for use in preterm infant formulas to provide DHA and
ARA at human milk levels. Providing DHA plus ARA enhances catch-up growth ofpremature

' . infants; however, supplementation for 28 days did not affect TAC acuity 3 and 5 monthsilater.

Term Infant Study: Studies ofLCPUFA supplementation offormula-fed term infants have shown ’
equivocal effects on visual and cognitive development, but several recent studies with typical human '
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milk levels ofDHA have found beneficial effects. Because term formulas may be fed for a firll year,

the safety ofLCPUFA supplementation over this time period must be established. Objectives: (1) To
establish the safety offeeding DHA from single cell and fish oil sources, each in combination with

ARA fiom single cell oil, to term infants to a year ofage and (2) to evaluate effects "ofsupplemented

formula on visual acuity and mental and psychomotor development. Design: In a double-blind, multi-
center trial, 383 term infants were randomized to formulas differing in fatty acid content: no

LCPUFA (control), 0.15% (ofenergy) DHA and 0.3% ARA fiom single cell oils, or 0.15% Dl-IA

fi'om fish oil and 0.3% ARA from single cell oil. Results: Weight gain from day 14 to days 60 or 120
was not significantly less in supplemented groups compared with the control. Furthermore, post—hoc

analyses indicated that supplemented infants had larger growth rates than control infants from 14 to .

60 and 120 days. No differences were observed in mean weight, length or head circumference at 180,
270, or 365 days; in formula acceptance and tolerance; or in incidence of serious adverse events. No
differences were observed in visual acuity (TAC) at 120, 180, and 365 days or in Bayley MD] and

PDI scores at 365 (lays, although Bayley scores were somewhat higher in supplemented groups than

in the control. Conclusions: DHA fiom single cell oils and ARA fi'om single cell oil are safe for use

in term infant formulas when fed at human milk levels for a full year. Supplementation with DHA

and ARA increased early growth ofterm infants, similar to our findings with preterm infants, but did

not significantly affect TAC acuity or mental or psychomotor development.

Overall Conclusions: Our large clinical trials, along with numerous other clinical and toxicology

studies, demonstrate the safety of adding typical human milk levels ofDHA and ARA to both

premature and term infant formulas over the time periods these formulas are typically fed. While our

trials did not find significant benefits ofLCPUFA supplementation for visual and cognitive _

development, we did find increased growth in both premature and term infants supplemented with
DHA plus ARA. This increased growth may be particularly important with regards to enhancing

catch"-up growth ofinfants born prematurely.

omega-3 Long Chain PUFA fl Closing the Nutritional Gap

J. Boudrwgeau

- Ocean Nutrition Canada Ltd, 757BedfordHighway, Bedford, Nova

Significant research shows that the populations ofmany industrialized nations, including’ the U.S.,
consume significantly lower levels ofomega-3 long chain PUFA than science shows is required for
maintaining good health. There needs-to be a concerted effort by industry, government and the _ '
scientific community to ensure that this nutritional gap is eliminated.

A Trend; - The Time to Act is Non

There is significant momentmn and steam building that the need for a cooperative effort in
ensuring that the populations benefit from the improved science and manufacturing capabilities now

’ in place.

Some ofthe important trends taking shapeinclude:
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’ . ;?The' improved manu_factu1ing capabilities that permit the fortification ofgood tasting, stable
' food products as seen in many parts ofthe world; ‘

? The ability to manufacture highly concentrated oils that can be delivered as adjunctive
therapies; ’ '

? The increasing awareness (54% - Applied Biometrics, October 1998) ofconsumers with
respect to the health benefits ofomega-3 that now needs to be converted into usage;

? Improved collaboration between industry and science;

? Improved science showing the benefits of increased consumption ofomega—3 LC-PUFA.

Steps to Succg

In order to ensure that consumers benefit from the science, it is going to. be essential that omcially

recognized intake levels are set for omega-3 LC-PUFA. Omega-3 LC-PUFA will not gain mass» -
market acceptance or incorporation into standard food channels until the manufacturers have an

officially recognized reference point and/or the ability to make an approved health claim. _

I(ey steps to success:

? Establish oiiicially recognized intake recommendations for omega-3 LC-PUFA that
manufacturers can reference on the label;

? An FDA-approved health claim for omega—3 LC-PUFA with reference to cardiovascular

health and triglyceride lowering; ‘ ' .

? A better understanding ofthe correctiomega-6 to omega-3 ratios and the upper and lower _
limits based on age and health status; '

_? The standardization ofanalytical methods to ensure consumers and industry are able to make
true product comparisons against the science; A

? Quality standards enforced to ensure that consumers are not exposed to substandard product
with contaminants or oxidative problems. ' » » -

To make omega-3 LC-PUFA a standard food ingredient, the time to act is now. We need to form '

partnerships between industry suppliers, food manufacturers, professional organizations and the .

government. The goal isto utilize the present market conditions in an effort to enstne that consumers
are given the best opportunity at better nutrition through the proper balance and total consumption of .

‘ omega-3 LC-PUFA. ’ , ‘ '

Safety of Omega-3 Products Based on Fish Oil as Starting Material 4

Morten Bryhn, MD, Ph.D. andBjorn Rene.
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Pronova Biocare, Sandefiord, Norway '

Pronova is the largestproducer ofomega-3 products in the world todaywith products
pharmaceuticals viamedium concentrated food supplements to refined crude fish oil.

Convincing monitoring ofsafety is only possible in controlled clinical studies, preferably by so-called
Good Clinical Practice studies. The present database ofpatients in controlled studies on active

treatment comprises more than 9000 individuals mainly in long-term studies ofmore than one year;

60% more than 3.5 years. This study population consists ofpatients with chronic diseases related to

the cardiovascular and renal system but also diabetics with age ranging from early adolescence up to

70 years and more. _ _ '

Today we have no report ofserious adverse effects, whatsoever.‘ Even ifbleeding time has been 4

prolonged with omega-3 products, there are no reports of serious bleeding events even in patients on
concomitant medication with Aspirin or Warfarin. Adverse effects are seen in 10-20% ofthe patients

in studies mainly originating fiom the GI tract. Eructation of fishy taste is the most common finding.

Interestingly, the frequency ofeructation is the same in the placebo group receiving corn oil as in the
active treatment group indicating that eructation is a function ofingesting oil in general. Studies

including diabetics with a total number ofapproximately 1500 patients have not shown derangement

ofdiabetic control. Patients with chronic renal disease, renal failure and even transplanted patients on
chronic cyclosporin medication have not shown any systemic adverse effects but rather an

improvement ofrenal function. In studies on pregnant women there have been no bleeding

complications and the amount ofbleeding during labour has not been significantly different fi'om
controls. ‘

The regulatory authorities in countries like the US and several EU countries have examined the safety I

file ofthe pharmaceutical, Omacor, and there have been no major objections. Omacor is a registered

pharmaceutical in several EU countries andan application for an N_DA in the US is planned for later
this year. At the recent American College ofCardiology meeting in New Orleans, the results ofGISSI
Prevention were presented. This is a study including 11,324 post-MI patients comparing lg of'
Omacor, vitamin E and the combination with a control group. All patients were optimally treated. ,
with aspirin, beta-blockers, statins, etc. The Omacor group but not vitamin E showed a 20% reduction

ofmortality, and treatment was very well tolerated. Conducted by the prestigious Mario Negri ‘
Institute ofMilan, Italy, this study is the most important documentation ofeflicacy and safety for any

omega-3 product in the world today. . .

An interesting adverse report from one patient on omega-3 treatment in Houston, USA was an "urge ~
to swim". We take more as ajoke but we would like to use this metaphor claiming that products
using fish oil as starting material,’ and therefore containing both EPA and DHA, are the state-of-art
today and based on a natural dietary principle and accepted by regulatory authorities as safe dining
long term use. Pure DHA products are expensive and the DHA content will readily be retro-converted -
to EPA in humans to meet metabolic needs. Mechanistic studies on separate eflects ofEPA or DHA.

— will have to be conducted in in vitro systems but the results will have only minor impact on therapy

traditions using omega-3 products introduced today. . ~

In conclusion, Pronova, as the worldis largest producer‘ofomega-3 products using fish oil as
material, holds the largest database on safety as well as eflicacy in patients and healthy individuals ' "

today. These products are regarded as safe when‘used either as pharmaceuticals, food supplements, or '

httpiIlodp.od.nih.gov/odslnews/conferenceslw6w3_abstracts.hhnl 0' ‘ 00-ll-l6

AKER877|TC00058122

217

RX-0135.0217



218

Workshop on the Essentiality ofOmega-6 and Omega-3 Fatty Acids ’ Page 50 sur 59

in fortification offood products.

Workshop Participants

William R. Balclayt, Ph.D.

OmegaTech, Inc.

Boulder, Colorado, USA

Mark A. Bieber, Ph.D.

l3estfoods North America

Somerset, New Jersey, USA

Eileen Birch, Ph.D.

Retina Foundation ofthe Southwest

University ofTexas Southwestern Medical Center

Texas, USA C

Jacques Boudreau .

Ocean Nutrition Canada, Ltd.‘

Bedford, Nova Scotia, CANADA

William D. Clay ’

Food and Nutrition Division.

Food and Agriculture Organization ofthe United Nations

Rome, ITALY ' .

Rebecca Costello, l’h.D. ‘

, Office ofDietary Supplements

National Institutes ofHealth

Bethesda, Maryland, USA
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‘Jerry M. Cott, Ph.D. I.‘
National Institute ofMental Health

National Institutes bfHealth

Bethesda, Maryland, USA

Linda Crafts

National Institute on Alcohol Abuse and Alcoholisni-NIH

Bethesda, Maryland, USA

Raffaele De Caterina, M.D., Ph.D.

Lab for Thrombosis and Vascular Research

CNR Institute ofClinical Physiology

Pisa, ITALY

Deborah Diersen~Schade

" Mead Johnson & Company

Evansville, Indiana, USA _

i S. Boyd Eaton, M.D. -

Emory University .

. Atlanta, Georgia, USA

Claudio Galli, M.D. ’ . ‘

Universita di Milano

Istituto Scienze Fannacologiche‘ ‘ ~ '

Milano, ITALY

‘ Klaus Gawrish, pun.

National Institute on Alcohol Abuse and Alcoholisr'n—NIH

Bethesda, Maryland, USA .
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Enoch Gordis, M.D. "

National Institute on Alcohol Abuse and Alcoholism-NIH

Bethesda, Maryland, USA.

Gilman Grave,

National Institute ofChild Health and Human Development

Bethesda, Maryland, USA . C

Tomohito Hamazaki, M.D., PhD.

Research Institute ofWakan—Yaku

Toyama Medical '& Pharmaceutical University, Toyama, JAPAN

Harald S. Hansen, Ph.D., D. Sc.

The Royal Danish School ofPharmacy

Institute ofBiological Sciences

Copenhagen, DENMARK

James W. Hansen, M.D.,‘Ph.D.

Mead Johnson & Company

Evansville, Indiana, USA

William S. Hanis, Ph.D.

Mid America Heart Institute

Saint Lnkeis Hospital

Kansas City, Missouri, USA . "

William c. Heird, MD.» _

' Childrenis Nutrition Research Center

Baylor College ofMedicine

Houston, Texas, USA
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Joseph R. Hibbeln, V

National Institute on Alcohol Abuse and Alcoholism NIH _

Bethesda, Maryland, USA .

Bruce J. Holub, Ph.D.

Department ofNutritional Sciences

University of Guelph

Guelph, Ontario, CANADA '

Peter R.C. Howe, Ph.D.

Department ofBiomedical Science

University ofWollongong
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Omega-3 Research Institute .
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National Institute on Alcohol Abuse and Alcoholism-NIH
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William E. Lands, 1fh.D.

National Institute Oil Alcohol Abuse and Alcoholism-NIH

Rockville, Maryland, USA
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Groupe Danone '

Centre Jean T'heve

Athis Mons, FRANCE

Alexander Leaf, M.D.

Massachusetts General Hospital

Charlestown, Massachusetts, USA

Burt Litman, Ph.D.

National Institute on Alcohol Abuse and Alcoholism-NIH

Bethesda, Maryland,
Roberto Marchioli, M.D. .

Clinical Pharmacology and Epidemiology

Consoriio Mario. Sud . .

Santa Maria Imbam (CI.-I) ITALY

Deanna McCarthy, R.D.

Om_egaTech, Inc.

. Boulder, Colorado, USA

H .' " Reto Muggli, Ph.D.

. F. Homnatm-La Roche Ltd

Basel,-sWrrzE1u'.AN15
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Gary J. Nelson, Ph.D.!

USDA, ARS

' Western Nutrition Center

San Francisco, California, USA

Martha Neminger, Ph.D.

Department ofMedicine and Opthalmology

Oregon Health Sciences University

Beaverton, Oregon, USA

Ian Newton, Ph.D.

Roche Vitamins Inc.

. Parsippany, New Jersey, USA

Sandra Ohnesorg

BASF Health & Nutrition A/S.
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Harumi Okayama, M.D. .

Nagoya City University A ‘._ ’ i . . i- ‘
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Nagoya, JAPAN
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Ocean N'utrition'Canada, Ltd. ’

Bedford, Nova Scotia, CANADA

' Manuel Pefia, M.D.

Pan American Health Organization

-Pan American Sanitaty Bureau
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Washington, D.C., USA

Roshini Ponnarnpennna

The Center for Genetics, Nutrition and Health

Washington, D.C., USA

Serge Renaud, M.D.

INSERM, Epidemiologie,

Sante Publique et Developpement

Bordeanx, FRANCE

Bjorn Rene, Ph.D.

Pronova Biocare,

Sandefiord, NORWAY

Ray Rice, Ph.D.

International Society for the Study ot‘Fatty Acids ‘and Lipids

Tiverton, Devon, KINGDOM

Peggy Roberts .

.The Center’ for Genetics, Nutrition and Health

Waéhington, D.C., USA

Norman Salem, Jr., Ph.D._

‘ National Institute on Alcohol Abuse and Alcoholism-NIH

Rockville; Maryland, USA

Wayne Sander
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OmegaTech, Inc.

Boulder, Colorado, USA .

Artemis P. Simopoiilos, MD.

The Center for Genetics, Nutrition ‘and Health

Washington, D.C., USA

Andrew_ Sinclair, Ph.D.

Department ofFood Science, RMIT

Melbourne, Victoria, AUSTRALIA

Arthur A. Spector, M.D.

Department ofBiochemistry

The‘University ofIowa, College ofMedicine '

Iowa City, Iowa, USA

Paul Stitt, Ph.D.

Essential Nutrient Research Company.
Manitowoc, Wisconsin, HSA

Andrew-Lavhvrence Stoll, M.D. ' »

McLean Hospital

Belmont, Massachusetts, USA

P. Willatts, Ph.D.

Department ofPsychology

Uniireisity ofDundee

' Dundee,UNI-'l'EDKINGl)OM

Herbert Woolf

BASF Corporation.
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Mount Olive, New Jersey, USA

Vemon R. Young, Pn.D., D. Sc.

Nutritional _Bioche1i:istry

School ofScience

Massachusetts Institute ofTechnology

Cambridge, Massachusetts, USA
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