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INVENTOR(S) 
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CERTIFICATE OF CORRECTION 

: 9,644,169 B2 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In the Claims 

Column 36, Lines 31-32 should be deleted and replaced with: 

a) obtaining a denatured krill product produced by treat

ing freshly harvested krill to denature lipases and 

Signed and Sealed this 

Twentieth Day of June, 2017 

Joseph Mata! 
Peiforming the Functions and Duties of the 

Under Secretary of Commerce for Intellectual Property and 

Director of the United States Patent and Trademark Office 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent of: 

Patent No.: 

Application No.: 

Issued: 

Inge Bmheim et al. 

9,644,169 

15/180,431 

09-May-2017 

Confirmation No.: 2763 

Entitled: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

REQUEST FOR CERTIFICATE OF CORRECTION OF PATENT 

Certificate of Correction Branch 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir or Madam: 

Pursuant to 35 U.S.C. §255 and 37 C.F.R. § 1.323, patentee respectfully request that the Director 

issue a Certificate of Correction in the above-referenced patent to correct a typographical error in claim 

12. 

Please correct the Letters Patent at Column 36, lines 31-32, as follows: 

a) obtaining a denatured krill product produced by treat

ing freshly harvested krill kfill to denature lipases and 

The above-noted correction does not involve such changes in the patent as would constitute new 

matter or would require reexamination. 

A completed Form PTO/SB/44 accompanies this request, with the above-noted correction printed 

thereon. Accordingly, a Certificate of Correction is believed proper and issuance thereof is respectfully 

requested. 

The director is hereby authorized to charge the $100 fee due with the filing of this Request to 

deposit account number 50-4302 referencing attorney docket number AKBM-14409/US-12/CON. 

- I -
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Patent No. 9,644,169 
Request for Certificate of Correction 

Dated: May 15, 2017 

Respectfully submitted, 

CASIMIR JONES, S.C. 

/J. Mitchell Jones/ 
J. Mitchell Jones 
Reg. No. 44,174 
2275 Deming Way, Suite 310 
Middleton, WI 53562 
608 662 1277 
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PTO/SB/44 (09-07) 
Approved for use through 08/31/2013. OMB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

(Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

9,644,169 

APPLICATION NO.: 15/180,431 

ISSUE DATE 09-May-2017 

INVENTOR(S) Inge Bruheim, Snorre Tilseth, Daniele Mancinelli 

Page _1_ of _1_ 

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

In the claims, column 36, lines 31-32 should be deleted and replaced with: 

a) obtaining a denatured krill product produced by treat
ing freshly harvested krill to denature lipases and 

MAILING ADDRESS OF SENDER (Please do not use customer number below): 

Casimir Jones SC 
2275 Deming Way, Suite 310 
Middleton, WI 53562 

This collection of information is required by 37 CFR 1 .322, 1 .323, and 1 .324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15180431 

Filing Date: 13-Jun-2016 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Filer: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Certificate of correction 1811 1 100 100 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 100 
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Electronic Acknowledgement Receipt 

EFSID: 29205478 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 15-MAY-2017 

Filing Date: 13-JUN-2016 

Time Stamp: 15:26:01 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $100 

RAM confirmation Number 0516171NTEFSVl/00002232504302 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

78110 

1 Request for Certificate of Correction 
14409US 12CON_RequestforCer no 2 

tCorrection.pdf 
fc60e4 5 6ce 73 ef1 082aac 788aac87 eO b3b 71 

2def 

Warnings: 

Information: 

164787 

2 Request for Certificate of Correction 
14409US12CON_CertCorrectio 

no 2 
nForm.pdf 

a788c9542fee0e4991 d3b56f571aed1 a0c9E 
3b77 

Warnings: 

Information: 

30251 

3 Fee Worksheet (SB06) fee-info.pdf no 2 
16f13bb5916a91fb64292b9140c6f467f0e7 

31e 

Warnings: 

Information: 

Total Files Size (in bytes) 273148 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

15/180,431 05/09/2017 

72960 7590 04/19/2017 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

PATENT NO. 

9644169 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

AKBM-14409/US- l 2/CON 2763 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Inge Bruheim, Valda, NORWAY; 
AKER BIOMARINE ANTARCTIC AS, Stamsund, NORWAY; 
Snorre Tilseth, Bergen, NORWAY; 
Daniele Mancinelli, Orsta, NORWAY; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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Application Number 15180431 - GAU: 1672 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 
(Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number AKBM-14409/US-12/CON 

11 20140107072 R014-04-17 Snorre Tilseth et al. 

12 20090061067 R009-03-05 Snorre Tilseth et al. 

( hange(s) a1 pplied 

t D document 5ruheim et al. 
/1 t1N/ 13 20140010888 R014-01-09 

/\.KER BIOMARINE fl~''"~-:~~ 
"' 1 /71/201 b -

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 
FOREIGN PATENT DOCUMENTS I Remove I 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS I Remove I 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

1 
lrakahashi et al., Prediction of Relative Retention Value of the Individual Molecular Species of Diacyl Glycerolipid on 
High Performance Liquid Chromatography, Bull. Fae. Fish. Hokkaido Univ. 38(4), 398-404. 1987 

2 
iranaka, Biosynthesis of 1,2-dieicosapentaenoyl-sn-glycero-3-phosphocholine in Caenorhabditis elegans, Eur. J. 
Siochem. 263, 189±194 (1999) 

3 
if ocher, Chapter 6, Glycerophospholipid metabolism, Biochemistry and molecular biology of fishes, vol. 4, Hochachka 
1:tnd Mommsen (eds.)(1995) 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /Y.K.C/ 

EFSWeb 2.1.17 RIMFROST EXHIBIT 1111    Page 0011



Application Number 15180431 - GAU: 1672 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 
(Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number AKBM-14409/US-12/CON 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

5erge eta!. 

tiange(s) 2 pplied 20140274968 t2014-09-18 
/\.KER BIOMARINI= .11.~•T" ---;G 
~ 

~-
c 
t o documen, 

/ C[LN/ 5aebo 

2V7 J/201 D2 20150030718 t2015-01-29 
/\.KER BIOMAR!!''r " ·- .. _ , IC 
-
~ 

r ·1oem et al. 

3 20140088043 t2014-03-27 
/\.KER BIOMARIMC ". ·- .. - 1 IL. 
""' -

Hoem eta!. 

4 20140088047 t2014-03-27 
/\.KER BIOMARINI= .11.~•T"-:-~ 

·-

5erge et al. 
-

5 20140080791 t2014-03-20 
/\.KER BIOMARINE A •• -. 11v 

"' -

noem etal. 

6 20150164841 t2015-06-18 
/\.KER BIOMARINF HITfl~-:~~ 
-.-..v 

5ruheim et al. 

7 20140363517 t2014-12-11 
/\.KER BIOMARIMC ". ·- .. - I I\:. 
,.-
-

8 20100226977 t2010-09-09 Snorre Tilseth et al. 

Tilseth et al. 

9 20150050403 t2015-02-19 
/\.KER s1o••AD•••r- •. ·- .. 111._. 

"G) 

5ruheim et al. 

10 20140005421 t2014-01-02 
/\.KER BIOMARINF HITfl~-:~~ 
-

""' 

EFSWeb 2.1.17 
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15180431 - GAU: 1672 
Doc code: IDS PTO/SB/OBa (03-15) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/3112016. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 

Filing Date :1016-06-13 

INFORMATION DISCLOSURE First Named Inventor I tnge Bruheim 
STATEMENT BY APPLICANT 

Art Unit I (Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number I AKBM-14409/US-12/CON 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

f-- , 
( ~"ange,s; c pp11eu 

5ruheim, eta!. 
o documen, l\KER BIOMAR' .. '' n. ·- •. _ liC 

/QN/ 1 9119864 Q015-09-01 -
~ 

12/71/201 ~ 

5ruheim, eta!. 

2 9072752 R015-07-07 
l\KER BIOMAR 1

•" n "·- .. _!'ii:' 
-

3 9034388 R015-05-19 nge Bruheim et al. 

Druheim, et al. 
-

9028877 R015-05-12 
l\KER BIOMAR 1 .. •<= •. ·- .. 1 IL; 

4 -
~~ 

5ruheim, et al. 

9078905 Q015-07-14 
l\KER BIQM/\DI .... n. ·- .. - Ti1... 

5 -
""° 

6 $372812 R013-02-12 Snorre Tilseth et al. 

7 $697138 R014-04-15 nge Bruheim et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /Y.K.C/ 
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c 

Doc code: IDS 
15180431 - GAU: 1672 PTO/SB/OBa (03-15) 

Approved for use through 07/3112016. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Doc description: Information Disclosure Statement (IDS) Filed 

Application Number 

Filing Date :1016-06-13 

INFORMATION DISCLOSURE First Named Inventor I tnge Bruheim 
STATEMENT BY APPLICANT 

Art Unit I (Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number I AKBM-14409/US-12/CON 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 ~119619 M978-10-10 
ROGOZHIN SERGEI 
VASILIEVICH et al_ 

07/1995 

11ange(s) a 
2 

pplied 
~434183 ~~ -vr-1v ARSSON-BACKSTROM 

t o documeni 

''{YS/ / 
/5/2017 3 $537787 ~003-03-25 BRETON 

4 p800299 ~004-10-05 BEAUDOIN & MARTIN 

If you wish to add additional U.S. Patent citation information please click the Add button_ I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20030044495 ~003-03-06 KAGAN and BRAUN 

2 20040241249 Q004-12-02 SAM PALIS 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS I Remove I 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /Y.K.C/ 
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Application Number 15180431 - GAU: 1672 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 
(Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number AKBM-14409/US-12/CON 

l l/2004 
BTG INTERNATIONAL 

21 ~004-100943 WO 2896 86 31 
11ange(s) a pplie( ,..IMITED c 

t 0 J~- m~nl 

').Y.5/ 
BTG INTERNATIONAL 

/5/2017 22 ~005-018632 WO 2005-03-03 ,..IMITED 

/ 

23 ~006/030552 WO 2006-03-23 SUNTORY LIMITED 

24 H06106 ~p 2009-07-15 BRUZZESE 

25 ~689413 EP 2006-08-16 f::NZYMOTEC LTD 

26 ~004-534800 JP 2004-11-18 Kohyo 

NIPPON SUISAN 
27 ~660071 ~p 2007-01-17 KAISHA, LTD. 

~EDA RESEARCH AND 
28 ~002/083122 WO 2002-10-24 DEVELOPMENT CO. 

,_TD 

29 05/004593 WO 2005-01-20 Norway Seafoods AS 

30 08/117062 WO 2008-10-02 ~ker Biomarine ASA 

31 02/102394 WO 2002-12-27 
Neptune Technologies & 
Bioress 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/180,431 06/13/2016 

72960 7590 03/28/2017 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

FIRST NAMED INVENTOR 

Inge Bruheim 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

AKBM-14409/US-12/CON 2763 

EXAMINER 

CUTLIFF, Y ATE KAI RENE 

ART UNIT PAPER NUMBER 

1672 

NOTIFICATION DATE DELIVERY MODE 

03/28/2017 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address( es): 

docketing@casimirjones.com 
pto .correspondence@casimirjones.com 
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Application No. Applicant(s) 

Response to Rule 312 Communication 
15/180,431 BRUHEIM ET AL. 

Examiner Art Unit 

YATE' K. CUTLIFF 1672 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

1. ~The amendment filed on 15 March 2017 under 37 CFR 1.312 has been considered, and has been: 

a) ~ entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) and 

the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below. 

e) D entered in part. See explanation below. 

The amendment to claims 8 and 18 embody merely the correction of formal matters in the claims without changing the scope 
of the claims. 

/YATE' K. CUTLIFF/ 
Primary Examiner, Art Unit 1672 

U.S. Patent and Trademark Office 

PTOL-271 (Rev. 04·01) Reponse to Rule 312 Communication Part of Paper No. 20170321 
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Attorney Docket No. AKBM-14409/US- l 2/CON 

OK TO ENTER: /Y.K.C/ 03/21/2017 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Serial No.: 
Filed: 
Entitled: 

Inge Bruheim et al. Confirmation No.: 
15/180,431 Group No.: 
13-Jun-2016 Examiner: 
BIOEFFECTIVE KRILL OIL COMPOSITIONS 

2763 
1672 
CUTLIFF 

AMENDMENT AFTER NOTICE OF ALLOWANCE UNDER37C.F.R§1.312 

Commissioner of Patents 
Mail Stop - Amendment 
P.O. Box 1450 
Arlington, VA 22313-1450 

Examiner Cutliff: 

Applicants respectfully request entry of this amendment under 37 C.F.R. §1.312. 

The Commissioner is hereby authorized to charge any fees during the entire pendency of 

this application, including fees due under 37 C.F.R. §§ 1.16 and 1.17 that may be required, 

including any required extension of time fees, or credit any overpayment to Deposit Account 50-

4302, referencing Attorney Docket No. AKBM-14409/US-12/CON. This paragraph is intended to 

be a CONSTRUCTIVE PETITION FOR EXTENSION OF TIME in accordance with 3 7 C.F .R. § 

l.136(a)(3). 

Amendments to the Claims begin at page 2. 

Remarks begin at page 5. 

Page 1 of 1 
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APPLICATION NO. FILING DATE 

15/180,431 06/13/2016 

7590 03/22/2017 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

FIRST NAMED INVENTOR 

Inge Bruheim 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313·1450 
www.uspto.gov 

TTORNEY DOCKET NO. CONFIRMATION NO. 

AKBM-14409/US-12/CON 2763 

EXAMINER 

CUTLIFF, YATE KAI RENE 

ART UNIT PAPER NUMBER 

1672 

I NOTIFICATION DA TE DELIVERY MODE 

03/22/2017 ELECTRONIC 

NOTICE OF NON-COMPLIANT INFORMATION DISCLOSURE STATEMENT 

An Information Disclosure Statement (IDS) filed OB·/ 1- · /1- in the above-identified application fails to 
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be 
placed in the file, but the information referred to therein has not been considered. 

The IDS is not compliant with 37 CFR 1.97(d) because: 

~he IDS lacks a statement as specified in 37 CFR 1.97(e). 

0 The IDS lacks the fee set forth in 37 CFR 1.17(p). 

0 The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition to 
withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See 
MPEP 1308. 

(ft6 
[ . 571-272-4200 or 1-888-786-0101 
1W Application Assistance Unit 

Office of Data Management 

FORM PTOM327-B (Rev. 02/08) 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

72960 7590 12/21/2016 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

APPLICATION NO. FILING DATE 

15/180,431 06/13/2016 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Inge Bruheim AKBM-14409/US-12/CON 2763 

TITLE OF INVENTION: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

CUTLIFF, YATE KAI RENE 1672 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

$0 $0 

CLASS-SUBCLASS 

554-210000 

2. For printing on the patent front page, list 

( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 03/21/2017 

1 Casimir Jones, S.C. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

AKER BIOMARINE ANTARCTIC AS STAMSUND, NORWAY 
Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual ~Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

~Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

~The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number 504302 (enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31and1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /J. Mitchell Jones/ 

Typed or printed name J. Mitchell Jones 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 

Page 2 of3 

OMB 0651-0033 

Date __ M_a_r_c_h_2_1~,_2_0_1_7 _____ _ 

Registration No. __ 4_4_,_1_7_4 _________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 15180431 

Filing Date: 13-Jun-2016 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Filer: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 960 960 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 960 
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Electronic Acknowledgement Receipt 

EFSID: 28679646 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 21-MAR-2017 

Filing Date: 13-JUN-2016 

Time Stamp: 10:00:00 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $960 

RAM confirmation Number 0321171NTEFSVl/00010749504302 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

98510 

1 Issue Fee Payment (PT0-85B) 
14409US12CON_lssueFeeTrans 

no 1 
mittal.pdf 

9a406fe698e5 5 f0c48a6d 04cc 4d a8698316e 
4d2b 

Warnings: 

Information: 

30484 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
61f157c91240ecefa1876097d6ed2e3de833 

bd2a 

Warnings: 

Information: 

Total Files Size (in bytes) 128994 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronic Acknowledgement Receipt 

EFSID: 28665295 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 17-MAR-2017 

Filing Date: 13-JUN-2016 

Time Stamp: 17:24:22 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1904523 

1 
Other Reference-Patent/ App/Search IPR2017-00745_Petitionforlnter 

no 82 
documents PartesReview.pdf 

e73e2b349d301fba71293a509c8e9400a7f 
b8c4a 
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Information: 

1807020 

Other Reference-Patent/ App/Search IPR2017-00747 _Petitionforlnter 
no 80 2 

documents PartesReview.pdf 
8019fb462d 1 e06Sc4Sb8788de8Sf1 08f765 

8654 

Warnings: 

Information: 

2892891 

Other Reference-Patent/ App/Search 
2017-00746_877 _IPR.pdf no 93 3 

documents 
O 1 38d 0266c9f0f0 ba94b34e3 75 3fa09a0c62 

c02c 

Warnings: 

Information: 

4355272 

Other Reference-Patent/ App/Search 
2017-00748_877 _IPR.pdf no 94 4 

documents 
6Sb11f71e2b1f111ace884443e1fcb9a13cc 

Sa6d 

Warnings: 

Information: 

352309 

ITC_337-
Other Reference-Patent/ App/Search 

TA-1Ol9RespondentsNoticeofP no 49 5 
documents 

riorArt_02_01 _2017 _uspto.pdf 2469901 b244d42b3587a63a591631 030b2 
Sbf1dd 

Warnings: 

Information: 

92621 

AU2014256345_14409AU13_N 
Other Reference-Patent/ App/Search 

oticeofOppositionFiledRimfrost no 3 6 
documents 

.pdf 8741 a6ce5631 a2ddb8072133871 Ob0Sa6a 
bd3b0a 

Warnings: 

Information: 

99805 

AU2014256345_14409AU13_N 
Other Reference-Patent/ App/Search 

oticeofOppositionFiledEnzymo no 3 7 
documents 

tec.pdf a8133ef4cba8f5534bfdedb 1 a8e81482d28a 
6430 

Warnings: 

Information: 

308855 

ITC_337-
Other Reference-Patent/ App/Search 

TA-1Ol9MotionforleavetoAme no 66 8 
documents 

nd_uspto.pdf f466150cc0196cfdd 1 b840f454c679952677 
2c7a 

Warnings: 

Information: 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc code: IDS PTO/SB/OBa (03-15) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/3112016. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 15180431 

Filing Date 2016-06-13 
INFORMATION DISCLOSURE First Named Inventor I tnge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 11672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number I AKBM-14409/US-12/CON 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 
FOREIGN PATENT DOCUMENTS I Remove I 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS I Remove I 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 
publisher, city and/or country where published. 
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Application Number 15180431 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

1 Petition for Inter Partes Review, U.S. Patent No_ 9,078,905, Case No.: IPR2017-00745, filed January 27, 2017 

2 Petition for Inter Partes Review, U.S. Patent No_ 9,078,905, Case No.: IPR2017-00747, filed January 27, 2017 

3 Petition for Inter Partes Review, U.S. Patent No_ 9,028,877, Case No.: IPR2017-00746, filed February 3, 2017 

4 Petition for Inter Partes Review, U.S. Patent No_ 9,028,877, Case No.: IPR2017-00748, filed February 3, 2017 

5 
Respondents' Notice of Prior Art, United States International Trade Commission, Investigation No_ 337-TA-1019, dated 
r ebruary 1 ' 2017 

6 Notice of Opposition, Rimfrost AS, AU Patent Application No_ 2014256345, filed March 1, 2017 

7 Notice of Opposition, Enzymotec Ltd., AU Patent Application No_ 2014256345, filed March 1, 2017 

8 
Respondents' Motion for Leave to Amend Their Response to the Complaint and Notice of Investigation, United States 
nternational Trade Commission, Investigation No_ 337-TA-1019, dated March 14, 2017 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 15180431 

Filing Date 2016-06-13 
INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /J. Mitchell Jones/ Date (YYYY-MM-DD) 2017-03-17 

Name/Print J. Mitchell Jones Registration Number 144174 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb2.1.17 
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Electronic Acknowledgement Receipt 

EFSID: 28667645 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones 

Filer Authorized By: 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 17-MAR-2017 

Filing Date: 13-JUN-2016 

Time Stamp: 17:28:16 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1035601 

1 
Information Disclosure Statement (IDS) 14409US12CON_IDS_3-17-17. 

no 4 
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Attorney Docket No. AKBM-14409/US-12/CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Serial No.: 
Filed: 
Entitled: 

Inge Bruheim et al. Confirmation No.: 
15/180,431 Group No.: 
13-Jun-2016 Examiner: 
BIOEFFECTIVE KRILL OIL COMPOSITIONS 

2763 
1672 
CUTLIFF 

AMENDMENT AFTER NOTICE OF ALLOWANCE UNDER 37 C.F.R § 1.312 

Commissioner of Patents 
Mail Stop - Amendment 
P.O. Box 1450 
Arlington, VA 22313-1450 

Examiner Cutliff: 

Applicants respectfully request entry of this amendment under 3 7 C.F .R. § 1.312. 

The Commissioner is hereby authorized to charge any fees during the entire pendency of 

this application, including fees due under 37 C.F.R. §§ 1.16 and 1.17 that may be required, 

including any required extension of time fees, or credit any overpayment to Deposit Account 50-

4302, referencing Attorney Docket No. AKBM-14409/US-12/CON. This paragraph is intended to 

be a CONSTRUCTIVE PETITION FOR EXTENSION OF TIME in accordance with 3 7 C.F .R. § 

l.136(a)(3). 

Amendments to the Claims begin at page 2. 

Remarks begin at page 5. 
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AMENDMENTS TO THE CLAIMS: 

This listing of the claims replaces all prior versions and listings of the claims. Please 

amend the claims as follows: 

1. (Previously presented) A method of production of krill oil comprising: 

a) providing krill; 

b) treating said krill to denature lipases and phospholipases in said krill to provide a 

denatured krill product; 

c) storing said denatured krill product for a storage period of from 1to24 months; 

d) after said storage period, extracting oil from said denatured krill product with a 

polar solvent to provide a krill oil with from about 3% to about 15% ether phospholipids w/w of 

said krill oil astaxanthin esters in amount of greater than about 100 mg/kg of said krill oil. 

2. (Original) The method of claim 1, wherein said steps a and bare performed on a ship. 

3. (Original) The method of claim 1, wherein said treating comprises heating. 

4. (Original) The method of claim 1, wherein said denatured krill product is a krill meal. 

5. (Original) The method of claim 1, wherein said krill is freshly harvested. 

6. (Original) The method of claim 1, further comprising encapsulating said krill oil. 

7. (Original) The method of claim 1, wherein said krill is Antarctic krill. 

8. (Currently amended) The method of claim 7cla-im 1, wherein said Antarctic krill is 

Euphausia superba. 

9. (Original) The method of claim 1, wherein said krill oil contains astaxanthin esters in an 

amount of greater than about 200 mg/kg of said krill oil. 

Page 2of2 
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10. (Original) The method of claim 1, wherein said krill oil comprises at least 30% total 

phospholipids w/w of said krill oil. 

11. (Original) The method of claim 1, wherein said krill oil comprises at least 30% 

phosphatidylcholine w/w of said krill oil. 

12. (Previously presented) A method of production of krill oil comprising: 

a) obtaining a denatured krill product produced by treating freshly harvested krill krill 

to denature lipases and phospholipases in said krill and that has been stored from 1to24 months; 

and 

b) extracting oil from said denatured krill product that has been stored from 1 to 24 

months with a polar solvent to provide a krill oil with from about 3% to about 15% ether 

phospholipids w/w of said krill oil astaxanthin esters in amount of greater than about 100 mg/kg of 

said krill oil. 

13. (Previously presented) The method of claim 12, wherein said treating comprises heating. 

14. (Previously presented) The method of claim 12, wherein said denatured krill product is a 

krill meal. 

15. (Previously presented) The method of claim 12, wherein said krill is freshly harvested. 

16. (Previously presented) The method of claim 12, further comprising encapsulating said krill 

oil. 

17. (Previously presented) The method of claim 12, wherein said krill is Antarctic krill. 

18. (Currently amended) The method of claim l 7cla-im 10, wherein said Antarctic krill is 

Euphausia superba. 

Page 3of3 
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19. (Previously presented) The method of claim 12, wherein said krill oil contains astaxanthin 

esters in an amount of greater than about 200 mg/kg of said krill oil. 

20. (Previously presented) The method of claim 12, wherein said krill oil comprises at least 30% 
total phospholipids w/w of said krill oil. 

Page 4 of 4 
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REMARKS 

Applicants now amend claims 8 and 18 to correct typographical errors. The amendments add 

no new matter. 

Applicants respectfully request entry of the present amendment, pursuant to 37 C.F.R. 

§ 1.312. In the event the Examiner believes the amendment should not be entered, applicants 

respectfully request that she telephone the undersigned to set up an interview. 

Please charge any fee required for entry of this Amendment, or credit any overpayment, to 

Deposit Account No. 50-4302. 

Dated: March 14, 2017 

Respectfully submitted, 

/J. Mitchell Jones/ 
J. Mitchell Jones 
Reg. No. 44,174 
Casimir Jones, S.C. 
2275 Deming Way, Suite 310 
Middleton, Wisconsin 53562 
608.662.1277 
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Application No. Applicant(s) 

15/180,431 

Art Unit 
Response to Rule 312 Communication 

Examiner 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

1. ~ The amendment filed on 08 February 2017 under 37 CFR 1.312 has been considered, and has been: 

a) ~ entered. 

b) 0 entered as directed to matters of form not affecting the scope of the invention. 

c) 0 disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

and the required fee to withdraw the application from issue. 

d) 0 disapproved. See explanation below. 

e) 0 entered in part. See explanation below. 

L.HILL 

PUBLISHING DIVISION 

U.S. Patent and Trademark Office 
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 
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PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Serial No.: 

Filed: 

15/180,431 

13-Jun-2016 

First Inventor: Bruheim et al. 

Confirmation No.: 2763 

Art Unit: 1672 

Examiner: CUTLIFF, Yate Kai Rene 

Title: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

RESPONSE TO THE NOTICE TO FILE CORRECTED 

APPLICATION PAPERS MAILED JANUARY 20, 2017 

EFS Web Filed 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

In response to the Notice to File Corrected Application Papers mailed January 20, 2017, 

Applicant submits the following: 

Amendments to the Specification begin on page 2 of this paper; and 

Remarks begin on page 3 of this paper. 

1 
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AMENDMENTS TO THE SPECIFICATION 

PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

Please amend the specification at page 50, lines 8-20 as follows: 

The purpose of this experiment was to investigate the effect of dietary krill oil on 

metabolic parameters in high-fat fed mice and to compare the effect of dietary krill oil with that 

of fish oil containing the same amount of omega-3 fatty acids. Four groups of C57BL/6 mice (n 

= 10 per group) were fed 1) chow (N), 2) high fat diet comprising 21 % butter fat and 0.15% 

cholesterol (HF), 3) high fat diet+ krill oil (HFKO) or 4) high fat diet+ fish oil (HFFO). 

Treatment 3 contained 2.25% (w/w) krill oil as prepared in example 5 (except that the 

astaxanthin content was 500 ppm) which were equivalent to 0.36% omega-3 fatty acids. 

Treatment 4 also contained 0.36% omega-3 fatty acids obtained from regular 18-12 fish oil. The 

diets were fed to the mice for 7 weeks with free access to drinking water. Data represented in this 

example means± SE. Columns not sharing a common letter are significantly different (P < 0.05) 

by ANOVA followed by Tukey's multiple comparison test. N =normal chow diet (n = 10); HF= 

high-fat diet (n = 1 O); HFFO =high-fat diet supplemented with fish oil (n = 9); HFKO =high-fat 

diet supplemented with krill oil (n = 8). The data are presented in Figures 12-19~. 

2 
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PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

REMARKS 

In response to the Notice to File Corrected Application Papers mailed January 20, 2017, 

Applicant has amended the specification to correct the figure designations in Example 12. No 

new matter has been added. 

No fees are believed to be due in connection with this filing. Nevertheless, if the Director 

finds any additional fees to be due in connection with this, or any other filing, authorization is 

given to charge said fees to Deposit Account No. 50-4302, referencing attorney docket number 

AKBM-14409/US-12/CON. 

Date: February 8, 2017 

3 

Respectfully, 

/J. Mitchell Jones/ 
J. Mitchell Jones 
Registration No. 44,174 
2275 Deming Way 
Suite 310 
Middleton, WI 53562 
Phone: (608) 662-1277 
Fax: (608) 662-1276 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

\l\N\/W.uspto.gov 

Application No.: 15180431 
Applicant : Bruheim 

Filing Date : 06/13/2016 
Date Mailed : 01/20/2017 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 3 7 CFR 1. 312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Quang Nguyen/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450". 

Office of Data Management 
(571) 272-4200 

RIMFROST EXHIBIT 1111    Page 0049



Application No. 15180431 

IDENTIFICATION OF SPECIFICATION/DRAWING INCONSISTENCIES 

D On Page of the specification there is a brief description of FIG., but the drawings filed do not include a 
drawing with that designation. Applicant must respond either by supplying the omitted drawing or by 
amending the specification to remove all references to that drawing. 

D The drawings filed include FIG. , but the specification's brief description of the drawings does not 
describe a drawing with that designation. Applicant must respond either by amending the specification to 
add a brief description of that drawing or by correcting the drawings to remove the drawing in question. 

D Drawings are present in the application and are referred to in the detailed description of the invention, but 
the specification does not contain a brief description of the drawings as required by 3 7 CFR 1. 7 4 and 3 7 
CFR 1.77(b)(8). 

[RJ Page 50, line 20 of the specification refers to FIG. 20-25, but no drawing with that designation is 
described in the brief description of the drawings and no drawing with that designation is present in the 
application. Applicant must respond either by amending the specification to remove all references to that 
drawing, or by supplying that drawing and amending the specification to add a brief description of it. 

D In the reissue application, FIG. , is labeled as "New" but is not described in the reissue specification's 
brief description of the drawings. Applicant must respond by amending the reissue specification's brief 
description of the drawings to add a brief description of the new drawing. 

D OTHER: 

D COMMENTS: 
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APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

nonprovisional UNDISCOUNTED $960 $0 $0 $960 03/21/2017 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
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Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

72960 7590 12/21/2016 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

APPLICATION NO. FILING DATE 

15/180,431 06/13/2016 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Inge Bruheim AKBM-14409/US-12/CON 2763 

TITLE OF INVENTION: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

CUTLIFF, YATE KAI RENE 1672 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0 $0 

CLASS-SUBCLASS 

554-210000 

2. For printing on the patent front page, list 

( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 

DATEDUE 

03/21/2017 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

0 The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31and1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/180,431 06/13/2016 

72960 7590 12/21/2016 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

FIRST NAMED INVENTOR 

Inge Bruheim 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

AKBM-14409/US-12/CON 2763 

EXAMINER 

CUTLIFF, YA TE KAI RENE 

ART UNIT PAPER NUMBER 

1672 

DATEMAILED: 12/21/2016 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
PTOL-85 (Rev. 02/11) 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When OMB approves an agency 
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the OMB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid OMB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to 
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority 
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations 
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. 
Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication 
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the 
record was filed in an application which became abandoned or in which the proceedings were terminated 
and which application is referenced by either a published application, an application open to public 
inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. RIMFROST EXHIBIT 1111    Page 0054



Application No. 
15/180,431 

Applicant(s) 
BRUHEIM ET AL. 

Notice of Allowability Examiner 
YATE' K. CUTLIFF 

Art Unit 
1672 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~This communication is responsive to 1011212016. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ;the restriction 
requirement and election have been incorporated into this action. 

3. ~The allowed claim(s) is/are 1 - 20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. ~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

/YATE' K. CUTLIFF/ 
Primary Examiner, Art Unit 1672 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20161210 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

Notice of Allowability Part of Paper No./Mail Date 
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Application/Control Number: 15/180,431 

Art Unit: 1672 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Response to Amendment 

Page 2 

2. The amendment to claims 1, 12 - 17, 19 and 20, submitted October 12, 2016 is 

acknowledged and entered. 

Response to Arguments 

3. Applicant's arguments, see page 4, filed October 12, 2016, with respect to the 

objection of claims 13 - 17, 19 and 20 have been fully considered and are persuasive. 

The objection of claims 13 - 17, 19 and 20 has been withdrawn. 

4. Applicant's arguments, see page 4, filed October 12, 2016, with respect to the 

rejection claims 1 - 11, 13 - 17, 19 and 20 under 35 USC 112, second paragraph have 

been fully considered and are persuasive in view of the claim amendment. The 

rejection of claims 1 - 11, 13 - 17, 19 and 20 under 35 USC 112, second paragraph has 

been withdrawn. 

Double Patenting 

5. Applicant's arguments, see page 4, filed October 12, 2016, with respect to the 

rejection claims 1 - 20 under non-statutory double patenting have been fully considered 

and are persuasive in view of the acceptance of the Terminal Disclaimer received 

October 12, 2016. The rejection of claims 1 - 20 under non-statutory double patenting 

has been withdrawn. 
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Application/Control Number: 15/180,431 

Art Unit: 1672 

Terminal Disclaimer 

Page 3 

6. The terminal disclaimer filed on October 12, 2016 disclaiming the terminal portion 

of any patent granted on this application which would extend beyond the expiration date 

of U.S. Patents 9, 119,864; 9,028,877; 9,375,453 and 9,034,388 has been reviewed and 

is accepted. The terminal disclaimer has been recorded. 

Allowable Subject Matter 

7. Claims 1 - 20 are allowed. 

8. The following is an examiner's statement of reasons for allowance: claims are 

allowed for reasons of record. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to YATE' K. CUTLIFF whose telephone number is 

(571 )272-9067. The examiner can normally be reached on M-F 8:30 a.m. - 5:30 p.m .. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Fereydoun Sajjadi can be reached on (571) 272-3311. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 
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Application/Control Number: 15/180,431 

Art Unit: 1672 

Page 4 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/YATE' K. CUTLIFF/ 
Primary Examiner, Art Unit 1672 
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Application/Control No. 

Search Notes 15180431 

Examiner 

YATE K CUTLIFF 

CPC-SEARCHED 

Symbol 
C11 B 1 /02, 16: see search history 
C11 b 3/006: see search history 
C07C 51/48: see search history 
A61K31/122, 685: see search history 

Applicant( s )/Patent Under 
Reexamination 

BRUHEIM ET AL. 

Art Unit 

1672 

Date Examiner 
7/14/2016 
7/14/2016 ykc 
7/14/2016 ykc 
7/14/2016 ykc 

CPC COMBINATION SETS - SEARCHED 

Symbol I Date I Examiner 
I I 

US CLASSIFICATION SEARCHED 

Class I Subclass I Date I Examiner 
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SEARCH NOTES 

Search Notes Date Examiner 
Palm Inventor Search 12/10/2016 ykc 
East 12/10/2016 ykc 
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Doc code: IDS PTO/SB/OBa (03-15) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/3112016. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 15180431 

Filing Date :1016-06-13 

INFORMATION DISCLOSURE First Named Inventor I tnge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 11672 
(Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number I AKBM-14409/US-12/CON 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS I Remove I 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

/Y.K C/ 
1 ~011/050474 WO 2011-05-05 11\CASTI PHARMA INC. 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS I Remove I 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

,_ 

EFSWeb 2.1.17 RIMFROST EXHIBIT 1111    Page 0061



Application Number 15180431 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
(Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

/Y.K.CV 
1 ~ction Closing Prosecution, 348 Patent, mailed May 14, 2013 

2 Buchi R-220 Rotovapor® Manual, dated November 16, 2009, pages 1-50 

3 
Certified translation of Ex_ 1074: Japanese Patent No. 60-153779, entitled "Nutritional Supplement" ("Fukuoka"); 
Certificate of Translation provided as Ex_ 1075, dated August 16, 2013, 1 page 

Certificate of translation of Ex_ 1076: Japanese Patent Publication No. H08-231391, entitled "Medicine for 
4 mprovement of Dementia Symptoms" ("Yasawa"); Certificate of Translation provided as Ex_ 1077, dated August 16, 

~013, 1 page 

Certification of translation of Ex_ 1070: Japanese Unexamined Patent Application Publication No_ 02-215351, titled 
5 !<rill Phospholipids Fractioning Method ("Maruyama,"); Certificate ofTranslation provided as Ex. 1071; dated July 9, 

~013, 1 page 

6 
Declaration of Bjorn Ole Haugsgjerd in support of Inter Partes Review of U.S. Pat. No_ 8,278,351 ("Haugsgjerd"), dated 
September 30, 2013, 12 pages 

Database FST A [Online} International Food Information Service, Frankfurt-Main; SH I BAT A N. "Effect of fishing season 
7 on lipid content and composition of Antarctic krill (translated)" Database accession no. FS-1985-04-r-0091, 1983, one 

t>age, abstract only 

8 lrhird Party Observation against corresponding AU Patent Application No. 2014256345, filed May 23, 2016, 50 pages 

9 lrhird Party Observation against corresponding AU Patent Application NO. 2013227998, filed July 15, 2016, 6 pages 

10 t::vidence in Support of Opposition, AU Patent Application No_ 2013227998, filed September 22, 2016, 22 pages 

1, 
11 Notice of Acceptance of Application, AU Patent Application No. 2013227998, mailed October 5, 2016, 2 pages 

/Y.K. Cl 
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Application Number 15180431 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
(Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /YATE' K CUTLIFF/ I Date Considered 11 12/10/2016 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 15180431 

Filing Date 2016-06-13 
INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
(Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /J. Mitchell Jones/ Date (YYYY-MM-DD) 2016-10-12 

Name/Print J _ Mitchell Jones Registration Number ~174 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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PTO/SB/26 

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office 

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 15180431 

Filing Date 13-Jun-2016 

First Named Inventor Inge Bruheim 

Attorney Docket Number AKBM-14409/US-12/CON 

Title of Invention 

BIOEFFECTIVE KRILL OIL COMPOSITIONS 

~ 
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
Office Action 

~ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

AKER BIOMARINE ANTARCTIC AS 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

9119864 

9028877 

9375453 

9034388 
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as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 

0 
I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

Q Small Entity 

Q Micro Entity 

@ Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 44174 

Q A sole inventor 

0 
A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

0 A joint inventor; all of whom are signing this request 

Signature 
/J. Mitchell Jones/ 

Name J. Mitchell Jones 
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*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15180431 

Filing Date: 13-Jun-2016 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Filer: John Mitchell Jones/Mallory Checkett 

Attorney Docket Number: AKBM-14409/US-12/CON 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 160 
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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer -Approved 

Application No.: 15180431 

Filing Date: 13-Jun-2016 

Applicant/Patent under Reexamination: Bruheim et al. 

Electronic Terminal Disclaimer filed on October 12, 2016 

C8J APPROVED 

This patent is subject to a terminal disclaimer 

D DISAPPROVED 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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Electronic Acknowledgement Receipt 

EFSID: 27186672 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 12-0CT-2016 

Filing Date: 13-JUN-2016 

Time Stamp: 14:28:43 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $160 

RAM confirmation Number 832 

Deposit Account 504302 

Authorized User Jones, J. Mitchell 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

34891 

1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 3 
6ae6e5 7 4a5 5 79 bef602d709a81 6d 7 ebbs 53 

251a9 

Warnings: 

Information: 

30522 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
6e29fc3c11 b92658213538b1 e53f49710aef 

466c 

Warnings: 

Information: 

Total Files Size (in bytes) 65413 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Bruheim et al. Art Unit: 1672 
Serial No.: 15/180,431 Examiner: Cutliff 
Filed: 06/13/2016 Confirmation: 2763 
Entitled: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

RESPONSE TO OFFICE ACTION MAILED 
JULY 21, 2016 

EFS WEB FILED 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Examiner Cutliff: 

This communication is responsive to the Office Action mailed July 21, 2016. The 

Commissioner is hereby authorized to charge any fees during the entire pendency of this 

application, including fees due under 37 C.F.R. §§ 1.16 and 1.17 that may be required, including 

any required extension of time fees, or credit any overpayment to Deposit Account 50-4302, 

referencing Attorney Docket No. AKBM-14409/US-12/CON. This paragraph is intended to be 

a CONSTRUCTIVE PETITION FOR EXTENSION OF TIME in accordance with 37 C.F.R. § 

l.136(a)(3). 

-1-
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PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

CLAIM AMENDMENTS: 

1. (Currently amended) A method of production of krill oil comprising: 

a) providing krill; 

b) treating said krill to denature lipases and phospholipases in said krill to provide a 

denatured krill product; 

c) storing said denatured krill product for a storage period of from 1 to 24 months; 

d) after said storage period, extracting oil from said denatured krill product with a 

polar solvent to provide a krill oil with from about 3% to about 15% ether phospholipids w/w of 

said krill oil astaxanthin esters in amount of greater than about 100 mg/kg of said krill oil. 

2. (Original) The method of claim 1, wherein said steps a and bare performed on a ship. 

3. (Original) The method of claim 1, wherein said treating comprises heating. 

4. (Original) The method of claim 1, wherein said denatured krill product is a krill meal. 

5. (Original) The method of claim 1, wherein said krill is freshly harvested. 

6. (Original) The method of claim 1, further comprising encapsulating said krill oil. 

7. (Original) The method of claim 1, wherein said krill is Antarctic krill. 

8. (Original) The method of claim 1, wherein said Antarctic krill is Euphausia superba. 

9. (Original) The method of claim 1, wherein said krill oil contains astaxanthin esters in an 

amount of greater than about 200 mg/kg of said krill oil. 

10. (Original) The method of claim 1, wherein said krill oil comprises at least 30% total 

phospholipids w/w of said krill oil. 

-2-
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PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

11. (Original) The method of claim 1, wherein said krill oil comprises at least 30% 

phosphatidylcholine w/w of said krill oil. 

12. (Currently amended) A method of production of krill oil comprising: 

a) obtaining a denatured krill product produced by treating freshly harvested krill 

krill to denature lipases and phospholipases in said krill and that has been stored from 1 to 24 

months; and 

b) extracting oil from said denatured krill product that has been stored from 1 to 24 

months with a polar solvent to provide a krill oil with from about 3% to about 15% ether 

phospholipids w/w of said krill oil astaxanthin esters in amount of greater than about 100 mg/kg 

of said krill oil. 

13. (Currently amended) The method of claim 12_, wherein said treating comprises heating. 

14. (Currently amended) The method of claim 12_, wherein said denatured krill product is a 

krill meal. 

15. (Currently amended) The method of claim 12_, wherein said krill is freshly harvested. 

16. (Currently amended) The method of claim 12_, further comprising encapsulating said krill 

oil. 

17. (Currently amended) The method of claim 12_, wherein said krill is Antarctic krill. 

18. (Original) The method of claim 10, wherein said Antarctic krill is Euphausia superba. 

19. (Currently amended) The method of claim 12_, wherein said krill oil contains astaxanthin 

esters in an amount of greater than about 200 mg/kg of said krill oil. 

20. (Currently amended) The method of claim 12_, wherein said krill oil comprises at least 

30% total phospholipids w/w of said krill oil. 

-3-
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REMARKS 

PATENT 
Attorney Docket No.: AKBM-14409/US-12/CON 

Claims 1-20 are pending and under examination following entry of this amendment. All 

amendments and cancellation of claims are made without acquiescing to any of the Examiner's 

arguments or rejections, and solely for the purpose of expediting the patent application process 

and without waiving the right to prosecute the cancelled claims (or similar claims) in the future. 

The pending rejections are addressed in order below. 

Indefiniteness. The claims have been amended to clarify that the oil is extracted after 

the storage period in claim 1 and to correct dependencies. Applicant believes that the claims as 

amended traverse the indefiniteness rejection and are in condition for allowance. 

Double patenting. The claims are rejected are rejected under provisional double 

patenting over co-owned patents 9,034,388; 9,375,453; 9,028,877 and 9,119,864. Applicant has 

filed an electronic terminal disclaimer over the listed patents. 

CONCLUSION 

If a telephone interview would aid in the prosecution of this application, the Examiner is 

encouraged to call the undersigned collect at (608) 662-1277. 

Dated: October 12 2016 

-4-

/J. Mitchell Jones/ 

John Mitchell Jones 
Registration No. 44,174 

Casimir Jones, S.C. 
2275 Deming Way, Suite 310 
Middleton, WI, 53562 
(608) 662-1277 
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(26) Publication Language: 
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(71) Applicant (for all designated States except US): 
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(10) International Publication Number 

WO 2011/050474 Al 

(72) Inventors; and 
(75) Inventors/Applicants (for US only): SAMPALIS, Fotini 
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CONCENTRATED THERAPEUTIC PHOSPHOLIPID COMPOSITIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Provisional Application Serial No. 

61/256,106, filed October 29, 2009, the contents of which are incorporated by reference in 

their entirety. All patents, patent applications, and publications cited herein are incorporated 

10 herein by reference in their entireties. 

15 

FIELD OF THE INVENTION 

[0002] The invention relates to concentrated therapeutic compositions. More 

particularly, the invention relates to concentrated therapeutic phospholipid compositions 

useful for treating or preventing diseases. 

BACKGROUND OF THE INVENTION 

[0003] Genetic traits, coupled with a Western diet and lifestyle, have made 

cardiometabolic disorders I metabolic syndrome (MetS) a growing global epidemic. 

Cardiometabolic syndrome refers to a cluster of cardiovascular risk factors that include 

central obesity, high blood pressure, impaired glucose tolerance, hyperglycemia and 

20 dyslipidemia. Dyslipidemia is a major modifiable risk factor leading to atherosclerotic and 

related cardiovascular diseases (CVD), the nation's number one killer. 

Cardiovascular Disease 

[0004 J Cardiovascular disease affects one in three people in the United States during their 

lifetime, and accounts for nearly a third of the deaths that occur each year (Rosamond W, et 

25 al., Circulation, 115, e69-el 71, (2007)). Cardiovascular diseases are defined as diseases 

which affect the heart or blood vessels 

[0005] Statins are considered as first-line therapy for subjects at risk for CVD focusing 

predominantly on the reduction in low-density lipoprotein cholesterol (LDL-C or "bad 

cholesterol"), to recommended target levels. However statins have minimal effect in raising 

30 high-density lipoprotein cholesterol (HDL C or "good cholesterol"), now recognized as a 

major risk factor for developing cardiovascular disease. Treatment options to raise HDL-C 

are very limited and include Niaspan® (branded niacin) which is known to cause flushing 

- 1 -

RIMFROST EXHIBIT 1111    Page 0090



WO 2011/050474 PCT/CA2010/001720 

5 and is reported to cause hepatic enzyme abnormalities, and Tricor® (branded fenofibrates) 

which causes a 40% increase in LDL C and signifciant increase in liver enzymes, 

hematological changes, gall stones, pancreatitis, as well as myopathy. Some treatment 

options lower plasma triglycerides but have a negligible effect on HDL-C (Lovaza®). Other 

treatment options increase HDL-C, but are less effective on triglycerides. 

10 [0006] Others have tried to increase HDL C (good cholesterol) without deleteriously 

affecting LDL, TG, or causing hypertension, but have not been successful. For example, 

torcetrapib appeared to raise HDL levels, but had no effect on TGs and LDL. However, 

torcetrapib caused severe hypertension and high mortality in phase III trials. Despite 

advancements in lowering total cholesterol, lipid abnormalities as well as other severe 

15 negative side effects still prevail. Treatment gaps in the management of dyslipidemia, 

considered one of the top five major modifiable risk factors of CVD, represent critical unmet 

medical needs. While most treatment methods only target the intrinsic LDL-C synthesis in 

the liver, other treatments are needed to further reduce triglycerides while increasing HDL-C 

and not increasing LDL-C. 

20 Neurodevelopmental and neurodegenerative disease 

[0007] Neurodevelopmental and neurodegenerative diseases/disorders and neurological 

imbalance (in neurotransmitters) affect many people, and are defined as chronic progressive 

neuropathy characterized by selective and generally symmetrical loss of neurons in motor, 

sensory, or cognitive systems. One progressive neurodegenerative disorder, Alzheimer's 

25 disease (AD), is irreversible, and is characterized by gradual cognitive deterioration, changes 

in behavior and personality. These symptoms are related to neurochemical changes, neural 

death, and the breakdown of the inter-neural connections. Loss of short-term memory is 

often the first sign, followed by cognitive deficits involving multiple functions. Early stages 

of AD and mild cognitive impairment are characterized as milder forms of memory loss or 

30 cognitive impairment that could precede the onset of dementia and AD. Prevention of further 

cognitive decline in subjects with these possible precursor conditions is of paramount 

importance given that reversibility of AD is not possible. 

[0008] It is estimated there are currently about 5.1 million people with Alzheimer's 

disease (AD) in the United States (Alzheimer's Association, 2007) and this number is 

35 expected to reach 13.2 million by 2050 (Hebert et al., 2003). Alzheimer's is ranked as the 7th 

leading cause of death in the US for people of all ages and the 5th for people aged 65 or older 

-2-
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5 (National Center for Health Statistics, 2004). In Canada it is 280,000 people over 65 that are 

estimated to have AD, and over 750,000 are expected to have the disease by 2031 (Alzheimer 

Society of Canada, 2006). It is estimated to 10% of all North Americans over the age of 70 

years have early stage AD or mild cognitive impairment. 

[0009] Alzheimer's disease is characterized by two main pathological features of the 

10 brain: intracellular neurofibrillary tangles formed by abnormal protein 't (tau); and 

extracellular neuritic plaques formed by J3-amyloid peptides (AJ3) (Kuo et al., 1996). The 

overproduction of Af342 is genetically induced but environmental risk factors are required to 

get fully symptomatic AD (Grant et al., 2002). Among these risk factors, low 

docosahexaenoic acid (DHA) is one of the most important dietary risk factor for AD (Morris 

15 et al., 2005). The reasons for the impact ofDHA on learning and memory and the association 

with AD are unclear but could result from its loss in synapses (Montine et al., 2004), which 

are normally rich in DHA (Salem et al., 2001 ), where it is particularly important for 

postsynaptic transmission and neuroprotection (Bazan, 2003). Studies in animal models have 

consistently showed that brain n-3 fatty acid content is highly dependent on dietary intake 

20 and aging (Favrere et al., 2000; Y oudim et al., 2000; Calon & Cole, 2007). However, some 

reports claim higher concentrations of DHA have a deleterious effect in neurological patients. 

Omega-3 Fatty Acids and Inflammation 

[0010] Several animal studies, has shown that increased DHA intake has been found to 

increase hippocampal acetycholine levels and its derivatives, neuroprotectin DI, which 

25 decreased cell death (Aid et al, 2005; Lukiw et al., 2005). A study conducted on aged mice 

showed that DHA intake improved memory performance (Lim et al. 2001). In another 

Alzheimer's disease mouse model, reduction in dietary DHA showed loss of postsynaptic 

proteins associated with increased oxidation, which was localized in the dendrites. However, 

when a group ofDHA-restricted mice where given DHA, they showed signs that the DHA 

30 intake protected them against dendritic pathology, implying that DHA could be useful in 

preventing cognitive impairment in Alzheimer's Disease (Calon et al., 2004). 

[0011] Several epidemiological studies have shown a protective effect associated with 

increased fish intake (a direct source of omega 3 fatty acids) against dementia and cognitive 

impairment decline (Kalmijin et al. 1997, Barberger-Gateau et al. 2002; Morris et al 2003). 

35 Recently, one large randomized double-blind placebo-controlled study found 1.6 g DHA and 

0. 7 EPA may be beneficial in reducing risk for AD (Freund-Levi et al, 2006). In addition, 

- 3 -
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5 there is mounting evidence that dietary supplementation with Omega 3 fatty acids may be 

beneficial in different psychiatric conditions such as mood behaviour, depression and 

dementia (Bourre et al., 2005; Peet and Stokes, 2005; Stoll et al., 1999). 

[0012] The anti-inflammatory effects of omega-3 fatty acids have been widely studied 

with positive results for several chronic inflammatory diseases. C-reactive protein (CRP) is a 

10 protein that increases dramatically during inflammatory processes and is commonly measured 

as a marker of inflammation. Greater intake of omega-3 polyunsaturated fatty acid is related 

to a lower prevalence of elevated CRP levels. Animal models of colitis indicate that fish oil, 

a natural source of omega 3 fatty acids, decreases colonic damage and inflammation. Fish oil 

supplements in subjects with IBD have shown to modulate levels of inflammatory mediators 

15 and may be beneficial for the induction and maintenance of remission in ulcerative colitis. In 

the management of RA and other inflammatory conditions, side effects limit the use of 

NSAIDs, such as salicylates, ibuprofen and naproxen. A clinical trial showed that 39 percent 

of subjects with RA supplemented with cod liver oil were able to reduce their daily NSAID 

requirement by greater than 30 percent. Omega-3 fatty acids have been used to reduce the 

20 risk for sudden death caused by cardiac arrhythmias. 

[0013] Furthermore, omega-3 fatty acids have been shown to improve insulin sensitivity 

and glucose tolerance in normoglycemic men and in obese individuals. Omega-3 fatty acids 

have also been shown to improve insulin resistance in obese and non-obese subjects with an 

inflammatory phenotype. Lipid, glucose and insulin metabolism have been show to be 

25 improved in overweight hypertensive subjects through treatment with omega-3 fatty acids. 

[0014] Omega-3 fatty acids can be obtained from marine organisms such as squid, fish, 

krill, etc. and are sold as dietary supplements. However, the uptake of omega-3 fatty acids by 

the body is not efficient and these raw oils contain other substances such a triglycerides and 

cholesterol which are known to cause deleterious side effects such as an increase in LDL-C. 

30 Certain fish oils have been developed as pharmaceutical-grade OM3-acid ethyl esters. One 

such OM3-acid ethyl ester is presently sold under the brand name Lovaza®. Studies have 

shown that Lovaza® can decrease plasma triglycerides levels in patients, however, Lovaza® 

has a negligible effect on raising good cholesterol (HDL-C). AMRl 01 is another ethyl ester 
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5 form of OM3 fatty acids based on EPA with little or no DHA that is presently in clinical 

trials. AMRlOl also appears to decrease triclycerides but also has a negligible effect on 

raising HDL-C. 

[0015] A phospholipid composition of OM3 fatty acids has been disclosed in US 

2004/0234587. This phospholipid composition has OM3 fatty acids esterified to the 

10 phospholipid. This phospholipid composition is reported to be at a concentration of about 

40% phospholipids (w/w composition) and contains high concentrations of triglycerides 

(about 45%) and free fatty acids (about 15%). When tested in subjects, this composition 

demonstrated very little effect on lowering triglyceride plasma levels (less than 11 % 

reduction). 

15 [0016] Marine oil compositions comprising free fatty acids and lipids, including OM3 

fatty acids and phospholipids, have been disclosed in WO 2000/23546, however the 

compositions do not disclose OM3 fatty acids esterified to diglycerol phosphate and have 

very high concentrations of triglycerides and free fatty acids, and for these reasons would not 

be expected to reduce triglycerides even to the level of the composition disclosed in US 

20 2004/0234587, described above. 

25 

[0017] Therefore, new forms of omega-3 fatty acids are needed that are usefulefor 

treating or preventing disease. Described herein are novel concentrated therapeutic 

phospholipid compositions, as well as pharmaceutical compositions comprising same, and 

methods of their use. 

-5-
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5 SUMMARY OF THE INVENTION 

[0018] Accordingly, in one aspect concentrated therapeutic phospholipid compositions 

are described, the compositions comprising compounds of the Formula I: 

H2C--O--R1 

I 
R --0-CH 0 2 

I II 
H C-O-P--0-X 

2 I 
o-

10 (I) 

wherein for each compound of Formula I in the compositions 

each R 1 is independently selected from hydrogen or any fatty acid; 

each R2 is independently selected from hydrogen or any fatty acid; 

wherein at least one ofR1 and R2 in each compound of Formula I is a fatty acid; and 

15 each Xis independently selected from -CH2CH2NH3, -CH2CH2N(CH3) 3 or 

H HO 

wherein the total amount of the compounds of Formula I in the composition being at a 

20 concentration of between 45% (w/w) to about 99% (w/w). 

- 6 -
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5 [0019] In some embodiments, the compounds of Formula I in the concentrated 

therapeutic phospholipid composition are in a concentration of between about 45% (w/w 

(phospholipids/total composition)) up to 70% (w/w (phospholipids/total composition)). In 

still further embodiments, the compounds of Formula I in the concentrated therapeutic 

phospholipid composition are in a concentration of between about 50% (w/w 

10 (phospholipids/total composition)) up to 70% (w/w (phospholipids/total composition)). In 

other embodiments, the compounds of Formula I in the concentrated therapeutic phospholipid 

composition are in a concentration of between about 60% (w/w (phospholipid/total 

composition)) up to 70% (w/w (phospholipids/total composition)). In still other 

embodiments, the compounds of Formula I in the concentrated therapeutic phospholipid 

15 composition are in a concentration of about 66% (w/w (phospholipids/total composition)). 

[0020] In other embodiments, the compounds of Formula I in the concentrated 

therapeutic phospholipid composition are in a concentration of above 70% (w/w 

(phospholipids/total composition)) to about 99% (w/w (phospholipids/total composition)). In 

still other embodiments, the compounds of Formula I in the concentrated therapeutic 

20 phospholipid composition are in a concentration of between about 80% (w/w 

(phospholipids/total composition)) to about 98% (w/w (phospholipids/total composition)). In 

still other embodiments, the compounds of Formula I in the concentrated therapeutic 

phospholipid composition are in a concentration of between about 85% (w/w 

(phospholipids/total composition)) to about 95% (w/w (phospholipids/total composition)). In 

25 further embodiments, the compounds of Formula I in the concentrated therapeutic 

phospholipid composition are in a concentration of about 90% (w/w (phospholipids/total 

composition)). 

[0021] In some embodiments, Rl is a monounsaturated fatty acid. In other embodiments, 

Rl is a polyunsaturated fatty acid. In some embodiments, R2 is a monounsaturated fatty 

30 acid. In other embodiments, R2 is a polyunsaturated fatty acid. In other embodiments, the 

polyunsaturated fatty acid is an omega 3 fatty acid. In still other embodiments, both Rl and 

R2 are each independently selected from an omega 3 fatty acid. When at least one ofRl and 

R2 is an omega 3 fatty acid, the concentrated therapeutic phospholipid composition 

comprising compounds of Formula I is known as an OM3:PL. 

35 
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[0022] In other embodiments, Rl is docosahexaenoic acid (DHA). In other 

embodiments, R2 is a monounsaturated fatty acid and Rl is DHA. In other embodiments, R2 

is a polyunsaturated fatty acid and Rl is DHA. In other embodiments, R2 is an omega 3 fatty 

acid and Rl is DHA. In still further embodiments, R2 is EPA and Rl is DHA. In still further 

embodiments, R2 is DHA and Rl is DHA. 

[0023] In other embodiments, Rl is eicosapentaenoic acid (EPA). In other embodiments, 

R2 is a monounsaturated fatty acid and Rl is EPA. In other embodiments, R2 is a 

polyunsaturated fatty acid and Rl is EPA. In other embodiments, R2 is an omega 3 fatty acid 

and Rl is EPA. In still further embodiments, R2 is DHA and Rl is EPA. In still further 

embodiments, R2 is EPA and Rl is EPA. 

15 [0024] In another embodiment, R2 is DHA. In other embodiments, Rl is a 

monounsaturated fatty acid and R2 is DHA. In other embodiments, RI is a polyunsaturated 

fatty acid and R2 is DHA. In other embodiments, Rl is an omega 3 fatty acid and R2 is 

DHA. 

[0025] In other embodiments, R2 is EPA. In other embodiments, Rl is a 

20 monounsaturated fatty acid and R2 is EPA. In other embodiments, RI is a polyunsaturated 

fatty acid and R2 is EPA. In other embodiments, Rl is an omega 3 fatty acid and R2 is EPA. 

[0026] In some embodiments, the compounds of Formula I in the concentrated 

therapeutic phospholipid composition have predominantly DHA at the R2 position of 

Formula I. In other embodiments, there is more DHA in the compounds of Formula I in the 

25 concentrated therapeutic phospholipid composition than EPA. In some embodiments, the 

compounds of Formula I in the concentrated therapeutic phospholipid composition have 

greater than 60% DHA. In other embodiments, the compounds of Formula I in the 

concentrated therapeutic phospholipid composition have greater than 70% DHA. In other 

embodiments, the compounds of Formula I in the concentrated therapeutic phospholipid 

30 composition have greater than 80% DHA. In other embodiments, the compounds of Formula 

I in the concentrated therapeutic phospholipid composition have greater than 90% DHA. In 

other embodiments, the compounds of Formula I in the concentrated therapeutic phospholipid 

composition have greater than 95% DHA. 

- 8 -
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5 [0027] In some embodiments, there are free fatty acids in the concentrated therapeutic 

phospholipid composition, in addition to the fatty acids esterified to the phosphate. In other 

embodiments, there are essentially no free fatty acids (also expressed as 0% free fatty acids 

(or FFA)) in the concentrated therapeutic phospholipid composition. 

[0028] In other embodiments, the ratio of the total amount ofDHA to EPA in the 

10 concentrated therapeutic phospholipid composition is between about 1: 1 and 1 :0.1. In some 

embodiments, the ratio is between about 1:0.7 and about 1 :0.3. In other embodiments, the 

ratio is about 1 :0.5. 

[0029] In some embodiments, the ratio of the total amount of EPA to DHA in the 

compounds of Formula I in the concentrated therapeutic phospholipid composition is 

15 between about 1:1and1:0.1. In some embodiments, the ratio is between about 1:0.7 and 

about 1 :0.3. In other embodiments, the ratio is about 1 :0.5. 

[0030] In some embodiments, the total amount of OM3 fatty acids in the concentrated 

therapeutic phospholipid composition is between about 20% and about 50%. In other 

embodiments, the total amount of OM3 fatty acids in the concentrated therapeutic 

20 phospholipid composition is between about 30% and about 45%. In other embodiments, the 

total amount of OM3 fatty acids in the concentrated therapeutic phospholipid composition is 

about40%. 

[0031] In some embodiments, the total amount ofDHA in the concentrated therapeutic 

phospholipid composition is between about 5% and 20%. In some embodiments, the total 

25 amount ofDHA in the concentrated therapeutic phospholipid composition is between about 

10% and 15%. In some embodiments, the total amount ofDHA in the concentrated 

therapeutic phospholipid composition is about 14%. 

[0032] In some embodiments, the total amount of EPA in the concentrated therapeutic 

phospholipid composition is between about 10% and 30%. In some embodiments, the total 

30 amount ofDHA in the concentrated therapeutic phospholipid composition is between about 

15% and 25%. In some embodiments, the total amount of EPA in the concentrated 

therapeutic phospholipid composition is about 22%. 

- 9 -
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5 [0033] In some embodiments, X is -CH2CH2NH3. In other embodiments, X is -

CH2CH2N(CH3h In some embodiments, X is 

H HO 
H 

H 

[0034] In some embodiments, the concentrated therapeutic phospholipid composition 

10 comprises predominantly phospholipids containing -CH2CH2N(CH3)3 (also known as a 

phosphoyidyl-N-trimethy lethanolamine). 

[0035] In other embodiments, the concentrated therapeutic phospholipid composition 

further comprises an antioxidant. In some embodiments, the antioxidant is a carotenoid. In 

other embodiments, the carotenoid is pro-vitamin A. In other embodiments, the antioxidant 

15 is a flavonoid. In other embodiments, the flavonoid is selected from naringin, naringenin, 

hesperetin/kaempferol, rutin, luteolin, neohesperidin, quecertin. In other embodiments, the 

flavonoid is 

OH 

(11) 

OH OH 

20 [0036] In some embodiments, the concentration of the flavonoid is between about 1 

mg/kg (w/w of composition) and about 20 mg/kg (w/w of composition). In other 

embodiments, the concentration of the flavonoid is greater than about 10 mg/kg (w/w of 

composition). 
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[0037] In further embodiments, the concentrated therapeutic phospholipid composition 

has a concentration of astaxanthin greater than 2000 mg/kg (w/w of composition). In still 

other embodiments, the concentration of astaxanthin is between about 2,000 mg/kg (w/w of 

composition) and about 5,500 mg/kg (w/w of composition). 

[0038] In some embodiments, the concentrated therapeutic phospholipid composition has 

10 a free fatty acid concentration below about 22% (w/w of composition). In some 

embodiments, the concentrated therapeutic phospholipid composition has a free fatty acid 

concentration below about 15% (w/w of composition). In some embodiments, the 

concentrated therapeutic phospholipid composition has a free fatty acid concentration below 

about 10% (w/w of composition). In some embodiments, the concentrated therapeutic 

15 phospholipid composition has a free fatty acid concentration below about 5% (w/w of 

composition). In some embodiments, the concentrated therapeutic phospholipid composition 

has a free fatty acid concentration of about 1 % (w/w of composition). In some embodiments, 

the concentrated therapeutic phospholipid composition has a free fatty acid concentration 

below 1 % (w/w of composition). In some embodiments, the concentrated therapeutic 

20 phospholipid composition has a free fatty acid concentration of 0% (w/w of composition). 

[0039] In some embodiments, the concentrated therapeutic phospholipid composition has 

a free fatty acid concentration of between about 1% (w/w) and about 20% (w/w). In some 

embodiments, the concentrated therapeutic phospholipid composition has a free fatty acid 

concentration of between about 5% (w/w) and about 17% (w/w). In some embodiments, the 

25 concentrated therapeutic phospholipid composition has a free fatty acid concentration of 

between about 10% (w/w) and about 15% (w/w). 

[0040] In some embodiments, the concentrated therapeutic phospholipid composition has 

a triglyceride concentration between about 0% (w/w) and about 30% (w/w). In other 

embodiments, the concentrated therapeutic phospholipid composition has a triglyceride 

30 concentration between about 5% and about 20%. In still further embodiments, the 

concentrated therapeutic phospholipid composition has a triglyceride concentration between 

about 10% and about 15%. 
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[0041] In some embodiments, the concentrated therapeutic phospholipid composition has 

a triglyceride concentration below about 15%. In some embodiments, the concentrated 

therapeutic phospholipid composition has a triglyceride concentration below about 10%. In 

some embodiments, the concentrated therapeutic phospholipid composition has a triglyceride 

concentration below about 5%. In some embodiments, the concentrated therapeutic 

10 phospholipid composition has a triglyceride concentration about 1 %. In some embodiments, 

the concentrated therapeutic phospholipid composition has a triglyceride concentration below 

1 %. In some embodiments, the concentrated therapeutic phospholipid composition has a 

triglyceride concentration of about 0%. 

[0042] In other embodiments, the concentrated therapeutic phospholipid composition 

15 comprises at least 50% compounds of Formula I (w/w), wherein at least 15% of the fatty acid 

content is EPA, at least 9 % of the fatty acid content is DHA, and at least 0.1% astaxanthin 

(w/w). In other embodiments, the concentrated therapeutic phospholipid composition 

comprises at least 66% compounds of Formula I (w/w), wherein at least 20% of the fatty acid 

content is EPA, at least 12 % of the fatty acid content is DHA, and at least 0.4% astaxanthin 

20 (w/w). In other embodiments, the concentrated therapeutic phospholipid composition 

comprises at least 90% compounds of Formula I (w/w), at least 22% of the fatty acid content 

is EPA, at least 12% of the fatty acid content is DHA, and 0.4% astaxanthin (w/w). 

[0043] In other embodiments, the concentrated therapeutic phospholipid composition 

comprises at least 50% compounds of Formula I (w/w composition), wherein at least 15% of 

25 the fatty acid content is EPA, at least 9 % of the fatty acid content is DHA. In other 

embodiments, the concentrated therapeutic phospholipid composition comprises at least 66% 

compounds of Formula I (w/w), wherein at least 20% of the fatty acid content is EPA, at least 

12 % of the fatty acid content is DHA. In other embodiments, the concentrated therapeutic 

phospholipid composition comprises above 70% compounds of Formula I(w/w), wherein at 

30 least 22% of the fatty acid content is EPA, at least 12% of the fatty acid content is DHA. In 

other embodiments, the concentrated therapeutic phospholipid composition comprises above 

90% compounds of Formula I(w/w), wherein at least 22% of the fatty acid content is EPA, at 

least 12% of the fatty acid content is DHA. 
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[0044] In one aspect, a concentrated therapeutic phospholipid composition is described 

comprising compounds of Formula at a concentration of about 66% (w/w 

(phospholipids/total composition) a free fatty acid (FF A) concentration ofless than 6% (w/w 

FF A/total composition) and a triglyceride concentration of about 0%, the composition being 

useful for treating and preventing cardiometabolic disorders I metabolic syndrome. In some 

10 embodiments, 1 g of the concentrated therapeutic phospholipid composition comprises about 

387 mg of total OM3 fatty acids wherein EPA is at about 215 mg and DHA is at about 136 

mg) and astaxanthine at about 5 mg. 

[0045] In one aspect, a concentrated therapeutic phospholipid composition is described 

comprising compounds of Formula at a concentration of above 70% (w/w 

15 (phospholipids/total composition), a free fatty acid (FF A) concentration of about 0% and a 

triglyceride concentration of about 0%, the composition being useful for treating and 

preventing neurodegenerative and neurodevelopmental disorders and diseases. 

[0046] In one aspect, the invention is based in part on the unexpected and surprising 

discovery that concentrated therapeutic phospholipid compositions are useful in modulating 

20 plasma triglyceride levels as well as plasma HDL C levels, while not elevating LDL C levels. 

This unexpected and surprising discovery is useful in the treatment or prevention of disorders 

associated with increased triglyceride levels, increased LDL-C levels and decreased HDL-C 

levels. Such diseases and disorders inlude but are not limited to cardiometabolic disorders I 

metabolic syndrome (MetS), neurodevelopmental and neurodegenerative diseases/disorders, 

25 and inflammation disorders. 

[0047] In another aspect, a method of treating or preventing a cardiometabolic disorder I 

metabolic syndrome is described, the method comprising administering to a subject in need 

thereof a concentrated therapeutic phospholipid composition. In some embodiments, the 

cardiometabolic disorder is selected from atherosclerosis, arteriosclerosis, coronary heart 

30 (carotid artery) disease (CHD or CAD), acute coronary syndrome (or ACS), valvular heart 

disease, aortic and mitral valve disorders, arrhythmia I atrial fibrillation, cardiomyopathy and 

heart failure, angina pectoris, acute myocardial infarction (or AMI), hypertension, orthostatic 

hypotension, shock, embolism (pulmonary and venous), endocarditis, diseases of arteries, the 

aorta and its branches, disorders of the peripheral vascular system (peripherial arterial disease 

35 or PAD), Kawasaki disease, congenital heart disease (cardiovascular defects) and stroke 

( cerebrovascular disease), dyslipidemia, hypertriglyceridemia, hypertension, heart failure, 
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5 cardiac arrhythmias, low HDL levels, high LDL levels, stable angina, coronary heart disease, 

acute myocardial infarction, secondary prevention of myocardial infarction, cardiomyopathy, 

endocarditis, type 2 diabetes, insulin resistance, impaired glucose tolerance, 

hypercholesterolemia, stroke, hyperlipidemia, hyperlipoprotenemia, chronic kidney disease, 

intermittent claudication, hyperphosphatemia, omega-3 deficiency, phospholipid 

10 deficiency,carotid atherosclerosis, peripheral arterial disease, diabetic nephropathy, 

hypercholesterolemia in HIV infection, acute coronary syndrome (ACS), non-alcoholic fatty 

liver disease/non-alcoholic steatohepatitis (NAFLD/NASH), arterial occlusive diseases, 

cerebral atherosclerosis, arteriosclerosis, cerebrovascular disorders, myocardial ischemia, 

coagulopathies leading to thrombus formation in a vessel and diabetic autonomic neuropathy. 

15 In some instances, the methods described above for treating or preventing a cardiometabolic 

disorder I metabolic syndrome may utilize concentrated therapeutic phospholipid 

compositions having a concentration of 66% (w/w (phospholipids/composition)). 

[0048] In another aspect, methods of treating, preventing, or improving cognition and /or 

a cognitive disease, disorder or impairment (memory, concentration, learning (deficit)), or of 

20 treating or preventing neurodegenerative disorders are described, the method comprising 

administering to a subject in need thereof a concentrated therapeutic phospholipid 

composition. In some embodiments, the cognitive disease, disorder or impairment is selected 

from Attention Deficit Disorder (ADD), Attention Deficit Hyperactivity Disorder (ADHD), 

autism/autism spectrum disorder (ASD), (dyslexia, age-associated memory impairment and 

25 learning disorders, amnesia, mild cognitive impairment, cognitively impaired non-demented, 

pre-Alzheimer's disease, Alzheimer's disease, epilepsy, Pick's disease, Huntington's disease, 

Parkinson disease, Lou Gehrig's disease, pre-dementia syndrome, Lewy body dementia 

dementia, dentatorubropallidoluysian atrophy, Freidreich's ataxia, multiple system atrophy, 

types 1, 2, 3, 6, 7 spinocerebellar ataxia, amyotrophic lateral sclerosis, familial spastic 

30 paraparesis, spinal muscular atrophy, spinal and bulbar muscular atrophy, age-related 

cognitive decline, cognitive deterioration, moderate mental impairment, mental deterioration 

as a result of ageing, conditions that influence the intensity of brain waves and/or brain 

glucose utilization, stress, anxiety, concentration and attention impairment, mood 

deterioration, general cognitive and mental well being, neurodevelopmental, 

35 neurodegenerative disorders, hormonal disorders, neurological imbalance or any 

combinations thereof In a specific embodiment, the cognitive disorder is memory 

impairment. In some instances, the methods described above for treating, preventing, or 
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5 improving cognition and /or a cognitive disease, disorder or impairment (memory, 

concentration, learning (deficit)), or of treating or preventing neurodegenerative disorders 

may utilize concentrated therapeutic phospholipid compositions having a concentration of 

greater than 70% (w/w (phospholipids/composition)). 

[0049] In another aspect, a method for inhibiting, preventing, or treating inflammation or 

10 an inflammatory disease is described , the method comprising administering to a subject in 

need thereof, a concentrated therapeutic phospholipid composition. In some embodiments, 

the inflammation or inflammatory disease is selected from organ transplant rejection; 

reoxygenation injury resulting from organ transplantation (see Grupp et al., J. Mol. Cell 

Cardiol. 31: 297-303 (1999)) including, but not limited to, transplantation of the following 

15 organs: heart, lung, liver and kidney; chronic inflammatory diseases of the joints, including 

arthritis, rheumatoid arthritis, osteoarthritis and bone diseases associated with increased bone 

resorption; inflammatory bowel diseases (IBD) such as ileitis, ulcerative colitis (UC), 

Barrett's syndrome, and Crohn's disease (CD); inflammatory lung diseases such as asthma, 

acute respiratory distress syndrome (ARDS), and chronic obstructive pulmonary disease 

20 (COPD); inflammatory diseases of the eye including corneal dystrophy, trachoma, 

onchocerciasis, uveitis, sympathetic ophthalmitis and endophthalmitis; chronic inflammatory 

diseases of the gum, including gingivitis and periodontitis; inflammatory diseases of the 

kidney including uremic complications, glomerulonephritis and nephrosis; inflammatory 

diseases of the skin including sclerodermatitis, psoriasis and eczema; inflammatory diseases 

25 of the central nervous system, including chronic demyelinating diseases of the nervous 

system, multiple sclerosis, AIDS-related neurodegeneration and Alzheimer's disease, 

infectious meningitis, encephalomyelitis, Parkinson's disease, Huntington's disease, 

Epilepsy, amyotrophic lateral sclerosis and viral or autoimmune encephalitis, preeclampsia; 

chronic liver failure, brain and spinal cord trauma, and cancer. The inflammatory disease can 

30 also be a systemic inflammation of the body, exemplified by gram-positive or gram negative 

shock, hemorrhagic or anaphylactic shock, or shock induced by cancer chemotherapy in 

response to proinflammatory cytokines, e.g., shock associated with proinflammatory 

cytokines. Such shock can be induced, e.g., by a chemotherapeutic agent that is administered 

as a treatment for cancer. Other disorders include depression, obesity, allergic diseases, acute 

35 cardiovascular events, muscle wasting diseases, and cancer cachexia. Also inflammation that 

results from surgery and trauma can be treated with the concentrated therapeutic phospholipid 

compositions. 
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5 [0050] The details of the invention are set forth in the accompanying description below. 

Although methods and materials similar or equivalent to those described herein can be used 

in the practice or testing of the present invention, illustrative methods and materials are now 

described. Other features, objects, and advantages of the invention will be apparent from the 

description and from the claims. In the specification and the appended claims, the singular 

10 forms also include the plural unless the context clearly dictates otherwise. Unless defined 

otherwise, all technical and scientific terms used herein have the same meaning as commonly 

understood by one of ordinary skill in the art to which this invention belongs. All patents and 

publications cited in this specification are incorporated herein by reference in their entireties. 

DESCRIPTION OF THE FIGURES 

15 [0051] FIG. lA depicts a flow chart for the process for making the concentrated 

therapeutic phospholipid compositions. 

[0052] FIG. lB depicts a flow chart for the process for making the concentrated 

therapeutic phospholipid compositions. 

[0053] FIG. lC depicts shows the schematic of the supercritical C02 extraction 

20 apparatus. 

[0054] FIG. 2 depicts circulating plasma triglyceride concentration ofC57BL/6 mice 

treated with Composition 3. 

[0055] FIG. 3 depicts circulating plasma HDL-Cholesterol concentration of C57BL/6 

mice treated with Composition 3. 

25 [0056] FIG. 4 depicts circulating plasma percentage ofHDL-Cholesterol in C57BL/6 

mice treated with Composition 3. 

[00571 FIG. 5 depicts circulating plasma LDL-Cholesterol concentration ofC57BL/6 

mice treated with Composition 3. 

[0058] FIG. 6 depicts circulating plasma percentage of LDL-Cholesterol in C57BL/6 

30 mice treated with Composition 3. 

[0059] FIG. 7 depicts circulating plasma NEPA concentration of C57BL/6 mice treated 

with Composition 3. 

[0060] FIG. 8 depicts circulating plasma Glucose concentration of C57BL/6 mice treated 

with Composition 3. 

35 [0061] FIG. 9 depicts circulating plasma Phospholipid concentration of C57BL/6 mice 

treated with Composition 3. 
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5 [0062] FIG. 10 depicts circulating plasma ALT concentration of C57BL/6 mice treated 

with Composition 3. 

[0063] FIG. 11 depicts liver Total Cholesterol concentration of C57BL/6 mice treated 

with Composition 3. 

[0064] FIG. 12 depicts liver Triglyceride concentration of C57BL/6 mice treated with 

10 Composition 3. 

[0065] FIG. 13 depicts circulating plasma triglyceride concentration ofLDLr KO mice 

treated with Composition 3. 

[0066] FIG. 14 depicts circulating plasma HDL-Cholesterol concentration ofLDLr KO 

mice treated with Composition 3. 

15 [0067] FIG. 15 depicts circulating plasma percentage of HDL-Cholesterol in LDLr KO 

mice treated with Composition 3. 

[0068] FIG. 16 depicts liver Total Cholesterol concentration ofLDLr KO mice treated 

with Composition 3. 

[0069] FIG. 17 depicts liver Triglyceride concentration ofLDLr KO mice treated with 

20 Composition 3. 

[0070] FIG. 18 depicts circulating plasma Triglyceride concentration of ApoA-1 CET Tg 

mice treated with Composition 3. 

[0071] FIG. 19 depicts circulating plasma total cholesterol concentration of adult male 

SD, ZDF, SHR and JCR:LA rats. 

25 [0072] FIG. 20 depicts circulating plasma total cholesterol concentration of adult male 

SD, ZDF, SHR and JCR:LA rats. 

[0073] FIG. 21 depicts circulating plasma HDL/LDL concentration of adult male SD, 

ZDF, SHR and JCR:LA rats. 

[0074] FIG. 22 depicts circulating plasma total cholesterol/HDL concentration of adult 

30 male SD, ZDF, SHR and JCR:LA rats. 

[0075] FIG. 23 depicts prothrombin time of adult male SD, ZDF, SHR and JCR:LA rats. 

[0076] FIG. 24 depicts OGTT area under the curve data in ZDF male rats treated with 

Composition 3 for 28 days. 

[0077] FIG. 25 depicts OGTT area under the curve data in ZDF male rats treated with 

35 Composition 3 for 28 days. 

[0078] FIG. 26 depicts OGTT area under the curve data in SD male rats treated with 

Composition 3 for 28 days. 
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5 [0079] FIG. 27 depicts OGTT area under the curve data in ZDF male rats treated with 

Composition 3 for 28 days. 

[0080} FIG. 28 depicts the effects of Composition 3 on plasma total cholesterol in male 

ZDF rats compared to age-matched controls. 

[0081] FIG. 29 depicts the effects of Composition 3 on plasma HDL-cholesterol in male 

10 ZDF rats compared to age-matched controls. 

[0082] FIG. 30 depicts the effects of Composition 3 on plasma triglycerides in male ZDF 

rats compared to age-matched controls. 

[0083] FIG. 31 depicts the effects of Composition 3 on glucose intolerance in male ZDF 

rats. 

15 [0084] FIG. 32 depicts the effects of Composition 3 on glucose intolerance in male ZDF 

rats. 

[0085] FIG. 33 depicts the effects of Composition 3 on glucose intolerance in male SD 

rats. 

[0086] FIG. 34 depicts the effects of Composition 3 on glucose intolerance in male SD 

20 rats. 

{0087] FIG. 35 depicts the comparative effects of Composition 3 and Lovaza (R) on the 

Omega-3 Index. 

DETAILED DESCRIPTION OF THE INVENTION 

(0088] It has been unexpectedly discovered that concentrated therapeutic phospholipid 

25 compositions demonstrate surprising effects in the treatment of metabolic disorders, 

cardiovascular disease, neurodevelopmental disorders and neurodegenerative diseases, and 

inflammation disorders. 

DEFINITIONS 

[0089] The following definitions are used in connection with the concentrated therapeutic 

30 phospholipid compositions: 

(0090] The term "concentrated therapeutic phospholipid composition" and "concentrated 

therapeutic phospholipid compositions" as used herein refer to the concentrated therapeutic 

phospholipid compositions comprising compounds of Formula I. 
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5 [0091] The articles "a" and "an" are used in this disclosure to refer to one or more than 

one (i.e., to at least one) of the grammatical object of the article. By way of example, "an 

element" means one element or more than one element. 

[0092] The term "and/or" is used in this disclosure to mean either "and" or "or" unless 

indicated otherwise. 

10 [0093] The term "about" when used in this disclosure along with a recited value means 

the value recited and includes the range of+ or- 5 % of the value. For example, the phrase 

about 80% means 80% and+ or - 5% of 80, i.e. 76% to 84%. The recited value "about 0%" 

as used herein means that the detectable amount is less than one part per thousand. 

[0094] The term "fatty acid" or "fatty acid residue" as used herein means a carboxylic 

15 acid with a long unbranched aliphatic chain, which is either saturated or unsaturated. 

Saturated fatty acids have the general formula CnH2n+ 1 COOH. Examples of saturated fatty 

acids include but are not limited to: Propanoic acid, Butanoic acid, Pentanoic acid, Hexanoic 

acid, Heptanoic acid, Octanoic acid, Nonanoic acid, Decanoic acid, Undecanoic acid, 

Dodecanoic acid, Tridecanoic acid, Tetradecanoic acid, Pentadecanoic acid, Hexadecanoic 

20 acid, Heptadecanoic acid, Octadecanoic acid, Nonadecanoic acid, Eicosanoic acid, 

Heneicosanoic acid, Docosanoic acid, Tricosanoic acid, Tetracosanoic acid, Pentacosanoic 

acid, Hexacosanoic acid, Heptacosanoic acid, Octacosanoic acid, Nonacosanoic acid, 

Triacontanoic acid, Henatriacontanoic acid, Dotriacontanoic acid, Tritriacontanoic acid, 

Tetratriacontanoic acid, Pentatriacontanoic acid, Hexatriacontanoic acid. An unsaturated fat 

25 is a fat or fatty acid in which there are one or more double bonds in the fatty acid chain. A fat 

molecule is monounsaturated if it contains one double bond, and polyunsaturated if it 

contains more than one double bond. Examples of unsaturated fatty acids include but are not 

limited to: Myristoleic acid, Palmitoleic acid, Sapienic acid, Oleic acid, Linoleic acid, 

a-Linolenic acid, Arachidonic acid, Eicosapentaenoic acid (EPA), Erucic acid, 

30 Docosahexaenoic acid (DHA), and Docosapentaenoic acid. 

[0095] A "subject" is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat, horse, 

cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or rhesus. 

[0096] Representative "pharmaceutically acceptable salts" include, e.g., water-soluble 

and water-insoluble salts, such as the acetate, amsonate ( 4,4-diaminostilbene-2, 2 -

35 disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfate, bitartrate, borate, bromide, 

butyrate, calcium, calcium edetate, camsylate, carbonate, chloride, citrate, clavulariate, 

dihydrochloride, edetate, edisylate, estolate, esylate, fiunarate, gluceptate, gluconate, 

glutamate, glycollylarsanilate, hexafluorophosphate, hexylresorcinate, hydrabamine, 
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5 hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, 

laurate, magnesium, malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, 

methylsulfate, mucate, napsylate, nitrate, N-methylglucamine ammonium salt, 3-hydroxy-2-

naphthoate, oleate, oxalate, palmitate, pamoate (1, 1-methene-bis-2-hydroxy-3-naphthoate, 

einbonate), pantothenate, phosphate/diphosphate, picrate, polygalacturonate, propionate, 

10 p-toluenesulfonate, salicylate, stearate, subacetate, succinate, sulfate, sulfosalicylate, 

suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate salts. 

15 

[0097] The term "metabolic disorder" as used herein refers to disoders, diseases and 

syndromes involving dyslipidemia, and the terms metabolic disorder, metabolic disease, and 

metabolic syndrome are used interchangeably herein. 

[0098] An "effective amount" when used to describe an amount of a concentrated 

therapeutic phospholipid composition useful for treating or preventing a disease or disorder, 

is an amount that is efficacious with respect to the disease or disorder connected with that 

particular effective amount. 

[0099] The term "carrier", as used in this disclosure, encompasses carriers, excipients, 

20 and diluents and means a material, composition or vehicle, such as a liquid or solid filler, 

diluent, excipient, solvent or encapsulating material, involved in carrying or transporting a 

pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of 

the body. 

[0100] The term "treating", with regard to a subject, refers to improving at least one 

25 symptom of the subject's disorder. Treating can be curing, improving, or at least partially 

ameliorating the disorder. 

[0101] The term "disorder'' is used in this disclosure to mean, and is used interchangeably 

with, the terms disease, condition, or illness, unless otherwise indicated. 

[0102] The term "administer", "administering", or "administration" as used in this 

30 disclosure refers to either directly administering a compound or pharmaceutically acceptable 

salt of the compound or a composition to a subject, or administering a prodrug derivative or 

analog of the compound or pharmaceutically acceptable salt of the compound or composition 

to the subject, which can form an equivalent amount of active compound within the subject's 

body. 

35 
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5 Methods of Making the Concentrated Therapeutic Phospholipid Compositions 

[0103] The concentrated therapeutic phospholipid compositions can be made or produced 

by any method known to one of skill in the art. For example, phospholipid containing oils 

can be isolated from natural sources (see US 2004/0234587, US 2009/0074857, and US 

2008/0274203, the disclosures of which are incorporated by reference in their entireties), 

10 which can then be further processed. Alternatively, following the process outlined in Figure 

la results in bulk raw material krill oil ready for further processing. These phospholipid 

containing oils can be further processed using countercurrent supercritical C02 extraction 

(Lucien, F. P., et al., Australas Biotechnol. 1993, 3, 143-147) to concentrate the compositions 

to produce the concentrated therapeutic phospholipid compositions described herein (see 

15 Figure lb). For example, countercurrent supercritical C02 extraction at 70 C and 30 MPa 

and with a C02/oil ratio of 72 can be used to remove certain biomolecules such as all 

triglycerides from the bulk raw material krill oil as well as some of the free fatty acids 

(Figure lb). As more of the TGs and FF As are removed from the bulk raw material krill oil, 

the concentration of the phospholipids increases. When the TGs have been removed through 

20 this process the phospholipid composition is at about 66% concentration (w/w 

(phospholipids/composition)) and contains less than 5% free fatty acids (w/w). As more of 

the FF As are removed using this process, a concentrated therapeutic phospholipid 

composition results having a phospholipid concentration above 70% up to about 90% (w/w 

(phospholipids/composition)) having about 1% or less TG and about 0% FFA. Other aquatic 

25 and/or marine biomasses may be used as starting materials, such as, for example, squid or 

blue mussels. Additional components can be added before, during, or after processing. 

Alternatively, phospholipids can be synthesized; a typical way to synthesize would be, among 

others, according to the procedure described in US 7,034, 168, the disclosure of which is 

incorporated herein its entirety. 

30 Methods for using the Concentrated Therapeutic Phospholipid Compositions 

35 

[0104] Described herein are methods ofreducing circulating plasma concentrations of 

triglycerides, LDL-cholesterol, total cholesterol and NEF A, the method comprising 

administering to a subject in need thereof an effective amount of a Compsition of the 

Invention. 
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5 [0105] Also provided are methods of increasing plasma concentrations of HDL

cholesterol and hepatic concentrations of triglycerides and total cholesterol, the method 

comprising administering to a subject in need thereof an effective amount of a concentrated 

therapeutic phospholipid composition. 

10 [0106] In another aspect, a method of reducing TG without the risk of increasing LDL is 

described, the method comprising administering to a subject in need thereof, a concentrated 

therapeutic phospholipid composition. 

[0107] Also provided are methods for inhibiting, preventing, or treating a metabolic 

15 disorder, or symptoms of a metabolic disease, in a subject, the method comprising 

administering to a subject in need thereof an effective amount of a concentrated therapeutic 

phospholipid composition. Examples of such disorders include, but are not limited to 

atherosclerosis, dyslipidemia, hypertriglyceridemia, hypertension, heart failure, cardiac 

arrhythmias, low HDL levels, high LDL levels, stable angina, coronary heart disease, acute 

20 myocardial infarction, secondary prevention of myocardial infarction, cardiomyopathy, 

endocarditis, type 2 diabetes, insulin resistance, impaired glucose tolerance, 

hypercholesterolemia, stroke, hyperlipidemia, hyperlipoprotenemia, chronic kidney disease, 

intermittent claudication, hyperphosphatemia, carotid atherosclerosis, peripheral arterial 

disease, diabetic nephropathy, hypercholesterolemia in HIV infection, acute coronary 

25 syndrome (ACS), non-alcoholic fatty liver disease, arterial occlusive diseases, cerebral 

atherosclerosis, arteriosclerosis, cerebrovascular disorders, myocardial ischemia, and diabetic 

autonomic neuropathy. 

[0108] Also provided are methods for inhibiting, preventing, or treating inflammation or 

30 an inflammatory disease in a subject. The inflammation can be associated with an 

inflammatory disease. Inflammatory diseases can arise where there is an inflammation of the 

body tissue. These include local inflammatory responses and systemic inflammation. 

Examples of such diseases include, but are not limited to: organ transplant rejection; 

reoxygenation injury resulting from organ transplantation (see Grupp et al., J. Mol. Cell 

35 Cardiol. 31: 297-303 (1999)) including, but not limited to, transplantation of the following 

organs: heart, lung, liver and kidney; chronic inflammatory diseases of the joints, including 

arthritis, rheumatoid arthritis, osteoarthritis and bone diseases associated with increased bone 

resorption; inflammatory bowel diseases such as ileitis, ulcerative colitis, Barrett's syndrome, 
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5 and Crohn's disease; inflammatory lung diseases such as asthma, adult respiratory distress 

syndrome, and chronic obstructive airway disease; inflammatory diseases of the eye 

including corneal dystrophy, trachoma, onchocerciasis, uveitis, sympathetic ophthalmitis and 

endophthalmitis; chronic inflammatory diseases of the gum, including gingivitis and 

periodontitis; inflammatory diseases of the kidney including uremic complications, 

10 glomerulonephritis and nephrosis; inflammatory diseases of the skin including 

sclerodermatitis, psoriasis and eczema; inflammatory diseases of the central nervous system, 

including chronic demyelinating diseases of the nervous system, multiple sclerosis, AIDS

related neurodegeneration and Alzheimer's disease, infectious meningitis, encephalomyelitis, 

Parkinson's disease, Huntington's disease, amyotrophic lateral sclerosis and viral or 

15 autoimmune encephalitis. Metabolic disease such as type II diabetes mellitus; the prevention 

of type I diabetes; dyslipedemia; diabetic complications, including, but not limited to 

glaucoma, retinopathy, nephropathy, such as microaluminuria and progressive diabetic 

nephropathy, polyneuropathy, atherosclerotic coronary arterial disease, peripheral arterial 

disease, nonketotic hyperglycemichyperosmolar coma, mononeuropathies, autonomic 

20 neuropathy, joint problems, and a skin or mucous membrane complication, such as an 

infection, a shin spot, a candidal infection or necrobiosis lipoidica diabeticorum; immune

complex vasculitis, systemic lupus erythematosus; inflammatory diseases of the heart such as 

cardiomyopathy, ischemic heart disease hypercholesterolemia, and atherosclerosis; as well as 

various other diseases that can have significant inflammatory components, including 

25 preeclampsia; chronic liver failure, brain and spinal cord trauma, and cancer. The 

inflammatory disease can also be a systemic inflammation of the body, exemplified by gram

positive or gram negative shock, hemorrhagic or anaphylactic shock, or shock induced by 

cancer chemotherapy in response to proinflammatory cytokines, e.g., shock associated with 

proinflammatory cytokines. Such shock can be induced, e.g., by a chemotherapeutic agent 

30 that is administered as a treatment for cancer. Other disorders include depression, obesity, 

allergic diseases, acute cardiovascular events, muscle wasting diseases, and cancer cachexia. 

Also inflammation that results from surgery and trauma can be treated with the concentrated 

therapeutic phospholipid compositions. 

35 

- 23 -

RIMFROST EXHIBIT 1111    Page 0112



5 

10 

15 

20 

WO 2011/050474 PCT/CA2010/001720 

[0109] Also provided are methods for inhibiting, preventing, or treating 

hypertriglyceridemia in subject. In some embodiments, the hypertriglyceridemia is moderate 

hypertriglyceridemia. In some embodiments, the subject is diagnosed with moderate 

hypertriglyceridemia. Moderate hypertriglyceridemia is defined as a subject having a TG 

level of> 3.9 mmol/L (>350 mg/dL). 

[0110] Also provided are methods for reducing fasting plasma levels of Low-density 

Lipoprotein Cholesterol (LDL-C) in a subject. In some embodiments of reducing fasting 

plasma levels of Low-density Lipoprotein Cholesterol (LDL-C), the subject is diagnosed with 

moderate hypertriglyceridemia. 

[0111] Also provided are methods for increasing fasting plasma levels of High-density 

Lipoprotein Cholesterol (HDL-C) in a subject. In some embodiments of increasing fasting 

plasma levels of High-density Lipoprotein Cholesterol (HDL-C), the subject is diagnosed 

with moderate hypertriglyceridemia. 

[0112] Also provided are methods for increasing the Omega-3 index (OM3I) in a 

subject. The Omega-3 Index is defined as the percentage ofEPA+DHA in red blood cells 

(RBC) which can be represented by the formula: OM3I = (EPA + DHA) I Total fatty acids in 

RBC. Low levels ofEPA+DHA in erythrocytes are associated with increased risk for sudden 

25 cardiac death and can be viewed as a marker of increased risk (an actual risk factor) for death 

from coronary heart disease (Harris, 2010). In other embodiments, the method provided 

elevates the omega-3 index (OM3I) and reduces oral glucose intolerance (OGTT). In some 

embodiments of increasing omega-3 index, the subject is diagnosed with moderate 

hypertriglyceridemia. 

30 

35 

[0113] Also provided are methods for reducing high sensitivity C-reactive protein (hs-

CRP) in a subject. In some embodiments of reducing high sensitivity C-reactive protein (hs

CRP), the subject is diagnosed with moderate hypertriglyceridemia. 
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[0114] Also provided are methods for inhibiting, preventing, or treating cardiovascular 

disease in a subject. Cardiovascular diseases include atherosclerosis, arteriosclerosis, 

coronary artery disease, heart valve disease, arrhythmia, heart failure, hypertension, 

orthostatic hypotension, shock, endocarditis, diseases of the aorta and its branches, disorders 

of the peripheral vascular system, and congenital heart disease. 

[0115] Also provided are methods for inhibiting, preventing, or treating metabolic 

syndrome in a subject. Metabolic syndrome is a combination of medical disorders that 

increase the risk of developing cardiovascular disease and diabetes. It affects one in five 

people, and prevalence increases with age. Some studies estimate the prevalence in the USA 

15 to be up to 25% of the population. Metabolic syndrome is also known as metabolic 

syndrome X, syndrome X, insulin resistance syndrome, Reaven's syndrome, and CHAOS 

(Australia). 

[0116] Also provided are methods for inhibiting, preventing, or treating a cognitive 

20 disorder, in a subject. The term "cognitive disease or disorder" as used herein should be 

understood to encompass any cognitive disease or disorder. Non-limiting examples of such a 

cognitive disease or disorder are Attention Deficit Disorder (ADD), Attention Deficit 

Hyperactivity Disorder (ADHD), dyslexia, age-associated memory impairment and learning 

disorders, amnesia, mild cognitive impairment, cognitively impaired non-demented, pre-

25 Alzheimer's disease, autism, dystonias and Tourette syndrome, dementia, age related 

cognitive decline, cognitive deterioration, moderate mental impairment, mental deterioration 

as a result of ageing, conditions that influence the intensity of brain waves and/or brain 

glucose utilization, stress, anxiety, concentration and attention impairment, mood 

deterioration, general cognitive and mental well being, neurodegenerative disorders, 

30 hormonal disorders or any combinations thereof. In a specific embodiment, the cognitive 

disorder is memory impairment. 

[0117] The term "improving a condition in a subject suffering from a cognitive disease or 

a cognitive disorder" as used herein should be understood to encompass: ameliorating 

35 undesired symptoms associated with a disease, disorder, or pathological condition; preventing 

manifestation of symptoms before they occur; slowing down progression of a disease or 

disorder; slowing down deterioration of a disease or disorder; slowing down irreversible 

damage caused in a progressive (or chronic) stage of a disease or disorder; delaying onset of a 
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5 (progressive) disease or disorder; reducing severity of a disease or disorder; curing a disease 

or disorder; preventing a disease or disorder from occurring altogether (for example in an 

individual generally prone to the disease) or a combination of any of the above. For example, 

in a subject suffering from memory impairment, for example as a result of Alzheimer's 

Disease, symptoms including deterioration of spatial short-term memory, memory recall 

I 0 and/or memory recognition are improved by use of a lipid concentrated therapeutic 

phospholipid composition. 

[0118] Also provided are methods for inhibiting, preventing, or treating 

neurodegenerative disorder in a subject. Neurodegenerative disorder is defined as a chronic 

15 progressive neuropathy characterized by selective and generally symmetrical loss of neurons 

in motor, sensory, or cognitive systems. Non limiting examples of neurodegenerative 

disorders include but are not limited to Alzheimer's disease, Pick's disease, Lewy body 

dementia Basal ganglia-Huntington's disease, Parkinson's disease, dentatorubropallidoluysian 

atrophy, Freidreich's ataxia, multiple system atrophy, types I, 2, 3, 6, 7 spinocerebellar ataxia 

20 Motor-amyotrophic lateral sclerosis, familial spastic paraparesis, spinal muscular atrophy, 

spinal and bulbar muscular atrophy, Lou Gehrig's disease, pre-dementia syndrome, Lewy 

body dementia, age-related cognitive decline, cognitive deterioration, moderate mental 

impairment, mental deterioration as a result of ageing, dentatorubropallidoluysian atrophy, 

Freidreich's ataxia, multiple system atrophy, types 1, 2, 3, 6, 7 spinocerebellar ataxia, 

25 amyotrophic lateral sclerosis, and familial spastic paraparesis. 

[0119] Also provided are methods for reducing the decline of global cognitive function in 

a subject. In some embodiments, the reduction in decline of global cognitive function can be 

measured by the Neuropsychological Test Battery (NTB). In some embodiments, the subject 

30 is diagnosed with early stage Alzheimer's disease. 

[0120] Also provided are methods for reducing worsening of neuropsychiatric symptoms 

in a subject. In some embodiments, the reduction is measured by the Neuropsychiatric 

Inventory questionnaire (NPI). In some embodiments, the subject is diagnosed with early 

35 stage Alzheimer's disease. 
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[0121] Also provided are methods for maintaining self-care and activities of daily living 

function in a subject suffering from Alzheimer's disease. In some embodiments, the subject 

is diagnosed with early stage Alzheimer's disease. In some embodiments, the maintaining 

self-care and activities of daily living function is measured by the Disability Assessment in 

Dementia caregiver-based interview (DAD). 

[0122] Additional health disorders or conditions which may be treated or improved by the 

concentrated therapeutic phospholipid compositions include, but are not limited to, high 

blood cholesterol levels, high triglycerides levels, high blood fibrinogen levels, low 

HDL/LDL ratio, menopausal or post-menopausal conditions, hormone related disorders, 

15 vision disorders, immune disorders, liver diseases, chronic hepatitis, steatosis, lipid 

peroxidation, dysrhythmia of cell regeneration, destabilization of cell membranes, high blood 

pressure, cancer, hypertension, aging, kidney disease, skin diseases, edema, gastrointestinal 

diseases, peripheral vascular system diseases, allergies, airways diseases, and psychiatric 

diseases. 

20 

Combination Therapies 

[0123] In some embodiments, the subject is administered an effective amount of a 

concentrated therapeutic phospholipid composition. In other embodiments, the treatment 

comprises a combination of a concentrated therapeutic phospholipid composition and 

25 treatment agents such as anti-dyslipidemic agents. Anti-dyslipidemic agents include but are 

not limited to atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin and 

simvastatin. 

[0124] In other embodiments, the treatment comprises a combination of a concentrated 

30 therapeutic phospholipid composition and a cholinesterase inhibitor. Cholinesterase 

inhibitors include but are not limited to metrifonate (irreversible), carbamates, physostigmine, 

neostigmine, pyridostigmine, ambenonium, demarcarium, rivastigmine, phenanthrene 

derivatives, galantamine, piperidines, donepezil, tacrine, edrophonium, huperzine A, 

ladostigill and ungeremine. 

35 
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[0125] In some embodiments, the subject is administered a combination of a concentrated 

therapeutic phospholipid composition and at least one of vitamins, minerals, cox-inhibitors, 

sterols, fibrates, antihypertensives, insulin, cholesterol digestion inhibitors, for example, 

ezetimibe, fatty acids, omega-3 fatty acids, antioxidants, and the methylphenydate class of 

compounds, such as for example ritalin. In other embodiments, a combination of a 

10 concentrated therapeutic phospholipid composition and elements depleted during traditional 

chronic treatments, such as for example during chronic treatment with statins. For example, 

in some embodiments, a concentrated therapeutic phospholipid composition is described 

which contains at least one of cox-2, folic acid, vitamin B6, vitamin B 12, magnesium or zinc. 

In other embodiments, combination therapies comprising a concentrated therapeutic 

15 phospholipid composition and potassium are described. Potassium is usually depleted during 

treatment with diuretics. Combination therapies reduce risk of side effects, increase benefits, 

increase solubility, and/or increase bioavailability. 

20 

Modes of Administration 

[0126] Administration of the concentrated therapeutic phospholipid compositions can be 

accomplished via any mode of administration for therapeutic agents. These modes include 

systemic or local administration such as oral, parenteral, transdermal, subcutaneous, or 

topical administration modes. 

25 Pharmaceutical Formulations 

[0127] Depending on the intended mode of administration, the compositions can be in 

solid, semi-solid or liquid dosage form, such as, for example, injectables, tablets, pills, time

release capsules, elixirs, tinctures, emulsions, syrups, liquids, suspensions, or the like, 

sometimes in unit dosages and consistent with conventional pharmaceutical practices. 

30 Likewise, they can also be administered in intravenous (both bolus and infusion), 

intraperitoneal, subcutaneous or intramuscular form, all using forms well known to those 

skilled in the pharmaceutical arts. 

[0128] Illustrative pharmaceutical compositions are tablets and gelatin capsules 

35 comprising a concentrated therapeutic phospholipid composition neat, or ifrequired, contains 

a pharmaceutically acceptable carrier, such as a) a diluent, e.g., purified water, triglyceride 

oils, such as hydrogenated or partially hydrogenated vegetable oil, or mixtures thereof, com 

oil, olive oil, sunflower oil, safflower oil, lactose, dextrose, sucrose, mannitol, sorbitol, 
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5 cellulose, sodium, saccharin, glucose and/or glycine; b) a lubricant, e.g., silica, talcum, stearic 

acid, its magnesium or calcium salt, sodium oleate, sodium stearate, magnesium stearate, 

sodium benzoate, sodium acetate, sodium chloride and/or polyethylene glycol; for tablets 

also; c) a binder, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, 

methylcellulose, sodium carboxymethylcellulose, magnesium carbonate, natural sugars such 

10 as glucose or beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, 

tragacanth or sodium alginate, waxes and/or polyvinylpyrrolidone, if desired; d) a 

disintegrant, e.g., starches, agar, methyl cellulose, bentonite, xanthan gum, algiic acid or its 

sodium salt, or effervescent mixtures; e) absorbent, colorant, flavorant and sweetener; f) an 

emulsifier or dispersing agent, such as Tween 80, Labrasol, HPMC, DOSS, caproyl 909, 

15 labrafac, labrafil, peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, 

vitamin E TGPS or other acceptable emulsifier; and/or g) an agent that enhances absorption 

of the compound such as cyclodextrin, hydroxypropyl-cyclodextrin, PEG400, PEG200. 

[0129] Liquid, particularly injectable, compositions can, for example, be prepared by 

20 dissolution, dispersion, etc. For example, the concentrated therapeutic phospholipid 

composition is dissolved in or mixed with a pharmaceutically acceptable solvent such as, for 

example, water, saline, aqueous dextrose, glycerol, ethanol, and the like, to thereby form an 

injectable isotonic solution or suspension. Proteins such as albumin, chylomicron particles, 

or serum proteins can be used to solubilize the concentrated therapeutic phospholipid 

25 composition. 

[0130] Other illustrative topical preparations include creams, ointments, lotions, aerosol 

sprays and gels, wherein the concentration of the concentrated therapeutic phospholipid 

composition ranges from about 0.1 % to about 15 %, w/w or w/v. 

30 Dosing 

[0131] The dosage regimen utilizing the concentrated therapeutic phospholipid 

compositions is selected in accordance with a variety of factors including type, species, age, 

weight, sex and medical condition of the subject; the severity of the condition to be treated; 

35 the route of administration; the renal or hepatic function of the subject; and the particular 

concentrated therapeutic phospholipid composition employed. A physician or veterinarian of 

ordinary skill in the art can readily determine and prescribe the effective amount of the drug 

required to prevent, counter or arrest the progress of the condition. 
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5 [0132] Effective dosage amounts of the present invention, when used for the indicated 

effects, range from about 20 mg to about 10000 mg of the concentrated therapeutic 

phospholipid composition per day. Dosages for in vivo or in vitro use can contain about 20, 

50, 75, 100, 150, 250, 500, 750, 1000, 1250, 2500, 3500, 5000, 7500 or 10000 mg of the 

concentrated therapeutic phospholipid composition. Effective blood plasma levels after 

10 administration of the concentrated therapeutic phospholipid composition to a subject can 

range from about 

15 

0.002 mg to about 100 mg per kg of body weight per day. Appropriate dosages of the 

concentrated therapeutic phospholipid composition can be determined as set forth in L.S. 

Goodman, et al., The Pharmacological Basis of Therapeutics, 201-26 (5th ed.1975). 

[0133] The concentrated therapeutic phospholipid compositions can be administered in a 

single daily dose, or the total daily dosage can be administered in divided doses of two, three 

or four times daily. To be administered in the form of a transdermal delivery system, the 

dosage administration can be continuous rather than intermittent throughout the dosage 

20 regimen. In some embodiments, of combination therapy, the concentrated therapeutic 

phospholipid composition and the therapeutic agent can be administered simultaneously. In 

other embodiments, the concentrated therapeutic phospholipid composition and the 

therapeutic agent can be admininstered sequentially. In still other embodiments of 

combination therapy, the concentrated therapeutic phospholipid composition can be 

25 administered daily and the therapeutic agent can be administered less than daily. In still other 

embodiments of combination therapy, the concentrated therapeutic phospholipid composition 

can be administered daily and the therapeutic agent can be administered more than once 

daily. 

30 

EXAMPLES 

[0134] The disclosure is further illustrated by the following examples, which are not to be 

construed as limiting this disclosure in scope or spirit to the specific procedures herein 

described. It is to be understood that the examples are provided to illustrate certain 

embodiments and that no limitation to the scope of the disclosure is intended thereby. It is to 

be further understood that resort may be had to various other embodiments, modifications, 

35 and equivalents thereof which may suggest themselves to those skilled in the art without 

departing from the spirit of the present disclosure and/or scope of the appended claims. 
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5 Concentrated Therapeutic Phospholipid Compositions 

[0135] The following non-limiting examples of therapeutic compositions serve to 

illustrate further embodiments of the concentrated therapeutic phospholipid composition. It 

is to be understood that any embodiments listed in the Examples section are embodiments of 

the concentrated therapeutic phospholipid composition and, as such, are suitable for use in 

10 the methods and compositions described above. 

[0136] The following methods can be used to make the concentrated therapeutic 

phospholipid compositions (Figure IA and lB) 

Step 1: 

15 [0137] Frozen krill is mechanically crushed and incubated with a solvent in a ratio of9:1 

acetone water for 60-90 minutes at 8°C to extract different proportions of the lipids (PL, TG 

and FF A) from the krill biomass. Lipids are subsequently separated from proteins and krill 

material by filtration under pressure (50-60 kpa). The solid phase is discarded. The soluble 

extract is evaporated by a continuous distillation column under vacuum to remove the solvent 

20 (acetone). The major part of the aqueous (water) fraction is separated from the lipid fraction 

by decantation and the remaining water removed by evaporation under vacuum and gentle 

heating. Those fractions are dosed, analyzed, and blended to constitute an intermediary krill 

oil product which is re-analyzed to achieve desired specifications± 5%: EPA (15g/100g), 

DHA (9g/100g), total phospholipids (42g/100g) and astaxanthin's forms (125mg/100g). 

25 Step 2: 

[0138J 100.5g ofreceived krill oil from step 1 was charged to a 300ml extraction vessel 

(ID= 0.68"). The extractor was sealed, pre-heated C02 at 55°C was introduced from the 

bottom, and the pressure in the extractor was maintained at 5,000 psi using a diaphragm C02 

pump. The flow of C02 was continued in the upflow direction through the extractor and was 

30 expanded to atmospheric pressure through a pressure-reduction-valve (PRV) so that the 

dissolved material in the C02 precipitated and collected in the flask. The flow rate and 

volume ofC02 exiting the flask was measured with a flowmeter and dry test meter (DTM). 

A total of 7200g of C02 was passed through the extractor (solvent to feed ratio, S/F = 72) 

and 34.1 % of the charge was removed by the C02. The flow of about 25 Standard Liters/min 

35 ofC02 was maintained during the course of the test and the total time of extraction was 
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5 about l 60min. The extractor was isolated and the C02 was vented to atmosphere. The 

extractor was opened and the un-extracted material (raffinate-product) was removed from the 

vessel. 

Step 3: 

[0139] SC C02 Extraction to produce 90+% OM3:PLs. 9.44g of oil was mixed with 

10 inert packing and charged to the extractor. The procedure carried out similar to that desribed 

in step 2 except more aggressive extraction conditions were used with the pressure and 

temperature in the extractor maintained at 10,000 psi and 70°C. A total S/F ratio of 200 was 

used f; therefore, about 1900g of C02 was flowed through the extractor. A flow rate of C02 

of about I 0 Standard Liters/min was maintained; therefore, the total run time for this test was 

15 105min. A total of 56.3% of the charge was extracted from this oil during the course of the 

run. The extractor was isolated, the C02 vented to atmosphere, the vessel opened, and the 

resulting raffinate-product scraped off the inert packing. This un-extracted material analyzed 

to be 91 % OM3 :PLs. 
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5 Composition 1 

47%0M3:PL 

*Total lipids as F ATG g/lOOg oil 61.3 (100) 
*Omega-3 g/lOOg oil 14.1 (22,5) 

*EPA g/lOOg oil 7.4 (11,6) 
*DHA g/IOOg oil 3.8 (6,1) 
*DPA g/lOOg oil 0.2 (0,3) 

*Omega-6 g/lOOg oil 10.8 (18,3) 

*Linoleic acid g/lOOg oil 10.6 (18,0) 
*Omega-9 g/lOOg oil 6.6 (11,6) 

*OJeic acid g/lOOg oil 6.1 (10,8) 

*Sat. FATG g/lOOg oil 21.4 (36,1) 

*Monounsat. FATG g/lOOg oil 13.9 (23,1) 

*Polyunsat.rG g/lOOg oil 26.0 (40,7) 

*EPA as FATG g/lOOg oil 7.7 

*DHA asFATG g/lOOg oil 3.9 
Water % 0.8 
Color - Red orange 
Odor - Slightly rancid 

Total carotenoids mg/lOOg oil 36.0 
Astaxanthine mg/lOOg oil 65.3 
Astaxanthine % diester 83.1 

% monoester 16.9 
% free 0.0 

Peroxide Index mEo peroxide/kg 1.0 

p-Anisidine Index - 2.0 
Iodine Index gh/lOOg oil 101.1 

Saponification Index mgKOH/goil 214.1 
Indice acide mgKOH/goil 17.2 

Total fat % 

Free fatty acid % as oleic acid 5.2 
Triglycerides % 36.5 

Viscosity cP 1323.0 
ash % 5.0 

Vitamin A UUg Oil 40.4 
Vitamin E UUg Oil 0.1 

Total phospholipids g/lOOg oil 47.2 
Phospholipid profile 1LC -

%LPC 3.7 
%PC 53.6 
%PS 24.7 
%PE 16.4 
%PA 1.7 

Molecular mass PL g/mol 773.8 
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5 Composition 2 

53°/o OM3:PL 

Total lipids as fatty acids (FA) TG g / 100 g oil 69.80 

Total Omega-3 g/ 100 g oil 31.30 

C 20:5 (n=3) EPA g / 100 g oil 13.90 

C 22:6 (n=3) DHA g I 100 g oil 10.10 

C 22:5 (n=3) DP A g / 100 g oil 0.40 

Total Omega-6 g I 100 g oil 1.60 

linoleic acid - LA g I 100 g oil 1.30 

Total Omega-9 g I 100 g oil 6.10 

oleic acid - OA g / 100 g oil 5.70 

Saturated FA g / 100 g oil 21.10 

Monounsaturated FA g I 100 g oil 14.50 

Polyunsaturated FA g I 100 g oil 34.20 

EPA as FA g I 100 g oil 14.40 

DHAasFA g I 100 g oil 10.50 

PHOSPHOLIPID PROFILE 

total g I 100 g oil 52.30 

lysophosphatidyl choline - LPC % 10.80 

sphingomyeline - SM % 0.10 

phsophatidyl choline - PC % 79.70 

phsophatidyl serine - PS % 

phsophatidyl inositol - PI % 

phosphatidyl ethanolamine - PE % 9.40 

PA % 0.00 

CAROTENOIDS 

total mg/ 100 g oil 92.60 

total astaxanthin - AST mg/ 100 goil 161.60 

AST diester 62.00 

AST monoester 35.00 

AST free 3.00 
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5 Composition 3 

66%0M3:PL 

Total lipids as fatty acids (FA) TG g I 100 g oil 74.2 

Total Omega-3 g / 100 g oil 39.8 

C 20:5 (n=3) EPA g / 100 g oil 21.7 

C 22:6 (n=3) DHA g / 100 g oil 14.1 

C 22:5 (n=3) DPA g I 100 g oil 0.5 

Total Omega-6 g /100 g oil 1.7 

linoleic acid - LA g I 100 g oil 1.3 

Total Omega-9 g I 100 g oil 5.8 

oleic acid - OA g / 100 g oil 5.1 

Saturated FA g I 100 g oil 18.0 

Monounsaturated FA g I 100 g oil 13.2 

Polyunsaturated FA g/ 100 g oil 43.l 

EPA as FA g/100 g oil 22.6 

DHA as FA g I 100 g oil 14.6 

PHOSPHOLIPID PROFILE 

total g /100 g oil 66.2 

lysophosphatidyl choline - LPC % 10.7 

phsophatidyl choline - PC % 75.3 

phosphatidyl ethanolamine - PE % 11.8 

other % 2.2 

CAROTENOIDS 

total mg I 100 g oil 273.4 

total astaxanthin - AST mg/ 100 g oil 466.8 

AST diester % 57.4 

AST monoester % 40.7 

AST free % 1.9 
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5 Composition 4 

80%0M3:PL 

Total lipids as fatty acids (FA) TG g /100 g oil 68.35 

Total Omega-3 g / 100 g oil 37.90 

C 20:5 (n=3) EPA g/ 100 g oil 20.40 

C 22:6 (n=3) DHA g /100 g oil 12.95 

C 22:5 (n=3) DP A g I 100 g oil 0.48 

Total Omega-6 g I 100 g oil 1.45 

linoleic acid - LA g I 100 g oil 1.26 

Total Omega-9 g I 100 g oil 4.93 

oleic acid - OA g / 100 g oil 4.35 

Saturated FA g /100 g oil 16.15 

Monounsaturated FA g /100 g oil 11.21 

Polyunsaturated FA g I 100 g oil 40.99 

EPA as FA g I 100 g oil 21.30 

DHAasFA g I 100 g oil 13.50 

PHOSPHOLIPID PROFILE 

total g /100 g oil 80.00 

Ivsophosphatidyl choline - LPC % 9.20 

sphingomyeline - SM % 0.20 

phsophatidyl choline - PC % 80.60 

phsophatidyl serine - PS % 1.10 

phsophatidyl inositol - PI % 0.10 

phosphatidyl ethanolamine - PE % 7.50 

PA % 1.30 

CAROTENOIDS 

total mg/ 100 g oil 180.4 

total astaxanthin - AST mg I 100 g oil 325.5 

AST diester % 68.45 

AST monoester % 29.27 

AST free % 2.28 
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5 Composition 5 

90%0M3:PL 

*Total lipids as F ATG g/lOOg oil 63.9 

*Omega-3 g/lOOg oil 35.1 

*EPA g/lOOg oil 18.9 

*DHA g/lOOg oil 12.2 

*DPA g/lOOg oil 0.5 

*Omega-6 g/lOOg oil 1.3 

*Linoleic acid g/lOOg oil 1.2 

*Omega-9 g/lOOg oil 4.6 

*Oleic acid g!lOOg oil 3.9 

*Sat. FArn g/lOOg oil 15.8 

*Monounsat. F ATa g/lOOg oil 10.2 

*Polyunsat.TG g!lOOg oil 37.9 

*EPA as FArn g/lOOg oil 19.7 

*DHAas FArn g!lOOg oil 12.7 

Acetone Ppm 1.6 

Humidity and volatiles % 1.7 

Water % 1.9 

Color - Red chili 

Odor - shellfish 

Total carotenoids mg/lOOgoil 168.9 

Astaxanthine mg/lOOgoil 309.3 

Astaxanthine % Diester 73.1 

%Monoester 25.3 

% Libre 1.6 

Index p-Anisidine - 3.1 

Index acid mgKOH/goil 33.6 

Index iodine glz/lOOg oil 

Index saponification Illi! KOH/g oil 

Index Peroxide mEq peroxyde/kg 0.1 

Vitamin A UI/g Oil 15.2 

VitaminE UI/g Oil 0.3 

Fatty acid total % 97.6 

Viscosity cP 

Total phospholivids g/100g oil 90.6 

Phospholipid profile TLC -
%LPC 13.5 

%SM 0.4 

%PC 76.3 

%Autres PL 1.2 

%PE 7.9 

%PA 0.8 

Triglycerides % 0.0 
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5 Composition 6 

70% OM3:PL derived from Squid 

*Total lipids as F ATG g!IOOg oil 54,5 
*Omega-3 g/lOOg oil 29,l 

*EPA g/IOOg oil 8,9 
*DHA g/lOOg oil 18,3 
*DPA g/lOOg oil 0,2 

*Omega-6 g/IOOg oil 0,7 
*Linoleic acid g/lOOg oil 0,3 

*Omega-9 g/lOOg oil 4,2 
*Oleic acid g/lOOg oil 2,0 

*Sat. FArn g/lOOg oil 16,9 

*Monounsat. F ATG g/IOOg oil 6,8 

*Polyunsat.TG g/lOOg oil 30,9 

*EPA as FATG g/IOOg oil 9.3 

*DHA as FATG g/IOOg oil 19.1 
Humidity ( calmar) % 

Indice acide mgKOH/goil 55.7 
Vitamin A UI/g Oil 
Vitamin£ UI/g Oil 

Fatty acid total % 2.7 
Total carotenoids mg/lOOg oil 8.3 

Astaxanthine mg/lOOgoil 13.2 
Astaxanthine % diester 42.5 

% monoester 35.6 

% libre 21.9 
Total phospholipids g/lOOg oil 70,8* 
Phospholipid profile TLC -

%LPC 12.4 
%SM 7.8 
%PC 55.8 

% other 2.0 
%PE 22.0 
%PA 6.4 

Triglycerides % 25.0 
Free fatty acid % as oleic acid 3.2 

Index p-Anisidine - 4.3 
Index Peroxide mEq peroxyde/kg 0.6 

**PM Phospholipids (g/mol) 847.14 

Profile of Fatty Acids of the PL 
*Total lipids as FA g/lOOgPL 53,9 

*Omega-3 g/lOOgPL 28,6 
*EPA g/lOOgPL 9,0 
*DHA g/lOOgPL 18,3 
*DPA g/lOOg PL 0,2 

*Omega-6 g/lOOgPL 0,5 
*Linoleic acid g/lOOgPL 0,2 

*Omega-9 g/lOOgPL 3,6 
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70% OM3:PL derived from Squid 
*Oleic acid g/lOOgPL 1,5 

*Sat. FA g/lOOg PL 18,3 
*Monounsat. FA g/lOOg PL 5,4 
*Polyunsat.F A g/lOOgPL 30,2 

5 

Biological Examples 

Example 1 

Managing Dyslipidemia in Three Murine Phenotypes 

[0140] The aim of this study was to examine the effects of Composition 3 in three age-

10 /sex-matched murine phenotypes representative of (1) normal healthy non-obese 

normoglycemic control (C57BL6) versus (2) hyperdislipidemic LDL-receptor gene knockout 

(LDLr -/-)or (3) human apoA-I transgenic mice (Jackson Labs) at 12-w of age: 27.5±0.7 vs 

25.6±0.7 vs 29.2±0.8 gr., respectively; n=7-10/gr. kept according to local and national ethic 

regulations, fed a normal vs a Western-diet regime and water ad libitum. Data are presented 

15 as mean±sem and statistics assessed by t- test (unpaired, two-tail) (v5-GraphPad Prism). 

[0141] The profile of plasma lipids concentrations (mg/dL) in the above-three untreated 

adult male murine models were as reported in the literature: Total cholesterol (TC): 71.1±3.3 

vs 215.3±10.4 vs 50.3±1.3; triglycerides (TGs): 59.5±4.5 vs 65.1±3.8 vs 53.0±12.9; low

density lipoprotein (LDL): 13.3±1.2 vs 101.6±6.7 vs 12.2±1.6; high-density lipoprotein 

20 (HDL): 53.4±3.2 vs 88.8±3.6 vs 24.8±2.6. Six (6) weeks ofQD treatment with Composition 

3 (104 vs 208 vs 417 mg/kg (Human equivalent dosing of 500, 1,000 and 2,000 mg/day) in 

C57BL6 led to significant dose-dependent decrease in plasma TGs (up to 60%), reduced LDL 

(up to 28%), elevated HDL (by 17%) but did not affect TC (see Figures 2-12 and Table 1). 

In severely dyslipidemic LDLr-KO mice, Composition 3 led to significant dose-dependent 

25 decrease in plasma TGs, elevated further HDL, caused a slight elevation in TC (only at mid

dose) and did not affect LDL (see Figures 13-17 and Table 1). In hApoA-1 transgenic mice, 

Composition 3 led to significant decrease in plasma TGs, elevated HDL and did not affect TC 

(see Figure 18 and Table 1). The liver concentrations of TC were the same in all three 

phenotypes but TGs were reduced (19%; p<0.05) in LDLr-KO and elevated (153%; p<0.01) 

30 in hApoA-1, compared to control C57BL6. Treatment with Composition 3 elevated liver TC 
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5 and TGs by up to 12% and 27%, respectively, in C57BL6, by up to 10% and 36% in LDLr

KO and by up to 10% for TC but mixed effects for TGs (-13 to+ 12%) in hApoA-I mice, 

respectively (see Table 2). 

Table 1: Effects mediated by 6-weeks treatment with Composition 3 on plasma lipids. 

Murine Plasma Low dose Mid-dose High-dose 
phenotype Lipids 104mg/kg 208 mg/kg 417 mg/kg 

(HED: 500m2/day) (HED: lOOOm2/day) (HED: 2000m!!f day) 
C57BL6 TC 75.9±2.0 80.6±3.3 78.1±2.7 

up 6.8% (NS) up 13.4% (NS) up 9.8% (NS) 
TGs 32.2±1.6 26.0±2.8 23.8±1.2 

down 46% (p<0.001) down 56% (p<0.001) down 60% (p<0.001) 
LDL 11.1±1.4 11.2±1.0 9.6±0.7 

down 15% (NS) down 16% (p:::;0.05) down 28% (p<0.05) 
HDL 59.4±1.9 63.4±3.5 62.3±2.4 

up 11% (NS) up 19% (NS) up 17% (p<0.05) 
LDLr-KO TC 219.3±7.4 244.4±7.9 238.5 ±6.9 

up 2% (NS) up 14% (p<0.01) up 11% (NS) 
TGs 45.7±2.8 41.7±4.9 36.7±1.6 

down 30% (p<0.001) down 36% (p<0.01) down 44% (p<0.001) 
LDL 99.2±5.7 116.2 ±4.4 97.4±6.5 

down 2%(NS) up 14% (NS) down4% (NS) 
HDL 90.9±2.5 88.4±4.6 111.2±2.5 

up2%(NS) =(NS) up 25% (p<0.001) 
hApoA-1 TC 51.1±1.5 57.2±2.6 50.1±1.4 
trans2enic up2%(NS) up 14% (p<0.05) =(NS) 

TGs 19.3±2.8 43.2±11.7 43.0±8.2 
down 64%(p<0.05) down 18% (NS) down 19% (NS) 

LDL 10.8±1.0 12.8±2.3 13.9±1.0 
down 11 % (NS) =(NS) up 14% (NS) 

HDL 27.9±2.4 28.6±2.6 21.6±12.8 
up 13% (NS) up 15% (NS) down 13% (NS) 

NS; not s1gmficant 

10 Table 2: Plasma lipids at baseline between murine phenotype 

Plasma concentrations C57BL6 LDLr-KO Variation vs hApoA-1 Variation 
(m2/ dL) control control trans2enic vs control 

total cholesterol (TC) 71.1±3.3 215.3±10.4 up 3-fold 50.3±1.3 down29.3% 
p<0.001 NS 

triglycerides (TGs) 59.5±4.5 65.1±3.8 up 9.4% 53.0±12.9 down 10.9% 
NS NS 

low density lipoprotein 13.3±1.2 101.6±6.7 up 7.6-fold 12.2±1.6 down 8.3% 
(LDL-C) p<0.001 NS 
high-density lipoprotein 53.4±3.2 88.8±3.6 up 166% 24.8±2.6 down 54% 
(HDL-C) p<0.001 p<0.001 
Liver concentrations 
(µg I mg) 
total cholesterol (TC) 23.1±0.8 23.6±0.6 =(NS) 25.1±0.5 up9% 

(NS) 
triglycerides (TGs) 53.0±3.1 42.9±2.1 down 19% 81.3±7.4 up 153% 

p<0.05 p<0.001 
NS, not s1gmficant 
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5 [0142] These data indicate that the Composition 3 is an effective modulator oflipid 

metabolism, mainly at reducing plasma TGs and LDL and elevating HDL. These data 

indicate that in some embodiments, concentrated therapeutic phospholipid compositions can 

be effective as a therapy against moderate to severe hypertriglyceridemia. In some 

embodiments, concentrated therapeutic phospholipid compositions in combination with other 

10 anti-dyslipidemic agents can be effective at lowering refractory hypertriglyceridemia. 

15 

Example 2 

Increase of the circulating plasma concentration of high-density Lipoprotein
Cholesterol (HDL-C) and Reduced Total Cholesterol (TC) I HDL ratio in 12-week old 
Male Zucker Diabetic Fatty Rats. 

[0143] The purpose of this study was to examine the effects of the concentrated therapeutic 

phospholipid compositions in the Zucker Diabetic Fatty rat rodent model for type 2 diabetes 

with obesity, hyperlipidaemia and insulin resistance (ZDF; Gmi-fa/fa) vs age-/sex-matched 

normal healthy non-obese normoglycemic lean control SD rat (from Charles River Labs; 12-

20 w, 359±17 vs 439±13 gr.; n=9-12/gr.). Lipid profile (total cholesterol (TC), tryglycerides 

(TGs), High-Density Lipoprotein-Cholesterol (HDL-C) and TC I HDL ratio were assessed 

before, 1and2 month after QD treatment with Composition 3 (52 versus 260 mg/kg (HED of 

500 and 2,500 mg), and kept according to local and national ethic regulations (Formulab high 

fat 5008 (ZDF) vs normal 5001 (SD) diet regime and water ad libitum). Data are presented 

25 as Mean±SD (n=2-l 0) and statistical differences calculated by unpaired two-tailed t test (v5-

GraphPad Prism). At 12-w of age, the circulating plasma concentrations of TC, TGs, HDL 

and TC/HDL ratio were: 4.6±0.9, 11.6±5.9, 2.3±1.1 mmol IL and 2.16±0.62, respectively. 

Lipids' profile in SD rats were significantly lower at 1.9±0.4, 1.2±0.4, 1.3±0.2 mmol IL and 

1.45±0.11, respectively. Daily low and high dose treatment for 60 days did not affect TC and 

30 TGs concentrations but increased by 1.7- to 1.8-fold (p<0.01) "good" HDL-cholesterol and 

decreased the TC I HDL ratio by 26-32% (p<0.01-0.05), respectively. 
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Example 3 

Improved Glucose Intolerance in Zucker Diabetic Fatty Rats after Administration of 
Composition 3 

[0144) The purpose of this study was to investigate the effects of Composition 3 in an 

overtly dislipidemic, obese, type 2 diabetic rat model. Zucker Diabetic Fatty (ZDF; Gmi-

10 fa/fa) rats were used versus age-/sex-matched normal healthy non-obese normoglycemic lean 

control SD rat (from Charles River Labs; 12-w, 359±17 vs. 439±13 gr.; n=9-12/gr.). Glucose 

intolerance was assessed conducting an oral glucose tolerance test (OGTT; overnight fasting 

then single gavage of glucose 2 g/kg rat b.w.) over 180 minutes using glucometer strips 

(Accu-Chek Aviva, Roche Diagnostics), before and 90 days after treatment with Composition 

15 3 given by QD gavage at 52 versus 260 mg/kg (HED of 500 and 2,500 mg), and kept 

according to local and national ethic regulations (Formulab high fat 5008 (ZDF) vs normal 

5001 (SD) diet regime and water ad libitum). Data are presented as Mean±SD and statistical 

differences calculated by unpaired two-tailed t test (v5-GraphPad Prism). 

[0145) At 12-w of age (T 0) fasting circulating plasma concentrations of glucose were 

20 7.8±2.1 vs 5.0 ± 0.6 mmol/L (p<0.001) in untreated ZDF vs SD rats. Non-fasting ZDF and 

SD rats glucose levels were 22.0±4.2 vs 8.6±0.6 mmol IL, respectively. One month later, 

baseline values increased by 1.9-fold (p<0.0001) in fasted ZDF while remaining unchanged 

in fasted SD. Aging did not affect glucose levels in non-fasted rats. Glucose challenge led to 

a maximum 2.5-fold (p<0.0001) and 1.6-fold (p<0.0001) increase in plasma glucose 

25 concentrations in untreated fasted ZDF and SD, at 30 and 60 minutes, respectively, returning 

mostly to initial values after 180 mins. At 16 weeks of age, thirty days (T 30) of treatment did 

not affect either the profile (AUC) or maximum elevation in glucose in SD rats but treatment 

of ZDF shifted to the right the maximum elevation in plasma glucose (from 30 to 60 

minutes), reduced by 61-72% (p<0.02) the peak elevation at 30 minutes and reduced by 50-

30 60% (p<0.0001) the AUC at either doses of Composition 3, thus back to the AUC observed 

in untreated glucose challenged SD rats. At 20 weeks of age, 60 days of treatment, either 

dosing did not further attenuate glucose intolerance. None of the treatment profile affected 

the plasma and urinary concentrations of glucose (hyperglycemia and glucosuria) in non

fasted ZDF or SD. These data indicate that a short term and low dose chronic administration 

3 5 of Composition 3 significantly improves glycemic control in a model of severe 

hyperglycemia. 
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Example 4 

A randomized, placebo-controlled, double-blind, dose-ranging and multi-centered trial 
to evaluate the safety and efficacy of concentrated therapeutic phospholipid 
compositions in the treatment of moderate hypertriglyceridemia. 

10 Subjects with moderate hypertriglyceridemia treated by physician according to the Canadian 

Lipid Treatment Guidelines who are treated over 12 weeks with concentrated phospholipid 

given at doses of 1.0, 2.0 or 4.0g. The primary measure of efficacy will be the percent 

change in fasting blood circulating serum triglycerides (TGs) between baseline (Week 1) and 

12 weeks of treatment. Secondary Outcomes: between baseline and after six weeks and 12 

15 weeks of treatment: 1) absolute change in fasting plasma TGs; 2) percentage(%) of subjects 

achieving target TG fasting plasma levels; 3) absolute change in fasting plasma LDL-C, 

VLDL-C, HDL-C, HDL2-C, HDL3-C, Total Cholesterol, hs-CRP and non-HDL; 4) 

percentage(%) change in fasting plasma concentrations ofLDL-C, VLDL-C, HDL-C, 

HDL2-C, HDL3-C, TC, hs-CRP and non-HDL; 5) calculated Ratios: a) total cholesterol : 

20 HDL-C; b) LDL-C: HDL-C; c) TGs: HDL-C; 6) LDL-C-related parameters: a) particle 

number; b) particle size; c) oxidation; 7) absolute and percent(%) change in fasting plasma 

concentrations ofbiomarkers; a) glycated Hemoglobin (HbAlc), b) apolipoprotein A-I 

(ApoA-I), c) apolipoprotein B-100 (ApoB-100), d) apolipoprotein E (ApoE), e) lipoprotein(a) 

(Lp(a)), t) adiponectin, g) glucose, h) insulin; 8) calculated ApoB : ApoA-I ratio; 9) fasting 

25 plasma lipoprotein-associated phospholipase A2 activity (Lp-PLA2); 10) HOMA-IR 

(homeostasis model assessment of insulin resistance: [glucose (mmol IL) x IRI (microIU IL) 

I 22.5]; 11) plasma concentrations of total EPA and DHA (PK/PD- 25 subjects/group); 12) 

OM3I (Omega-3 index); 13) Subjects Genetic Polymorphism: a) Lecithin:Cholesterol 

Acyltransferase (LCAT), b) cholesteryl ester transfer protein (CETP), c) scavenger receptor 

30 type B-1 (SR-Bl), d) ATP Binding Cassette transporter I (ABCAl). 
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Example 5 

Preclinical non-GLP assessment of efficacy of concentrated therapeutic phospholipid 
compositions alone or in combination with a statin on modulating blood lipids and the 
development of atherosclerotic lesions in ApoE null mice fed a Western-type diet. 

10 Male adult mice (n=135 (15 mice I group) 5-6 weeks of age) weighing about 18-20g each 

homozygous for the ApoetmlUnc mutation are administered HOW either Vehicle (Water or 

0.2%-0.5% Carboxymethylcellulose); composition 3 (1,000 mg/daily HED); composition 3 

(2,000 mg/daily HED); or Lipitor (20 mg/daily HED); or composition 3 (1,000 mg/daily 

HED) + Lipitor (20 mg/daily HED). At 0, 3 months, or 6 months the following assessment 

15 of 

values is made relative to: blood Lipids: TC, TGs, LDL, HDL, non-HDL, VLDL (0, 3 and 6 

months) (2)Aortic Atherosclerosis (0, 3 and 6 months): a. Thoracic and abdominal aorta will 

be isolated, trimmed of fat, laid out and pinned on black matrix for photography, and stained 

with Sudan IV or Oil Red-0. b.Vessel will be imaged for surface involvement using a 

20 computerized image analysis system (Image Pro Plus or NIH Package Software). The data 

will be computed by group and statistically analyzed. c.Lipid extraction: Following staining 

and morphometric analysis, aortas will be extracted (Bligh/Dyer). (3) Red blood cells 

Omega-3 Index (0, 3 and 6 months); (4) Circulating plasma concentration of CRP (0, 3 and 6 

months). 

25 Example 6 

Comparison of Composition 3 with Lovaza® on the Omega 3 Index 

Male sdult (14 weeks) Sprague-Dawley (SD) rats with an avereage body weight of>375-425 

were fed normal rat chow( diet 5075- normal, standard rat chow). Number oftest subjects I 

group: n=56; n=8 rats I gr. Dosing was QD (single daily dosing/morning) for 12 weeks with 

30 either (i) Vehicle (ii) Composition 3 52 mpk 500 mg I day HED; (iii) Composition 3 104 mpk 

1000 mg I day HED; (iv) Composition 3 416 mpk 4000 mg I day HED; (v) Lovaza® 416 

mpk = 4000 mg I day HED. Results are shown in Figure 35. 
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Example 7 

Montherapy study of Concentrated Phospholipids in early stage Alzheimer's Disease 

Subjects will be randomly assigned to receive either concentrated therapeutic phospholipid 

composition 1 g, fish oil (135 mg EPA: 108 mg DHA) 1 g, or placebo (soy oil) 1 g once 

daily. The primary outcome measure will be the change in NTB between baseline and 24 

10 weeks of treatment. The Neuropsychological Test Battery (NTB) will be used to monitor and 

evaluate important cognitive changes. The following 9 components of the NTBare used to 

determine the outcome for the subject: (1) Wechsler Memory Scale, visual immediate (score 

range, 0-18), (2) Wechsler Memory Scale verbal immediate (score range, 0-24), (3) Rey 

Auditory Verbal Learning, Test (RA VLT) immediate (score range, 0-105), (4) Wechsler, 

15 Memory Digit Span (score range, 0-24), (5) Controlled Word Association, Test (COWAT), 

(6) Category Fluency Test (CFT), (7) Wechsler, Memory Scale visual delayed (score range, 

0-6), (8) Wechsler, Memory Scale verbal delayed (score range, 0-8), and (9) RA VLT, 

delayed (score range, 0-30) (Harrison et al. 2007). The RA VLT delayed measure is 

composed of delayed recall and recognition performance components that are summed to 

20 yield a score ranging from 0 to 30, yielding 9 measures of subject performance. Secondary 

outcome measures will include the change in the NPI and DAD at 24 weeks of treatment. 

The NPI evaluates 12 neuropsychiatric disturbances common in dementia: delusions, 

hallucinations, agitation, dysphoria, anxiety, apathy, irritability, euphoria, disinhibition, 

aberrant motor behaviour, night-time behaviour disturbances, and appetite and eating 

25 abnormalities. The DAD is a caregiver-based interview instrument used to evaluate 

instrumental and basic activities of daily living in dementia (hygiene, dressing, undressing, 

continence, eating, meal preparation, telephoning, going on an outing, finance, 

correspondence, medication, leisure and housework). The NPI also assesses the amount of 

caregiver distress engendered by each of the neuropsychiatric disorders. Blood is drawn and 

30 levels of EPA, DHA and phopsholipids is measured. 

EQUIVALENTS 

[0146] Those skilled in the art will recognize, or be able to ascertain, using no more than 

routine experimentation, numerous equivalents to the specific embodiments described 

35 specifically herein. Such equivalents are intended to be encompassed in the scope of the 

following claims. 
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CLAIMS 

1. A concentrated therapeutic phospholipid composition comprising compounds of the 

Formula I: 

HzC--O--R1 

I 
Rz--0--CH 0 

I II 
H C-O--P--0-X 

2 I 
o-

(I) 

wherein for each compound of Formula I in the composition: 

each R 1 is independently selected from hydrogen or any fatty acid; 

each R2 is independently selected from hydrogen or any fatty acid; 

wherein at least one ofR1 and R2 in each compound of Formula I is a fatty 

acid; and 

wherein the total amount of the compounds of Formula I in the composition are at a 

concentration of between 45% (w/w) to about 99% (w/w). 
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2. The composition of claim 1, wherein the compounds of Formula I are in a 

concentration of between about 50% (w/w (phospholipids/total composition)) up to 70% 

(w /w (phospholipids/total composition)). 

3. The composition of claim 2, wherein the compounds of Formula I are in a 

concentration of between about 60% (w/w (phospholipids/total composition)) to up to 70% 

(w/w (phospholipids/total composition)). 

4. The composition of claim 3, wherein the compoundsof Formula I are in a 

concentration of about 66% (w/w (phospholipids/total composition)). 

5. The composition of claim 1, wherein the compounds of Formula I are in a 

concentration of above 70% (w/w (phospholipids/total composition)) to about 99% (w/w 

(phospholipids/total composition)). 

6. The composition of claim 5, wherein the compounds of Formula I are in a 

concentration of between about 80% (w/w (phospholipids/total composition)) to about 95% 

(w/w (phospholipids/total composition)). 

7. The composition of claim 6, wherein the compounds of Formula I are in a 

concentration of about 90% (w/w (phospholipids/total composition)). 

8. The composition of claim 1, wherein both Rl and R2 are each independently an 

omega 3 fatty acid. 

9. The composition of claim 1, wherein Rl is DHA. 

10. The composition of claim 1, wherein R2 is DHA. 

11. The composition of claim 1, wherein Rl is EPA. 

12. The composition of claim 1, wherein R2 is EPA. 

13. The composition of claim 1, wherein R2 is DHA and RI is EPA. 

14. The composition of claim 1, wherein R2 is EPA and RI is EPA. 
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15. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has about the same amount of EPA and DHA. 

16. The concentrated therapeutic phospholipid composition of claim 1, wherein the the 

composition has predominantly DHA at the R2 position of Formula I. 

17. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has more DHA than EPA. 

18. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has greater than 60% DHA of the total fatty acids. 

19. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has greater than 70% DHA of the total fatty acids. 

20. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has greater than 80% DHA of the total fatty acids. 

21. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has greater than 90% DHA of the total fatty acids. 

22. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition has greater than 95% DHA of the total fatty acids. 

23. The concentrated therapeutic phospholipid composition of claim 1, wherein the free 

fatty acid concentration is between about 0% (w/w) and about 20% (w/w). 

24. The concentrated therapeutic phospholipid composition of claim 23, wherein the free 

fatty acid concentration of between about 5% (w/w) and about 17% (w/w). 

25. The concentrated therapeutic phospholipid composition of claim 24, wherein the free 

fatty acid concentration of between about 10% (w/w) and about 15% (w/w). 

26. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

triglyceride concentration is between below about 5%. 
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27. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

triglyceride concentration is about 0%. 

28. The composition of claim 1, further comprising an antioxidant. 

29. The composition of claim 28, wherein the antioxidant is selected from astaxanthin, a 

carotenoid, and a flavonoid. 

30. The composition of claim 29, wherein the antioxidant is a carotenoid. 

31. The composition of claim 30, wherein the caretinoid is pro-vitamin A. 

32. The composition of claim 29, wherein the antioxidant is a flavonoid. 

33. The composition of claim 32, wherein the flavonoid is selected from naringin, 

naringenin, hesperetin/kaempferol, rutin, luteolin, neohesperidin, quecertin. 

34. The composition of claim 32, wherein the flavonoid is 

OH 

OH 

(II) 

OH OH 

35. The composition of claim 1, wherein the antioxidant is astaxanthin. 

36. The composition of claim 35, wherein the concentration of astaxanthin is greater than 

2000 mg/kg (w/w of composition). 
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37. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition comprises: 

compounds of Formula I are at a concentration of about 66% (w/w 

(phospholipids/total composition); 

a free fatty acid (FF A) concentration of less than __ % (w/w FF A/total 

composition); and 

a triglyceride concentration of 0%. 

38. The concentrated therapeutic phospholipid composition of claim 1, wherein the 

composition comprises: 

compounds of Formula I are at a concentration of above 70% (w/w 

(phospholipids/total composition); 

a free fatty acid (FFA) concentration of 0%; and 

a triglyceride concentration of 0%. 

39. The concentrated therapeutic phospholipid composition of claim 38, wherein the 

composunds of Formula I are at a concentration of about 90%. 

40. A method of treating or preventing a cardiometabolic disorder I metabolic syndrome, 

the method comprising administering to a subject in need thereof a composition of claim 1. 

41. The method of claim 40, wherein the cardiometabolic disorder I metabolic syndrome 

is selected from atherosclerosis, dyslipidemia, hypertriglyceridemia, hypertension, heart 

failure, cardiac arrhythmias, low HDL levels, high LDL levels, stable angina, coronary heart 

disease, acute myocardial infarction, secondary prevention of myocardial infarction, 

cardiomyopathy, endocarditis, type 2 diabetes, insulin resistance, impaired glucose tolerance, 

hypercholesterolemia, stroke, hyperlipidemia, hyperlipoprotenernia, chronic kidney disease, 

intermittent claudication, hyperphosphatemia, omega-3 deficiency, phospholipid 

deficiency,carotid atherosclerosis, peripheral arterial disease, diabetic nephropathy, 
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hypercholesterolemia in HIV infection, acute coronary syndrome (ACS), non-alcoholic fatty 

liver disease/non-alcoholic steatohepatitis (NAFLD/NASH), arterial occlusive diseases, 

cerebral atherosclerosis, arteriosclerosis, cerebrovascular disorders, myocardial ischemia, 

coagulopathies leading to thrombus formation in a vessel and diabetic autonomic neuropathy. 

42. A method of treating, preventing, or improving cognition and /or a cognitive disease, 

disorder or impairment (memory, concentration, learning (deficit)), the method comprising 

administering to a subject in need thereof a composition of claim 1. 

43. The method of claim 42, wherein the cognitive disease, disorder or impairment is 

selected from Attention Deficit Disorder (ADD), Attention Deficit Hyperactivity Disorder 

(ADHD), dyslexia, age-associated memory impairment and learning disorders, amnesia, mild 

cognitive impairment, cognitively impaired non-demented, pre-Alzheimer's disease, autism, 

dystonias and Tourette syndrome, dementia, age related cognitive decline, cognitive 

deterioration, moderate mental impairment, mental deterioration as a result of ageing, 

conditions that influence the intensity of brain waves and/or brain glucose utilization, stress, 

anxiety, concentration and attention impairment, mood deterioration, general cognitive and 

mental well being, neurodegenerative disorders, hormonal disorders or any combinations 

thereof. In a specific embodiment, the cognitive disorder is memory impairment. 

44. A method of inhibiting, preventing, or treating a neurodegenerative disorder, the 

method comprising administering to a subject in need thereof a composition of claim 1. 

45. The method of claim 44 wherein the neurodegenerative disorder is selected from 

Alzheimer's disease, Pick's disease, Lewy body dementia Basal ganglia-Huntington's disease, 

Parkinson's disease, dentatorubropallidoluysian atrophy, Freidreich's ataxia, multiple system 

atrophy, types 1, 2, 3, 6, 7 spinocerebellar ataxia Motor-amyotrophic lateral sclerosis, 

familial spastic paraparesis, spinal muscular atrophy, spinal and bulbar muscular atrophy, 

Lou Gehrig's disease, pre-dementia syndrome, Lewy body dementia, age-related cognitive 

decline, cognitive deterioration, moderate mental impairment, mental deterioration as a result 

of ageing, dentatorubropallidoluysian atrophy, Freidreich's ataxia, multiple system atrophy, 

types 1, 2, 3, 6, 7 spinocerebellar ataxia, amyotrophic lateral sclerosis, and familial spastic 

para paresis. 
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Circulating plasma NEFA concentration of C57BL/6 mice 
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Circulating plasma Glucose concentration of C57BL/6 mice 
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Circulating plasma Phospholipid concentration of C57BL/6 mice 
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Circulating plasma ALT concentration of C57BL/6 mice 
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Liver Total Cholesterol concentration of C57BL/6 mice 
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Liver Triglyceride concentration of C57BL/6 mice 
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Circulating plasma Triglyceride concentration of LDLr KO mice 
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Circulating plasma HDL-Cholesterol concentration ofLDLr KO 
mice 
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Circulating plasma percentage of HDL-Cholesterol in LDLr KO 
mice 
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Liver Total Cholesterol concentration of LDLr KO mice 
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Liver Triglyceride concentration of LDLr KO mice 
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Circulating plasma Triglyceride concentration of ApoA-1 CETP 
Tg mice 
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Circulating plasma total cholesterol concentration of adult male SD, 
ZDF, SHR & JCR:LA rats 
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Circulating plasma LDL/HDL concentration of adult male SD, 
ZDF, SHR & JCR:LA rats 

SD Mean 1.7 0.2 0.1 0.2 0.3 0.3 ZDF 
SEM 0.8 0.1 0.1 0.1 0.1 0.1 

~~· .::::~ # #' #"' §' .. 
~"#' ~.... ~..,., ~q"" ~.., .t-,.;r· 

.,<::,"' ... ~"' ~ ... ; 

Doses fof S~ngfo Daily Dusing 

#, 1 value removed 

FIGURE20 

Mean 0.35 
SEM 

0.25 

• i),I) ...._.,._ _____ _...,,......__ 

~~· ~~ <t #' 
""'..... <$'~..... ~...._. ~...,. 

.,,~ ,~"' ,.,,# 
Doses fur Sil'l{Jle Daily Dosing 

RIMFROST EXHIBIT 1111    Page 0162



WO 2011/050474 PCT/CA2010/001720 

23/37 

Circulating plasma HDL/LDL concentration of adult male SD, 
ZDF, SHR & JCR:LA rats 
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Circulating plasma total cholesterol/HDL concentration of adult male SD, 
ZDF, SHR & JCR:LA rats 
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Prothrombin Time of adult male SD, ZDF, SHR & JCR:LA rats 
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OGTT area under the curve data in ZDF male rats treated with 
Composition 3 for 90 days 
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OGTT area under the curve data in ZDF male rats treated with 
Composition 3 for 90 days 
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OGTT area under the curve data in SD male rats treated with 
Composition 3 for 90 days 
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OGTT area under the curve data in SD male rats treated with 
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Effects of Composition 3 on lipid biomarkers in male ZDF rats compared to age
matched controls 
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Effects of Composition 3 on lipid biomarkers in male ZDF rats compared to age
matched controls 
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Effects of Composition 3 on lipid biomarkers in male ZDF rats compared to age
matched controls 
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Effects of Composition 3 on Glucose Intolerance in male ZDF rats 
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Effects of Composition 3 on Glucose Intolerance in male ZDF rats 
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Effects of Composition 3 on Glucose Intolerance in male SD rats 
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Effects of Composition 3 on Glucose Intolerance in male SD rats 
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Comparative Effects of Composition 3 and lovaza® 
on Omega-3 rndex 
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W002 l 02394A2 

W00023546Al 

INTERNATIONAL SEARCH REPORT 
Information on patent family members 

Publication Patent Family 
Date Member(s) 

02 October 2008 (02-10-2008) AU2008231570AI 
CA2682068Al 
EP2144618Al 
US2008274203A 1 

13 February 2003 (13-02-2003) AT363486T 
AU2002322233B2 
CA2493888Al 
DE60220415D 1 
DE60220415T2 
DK1417211T3 
EP141721 IA2 
EPl4172IIBI 
ES2288193T3 
PTl41721 IE 
US2004234587A1 
W0030l I 873A3 
W003011873A8 

27 December 2002 (27-12-2002) AT419858T 
CA2449898A I 
CN1516592A 
DE60230759Dl 
DKl406641T3 
EPt 406641 A2 

27 April 2000 (27-04-2000} 

EP 140664 IB l 
EP1997498A2 
EP1997498A3 
ES2321066T3 
JP2004534800T 
JP2010090140A 
JP2010090141A 
N0200356 l 8DO 
PT1406641E 
US2004241249Al 
US2007098808Al 
W002102394A3 

AT391763T 
AU765464B2 
AU6455299A 
BR9914699A 
BR9914699Bl 
CA2251265Al 
CA2346979Al 
CA2346979C 
CNI324394A 
CN1269940C 
DE69938504Dl 
DE69938504 T2 
DK1123368D 
EPI 123368Al 
EPI 12336881 
ES2306527T3 
HKI038765Al 
JP2002527604T 
JP4181305B2 
JP2008150586A 
N020011915DO 

Form PCT/ISA/2 IO (patent family annex ) (July 2009) 

International application No. 

PCT /CA20101001720 

Publication 
Date 

02 October 2008 (02-10-2008) 
02 October 2008 (02-10-2008} 
20 January 2010 (20-01-2010) 
06 November2008 (06-11-2008) 

15 June 2007 (l 5-06-2007) 
23 October 2008 (23-10-2008) 
13 February 2003 (13-02-2003) 
12 July 2007 (12-07-2007) 
14 February 2008 (14-02-2008) 
08 October 2007 (08-10-2007) 
12 May 2004 (12-05-2004) 
30 May 2007 (30-05-2007) 
01 January 2008 (01-01-2008} 
28 August 2007 (28-08-2007) 
25 November 2004 (25-11-2004) 
01 May 2003 (01-05-2003) 
07 August 2003 (07-08-2003) 

15 January 2009 (15-01-2009) 
27 December 2002 (27-12-2002) 
28 July 2004 (28-07-2004) 
26 February 2009 (26-02-2009) 
04 May 2009 (04-05-2009) 
14 April 2004 (14-04-2004) 
07 January 2009(07-01-2009) 
03 December 2008 (03-12-2008) 
03 June 2009 (03-06-2009) 
02 June 2009 (02-06-2009) 
18 November 2004 ( 18-11-2004) 
22 April 2010 (22-04-2010) 
22 April 2010 (22-04-2010) 
16 December 2003 ( 16-12-2003) 
15 April 2009 (15-04-2009) 
02 December 2004 (02-12-2004) 
03 May 2007 (03-05-2007) 
10 April 2003 (10-04-2003) 

15 April 2008 (15-04-2008) 
18 September 2003 ( 18-09-2003) 
08 May 2000 {08-05-2000) 
IO July2001 (10-07-2001) 
01 December 2009 (01-12-2009) 
21April2000 (21-04-2000) 
27 April 2000 (27-04-2000) 
07 July 2009 (07-07-2009) 
28 November200I (28-I I-2001) 
16 August 2006 (16-08-2006) 
21 May 2008 (21-05-2008) 
I 0 June 2009 ( l 0-06-2009) 
04 August 2008 (04-08-2008) 
16 August 200 I ( 16-08-200 I) 
09 April 2008 (09-04-2008) 
01 November 2008 (01-11-2008) 
12 September2008 (12-09-2008) 
27 August 2002 (27-08-2002) 
12 November 2008 (12-11-2008) 
03 July 2008 (03-07-2008) 
18 April 2001 (18-04-2001) 
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INTERNATIONAL SEARCH REPORT 

W02008060163A 1 22 May 2008 (22-05-2008) 

JP2215351A 28 August 1990 (28-08-1990) 

N020011915A 
N0321481BI 
PL347396AI 
PL201771Bl 
PTI 123368E 
RU223644 l C2 
UA75029C2 
US6800299B l 
ZA200103235A 

AR064250Al 
AU2007320183Al 
CA2669847Al 
CL32832007A1 
CN I 01652462A 
EP2094823Al 
EP2094823A4 
JP2010510208T 
KR20090085682A 
MX2009005227 A 
N020092310A 
PE l 0602008A l 
US2010143571A1 
W02008060163A9 
ZA200904 l 76A 

JP2215351A 
JP2909508B2 

JP2000060432A 29 February 2000 (29-02-2000) None 

Form PCT/ISA/210 (ex.tra sheet) (July 2009) 

International application No. 

PCT/CA2010/001720 

21 June200l (21-06-2001) 
15 May 2006 (15-05-2006) 
08 April 2002 (08-04-2002) 
29 May 2009 (29-05-2009) 
18 July 2008 ( 18-07-2008) 
20 September 2004 (20-09-2004) 
1 7 September 2001 ( 1 7-09-200 I) 
05 October 2004 (05-10-2004) 
20 June 2002 (20-06-2002) 

25 March 2009 (25-03-2009) 
22 May 2008 (22-05-2008) 
22 May 2008 (22-05-2008) 
23 May 2008 (23-05-2008) 
17 February 2010 (17-02-2010) 
02 September 2009 (02-09-2009) 
02 February 2011 (02-02-2011) 
02 April 2010 (02-04-2010) 
07 August 2009 (07-08-2009) 
28 May 2009 (28-05-2009) 
16 June 2009 (16-06-2009) 
08 September 2008 (08-09-2008) 
10 June 2010 (10-06-2010) 

02 April 2009 (02-04-2009) 
25 August 2010 (25-08-2010) 

28 August 1990 (28-08-1990) 
23 June 1999 (23-06-1999) 
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Doc code: IDS PTO/SB/OBa (03-15) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/3112016. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 15180431 

Filing Date 2016-06-13 
INFORMATION DISCLOSURE First Named Inventor I tnge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 11672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number I AKBM-14409/US-12/CON 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 
FOREIGN PATENT DOCUMENTS I Remove I 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 2011/050474 wo 2011-05-05 11.CASTI PHARMA INC. 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS I Remove I 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 
publisher, city and/or country where published. 
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Application Number 15180431 

Filing Date 2016-06-13 

INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

1 l\ction Closing Prosecution, 348 Patent, mailed May 14, 2013 

2 Buchi R-220 Rotovapor® Manual, dated November 16, 2009, pages 1-50 

3 
:;ertified translation of Ex_ 1074: Japanese Patent No_ 60-153779, entitled "Nutritional Supplement" ("Fukuoka"); 
:;ertificate of Translation provided as Ex_ 1075, dated August 16, 2013, 1 page 

:;ertificate of translation of Ex_ 1076: Japanese Patent Publication No_ H08-231391, entitled "Medicine for 
4 mprovement of Dementia Symptoms" ("Yasawa"); Certificate of Translation provided as Ex_ 1077, dated August 16, 

J013, 1 page 

:;ertification of translation of Ex_ 1070: Japanese Unexamined Patent Application Publication No_ 02-215351, tilled 
5 Krill Phospholipids Fractioning Method ("Maruyama,"); Certificate of Translation provided as Ex_ 1071; dated July 9, 

J013, 1 page 

6 
Declaration of Bjorn Ole Haugsgjerd in support of Inter Partes Review of U.S. Pat No_ 8,278,351 ("Haugsgjerd"}, datec 
September 30, 2013, 12 pages 

Database FSTA [Online} International Food Information Service, Frankfurt-Main; SHIBATA N_ "Effect offishing season 
7 Jn lipid content and composition of Antarctic krill (translated)" Database accession no_ FS-1985-04-r-0091, 1983, one 

Jage, abstract only 

8 Third Party Observation against corresponding AU Patent Application No_ 2014256345, filed May 23, 2016, 50 pages 

9 Third Party Observation against corresponding AU Patent Application NO_ 2013227998, filed July 15, 2016, 6 pages 

10 Evidence in Support of Opposition, AU Patent Application No_ 2013227998, filed September 22, 2016, 22 pages 

11 Notice of Acceptance of Application, AU Patent Application No_ 2013227998, mailed October 5, 2016, 2 pages 

EFSWeb2.1.17 RIMFROST EXHIBIT 1111    Page 0184



Application Number 15180431 

Filing Date 2016-06-13 
INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 15180431 

Filing Date 2016-06-13 
INFORMATION DISCLOSURE First Named Inventor I Inge Bruheim 
STATEMENT BY APPLICANT 

Art Unit 1672 
( Not for submission under 37 CFR 1.99) 

Examiner Name I CUTLIFF, YATE KAI RENE 

Attorney Docket Number AKBM-14409/US-12/CON 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /J. Mitchell Jones/ Date (YYYY-MM-DD) 2016-10-12 

Name/Print J. Mitchell Jones Registration Number 144174 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15180431 

Filing Date: 13-Jun-2016 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Filer: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 

Total in USO($) 180 
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Electronic Acknowledgement Receipt 

EFSID: 27186798 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 12-0CT-2016 

Filing Date: 13-JUN-2016 

Time Stamp: 14:29:31 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $180 

RAM confirmation Number 859 

Deposit Account 504302 

Authorized User Jones, J. Mitchell 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

91390 

1 161007 _ROA l .pdf yes 4 
01 ecd dcd8bcd 6cc2 94 598046fda 2d e40f90 

9b0ef 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Claims 2 3 

Applicant Arguments/Remarks Made in an Amendment 4 4 

Warnings: 

Information: 

4665035 

2 Foreign Reference W02011050474.pdf no 95 
Sa 1c3729Sdf398f7a0dcaa8c0bc0f0fd14971 

1Sb 

Warnings: 

Information: 

24322856 

3 
Other Reference-Patent/ App/Search ActionClosingProsecution_348 

no 43 
documents patent_PARTl .pdf 

8699cc6595609b800e3fa2d8a452a99f491 
e73b 

Warnings: 

Information: 

10631681 

4 
Other Reference-Patent/ App/Search ActionClosingProsecution_348 

no 21 
documents patent_PART2.pdf 

6Sd 1 a043Sf40c39e36d2077d4f1 91 c34fafe 
bf51 

Warnings: 

Information: 

1450631 

5 
Other Reference-Patent/ App/Search ActionClosingProsecution_348 

no 21 
documents patent_PART3_uspto.pdf 

d256d0f5c5600d76327393d80f1 a4e8ad2d 
96fa8 
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Warnings: 

Information: 

3201325 

6 Non Patent Literature 
BUCHl_Rotovapor_manual_us~ 

no 50 
to.pdf 

dbfed7bd 1 Sd606281 bd9a572f40Sd9bba2 
837237 

Warnings: 

Information: 

1030925 

Non Patent Literature 
CertifiedTranslation FUKUOKA. 

5 7 - no 
pdf 

914fe24b 1316cdd30520cb6428f06c51313 
06e95 

Warnings: 

Information: 

1284888 

8 Non Patent Literature 
CertifiedTranslation_YASAWA. 

no 9 
pdf 

c786df61 c59 54 5 23a4ad4 97a21 b 7 4ab3222 
bf462 

Warnings: 

Information: 

112585 

9 Non Patent Literature 
Maruyama_02215351_English_ 

no 6 
Translation_uspto.pdf 

29656443c1 75797084f343861 f01 e83fb3ce 
5861 

Warnings: 

Information: 

6747221 

10 Non Patent Literature 
Haugsgjerd_Decl_351 Patent. 

no 12 
pdf 

ae6ac8409c1 53468021532be74f9b4796Sd 
16f2a 

Warnings: 

Information: 

32615 

11 Non Patent Literature FSTA_Sh i bata_abstract.pdf no 1 
e2 9068a81 bef623 3f4d 9abe88f6c92 99 b 776 

4a91 

Warnings: 

Information: 

10659074 

12 
Other Reference-Patent/ App/Search AU_EvidenceinSupport_20132 

no 58 
documents 27998_9-22-2016.pdf 

dOfba 17e2a2f28c3dcba8bb 181 09da46dd4 
0490e 

Warnings: 
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164760 

13 
Other Reference-Patent/ App/Search AUNoticeofAcceptance_20132 

no 2 
documents 27998_ 10-5-2016.pdf 

1 a9ed387828de1 ef616004eeae56bb5baa6 
e8daf 

Warnings: 

Information: 

1160150 

14 
Other Reference-Patent/ App/Search AU_ ThirdPartyObservation_20 

no 6 
documents 13227998_7-l 5-2016.pdf 

39d9cdfbc7a8dcb779b830bd0a9b5340d2c 
4d825 

Warnings: 

Information: 

1036288 

15 
Information Disclosure Statement (IDS) 14409US12CON_IDS_ 10-12-20 

no 5 
Form (SB08) 16_.pdf 

938e6190c630ba 17df29196bd284 7fff9d41 
ecec 

Warnings: 

Information: 

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for 
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if 
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available 
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent 
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems. 

2798563 

16 
Other Reference-Patent/ App/Search 

AU_2014256345.pdf no 50 
documents 

108c577a4adb1d48106dc9f0f662bb2e2c5 
73174 

Warnings: 

Information: 

30585 

17 Fee Worksheet (SB06) fee-info.pdf no 2 
ceee7621629c62daa6f7ba50a9f77904b02 

7b42 

Warnings: 

Information: 

Total Files Size (in bytes) 69420572 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 15/180,431 06/13/2016 D To be Mailed 

ENTITY: ~LARGE D SMALL D MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

D BASIC FEE N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

D SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

D EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 
* (37 CFR 1.16(i)) minus 20 = x $ = 

INDEPENDENT CLAIMS 
* (37 CFR 1.16(h)) minus 3 = x $ = 

If the specification and drawings exceed 100 sheets 

0APPLICATION SIZE FEE 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

10/12/2016 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i\\ * 20 Minus ** 20 = 0 x $80 = 0 
0 

Independent z * 2 Minus ***3 = 0 x $420 = 0 w (37 CFR 1.16(hll 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 
AFTER PREVIOUSLY 

f-- AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = x $ = w 1.16(i)) 

~ Independent * Minus *** = x $ = 0 (37 CFR 1.16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". DORRETTA BROOKS 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Application No. 
15/180,431 

Applicant(s) 
BRUHEIM ET AL. 

Office Action Summary Examiner 
YATE' K. CUTLIFF 

Art Unit 
1672 

AIA (First Inventor to File) 
Status 
No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )~ Responsive to communication(s) filed on 611312016. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ;the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1 - 20 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)~ Claim(s) 1 - 20 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )~The drawing(s) filed on 611312016 is/are: a)~ accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) 0 Notice of References Cited (PT0-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date See Continuation Sheet. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PT0-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20160714 RIMFROST EXHIBIT 1111    Page 0198
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Continuation of Attachment(s) 2). Information Disclosure Statement(s) (PTO/SB/08), Paper No(s)/Mail Date :6/13/2016, 
6/13/2016,6/13/2016, 6/13/2016, 7/13/2016. 
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DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Status of Claims 

2. Claims 1 - 20 are pending. 

Claims 1 - 20 are rejected. 

Claims 13 - 17, 19 and 20 are objected. 

Information Disclosure Statement 

Page 2 

3. The information disclosure statements (I OS) submitted on Jun 13, 2016 and July 

13, 2016 are in compliance with the provisions of 37 CFR 1.97. Accordingly, the 

information disclosure statement is being considered by the examiner. 

4. However, the Information Disclosure Statement of June 13, 2016 comprised of 

13 pages May 30, 2008, did not include date information for non-patent literature 

documents cite no. 32, 40, 43, 44, 45, 46, 48, 49 and 50. It is for this reasons that the 

reverences a have a line drawn through them. Applicant is required to provide this 

information. 37 CFR 1.98 (b)(5). 

Claims 

5. Applicant is advised that should claims 3, 4, 5, 6, 7, 9 and 10 be found allowable, 

claims 13, 14, 15, 16, 17, 19 and 20 will be objected to under 37 CFR 1. 75 as being a 

substantial duplicate thereof. When two claims in an application are duplicates or else 

are so close in content that they both cover the same thing, despite a slight difference in 
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wording, it is proper after allowing one claim to object to the other as being a substantial 

duplicate of the allowed claim. See MPEP § 706.03(k). 

Claim Rejections - 35 USC § 112 

6. The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

7. Claims 1- 11, 13 - 17, 19 and 20 are rejected under 35 U.S.C. 112(b) or 

35 U.S.C. 112 (pre-AIA), second paragraph, as being indefinite for failing to particularly 

point out and distinctly claim the subject matter which the inventor or a joint inventor, or 

for pre-AIA the applicant regards as the invention. 

8. Claims 1 - 11, 13 - 17, 19 and 20 are rendered grammatically indefinite for failing 

to recite -and-after :"24 months" at line 5 of claim 1. 

9. Claims 2 - 11, 13 - 17, 19 and 20 are rejected for being dependent upon a 

rejected base claim. 

Double Patenting 

10. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the conflicting claims are not identical, but at 

least one examined application claim is not patentably distinct from the reference 
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claim(s) because the examined application claim is either anticipated by, or would have 

been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 

USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. 

Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761(CCPA1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644(CCPA1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on nonstatutory 

double patenting provided the reference application or patent either is shown to be 

commonly owned with the examined application, or claims an invention made as a 

result of activities undertaken within the scope of a joint research agreement. See 

MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) -

706.02(1)(3) for applications not subject to examination under the first inventor to file 

provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR 

1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/patent/patents-forms. The filing date of the application 

in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, 

PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may 

be filled out completely online using web-screens. An eTerminal Disclaimer that meets 

all requirements is auto-processed and approved immediately upon submission. For 
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more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Page 5 

11. Claims 1, 3 - 11, 13 - 17 and 20 are rejected on the ground of nonstatutory 

double patenting as being unpatentable over claims 1- 4 of U.S. Patent No. 9,034,388 

('388). Although the claims at issue are not identical, they are not patentably distinct 

from each other because the only difference between the instant claims and copending 

claims is a matter of scope of the claimed subject matter. 

Claims of the instant invention are drawn to a method of producing krill oil from 

krill. The krill is Euphausia superba of the Antarctic. The krill oil comprises ether 

phospholipids, astaxanthin esters and phosphatidylcholine. Encapsulating is also 

claimed. The steps of the instantly claimed invention include denaturing, by heating, 

whereas the step of claim 1 of '388 include cooking and dying krill. Both methods recite 

extraction that includes the use of a polar solvent. Claim 1 of the instantly claimed 

invention broadly recites extraction and as such may include supercritical fluid 

extraction. The krill oil produced by the method of '388 can be encapsulated. 

The claims of the instant invention differ in terms of scope from patent '388. 

It would have been obvious to one of ordinary skill in the art at the time the 

claimed invention was made to produce krill oil from krill as claimed herein 

comprising obtaining a krill oil, and include denaturing, and use of supercritical fluid 

extraction to provide krill oil and then to encapsulate for oral consumption. One of skill 

based on a reading of the claims of '388 would have been motivated to provide for the 

instant claimed method for production of krill oil because each of the steps as instantly 
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claimed are taught by the copending subject matter. Obtaining step can clearly 

include denaturing and treating as the steps are required by the claims of '388. 

Page 6 

Clearly encapsulating krill oil suggests formulating krill oil for oral consumption. To 

obtain krill oil by denaturing the krill to provide a denatured krill product is clearly 

suggested by the claims of '388. The instant claims are, therefore, considered to be 

prima facie obvious over the claimed subject matter of '388. 

12. Claims 1 - 20 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1 - 3, 6 - 9, 33 - 38, and 40 - 42 of U.S. Patent No. 

9,375,453 ('453). Although the claims at issue are not identical, they are not patentably 

distinct from each other because the only difference between the instant claims and 

copending claims is a matter of scope of the claimed subject matter. 

Claims of the instant invention are drawn to a method of producing krill oil from 

denatured krill. The krill is Euphausia superba of the Antarctic. The krill oil comprises 

ether phospholipids, astaxanthin esters and phosphatidylcholine. Encapsulating is also 

claimed. The steps of the instantly claimed invention include denaturing of the krill and 

extraction with a polar solvent. Also, these steps can be conducted on a ship. 

The claims of '453 are drawn to a method of production of krill oil from krill 

comprising obtaining denatured krill oil and extracting the oil using polar solvent. The 

krill is Euphausia superba. The krill oil comprises astaxanthin esters, ether 

phospholipids and phosphatidylcholine. The krill oil can be encapsulated and the 

method of treating, denaturing, the krill can be conducted on a ship. 
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It would have been obvious to one of ordinary skill in the art at the time the 

claimed invention was made to produce krill oil from krill as claimed herein 

Page 7 

comprising obtaining a krill oil, and include denaturing, and use of a polar solvent during 

extraction to provide krill oil and then to encapsulate for oral consumption. One of skill 

based on a reading of the claims of '453 would have been motivated to provide for the 

instant claimed method for production of krill oil because each of the steps as instantly 

claimed are taught by the '453 subject matter. Obtaining step can clearly 

include denaturing and treating as the steps are required by the claims of '453. 

Clearly encapsulating krill oil suggests formulating krill oil for oral consumption. To 

obtain krill oil by denaturing the krill to provide a denatured krill product is clearly 

suggested by the claims of "453. The instant claims are, therefore, considered to be 

prima facie obvious over the claimed subject matter of '453. 

13. Claims 1- 20 rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1, 2, 3, 6 - 12 and 15 - 19 of U.S. Patent No. 9,028,877 

('877). Although the claims at issue are not identical, they are not patentably distinct 

from each other because the only difference between the instant claims and the claims 

of '877 is a matter of scope of the claimed subject matter. 

Claims of the instant invention are drawn to a method of producing krill oil from 

denatured krill. The krill is Euphausia superba of the Antarctic. The krill oil comprises 

ether phospholipids, astaxanthin esters and phosphatidylcholine. Encapsulating is also 

claimed. The steps of the instantly claimed invention include denaturing of the krill and 

extraction with a polar solvent. Also, these steps can be conducted on a ship. 
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The claims of '877 teach methods of producing of krill oil which include the steps 

of extraction with a polar solvent and denaturing the krill; and conducing the method on 

a ship. Also, the method of '877 encapsulates the krill oil. 

The difference between the claimed inventions and '877 is that the instantly 

claimed invention does not teach the invention with particularity so as to amount to 

anticipation (See M.P.E.P. § 2131: "[t]he identical invention must be shown in as 

complete detail as is contained in the ... claim." Richardson v. Suzuki Motor Co., 868 

F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). The elements must be 

arranged as required by the claim, but this is not an ipsissimis verbis test, i.e., identity of 

terminology is not required. In re Bond, 910 F.2d 831, 15 USPQ2d 1566 (Fed. Cir. 

1990)). However, based on the above, the instantly claimed invention is consider to be 

prima facia obvious over '877. 

14. Claims 1, 3 - 8, 10, 11, 12 - 18 and 20 are rejected on the ground of 

nonstatutory double patenting as being unpatentable over claims 15 - 19 of U.S. Patent 

No. 9, 119,864 ('864 ). Although the claims at issue are not identical, they are not 

patentably distinct from each other because the only difference between the instant 

claims and copending claims is a matter of scope of the claimed subject matter. 

Claims of the instant invention are drawn to a method of producing krill oil from 

denatured krill. The krill is Euphausia superba of the Antarctic. The krill oil comprises 

ether phospholipids, astaxanthin esters and phosphatidylcholine. Encapsulating is also 

claimed. The steps of the instantly claimed invention include denaturing of the krill and 

extraction with a polar solvent. 
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The claims of '864 teach a method of producing polar krill oil from Euphausia 

superba krill. The method includes denaturing the Euphausia superba krill, extracting 

with supercritical fluid and encapsulating the polar krill oil. 

It would have been obvious to one of ordinary skill in the art at the time the 

claimed invention was made to produce krill oil from krill as claimed herein 

comprising obtaining a krill oil, and include denaturing, and use of a supercritical fluid 

during extraction to provide krill oil and then to encapsulate for oral consumption. One of 

skill based on a reading of the claims of '864 would have been motivated to provide for 

the instant claimed method for production of krill oil because each of the steps as 

instantly claimed are taught by the '8643 subject matter. Obtaining step can clearly 

include denaturing and treating as the steps are required by the claims of '864. 

Clearly encapsulating krill oil suggests formulating krill oil for oral consumption. To 

obtain krill oil by denaturing the krill to provide a denatured krill product is clearly 

suggested by the claims of '864. The instant claims are, therefore, considered to be 

prima facie obvious over the claimed subject matter of '864. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to YATE' K. CUTLIFF whose telephone number is 

(571 )272-9067. The examiner can normally be reached on M-F 8:30 a.m. - 5:30 p.m .. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Fereydoun Sajjadi can be reached on (571) 272-3311. The fax phone 

RIMFROST EXHIBIT 1111    Page 0207



Application/Control Number: 15/180,431 

Art Unit: 1672 

Page 1 O 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/YATE' K. CUTLIFF/ 
Primary Examiner, Art Unit 1672 
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Concentration of Omega-3 Polyunsaturated Fatty Acids in Krill OH 

Field of the Invention 

The present invention relates to krill oil, and in particular to krill oil with elevated 

5 levels of omega-3 fatty acids and decreased levels of saturated fatty acids. 

Background of the Invention 

Fish oils that are abundant in omega-3 polyunsaturated fatty acids (PUFA) have 

traditionally been used as the raw material for preparation of omega-3 PUFA concentrate. 

10 Since fish oils are complex mixtures of triglycerides containing fatty acids with varying chain 

lengths and degrees of unsaturation, separation of individual fatty acids is difficult for 

production of concentrated omega-3 components. Therefore, commercial production of 

marine oil concentrates with enhanced percentages of EPA and DHA has been a major 

challenge for food scientists and biotechnologists engaged in research in this area. 

15 Methods for concentration of omega-3 PUFA are numerous, but only few are 

suitable for large-scale production. Distillation has been used for partial separation of 

mixtures of fatty acid esters. This method takes advantage of differences in the boiling point 

and molecular weight of fatty acids under reduced pressure. This technique requires high 

temperatures of approximately 250 C. Berger, R. and McPherson, W. (1979) 'Fractional 

20 Distillation' in J. Am. Oil Chem. Soc. 56, 743A-746A. Short-path distillation or molecular 

distillation uses lower temperatures and short heating intervals. However, fractionation of 

fish oil esters is difficult since separation of these components becomes less effective with 

increasing molecular weight. Weitkamp, A.W. (1955) 'Distillation' in J. Am. Oil Chem. Soc. 

32, 640-646; Brevik, H. (1992) 'N-3 Concentrates: A Scandinavian View-point' in AOCS Short 

25 Courses, Modern Application of Marine Oils, 7-8 May, Toronto, ON, Canada. 

The most widely used distillation procedure is fractional distillation of methyl esters 

under reduced pressure (0.1-1.0 mmHg}. Even under these conditions, moderately high 

temperatures are required; the more highly unsaturated acids, especially omega-3 PUFA are 

more prone to oxidation, polymerization and isomerization of double bonds. Distillation at 

30 still lower pressures has been used in the isolation of some highly unsaturated acids, and is 

particularly valuable in polymerization studies to separate monomeric, dimeric and 
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polymeric materials and in the separation of monoacylglycerols from di- and triacylglycerol 

mixtures. 

Another method for making fish oil concentrates is via enzymatic processing, such a 

lipase catalyzed hydrolysis. The presence of cis carbon-carbon double-bonds in the fatty 

5 acids results in bending of the chains. Therefore, the terminal methyl group of the fatty acid 

lies close to the ester bond which may cause a steric hinderance effect on lipases. The high 

bending effect of EPA and DHA due to the presence of the Sand 6 double-bonds, 

respectively, enhances the steric hinderance effect; therefore, lipases cannot reach the 

ester-linkage between these fatty acids and glycerol. However, saturated and 

10 monounsaturated fatty acids do not present any barriers to lipases and they could be easily 

hydrolyzed. Therefore, fatty acid selectivity of a lipase for EPA and DHA allows separation 

and concentration of these fatty acids from others in the remaining portion of marine oils. In 

addition, lipases have been frequently used to discriminate between EPA and DHA in 

concentrates containing both of these fatty acids. See, e.g., Bottino, N.R., Vandenberg, G.A. 

15 and Reiser, R. (1967} 'Resistance of Certain Long-chain Polyunsaturated Fatty Acids of 

Marine Oils to Pancreatic Lipase Hydrolysis' in Lipids 2, 489-493. In most commercial 

processes, the hydrolysis is performed on esters produced from fish oils. The end product is 

accordingly an ester concentrate. 

Other methods used in the art for processing fish oils include low temperature 

20 crystallization and treatment with solvents (see, e.g., Brown, L.B. and Kolb, D.X. (1955) 

'Application of Low Temperature Crystallization in the Separation of the Fatty Acids and 

their Compounds' in Prag. Chem. Fats Lipids 3, 57-94; W091/13957) and supercritical fluid 

extraction (see, e.g, Mishra, V.K., Temelli, F. and Ooraikul, B. (1993) 'Extraction and 

Purification of Omega 3-Fatty Acids with an Emphasis on Supercritical Fluid Extraction, a 

25 Review' in Food Res. Inter. 26, 217-226). 

The concentrated esters produced by these processes can be encapsulated and sold, 

or the esters can be used to make triglycerides. The TAG form of PUFA is considered to be 

nutritionally more favorable than methyl or ethyl esters of fatty acids because experimental 

results have shown impaired intestinal absorption of methyl or ethyl esters of omega-3 

30 PUFA in laboratory animals. Hamazaki, T., Hirai, A., Terano, T., Sajiki, J., Kondo, 5., Fujita, T., 

Tamura, Y. and Kumagai, A. (1982) 'E ect of Orally Administrated Ethyl Ester of 

Eicosapentaenoic Acid on PGl-like Substance Production by Rat Aorta' in Prostaglandins 23, 
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557-567; El-Boustani, S., Colette, C, Monnier, l., Descamps, 8., Paulet, C.A. and Mendey, F. 

(1987) 'Eternal Absorption in Man of Eicosapentaenoic Acid in Different Chemical Forms' in 

Lipids 22, 711-714; Lawson, LD. and Hughes, B.G. (1988) 'Human Absorption of Fish dil 

Fatty Acids as Triacylglycerols, Free Fatty Acids or Ethyl Esters' in Biochem. Biophys. Res. 

s Comm. 152, 328±335. Yang et al. have shown that methyl and ethyl esters are hydrolysed 

slower than their corresponding TAG. Yang, L.Y., Kuksis, A. and Myher, J.J. (1989) 'Lumenal 

Hydrolysis of Menhaden and Rapeseed Oils and their Fatty Acid Methyl and Ethyl Esters in 

the Rats' in Biochem. Cell Biol. 67, 192-204. From a marketing point of view, triacylglycerols 

of PUFA are often promoted as being more 'natural' than other fatty 

10 acid derivatives. For these reasons, the esters produced by the processes described above 

are converted into fatty acids and then incorporated into glycerol by direct esterification or 

incorporated into glycerides by transesterification. See, e.g., Osada, K., Nakamura, M., 

Nonaka, M. and Hatano, M. (1992)'Esterification of Glycerol with EPA and DHA by 

Chromobacterium viscosum and Candida cylindracea Upases' in J. Jpn. Oil Chem. Soc. 41, 39-

15 43; He, Y. and Shahidi, F. {1997) 'Enzymatic Esterification of Omega-3-fatty Acid 

Concentrates from Seal Blubber Oil with Glycerol' in J. Am. Oil Chem. Soc. 74, 1133-1136; 

Akoh, C.C., Jennings, B.H. and Lillard, D.A. {1996) 'Enzymatic 

Modification of Evening Primrose Oil: Incorporation of n-3 Polyunsaturated Fatty Acids' in J. 

Am. Oil Chem. Soc. 73, 1059- 1062; Akoh, C.C., Jennings, B.H. and Lillard, D.A. {1995) 

20 'Enzymatic 

Modification of Triolein: Incorporation of n-3 Polyunsaturated Fatty Acids' in J. Am. Oil 

Chem. Soc. 72, 1317-1321; Sridar, R. and Laksminarayana, G. (1992) 'Incorporation of 

Eicosapentaenoic and Docosahexaenoic Acids into Ground Nut Oil by Lipase-catalyzed Ester 

Exchange' in J. Am. Oil Chem. Soc. 69, 1041-1042. Basheer, S., Magi, K. and Nakajuma, M. 

25 (1995) 'lnteresterification Kinetics of Triacylglycerides and Fatty Acids with Modified Lipase 

inn-hexane' in J. Am. Oil Chem. Soc. 72, 511-518. 

Krill oil differs from fish oil in that krill oil comprises high amounts of phospholipids. 

See e.g., WO 2008/117062; US PUBL. NO. 20080274203. One of the main advantages of krill 

oil as compared to fish oil is increased bioavailability of omega-3 PUFA in the form of a 

30 phospholipid. However, the enzymatic processes described above are not amenable.for use 

with phospholipids. In particular, conversion of esterified or non-esterified omega-3 PUFA 
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back to the phospholipid form is not trivial. Thus, the methods that have been developed 

for production of fish oil concentrates are not easily transferred to krill oil processing. 

Oils with increased amounts of EPA and DHA are desirable because a lower dose is 

needed to provide the same amount of DHA and EPA. Krill oil concentrates containing 

5 increased amounts of omega-3 PUFA in the phospholipid form as compared to other fatty 

acids in the krill oil compositions have not been developed due to the problems described 

above. This has been a disadvantage in the market because the fish oil concentrates contain 

higher amounts of omega-3 PUFA, in particular EPA and DHA, than commercial available krill 

oil. 

10 Accordingly, what is needed in the art are krill oil concentrates comprising higher 

amounts of omega-3 PUFA as compared to commercially available krill oils. 

Summary of the Invention 

The present invention relates to krill oil, and in particular to krill oil with elevated 

15 levels of omega-3 fatty acids and decreased levels of saturated fatty acids. 

In some embodiments, the present invention provides a krill oil, such as a krill oil 

concentrate, comprising greater than about 22% EPA (w/w total fatty acids), greater than 

about 10% DHA {w/w total fatty acids), from 4% to 8% myristic acid (w/w total fatty acids), 

from 3% to 9% c9 oleic acid {w/w total fatty acids}, and 20 to 4000 ppm astaxanthin. In 

20 some embodiments, the krill oil further comprises about 22% to 30% EPA. In some 

embodiments, the krill oil further comprises about 10% to 15% DHA. In some embodiments, 

the krill oil is extracted from Euphausia superba. In some embodiments, the ratio of DHA 

and EPA: omega 6 (w/w total fatty acids) is from about 10:1to14:1. In some embodiments, 

the ratio of DHA and EPA: c9 oleic acid (w/w total fatty acids) is from about 4:1to8:1. In 

25 some embodiments, the ratio of DHA and EPA: myristic acid (w/w total fatty adds) is from 

about 4:1 to 8:1. In some embodiments, the ratio of DHA and EPA: myristic acid and c9 oleic 

acid (w/w total fatty acids) is from about 2:1 to 4:1. In some embodiments, the ratio omega 

3: omega 6 (w/w total fatty acids) is from about 11:1 to 15:1. In some embodiments, the 

ratio of omega 3: c9 oleic acid (w/wtotal fatty acids) is from about 5:1to9:1. In some 

30 embodiments, the ratio of omega 3: myristic acid (w/w total fatty acids} is from about 5:1 to 

9:1. In some embodiments, the ratio of omega 3: myristic acid and c9 oleic acid (w/w total 

fatty acids} is from about 2.5:1to4.5:1. 
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In some embodiments, the present invention provides a capsule containing a krill oil 

as described above. In some embodiments, the present invention provides a food product 

containing a krifl oil as described above. In some embodiments, the present invention 

provides a dietary supplement containing a krill oil as described above. In some 

s embodiments, the present invention provides a oil in water emulsion containing a krill oil as 

described above. 

10 

In some embodiments, the krill oils are used for oil administration to a subject. In 

some embodiments, the krill oil are used for treatment of a condition for which omega-3 is 

effective. 

Definitions 

As used herein, "krill oil" refers to an oil extracted from Euphausia sp., for example, 

Euphausia superba. 

As used herein, "phospholipid" refers to an organic compound having the following 

15 general structure: 

20 

0 

II 
O--C--R1 

0 

II 
--O--C--R2 

0 

II 3 
0-I_-O-R 

wherein Rl is a fatty acid residue, R2 is a fatty acid residue or -OH, and R3 is a -H or 

nitrogen containing compound choline {HOCH 2CH2 N+(CH3)30W), ethano!amine 

{HOCH2CH 2NH2t inositol or serine. Rl and R2 cannot simultaneously be OH. When R3 is an 

-OH, the compound is a diacylglycerophosphate, while when R3 is a nitrogen-containing 

compound, the compound is a phosphatide such as lecithin, cephalin, phosphatidyl serine or 

plasmalogen. 
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As used herein, the term omega-3 fatty acid refers to polyunsaturated fatty acids 

that have the final double bond in the hydrocarbon chain between the third and fourth 

carbon atoms from the methyl end of the molecule. Non-limiting examples of omega-3 

fatty acids include, 5,8,11,14,17-eicosapentaenoic acid (EPA), 4,7,10,13,16,19-

5 docosahexanoic acid (DHA} and 7,10,13,16,19-docosapentanoic acid (DPA). 

10 

As used herein, the term omega-6 fatty acid refers to polyunsaturated fatty acids 

that have the final double bond in the hydrocarbon chain between the sixth and seventh 

carbon atoms from the methyl end of the molecule. 

As ued herein, astaxanthin refers to the following chemical structure: 

0 

OH 

HO 

0 

As used herein, astaxanthin esters refer to the fatty acids esterified to OH group in 

the astaxanthin molecule. 

As used herein, the term w/w (weight/weight) refers to the amount of a given 

15 substance in a composition on weight basis and can be expressed as a percentage. For 

example, a composition comprising 50% w/w phospholipids means that the mass of the 

phospholipids is 50% of the total mass of the composition (i.e., 50 grams of phospholipids in 

100 grams of the composition, such as an oil). The w/w may also be used to refer to the 

amount, on a weight basis, of one member of a class of molecules in a composition as 

20 compared to all members of the class of molecules. For example, the amount of a particular 

fatty acid (or class of fatty acids such as omega 3 fatty acids) may be expressed as a 

percentage of all other fatty acids in the composition on a weight/weight basis, i.e., the 

weight of the specific fatty acids as a percentage of the total weight of fatty acids in the 

composition. 

25 
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Description of the Invention 

The present invention relates to krill oil, and in particular to krill oil with elevated 

levels of omega-3 fatty acids and decreased levels of saturated fatty acids. While it was 

5 previously known that krill oil contains both phospholipid and triglyceride fractions, the 

inventors have discovered that krill oil is a multiphase dispersion of these fractions. This 

property of krill oil has not been previously described. The present inventors have taken 

advantage of th is novel observation to develop processes for separation of the phases based 

on solubility of phospholipids in a polar solvent. By these processes, it is possible to 

10 separate, at least partially, the triglyceride and phospholipid phases. Unexpectedly, analysis 

of the phospholipid phase has revealed that the phospholipid phase has a higher content of 

omega-3 PUFA as compared to the triglyceride phase or to commercially available krill oil. 

The novel krill oil compositions and processes are described below. 

15 1. Krill oil compositions 

In some embodiments, the present invention provides novel krill oil compositions. 

The novel krill oil compositions are preferably defined by the amount or ratio of total 

omega-3 PUFA, the amount of EPA and .DHA alone or combined, the amount of c9 oleic acid, 

and/or the amount of myristic acid as compared to previously described krill oils. In some 

20 embodiments, the krill oil is produced in whole or in part from Euphausia superba. 

In some embodiments, the krill oil comprises greater than about 40% total omega-3 

PUFA w/w total fatty acids. By this it is meant that the total amount of omega-3 fatty acids 

in the krill oil is greater than about 40% of the total fatty acid content of the krill oil on a 

weight basis. In some of the embodiments described herein, the amounts of particular fatty 

25 acids in the krill oil are preferably determined by gas chromatography of a fatty acid methyl 

esters prepared from the krill oil. In some embodiments, the krill oil comprises greater than 

a bout 41 %, 42% or 43% total omega-3 PU FA w/w total fatty acids. In some embodiments, 

the krill oil comprises greater than about 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42% or 43% 

total omega-3 PUFA w/w total fatty acids up to about 45% total omega-3 PUFA w/w total 

30 fatty acids. In some embodiments, the krill oil comprises greater than about 35%, 36%, 

37%, 38%, 39%, 40%, 41%, 42% or 43% total omega-3 PUFA w/w total fatty acids up to 

about 46% total omega-3 PUFA w/w total fatty acids. In some embodiments, the krill oil 
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comprises greater than about 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42% or 43% total 

omega-3 PUFA w/w total fatty acids up to about 47% total omega-3 PUFA w/w total fatty 

acids. In some embodiments, the krill oil comprises greater than about 35%, 36%, 37%, 

38%, 39%, 40%, 41%, 42% or 43% total omega-3 PU FA w/w total fatty acids up to about 48% 

5 total omega-3 PUFA w/w total fatty acids. In some embodiments, the krill oil comprises 

greater than about 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42% or 43% total omega-3 PUFA 

w/w total fatty acids up to about 49% total omega-3 PUFA w/w total fatty adds. In some 

embodiments, the krill oil comprises greater than about 35%, 36%, 37%, 38%, 39%, 40%, 

41%, 42% or 43% total omega-3 PUFA w/w total fatty acids up to about 50% total omega-3 

10 PUFA w/w total fatty acids. In some embodiments, the krill oil comprises greater than about 

35%, 36%, 37%, 38%, 39%, 40%, 41%, 42% or 43% total omega-3 PUFA w/w total fatty acids 

up to about 55% total omega-3 PUFA w/w total fatty acids. In some embodiments, the rill 

oil comprises astaxanthin. In some embodiments, the krill comprises from about 10, 20, 30, 

40, 50, 60, 70, 80 or 100 ppm astaxanthin up to about 200, 400, 600, 800, 1000, 1500, 2000, 

15 or 4000 ppm astaxanthin. In some embodiments, the krill oil comprises from about 4% to 

about 8% myristic acid {w/w total fatty acids), from 5% to 7% myristic add (w/w total fatty 

acids), or from about 6.0% to 6.6% myristic acid. In some embodiments, the krill oil 

comprises from about 3% to about 9% c9 oleic acid (w/w total fatty acids), from about 4% 

to about 8% c9 oleic acid (w/w total fatty acids), from about 5% to about 7% c9 oleic acid 

20 (w/w total fatty acids), or from about 6.0% to about 6.6% c9 oleic acid (w/w total fatty 

acids). ln some embodiments, the krill oil comprises less than about 5.0%, 4.5%, 4.0%, 3.8% 

or 3.6% palmitoleic acid (C16:1; w/w total fatty acids). In some embodiment, the krill oil 

comprises from about 1% to about 5.00A, about 1.5% to about 4.5%, about 2% to about 

4.0%, or about 2.5% to about 3.8% palmitoleic add (C16:1; w/w total fatty acids). 

25 In some embodiments, the krill oil of the present invention comprises greater than 

about 22% EPA {w/w total fatty acids), greater than about 10% DHA (w/w total fatty acids), 

or greater than about 32% EPA and DHA (w/w total fatty acids). In some embodiments, the 

krill oil of the present invention comprises greater than about 23% EPA {w/w total fatty 

acids), greater than about 11% DHA (w/w total fatty acids), or greater than about 34% EPA 

30 and DHA (w/w total fatty acids). In some embodiments, the krill oil of the present invention 

comprises greater than about 24% EPA (w/w total fatty acids}, greater than about 12% DHA 

(w/w total fatty acids), or greater than about 36% EPA and DHA (w/w total fatty acids). In 
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some embodiments, the krill oil of the present invention comprises greater than about 25% 

EPA (w/w total fatty acids), greater than about 12.3% DHA (w/w total fatty acids), or greater 

than about 37.3% EPA and DHA (w/w total fatty acids). In some embodiments, the krill oil of 

the present invention comprises greater than about 25.5% EPA (w/w total fatty acids), 

5 greater than about 12.5% DHA (w/w total fatty acids), or greater than about 38% EPA and 

DHA (w/w total fatty adds). In some embodiments, the krill oil comprises an upper limit of 

27% EPA and 13% DHA (w/w total fatty acids; total of 40% EPA and DHA), 28% EPA and 14% 

DHA (w/w total fatty adds; total of 42% EPA and DHA), 30% EPA and 16% DHA (w/w total 

fatty adds; total of 46% EPA and DHA), 32% EPA and 18% DHA (w/w total fatty acids; total of 

10 50% EPA and DHA), or 37% EPA and 23% DHA (w/w total fatty acids; total of 60% EPA and 

DHA). In some embodiments, the rill oil comprises astaxanthin. In some embodiments, the 

krill comprises from about 10, 20, 30, 40, 50, 60, 70, 80 or 100 ppm astaxanthin up to about 

200, 400, 600, 800, 1000, 1500 or 2000 ppm astaxanthin. In some embodiments, the krill oil 

comprises from about 4%to about 8% myristic acid {w/w total fatty acids), from 5% to 7% 

15 myristic acid (w/w total fatty acids}, or from about 6.0% to 6.6% myristic add. In some 

embodiments, the krill oil comprises from about 3% to about 9% c9 oleic acid (w/w total 

fatty acids), from about 4% to about 8% c9 oleic acid (w/w total fatty acids), from about 5% 

to about 7% c9 oleic acid (w/w total fatty acids), or from about 6.0% to about 6.6% c9 oleic 

acid (w/w total fatty acids). 

20 In some embodiments, the krill oil has a ratio of DHA and EPA: omega 6 PUFAs {w/w 

total fatty acids) of from about 10:1to14:1, 11:1to13:1, 11.3:1to12.1:1, or 11.5:1 to 

11.9:1. In some embodiments, the krill oil has a ratio of DHA and EPA: c9 oleic acid (w/w 

total fatty acids) of from about 4:1 to 8:1, 5:1 to 7:1, 5.7:1 to 6.9:1, or 6.0:1to6.6:1. In 

some embodiments, the krill oil has a ratio of DHA and EPA: myristic acid (w/w total fatty 

25 acids) of from about 4:1to8:1, 5:1 to 7:1, 5.7:1to6.9:1, or 6.0:1to6.6:1. In some 

embodiments, the krill oil has a ratio of DHA and EPA: myristic acid and c9 oleic acid (w/w 

total fatty acids) offrom about 2:1to4:1, 2.4:1 to 3.5:1, 2.7:1to3.5:1, or 2.9:1 to 3.3:1. 

In some embodiments, the krill oil has a ratio omega-3 PUFAs: omega 6 PUFAs {w/w 

total fatty acids) of from about 11:1to15:1, 12:1to14:1, 12.5:1to13.5:1, or 12.8:1 to 

30 13.2:1. In some embodiments, the krill oil has a ratio omega-3 PUFAs: c9 oleic add (w/w 

total fatty acids) of from about 5:1 to 9:1, 6:1to8:1, 6.2:1 to 7.4:1, or 6.4:1 to 7.2:1. In 

some embodiments, the krill oil has a ratio omega-3 PUFAs: myristic acid (w/w total fatty 

BNSOOCID: <W0~201401'.3335A2_!_,. 

RIMFROST EXHIBIT 1111    Page 0273



WO 2014/013335 PCT/IB2013/001959 
10 

acids) of from about 5:1to9:1, 6:1 to 8:1, 6.2:1to7.4:1, or 6.4:1to7.2:1. In some 

embodiments, the krill oil has a ratio omega-3 PUFAs: myristic acid and c9 oleic acid (w/w 

total fatty acids) of from about 2:1to5:1, 2.5:1to4.5:1, 3:1 to 3.9:1, or 3.2:1 to 3.6:1. 

In some embodiments, the krill oil of this invention is formulated with acceptable 

5 excipients and/or carriers for oral consumption. The actual form of the carrier, and thus, 

the composition itself, is not critical. The carrier may be a liquid, gel, gelcap, capsule, 

powder, solid tablet (coated or non-coated), tea, or the like. The composition is preferably 

in the form of a tablet or capsule and most preferably in the form of a soft gel capsule. 

Suitable excipient and/or carriers include maltodextrin, calcium carbonate, dicalcium 

10 phosphate, tricalcium phosphate, microcrystalline cellulose, dextrose, rice flour, magnesium 

stearate, stearic acid, croscarmellose sodium, sodium starch glycol ate, crospovidone, 

sucrose, vegetable gums, lactose, methylcellulose, povidone, carboxymethylcellulose, corn 

starch, and the like (including mixtures thereof). Preferred carriers include calcium 

carbonate, magnesium stea rate, maltodextrin, and mixtures thereof. The various 

15 ingredients and the excipient and/or carrier are mixed and formed into the desired form 

using conventional techniques. The tablet or capsule of the present invention may be 

coated with an enteric coating that dissolves at a pH of about 6.0 to 7.0. A suitable enteric 

coating that dissolves in the small intestine but not in the stomach is cellulose acetate 

phthalate. Further details on techniques for formulation for and administration may be 

20 found in the latest edition of Remington's Pharmaceutical Sciences (Maack Publishing Co., 

Easton, PA). 

In some embodiments, dietary supplements of the present invention comprise krill 

oil as described above and one or more inert ingredients, especially if it is desirable to limit 

the number of calories added to the diet by the dietary supplement. The dietary 

25 supplement of the present invention may also contain optional ingredients including, for 

example, herbs, vitamins, minerals, enhancers, colorants, sweeteners, flavorants, inert 

ingredients, and the like. For example, the dietary supplement of the present invention may 

contain one or more of the following: ascorbates (ascorbic acid, mineral ascorbate salts, 

rose hips, acerola, and the like), dehydroepiandosterone (DHEA}, Fo-Ti or Ho Shu Wu (herb 

30 common to traditional Asian treatments), Cat's Claw (ancient herbal ingredient), green tea 

(polyphenols), inositol, kelp, dulse, bioflavinoids, maltodextrin, nettles, niacin, niacinamide, 

rosemary, selenium, silica (silicon dioxide, silica gel, horsetail, shavegrass, and the like), 
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spirulfna, zinc, and the like. Such optional ingredients may be either naturally occurring or 

concentrated forms. 

In some embodiments, the dietary supplements further comprise vitamins and 

minerals including, but not limited to, calcium phosphate or acetate, tribasic; potassium 

5 phosphate, dibasic; magnesium sulfate or oxide; salt (sodium chloride); potassium chloride 

or acetate; ascorbic acid; ferric orthophosphate; niacinamide; zinc sulfate or oxide; calcium 

pantothenate; copper gluconate; riboflavin; beta-carotene; pyridoxine hydrochloride; 

thiamin mononitrate; folic acid; biotin; chromium chloride or picolonate; potassium iodide; 

sodium selenate; sodium molybdate; phylloquinone; vitamin 03; cyanocobalamin; sodium 

10 selenite; copper sulfate; vitamin A; vitamin C; inositol; potassium iodide. Suitable dosages 

for vitamins and minerals may be obtained, for example, by consulting the U.S. RDA 

guidelines. 

In further embodiments, the compositions comprise at least one food flavoring such 

as acetaldehyde (ethanal), acetoin (acetyl methylcarbinol), anethole (parapropenyl anisole), 

15 benzaldehyde (benzoic aldehyde), N butyric acid (butanoic acid), d or I carvone (carvol), 

cinnamaldehyde (dnnamic aldehydeL citral (2,6 dimethyloctadien 2,6 al 8, gera nial, neral), 

decanal (N decylaldehyde, capraldehyde, capric aldehyde, caprinaldehyde, aldehyde C 10), 

ethyl acetate, ethyl butyrate, 3 methyl 3 phenyl glycidic acid ethyl ester (ethyl methyl phenyl 

glycidate, strawberry aldehyde, C 16 aldehyde), ethyl vanillin, geraniol (3,7 dimethyl 2,6 and 

20 3,6 octadien 1 ol), geranyl acetate (geraniol acetate}, limonene {d, I, and di), linalool 

{linalol, 3,7 dimethyl 1,6 octadien 3 ol), linalyl acetate (bergamol), methyl anthranilate 

(methyl 2 aminobenzoate), piperonal {3,4 methylenedioxy benzaldehyde, heliotropin), 

vanillin, alfalfa (Medicago sativa L.), allspice (Pimenta officinalis), ambrette seed (Hibiscus 

abelmoschus), angelic (Angelica archangelica), Angostura (Galipea officinalis), anise 

25 {Pimpinella anisum), star anise (lllicium verum), balm (Melissa officinalis), basil (Ocimum 

basilicum), bay (Laurus nobilis), calendula {Calendula officinalis), {Anthemis nobilis), 

capsicum (Capsicum frutescens), caraway (Carum carvi), cardamom (Elettaria 

cardamornum), cassia, (Cinnamomurn cassia), cayenne pepper (Capsicum frutescens), Celery 

seed {Apium graveolens), chervil (Anthriscus cerefolium), chives (Allium schoenoprasum), 

30 coriander (Coriandrum sativum), cumin (Cuminum cyminum), elder flowers (Sambucus 

canadensis), fennel {Foeniculum vulgare), fenugreek (Trigonella foenum graecum), ginger 

(Zingiber officinale), horehound (Marrubium vulgare), horseradish {Armoracia lapathifolia), 
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hyssop (Hyssopus officinalis), lavender (Lavandula officinalis), mace (Myristica fragrans), 

marjoram (Majorana hortensis}, mustard (Brassica nigra, Brassica juncea, Brassica hirta}, 

nutmeg (Myristica fragrans), paprika {Capsicum annuum), black pepper (Piper nigrum), 

peppermint (Mentha piperita), poppy seed (Papayer somniferum), rosemary (Rosmarinus 

5 officinalis), saffron (Crocus sativus), sage (Salvia officinalis), savory (Satureia hortensis, 

Satureia montana), sesame (Sesamum indicum), spearmint (Mentha spicata), tarragon 

{Artemisia dracunculus), thyme (Thymus vulgaris, Thymus serpyllum), turmeric (Curcuma 

longa), vanilla (Vanilla planifolia), zedoary (Curcuma zedoaria), sucrose, glucose, saccharin, 

sorbitol, mannitol, aspartame. Other suitable flavoring are disclosed in such references as 

10 Remington's Pharmaceutical Sciences, 18th Edition, Mack Publishing, p. 1288-1300 (1990}, 

and Furia and Pellanca, Fenaroli's Handbook of Flavor Ingredients, The Chemical Rubber 

Company, Cleveland, Ohio, (1971), known to those skilled in the art. 

In other embodiments, the compositions comprise at least one synthetic or natural 

food coloring (e.g., annatto extract, astaxanthin, beet powder, ultramarine blue, 

15 canthaxanthin, caramel, carotenal, beta carotene, carmine, toasted cottonseed flour, 

ferrous gluconate, ferrous lactate, grape color extract, grape skin extract, iron oxide, fruit 

juice, vegetable juice, dried algae meal, tagetes meal, carrot oil, corn endosperm oil, 

paprika, paprika oleoresin, riboflavin, saffron, tumeric, tumeric and oleoresin). 

In still further embodiments, the compositions comprise at least one phytonutrient 

20 (e.g., soy isoflavonoids, oligomeric proanthcyanidins, indol 3 carbinol, sulforaphone, fibrous 

ligands, plant phytosterols, ferulic acid, anthocyanocides, triterpenes, omega 3/6 fatty acids, 

conjugated fatty adds such as conjugated linoleic acid and conjugated linolenic acid, 

polyacetylene, quinones, terpenes, cathechins, gallates, and quercitin). Sources of plant 

phytonutrients include, but are not limited to, soy lecithin, soy isoflavones, brown rice germ, 

25 royal jelly, bee propolis, acerola berry juice powder, Japanese green tea, grape seed extract, 

grape skin extract, carrot juice, bilberry, flaxseed meal, bee pollen, ginkgo biloba, primrose 

(evening primrose oil), red clover, burdock root, dandelion, parsley, rose hips, milk thistle, 

ginger, Siberian ginseng, rosemary, curcumin, garlic, Jycopene, grapefruit seed extract, 

spinach, and broccoli. 

30 In still other embodiments, the compositions comprise at least one vitamin (e.g., 

vitamin A, thiamin (Bl), riboflavin (B2), pyridoxine (86), cyanocobalamin (B12), biotin, 

ascorbic acid (vitamin C), retinoic acid (vitamin 0), vitamin E, folic acid and other folates, 
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vitamin K, niacin, and pantothenic acid). In some embodiments, the particles comprise at 

least one mineral (e.g., sodium, potassium, magnesium, calcium, phosphorus, chlorine, iron, 

zinc, manganese, flourine, copper, molybdenum, chromium, selenium, and iodine). In some 

particular'ly preferred embodiments, a dosage of a plurality of particles includes vitamins or 

5 minerals in the range of the recommended daily allowance (RDA) as specified by amino acid 

supplement formula in which at least one amino acid is included (e.g., 1-carnitine or 

tryptophan). 

In some embodiments, the present invention provides functional food products 

containing krill oil as described above. Examples of functional foods include, but are not 

10 limited to dairy products such yogurt, milk and cheese, cereals, beverages, shakes, 

powdered supplements, and the like. 

2. Processes for making krill oil 

The processes of the present invention are useful with krill oil produced by a variety 

15 of processes. Suitable processes for producing krill oil include extraction with polar solvents 

such as ethanol, supercritical fluid extraction, extraction with non-polar organic ~olvents 

such as acetone, cold pressing,etc. See, e.g., W02009/027692, W02008/117062, 

W02003/011873, all of which are incorporated herein by reference. The processes of the 

present invention may also be performed on commercially available krill oils such as those 

20 supplied by Aker Biomarine, Neptune Bioressources, and Enzymotec. 

As described above, the present inventors have discovered that krill oil is a 

multiphase dispersion. The present invention provides processes for separating the 

multiphase dispersion into two or more phases that can be separated. In some 

embodiments, krill oil in the multiphase dispersion state is further processed by mixing the 

25 krill oil with a polar solvent and incubating the mixture for a period of time (the incubation 

period) sufficient for the formation of least two phases in the mixture. The upper phase, or 

phospholipid phase, comprises the krill oil of the present invention. 

In preferred embodiments, the phospholipid phase is separated from any other 

phases formed during the incubation phase, for example, by decanting the phospholipid 

30 phase. In some embodiments, the incubation phase is from about 0.5 hours to about 48 

hours, 0.5 hours to 24 hours, 0.5 hours to 12 hours, 0.5 hours to 6 hours, 0.5 hours to 4 

hours, or 1 hour to 4 hours. In some embodiments, the incubation is conducted at from 
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about 0 C to about 25 C. In some embodiments, the incubation is conducted at from about 

4 C to about 10 C, about 4 C to about 20 C, about 4 C to about 25 C, about 10 C to about 20 

C, about 10 C to about 25 C, or about 15 C to 25 C. 

In some embodiments, the polar solvent is an alcohol, such as a monohydric 

5 alchohol. Suitable monohydric alcohols include, but are not limited to, methanol, ethanol, 

propanol and isopropanol. Other polar solvents include dimethyl sulfoxide (DMSO), 

formamide, acetonitrile, N,N-dimethylformamide (DNF) and other solvents with a dielectric 

constant of higher than 15 or 20. In some embodiments, the krill oil is diluted with the polar 

solvent at a ratio of krill oil: polar solvent of 1:0.5 to 1:10, 1:1to1:5, 1:1to1:3, 1:2 to 1:5, 

10 1:2 to 1:4, or 1:2 to 1:3. In some embodiments, the polarity of the solvent is adjusted by 

adding water. In some embodiments, the ratio of polar solvent, for example ethanol, to 

water is from about 1:1to100:1, 2:1to100:1, 2:1 to 20:1, 3:1 to 20:1, 4:1 to 20:1, 5:1 to 

20:1, or 10:1 to 20:1. 

15 3. Uses of krill oil 

The krill oil of the present invention is useful for treatment of any disease, disorder 

or condition in which omega-3 PUFAs have been shown to be effective. Diseases and 

disorders that may be treated with the omega-3 fatty acid formulations described herein 

include alopecia, Alzheimer's dementia, angina, anxiety disorders, asthma, attention deficit 

20 disorder, attention-deficit hyperactivity disorder, atopic dermatitis, autism, bipolar disorder, 

borderline personality disorder, cardiovascular disease, chronic fatigue syndrome, chronic 

pain, chronic polyarthritis, cognitive disorders, communication disorders, colitis, Crohn's 

disease, cystic fibrosis, dementia, depression, diabetes (of the non-insulin dependent or 

insulin dependent forms), diabetes-related sequelae, diabetic neuropathy, dry eyes and 

25 other inflammatory eye disorders, dry skin, dysmenorrhea, eating disorders (such as 

anorexia nervosa or bulimia nervosa and obesity}, eczema, fibromyalgia, gout, learning 

disorders (e.g. reading, spelling, mathematics, receptive, and expressive language, and 

motor skills disorders), lupus, male infertility, metabolic syndrome, melanoma, mild 

cognitive impairment, migraine, mood disorders, multiple sclerosis, obsessive-compulsive 

30 disorder, oppositional-defiant disorder, osteoarthritis, osteoporosis, pervasive 

developmental disorders, 'polyarteritis nodosa, psoriasis, psoriatic arthritis, rheumatoid 

arthritis, schizophrenia, sclerodermia, self-injurious behavior, sickle cell anemia, tic 
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disorders, tinnitus, ulcerative colitis, or vasculitic disorders (such as polyarteritis nodosa and 

temporal arthritis. Cardiovascular disease and disorders that can be treated with the omega-

3 fatty acid formulations described herein include angina, atherosclerosis, 

hypercholestero!emia, hypertriglyceridemia, low HDL, high blood pressure, Raynaud's 

s disease, and cardiac arrhythmias. Methods of treatment with the omega-3 fatty acid 

formulations described herein include prophylaxis with Omega-3 formulations to prevent 

post-cardiotomy (including but not limited to coronary artery bypass graft surgery and valve 

surgery) complications (induding but not limited to depression, neuro-cognltive decline, 

congestive heart failure and infarction, clotting events, and arrhythmias) as well as for the 

10 treatment for such complications. 

Experimental 

Example 1 

Krill oil is extracted from krill meal (Aker Biomarine) by ethanol extraction. Briefly, 

15 krill meal is extracted with ethanol for 1 hour at 15-30 C. The liquid fraction is separated by 

filtration. The liquid fraction is concentrated by evaporating the ethanol under a vacuum at 

about 50 C until the concentration of ethanol is reduced to about 20%. The concentrated 

liquid phase is then centrifuged to remove any remaining solids or precipitates and then 

evaporated under a vacuum to a final concentration of less than 0.5% ethanol. The 

20 extracted krill oil is a multiphase dispersion. An exemplary batch of krill oil prepared by this 

process had the following composition. 

Triacylgycerol g/lOOg oil 30 

Diacylglycerol g/100g oil 0.7 

25 Monoacylglycerol g/100g oil <1 

Free fatty acids g/100g oil 4.8 

Cholesterol g/100g oil 1.2 

Cholesterol esters g/lOOg oil <0.5 

Phosphatidylethanolamine g/100g oil 1.5 

30 Phosphatidylinositol g/100g oil <1 

Phosphatidylserine g/100g oil <1 

Phosphatidylcholine g/100g oil 40 
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Lyso-phosphatidylcholine g/100g oil 3.3 

Total polar lipids g/100g oil 44.6 

Total neutral lipids g/100g oil 36.9 

Total sum lipids g/100g oil 81.5 

Example 2 

This example describes attempts to concentrate omega-3 PUFA in krill oil by 

lowering temperature. It was thought that by lowering the temperature, highly saturated 

fat would turn solid at a faster rate and sediment or in another way form a layer in the 

10 column of krill oil. The experiment tested whether triacylglycerol (TAG) and phospholipids 

(PL) with saturated fatty acyl chains would form a layer or if TAG and PL would form layers 

independent of the fatty acyl chain type. Krill oil described in Example 1 was diluted with 20 

% absolute ethanol and a glass column was filled. The column was placed in a refrigerator 

overnight. The oil was examined for the formation of layers. The oil turned very viscous, 

15 paler but not white. No layers formed. The oil was then taken to room temperature. Again, 

there was no layer formation. It was not possible to determine if some portion of the fat 

turns solid faster than other parts. The lack of layer formation can possibly be explained by 

the fact that the viscosity of the oil is too high to allow vertical movement of fat with higher 

or lower density. Dilution with 50% absolute ethanol had the same result of no layer 

20 formation even though the solution was less viscous. 

Example 3 

This example describes the concentration of omega-3 PUFA in krill oil. Krill oil 

described in Example 1 was diluted 1:1 with absolute ethanol (B), 1:2 with absolute ethanol 

25 (C), 1:3 with absolute ethanol (D), and 1:3 with 95% ethanol (E) in 15 ml polypropylene 

vials. No phase separation was seen in B, C, or D. E was slightly opaque and after five 

minutes a layer formed at the bottom. All four vials were then stored at -30 C for two 

hours. At this time, the oil was solidified and appeared as a white solid. No visible layers 

were observed in the solid form. After thawing at room temperature, the solid oil melted 

30 and drops formed that sedimented in the vials C, D, and E. The volume of the bottom layer 

increased with increasing ethanol dilution. Vial E had a larger lower phase than vial D. The 

bottom layer was darker than the top layer in all vials but C. 
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The solubility of the lower phase was examined. The lower phase was not soluble in 

ethanol or water. The lower phase exhibited good solubility in hexane and the color was 

more brown than the top layer. 

The UV spectra of the top and bottom layers was examined. The UV spectra of the 

5 lower phase indicated the presence of astaxanthin together with components absorbing at 

lower wavelengths. The UV spectra of the upper phase indicated a similar pattern with 

astaxanthin le.ss prominent compared to lower wavelengths. 

The upper and lower phases were examined by thin layer chromatography (TLC). The 

TLC data indicates that after separation of krill oil into two phases is a higher portion of TAG 

10 in the lower phase than in the upper phase. It also appears that there is more Pl in the 

upper phase. 

The upper and lower phases were next examined by GC-FID. The results are 

provided below. 

15 Fraction UQQer U12Qer lower lower 

ID 1 (D} 2 (E) 3 {D} 4 (E} 

C12:0 0.1 0.2 0.4 0.4 

C14:0 6.3 6.4 17.4 17.6 

C15:0 0.4 0.3 0.5 0.5 

20 C16:0 19.9 20.1 19.6 19.8 

C16:1 3.5 3.5 7.8 7.8 

C18:0 0.9 0.9 1.3 1.3 

C18:1, t6-11 0.3 0.3 0.6 0.6 

C18:1, c9 6.3 6.4 13.2 13.2 

25 C18:1, c11 5.7 5.7 6.8 6.7 

C18:2, n-6 1.6 1.6 1.8 1.8 

C20:0 0.1 0.1 0.1 0.1 

C18:3, n-6 0.3 0.2 0.2 0.2 

C18:3, n-3 1.0 1.0 0.8 0.8 

30 C20:1, n-9 0.5 0.5 0.8 0.8 

C18:4, n-3 2.4 2.4 3.2 3.2 

C20:2, n-6 0.1 0.1 0.1 0.1 
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C22:0 0.2 0.2 0.2 0.2 

C20:3, n-6 0.1 0.1 0.1 0.1 

C20:3, n-3 0.1 0.1 0.1 0.1 

C20:4, n-6/C22:1, n-9 1.3 1.3 0.5 0.5 

5 C20:4, n-3 0.4 0.4 0.2 0.2 

C20:5, n-3 26.0 26.0 7.7 7.7 

C22:5, n-3 0.6 0.6 0.3 0.3 

C22:6 n-3 12.7 12.7 3.8 3.7 

SFA 27.8 28.2 39.6 40.0 

10 MUFA 16.3 16.4 29.2 29.2 

PUFA (n-6) 3.3 3.3 2.5 2.6 

PUFA (n-3) 43.1 43.2 16.1 16.0 

Total PUFA 46.4 46.4 18.6 18.6 

15 This analysis indicates that there is a higher relative portion of omega-3 PUFA in the upper 

phase compared to the lower phase. The upper phase has 43 % total omega-3 PUFA. EPA 

and DHA is equally concentrated. In the lower phase the fatty acids 14:0 (myristic acid) and 

18:1 (c9 oleic acid) are concentrated. There are no changes in 16:0. 

This data describes the separation of a krill oil with approximately 40 % nonpolar 

20 lipids (30 % TAG) into two phases by adding ethanol/water and lowering the temperature. 

25 

30 

The layers form by passive sedimentation. TLC data indicates that PL is high in the upper 

phase and that TAG is high in the lower phase. GC-FID data shows that omega-3 lipids is 

high in the upper phase (43 %, 43 g/100 g FAME) and 18 % in the lower phase. An intriguing 

observation is that the particularly unhealthy fatty acid 14:0 is lowered in the upper phase. 

The present invention is not limited to any particular mechanism. Nevertheless, the 

inventors have discovered that krill oil produced by ethanol extraction is a multiphase 

dispersion. Unsoluble components such as triglycerides are entrapped in the soluble phase 

(polar lipids) and coextracted. The processes describe above take advantage of this fact to 

provide krill oil compositions with concentrated amounts of desirable omega-3 fatty acids. 
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Claims 

What is claimed is: 

1. Krill oil comprising greater than about 22% EPA (w/w total fatty acids), greater than 

about 10% DHA {w/w total fatty acids), from 4% to 8% myristic acid (w/w total fatty acids), 

from 3% to 9% c9 oleic acid (w/w total fatty acids), and 20 to 4000 ppm astaxanthin. 

2. Krill oil of Claim 1, further comprising about 22% to 30% EPA. 

3. Krill oil of Claim 1, further comprising about 10% to 15% DHA. 

4. Krill oil of Claim 1, wherein said krill oil is extracted from Euphausia superba. 

5. Krill oil of Claim 1, wherein the ratio of DHA and EPA: omega 6 (w/w total fatty adds) 

is from about 10:1to14:1. 

6. Krill oil of Claim 1, wherein the ratio of DHA and EPA: c9 oleic acid (w/w total fatty 

acids) is from about 4:1 to 8:1. 

7. Krill oil of Claim 1, wherein the ratio of DHA and EPA: myristic acid (w/w total fatty 

acids) is from about 4:1 to 8:1. 

8. Krill oil of Claim 1, wherein the ratio of DHA and EPA: myristic acid and c9 oleic acid 

25 (w/w total fatty adds) is from about 2:1 to 4:1. 

9. Krill oil of Claim 1, wherein the ratio omega 3: omega 6 (w/w total fatty acids) is from 

about 11:1to15:1. 

30 10. Krill oil of Claim 1, wherein the ratio of omega 3: c9 oleic add (w/w total fatty acids) 

is from about 5:1 to 9:1. 

BNSDOCID: <W0_2014013335A2_1_> 

RIMFROST EXHIBIT 1111    Page 0283



WO 2014/013335 PCT/IB2013/001959 
20 

11. Krill oil of Claim 1, wherein the ratio of omega 3: myristic acid (w/w total fatty acids) 

is from about 5:1 to 9:1. 

12. Krill oil of Claim 1, wherein the ratio of omega 3: myristic acid and c9 oleic acid (w/w 

5 total fatty acids) is from about 2.5:1to4.5:1. 

13. A capsule containing the krill oil of Claims 1to14. 

14. A food product containing the krill oil of Claims 1 to 14. 

10 

15. A dietary supplement containing the krill oil of Claims 1 to 14. 

16. An oil in water emulsion containing the krill oil of Claims 1 to 14. 

15 17. Use of the krill oil of Claims 1 to 14 for oral administration. 

18. Use of the krill oil of Claims 1 to 14 for treatment of a condition for which omega-3 is 

effective. 

20 
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The invention discloses a method for enriching phosphatidyl inositol from antarctic krilL 
The method includes the steps: (1) adding ·1 kilogram of frozen antarctic krill to 1-1.3 
liters of ethanol solution with the volume fraction of 90-100%, stirring to extract for 4-6 
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1. -;fif1M1¥I t& ii~ ~ff 9=i w; ~uJU~ WcMM !'l{J 1S#i, w 1)~~1rF : 1$ {Jj< {ff- B"l 1¥J;fhi1if,f 9!} 500g' fJn 
A 95% Zd1$ 600mL. t£~¥1W1Tt.9H'f: 3h, fi!tlW_L¥~¥&:ff:iJJJM ;YJhiJEfl}&J,[tJt:lfR 4 {X, ~t~llR 5 {jz, 

tilPlY. i& :i11J!il :ff i# im tft ; ~~ i~ i1:?l 1l 60 "C , -0. 0 7MPa ~ 1tt: T ~IX ~~%E1~: if :Jt 1Jt ¥fl 1* 1JHJ{J 10%, 

1~~1Jr&~i'Jtr+x1& ; !PJft-<mlt~~t&i=r 1JoA IP'J f*;f.Q!'J<J 1F. a~%. tmqTI1l}l[7} m. IW.3~8JH'&u·e:.~tJ~ 
T JR 1&. :tE s2 ·c, -o. osMPa ~1tt r~ttl~*~ .IE am, 1# ~=tr il~n~rutJmM 1'1{] ¥i±Fb'\~ o 

2. -11f JJ.. wr1&11~!Rf 9:i ~ ~nft!tHlj~\tfilti'!j~ a<r:0i*· w~~JlnT :;f!J\l;J<l* 1111¥1tLH~!lff 5oog. JJn 
A. 90% z:.M: 550mL ;;fE'.¥'.rlili_-Fi~ttf::fitJtx 3h, fi~ !±\ J~rn¥&JtttrJ!t drU;EW:!ijl[:t~!fX 3 ix. ::tt~ 
ItX 4 {X, tfl!:IfJ.¥1!ltttr.~itiH~ilfM& ;~·~11i:ff 65 °C 1 -0. 09MPa ~1t"Fi*ml~il3trmi& f;;fctRl'lt 
s%, 1~ 3S1H:t< ;ra 1~ !lR ¥~ ; rl'rJ 1*'Wi * rr tio A ~J 1**Q 13"1 jf. a~, tm ~ n¥ ii: 7t m . It'x.~ oJJ1t:& ~I B<J ~ ·F 
J~H&. ;fE 55·c, -o. 09MPa ~1't:r~$J~ffi:JfU, i~~:f'fittH~~tJmJ{i)i:E!{Jir!Pb'\¥&" 

3. -;flfi !Ar~ tlHtF!lif 9:i ~ #.f:fi~ Hii l\:Jm~ir 8<.J /i¥t.. tl7 #l!LnT : ~~ {'Jj< {* [l"J !¥I:f1H~!l[f 500g' ]JO 

A 72 ;j( Z:. M 6 50mL tE '~ Hffi.. F 1Jiit 1-'14~ JfR 1 h, ff1j tH t ¥N ¥&:ft-ii ¥Jt ; IJL i;E fl}~ j1[ ;f}j} 1fX 5 {)( , )tJJil 
lW 6 {)\ ;tl~J!Xl&:ct~i':J'Jtttf.~¥& ~~~~r&:tE 60"C' -0. 08MPa *14T'i:&f'4i¥ilff:~¥&f~,f.X1ltl 

10%' f~$1j$&ffiHli:ItX ¥Bl ; rtJ $&ffiij ¥& 9=1 ;trn A ~H*tQ !¥JIE am' =HB0J ~JI 7} Fz!:, 11X~ ~ fil{g_[Q{J ~ r 
J~U&, :fr so·c, -o. 07MPa -f~p~ffi'.JfU, m~:f'fntFRWiPJl)tID1~'¥B11BF{:J\i&., 

4. ~;pp .M 1*l:t!Hf.¥!1ff 4i ~ ~11~Rli!WP\:Jmri!JB{] 1J~t:.' ±!7~~Y0r :ffl\f;j(j* 1i{J1¥J':f&ftJ!F!l[f 500g, ]Jn 
A. 95% Z:.M 5oomL :tE~rl&~ftt:r1Jlit:t.f.~!BZ 2h, fr~ tli J:¥~Hi3ttt~ ;1JL1;£N:fil~_Jl!Jfx 4 f!x., ::tt 
1:13 "Ehl 5 "''"' 4:13. Ho .~·+•,Ji;.~* /.f=l ,·,rl;j. .~ •'9. .~di?,_~* 6 ~ "C 0 oguf) h lfl-"""k ,';r};-, 4S:-Z::::: h- ·H- :,J;[ ,~ l:!- :fu 
V-EJV...' /J\., m£-'iAt~n¥;.c;, et 11-f>'f#,c;;ifi ;1~1J.c;.¥fjlu:: :-J , - • inra :Jk1T 1· ft'l.;11=L:L 1=1 ::trt'k&1& i.q>,r_,., 

o{] 9%. 1-~ $iJ ~:&~MI: 1fu& ; rtu i"~d:tz ~¥Bl r:t=i ;trn A ~ 1* tfU3{] LE am, till~ fW ~ 7} JR • 1fX ~ l!8 mH·_r o{J 
~Tfil11i, :tE 50°C, -o. 09MPa *-1tf:T~ttru!fU, t~-$frlitf)j~~Jmr11¥8"J1Wtf\¥:&o 
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tti:#:~Y!~ 

[0001] *Lt AJH?P &-~1Jr JA Wif :tlili#!lff 9=11ir ~•Jif1ID\:ID1~¥: ITT17Jr~., 

:olf:..§!.+±-.l.>-
1=3 ~TX/I'-

1/3 JM 

~~] *m•w~-#~m~~~~~~~~*~~-~.~m~1:f~~m,ff~WN 
~it: 1 7i -~3 71 R /M3

, B {f JPJfJl?:JE:l:tl!ltJ=:ii:Alt11Jt1fJZ}JJ~4M~*, im~JHt=k:&:"J:f'f 5-501ZiPl!X (11Jgft 

·it7J~;r..:-;f$:f'j!@:.je&_Jf )o 

[ 0003] § lW W.Hn n~!lir ~t!i: Ylt 4ij; iF £{] 10 7J ITTi!' A 9=1 80% EB El * tttl 1*. EB ~r- T#J' )( ~ ~ li}\l' !lif /9 _i: 

•~oo~•~•fftttt~~o:f'f~#$*~•~H~~AAM~~-ff~ITT1•*~$ttx~~ 
1¥ ~ i. 5 1DriB El3 -r~~ '.B:t ~ sti ~;u~nm '~ * nti ~~ !lff WJ fit tFIPl:R: D ttt ~ _t ~:¥nu~ tiH1t1 ¥ifl :illt.fL .il 
/9QW~~.~~~~*··~~~AMWJ~ffl~~o&~~~~mM*•·~~~~~ 

••~ITTiMm~ffi~•_ttt#o~--~~A~Mm~~~~~Itt*OOff~o~B*~ 

••~*$~~Mn.w~~~OO*~~~~~~~oo~~w~oomflo*••~~m~ 
{lt'iJ'.J{J 1i)f 51::1! A~ JJl:JI fj{J 1i}f Ji t~ IL\" 

[0004 J 1*ITt!Z~!l!f fff:l-~J;J $ 1ir tl<J Im JI~, ~ff /FtffilllB~ Jm. rut,, !li f~~ 111 lifol:Rl'r o n~Hl'f!B\:WL ~-,; 

(phosphatidylinosi tol ;PI) Jf:~J.1@.18 ~ El'>Jil~PX;::Jt, ~~:ffi :::.· fj§{t, fa qJ:iiiM4Hl<JiJf'fl~~ 
1W~~#~iJf~~~~.ili:l!~~~m~ffi*~~m~m*••o B~~m-rt~m-m~ 
R~~1~:*lll~ilt~*·m.:::-.{~1! cAMP ~±$J~j;JgJ.J4J),9J(;:7v1*~n\t::Jto m:=.1~1! PI tEA11:, 
mnrz1tIMr:J=t~lf~7~~~s{J1:.J~1:.1t1tm .. ~~1.1@tkJ!Rmt(floz1H~mt(fs<Jia 12, ,-x.xB-, * 
tkl!A 0 p I 8Jt1~im 1~ ~ ~ ~ ~ jlj~ ~1m -~' 1{ ifil 1f lr.J tr-1 ~~Jn ' & fjjU~ A 11: It f~1:=.1t' ~ fflQ ~ Ej YE 
E!{]J£Jil1f rf:iJ 0 

[0005] PI J'Fl@JIBf:&~~tif:W~~Jttt.2001 !rf~~IJfittH TtttJY-_t~-1--l::J, PI ft~ 

r:J=tfaJ14qi1J}J'Lx~~m~4m (US 6316421. B)o :f4~%1± PI El'DIDlJ~Sf.f{~ l:J~ J·_~ID\:££!II (-S03), 

:=13 ~1rfi ~ 4PJ fffi /\.~ JJ@.~J§ , $ ~tE 11!1f )7t-W' if 1 - JL 1"1rJ'.fi IB\:£ f:Il BZJ ID L M:£F1f :f!Z 5; ti{] :5fJ~ WI', m 
~{'f.Jl~' :¥Jt1%dUIJi@.:'£~ '.5f J.·. T ~ Ffl 0 PI :f'f~JJJt~m-Y!Afil(pg:ra;~wl'!<.J l=j=ifiij{2$; 0 tE1fiL~'.JW:Iij;,, 

SARS' :I: 11iL ~nri ii¥$ JM ttt !Jf- l'l<J /y?(, p I l'J{_J f\\,Z}tJ Jl :f'f t& JU' . ~ l'I'~ mr ~ 0 El * ~ 00 re PI ill m . F 
1t~Y:~. {'P*1~4mR~m11:lU El 'ffi'f:lf:ru!Rn l'l'>Jlw::i~'I--- ~fihfU~W ~J~L1trru (JP 05097873 A2) mt 
r &b j'j{_J 1W: ~nu ; PI Bi~ 1Li\ .. Jjf .. 1it~ A 11: m:~~ tPt~ tfil lW 1%1=f-¥1t !'J{_J ±~PX; ::7t ' ::fHJL gru J1eHJilii L::: 
CWO 99/47101 ), fil1'f1li!Rf-!'J{_Jfu££~,i;W: (WO 03/013513 Al )o ~)rt-~!J&liE!if:J PI f:ftJLz;JJJVJ.:5i'.ltt 
f!f:1t!'l{Jfi=:m, ::f!*'jFJ<.fUra1.Y-1t:~E1qftffl~" 
[0006] PI~ sn-1 fU sn-2 filEJr!f1H~l'l<JJJEiJV'J~/F- ·rm::Jtf-rilf~Z;J.fll::Jt-=f!f:1fili!A£Ho /F 
li1J~!#JJ1*- PI ::Jt-=fgfififtff PI 7J'-=f{lft~]k~_::t~i7U:fff~)\:~Jf.. ep Pl~-· ·-i'::Jt-=fgfo /F~!'l<J 

7.}/J41l/1* 9=:if~Jllft9=1 J'l~§~n~Blj (PC),,Jffilflfoi:R~ (PE) .. PI .fUflfi:Rat'i~. n~~ID\:~to~~ (PS) ~ b~wtj m:fi-
1L~*~*" 1¥It&flfol:!l!f4r!ltHiiJ (li~R\5:l!~ml'l'91¥P'Jft!#IJ) J'l{jfifttRl5~ PC~ 80% !j,.J-.. rm· PS-.PE-.PA !j, 

Ez'lif.lfII-'1'1f~JllftA{J/~J *lift& ·Y 20%, rtfj PI£ 11.td>. ~Jlt.ifi!J~ Wit1H~!l!r~ !'J{_J PI. ~£~ft'1m-tl7 

:lik PI (J{JN;~, f~Fn7t~~frJ1t.£1itlt I ~:Jtt-W-fff~J!X, 7} ~, ~1to ~/7, A 1rJkE li1U*-x~·1¥J;t&f~ 
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£Pf] p:;j~ . 

cooo1J ttx-t J-.~:t.m~t.:t7JC, *'Jfl~11 t£1tt T-·frfi N .. wrtJ.HJHffq:i ~~ii~mfimM!Rlir:Ei<JJJft:, 7;; 
1¥111k fifli: P.r r:r nti: Hl'f wi1G IDl ~ El{] r>R;.... 11Jf 1l ~ J:E T £ :Ptll " 
EooosJ *~~Jh".f::Jfili1 lU-rtt*7~r~~f~El{J : 
[ooogJ - ·1rr N-..1¥Jt1H~!P.r4' w;~~ffJI~-~JIJL~l1¥J7r$. ±f?~~tznr : 
[0010] C l) £tX. 1 .Z~ tr l1j( i* flt 1¥ItbHfll:~f, }JO AfU 1 ~ 1. 3 :TH1{] 1*1R :5-H&/9 90 ~ 100% !'I';; 6 l'[¥ 

@:9='. §1'~4fdlfl~-.ffltt.f::f~ltX 4 ~ 6 Oz, FJ)X 1 ~ 3h.t!fJ(R1&.tlt!tif:Jt:.1~~¥-&; 

[001 n c 2)~~ J:-.~1-~<¥u6{Jtl~r&r 60 ~ 65° c :to -o. 01 ~ -o. o9MPa %:14-r#Ki@.?f?.lJ!r&·f* 
,f.Ql'I{] s ~ 10%, 1-'if?:&ti'tM!tR1& ; 
[0012J c 3) rtJ J: it flJJ :EU tl<J f&tflHJP::1iR ¥FZ 9 iJ11 A $¥f*1X tl':r iE a:t-t. tl:B->J, filt l1:7t ~ Fn, I{XJ~ qlJ 

mHiat:S:r·g~: 

[0013] (4)~~·r.~1-'if~Ul¥J~-fJZrBFf 50 ~ 55° C;ffi-0. 07 ~ -0. 09MPa ~1'tr~1tl~:* 

iE a~. 1-~Hrntkr&. rip 7v'i ~ T r~M~l'ttJ~JL~$!'1';;/z:ffi!r, i~r Jh i=F*uJ'!,fmt 2. 10 ~ 2. 76% cM:it:Jt 
~)' Jt.rp PI ~1ift1Umnq 50. 5 ~ 51. 92% CJ!11::i!:7}~)., 

coo 14 J * bt o,~ 1'!1.J J.J\ l¥I tLHiti: !Rf 9=1 ffi ~ ufll: ff~ W9t:AA m s<J 7r ¥t, tE 1££ rH r Ht tr • tm 1iJ$ 1:~ i1E l¥I t1Z 1tfll: 
!hrr:f=i B<Jll#H~' DHA, EPA, !iffIT~' Z911m~1tlIT* .. ::;fi'fil~O.ij!=fJVj~, gft:t~ A, rt±~ E ~IJ~Jl:i!:)c 

~~~~/G~~M~.R~~i1W>=P1¥JL~mw:m~~~~~m,•*m1¥J~~•~m~ 

flffflr":Er~~-tr:rfi!i,, t::?.*.tz~1i~1J~1~~uagr:~. i~Hl§'!tJlfL~ri{J~~~S::*~, r® rti~~ 
m~ 2. 70 ~ 2. 76%, A 9=1 i#JJ~m:l:IJLM ~ii~m~tl'I'~ 50. 5 ~ 51. 92%. PT 8J.-t'E1lt¥.tiilU~:.)('H~ntflIBtM'~lf: 
.: llJc· .<-: '-* '1-. rr/ IX! 1:13 Hrt n ~ t.+c JI/ ?.!ix 
J.ZI 1J J.tt- zv rrJ H· '.Jj:C .Ltx-. , :JJ lib , ?:4.'.d-L =q' o 

*1*~~fil1J~ 
[0015J -roog-ai1-~Mlf19tlM·,$:J9:8J1{till-tf5-El<:liJV:ijj o 

[0016] ~JJfil19tl 1 

[0011] *fr\/1j(~ti~W.HtHJl~!lff 500g <'a-JJ( 80%, !ffFf!lt'JNi ~ 20%. r!RJ), JJilA 95% 6M 600mL. 

ft~ Yi\-ll r jfil t.f: 3h • M tl:l L yf1r 1& Ji: ii ti2 0 m ~ :j±f & ;![ti!:* 4 {_]\_ • :Jt ~ IfJ_ 5 Oz • tti! Jf'O& :ii V!t if 
·H· /.13 .'Itf;r ,.~- +Y. 1.fi '~-/<: 60 "C o 07MP ~ ]fl- -·-r.:;· ±!,- LJ+ 1rh 4R z:>: _.A-H- ,)""c .~ .{-j,"J'.M fth 10% /.13 ~;! 'd.t//R ~13 7T1vU.&¥1Jl ;1-q-'/;.6¥&.1± , - • ' a *rr 1 · ~.cz{-t'>.:0HL±. El 1rtJ.e;;.f& Vl"'l:XP'J • {czy;:1:~f-i,~1hJ:E 

I[X ~ ; ll=iJ ¥'&~ t~ 1tX Yft r=j:i }JQ A~ {$;f,Q a<J iE 2. '.WG' 1£&~ Mr Ji[ :5t ~' ])(jft l'l)j ~l IT E. El{]:® r M ¥&' -tE 
52° c, -o. osMPa ~f4r?lC!i~if.-*IEam.:f~ l3g ~mi:J\m., i~¥&1*rf1u~n~-~** 2. 12%,JJ; 

~Pl dfifoi:B~~i{J 51. 92%" 

roornJ ~MifJtl 2 

[0019J :t!l\ l;J< 1* El'.J l¥f ~& frJ'!,f ilir 5oog, iJn A 90% Zdlilf: 550mL -tc~ rlfil. ·l· .fflt ti'= ;f,~ Itt 3h, 1ftl ili 
J .~ ,~ ·H· '-j· ,',,-!;, '~ »·'• J:fl ~A=- f:JCJ Hr1 3 'ht +t- 1:8 H11 'ht 1:13 Un 'iJ:i ·+ ~.Jii. .A. +f· ...:13 '-l;r Vi:i ,f&, ,~J?t -~ -;,-. ::. i'F. ¥--& 11 TI if,e;" iJL.fJE ·1t .'I'-. R 'l!°:E .i:i:x. {J<., 7"-" r;:e J.t.X. 4 lJ<., lT£ .<tA. ¥1x.J111.c;, ci ::n- {czy flr'., f'ix ; )r>:f· V,ti;. :{fJl u:. 

65" c, ~o. 09MPa ~ftf:r¥t:ml~fl3f~1& i*~JH!t 8%, f~~ljf,&~.f~H~It>t¥& ; rtJi:tlffl!J<li=f JJOAIP'H* 
lRl:l~-1E C.'.iJG, tf&?Jf'W~5J'M, Jtizj~BJl1/1Hil'ttii(F JZ¥1JZ. tE 55" c, -o. 09MPa ~1tf:T~~~itFffU, 

~ llg na~7t¥& D tikIBi:f*r:j=ifJ!t:H~·ft £7v 2. 70%, Jt-9=1 PI Ci frJ'!,fJJ~i'l<.J 50. 5%., 

[0020J ~h'm¥~ 3 
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[0021 J 1$ lll<i.#i 1¥1l¥f1&fi!t!lfF 500g, )JO J\.JC7j( L.. !¥ 650mL. tE~1M Tthlfl':j:~JJX lh, iftl l±l _t 
,';:=E< ,~ ·H-· •c+ '.w ~ ,,,, r:El -a:>· -1"f ·!:Fl_ H"u 5 '!Iv -•·•- ·f;l'l uu 6 'lh• -ta ffn -~'+.',di;/"...*-"~ ~rli7 ,__,_ ,15? ,..,r!z ,.~ * 
t J=l 1f5i:. 7T U 1"5 o IJ [, Vt t'J ~ k YE Jtx.. fl( , ~ '.!IE ~ fA .. " J1~ -9A ¥& U ti& 1=1 J r {"ff {he;. ifil ; 1'"'t t,r,c, j{Jl U: 

60° c, -o. osMPa ~14Ti;&ffif¥ilJt¥~~1*19'1'lt 10%,f~fur&ffilr~.&x¥et :rtl~i<ffil¥&9=11.mA.~J 

1*1RB{JIEQm, :}fil?=Jf#lt-5-} ~. JW.j~!3JH1ftg_[l'l~M-r EH&. tE 50° c, -0. 07MPa T~~mrrn. :ft} 
12g ¥l1Fllt~Flo i~$[f*rf1·li!t~~*iiJ1 2. 76%,;l=t;9=' PI i!:di~Hl5'a"1 51. 7%<> 

[0022] 3t;Mff {Jlj 4 

[0023] ~~ i1J<f* !'!{] l$J :f.Jk ~J!f !lfF 500g, 1111 A 95% ZdN$ 500mL, .fE ~ ?1ill_ ~ 14 -f m.1: :t.fo :fh': Il1l. 2h, ff1j 

If!, 1~. m ¥& j:f:J1 iJiL. m ¥IE~ ji ~ t~ .ijX 4 {j( , ;it~ mt 5 ix, ~ * Wl J:1: ;I}! iT * f~ iMHEt ; ~:if ug ¥:&fr 
65° c, -0. 09MPa ~14T*tff'l~?r::ft:~¥1?i1*l~nti 9%, f-!B.'itJr&ffiltG!:tfRii?i ; lnJ~'f.'.Rfffi~i:ti ]JQAIRJ 

1*l5Hl~lE C.tJt. tffi?=J~~?t ~. 1BZJ~J1JJ~IT!'l{J:f&T JZ-W:. :fr 50° c. -o. 09MPa ~14T~:&iiit 

1fU, m l2g 7HPJ]i;j~, i~U:&1*~ii}l'r.E~~Ji.7'1 2. 74%, ;ttq:i PI d=J·~J!f~ijtJ{j 51. 9%o 
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Abstract of JPH02215351 (A} 

PURPOSE:To obtain an useful phospholipid in high purity by fractionating an ethanol 
extracted total lipid of fresh krill dehydrated by vacuum freeze drying method to specific 
two ingredients using an absorption column chromatography and further isolating tt1ese 
ingredients using a fraction collector. CONSTITUTION:A fresh krill is dehydrated to 
<'""6% water content using a vacuum freeze drying method. Then the dried krill is 
homogenized •.Nith ethanol to extract total lipid. The ett1anol is removed as muct1 as 
possible from the total lipid and the extracted total lipid ia fractionated to soluble 
fraction and insoluble fraction using an acetone based solvent or hexane based solvent 
as eluate and then the solvent is cleaned from the insoluble fraction to give a crude 
phospholipid.: Then the crude phospholipid is fractionated to phosphatidyl choline and 
phosphatidyl ethanolamine with an absorption column chromatography using ethanol 
based solvent, acetone based solvent or hexane based solvent as an eluate. Then 
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each pllospholipid ingredient is isolated therefrom in a high purity of about 90-95% by a 
fraction collector. 
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LOW VISCOSITY PHOSPHOLIPID COMPOSITIONS 

FIELD OF THE INVENTION 

5 The invention relates to processing crustaceans such as krill to oils comprising 

phospholipids that are Newtonian fluids and/or and have low viscosity, and in particular to the 

production of oils containing astaxanthin and high levels of phospholipids that show 

Newtonian fluidity and have a low viscosity. 

10 BACKGROUND OF THE INVENTION 

Krill is a small crustacean which lives in all the major oceans world-wide. For 

example, it can be found in the Pacific Ocean (Euphausia pacifica), in the Northern Atlantic 

(1Heganyctiphanes norvegica) and in the Southern Ocean off the coast of Antarctica 

(Euphausia superba ). Krill is a key species in the ocean as it is the food source for many 

15 animals such as fish, birds, sharks and whales. Krill can be found in large quantities in the 

ocean and the total biomass of Antarctic krill (E. superba) is estimated to be in the range of 

300-500 million metric tons. Antarctic krill feeds on phytoplankton during the short Antarctic 

summer. During winter, however, its food supply is limited to ice algae, bacteria, marine 

detritus as well as depleting body protein for energy. Virtue et al., Mar. Biol. 126, 521-527. 

20 For this reason, the nutritional values of krill vary during the season and to some extent 

annually. Phleger et al., Comp. Biochem. Physiol. 131B (2002) 733. In order to 

accommodate variations in food supply, krill has developed an efficient enzymatic digestive 

apparatus resulting in a rapid breakdown of the proteins into amino acids. Ellingsen et al., 

Biochem. J. (1987) 246, 295-305. This autoproteolysis is highly efficient also post mortem, 

25 making it a challenge to catch and store the krill in a way that preserves the nutritional quality 

of the krill. Therefore, in order to prevent the degradation of krill the enzymatic activity is 

either reduced by storing the krill at low temperatures or the krill is made into a krill meal. 

During the krill meal process the krill is cooked so that all the active enzymes are 

denatured in order to eliminate all enzymatic activity. Krill is rich in phospholipids which act 

30 as emulsifiers. Thus it is more difficult to separate water, fat and proteins using mechanical 

separation methods than it is in a regular fish meal production line. In addition, krill becomes 

solid, gains weight and loose liquid more easily when mixed with hot water. Eventually this 

may lead to a gradual build up of coagulated krill proteins in the cooker and a non-continuous 
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operation due to severe clogging problems. In order to alleviate this, hot steam must be added 

directly into the cooker. This operation is energy demanding and may also result in a 

degradation of unstable bioactive components in the krill such as omega-3 fatty acids, 

phospholipids and astaxanthin. The presence of these compounds, make krill oil an attractive 

5 source as a food supplement, a functional food products and a pharmaceutical for the animal 

and human applications. 

Omega-3 fatty acids have recently been shown to have potential effect of preventing 

cardiovascular disease, cognitive disorders, joint disease and inflammation related diseases 

such as rheumatoid arthritis. Astaxanthin is a strong antioxidant and may therefore assist in 

10 promoting optimal health. Hence, there is a need for a method of processing krill into a krill 

meal at more gentle conditions which prevents the degradation of these valuable bioactive 

compounds. 

SUMMARY OF THE INVENTION 

15 The invention relates to processing crustaceans such as krill to oils comprising 

phospholipids that are Newtonian fluids and/or and have low viscosity, and in particular to the 

production of oils containing astaxanthin and high levels of phospholipids that show 

Newtonian fluidity and have a low viscosity. 

In some embodiments, the present invention provides compositions comprising less 

20 than about 150, 100, 10, 5, 2 or 1 mg1kg astaxanthin or from about 0.1 to about 1, 2, 5, 10 or 

200 mg/kg astaxanthin, preferably endogenous, naturally occurring astaxanthin, from about 

20% to about 50%, 15% to 45%, or 25% to 35% phospholipids on a w/w basis, and about 

15% to 60%, about 20% to 50%, or about 25% to 40% protein on a w/w basis, wherein said 

phospholipids comprise omega-3 fatty acid residues. In some embodiments, the composition 

25 comprises a lipid fraction having an omega-3 fatty acid content of from about 5% to about 

30%, from 10% to about 30%, or from about 12% to about 18% on a w/w basis. In some 

embodiments, the phospholipids comprise greater than about 60%, 65%, 80%, 85% or 90% 

phosphatidylcholine on a w/w basis. In some embodiments, the phospholipids comprise less 

than about 15%, 10%, 8% or 5% ethanolamine on a w/w basis. In some embodiments, the 

30 compositions comprise from about 1 % to 10%, preferably 2% to 8%, and most preferably 

about 2% to 6% alkylacylphosphatidylcholine. In some embodiments, the compositions 

comprise from about 40% to about 70% triacylglycerol on a w/w basis. In further 

embodiments, the compositions comprise less than about 1 % cholesterol. In some 

2 
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embodiments, the protein comprises from about 8% to about 14% leucine on a w/w basis and 

from about 5% to 11 % isoleucine on a w/w basis. 

In some embodiments, the present invention comprises an aqueous phase and a solid 

phase, said solid phase comprising from about 20% to about 40% phospholipids on a w/w 

5 basis, and about 20% to 50% protein on a w/w basis, wherein said phospholipids comprise 

from about 10% to about 20% omega-3 fatty acid residues. 

In other embodiments, the present invention provides krill compositions comprising 

astaxanthin, a protein fraction, and a lipid fraction, wherein said lipid fraction comprises less 

than about 10%, 5% or 3% phospholipids on a w/w basis. In some embodiments, the 

10 phospholipids comprise less than about 15%, 10% or 5% phosphatidylcholine on a w/w basis. 

In some embodiments, the present invention provides a krill meal comprising 

astaxanthin and from about 8 % to about 31 % lipids, preferably from about 8% to about 10 

or 18 % lipids, wherein said lipids comprises greater than about 80% neutral lipids on a w/w 

basis. In some embodiments, the krill meal comprises less than about 15%, 10%, 5%, 3% or 

15 1 % phospholipids. In some embodiments, the phospholipids comprise less than about 15%, 

10% or 5% phosphatidylcholine on a w/w basis. 

In some embodiments, the present invention provides methods of preparing a 

phospholipid composition from biological material or biomass comprising: mixing said 

biological material or biomass with water at a suitable temperature to form a solid phase and 

20 an aqueous phase comprising phospholipids and proteins; separating said solid phase from 

said aqueous phase; heating said aqueous phase at a temperature sufficient to form a 

phospholipid-protein precipitate; and separating said phospholipid-protein precipitate from 

said aqueous phase. In some embodiments, the present invention provides a phospholipid

protein precipitate obtained by using the foregoing method. In some embodiments, the 

25 biological material or biomass is krill. In other embodiments, the biological material or 

biomass is selected from crabs, shrimp, calanus, plankton, crayfish, eggs or other 

phospholipid containing biological materials or biomass. In some embodiments, the methods 

fmiher comprise the step of forming a meal from said solid phase. In some embodiments, the 

step of forming a meal comprises: heating the solid phase in the presence of water; separating 

30 fat and protein in said solid phase; and drying said protein to form a meal. In some 

embodiments, the processes further comprise the steps of pressing and drying the coagulum to 

form a coagulum meal. In some embodiments, the drying is by hot air or steam. In some 

embodiments, the present invention provides a phospholipid-protein precipitate obtained by 

using the foregoing method. In some embodiments, the present invention provides a 

3 
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composition comprising a krill solid phase according to the foregoing methods. In some 

embodiments, the present invention provides a krill meal obtained by the foregoing methods. 

In some embodiments, the present invention provides processes comprising: extracting 

a first lipid fraction from a krill biomass; extracting a second lipid fraction from a krill 

5 biomass; and blending said first lipid fraction and said second lipid fraction to provide a krill 

lipid composition having a desired composition. In some embodiments, the one or more of 

the extracting steps are performed in the absence of substantial amounts of organic solvents. 

In some embodiments, the first lipid fraction is extracted by: mixing krill with water at a 

suitable temperature to form a solid phase and an aqueous phase comprising phospholipids 

10 and protein; separating said solid phase from said aqueous phase; heating said aqueous phase 

at a temperature sufficient to form a phospholipid-protein precipitate; separating said 

phospholipid-protein precipitate from said aqueous phase; and separating said phospholipids 

from said protein. In some embodiments, the second lipid fraction is extracted by: heating the 

solid phase in the presence of water; and separating fat and protein in said solid phase. In 

15 some embodiments, the first lipid fraction comprises a phospholipid fraction comprising 

greater than about 90% phosphatidylcholine on a w/w basis. In some embodiments, the 

second lipid fraction comprises greater than about 80% neutral lipids on a w/w basis. 

In some embodiments, the present invention provides processes of producing a 

phospholipid composition from biological material or biomass comprising: mixing said 

20 biological material or biomass with water to increase the temperature of said biological 

material to about 25 to 80 °C , preferably to about 50 to 75 °C, and most preferably to about 

60 to 75 °C to form a first solid phase and a first aqueous phase comprising phospholipids and 

proteins; separating said first solid phase from said first aqueous phase; and separating a 

protein and phospholipid fraction from said first aqueous phase. In some embodiments, the 

25 biomass is heated to the first temperature for at least 3 minutes, preferably from about 3 

minutes to 60 minutes, more preferably from about 3 minutes to 20 minutes, and most 

preferably from about 3 minutes to 10 minutes. The present invention is not limited to the use 

of any particular biological materials or biomass. In some embodiments, the biological 

material is a marine biomass. In some preferred embodiments, the biological material or 

30 biomass comprises krill crabs, shrimp, calanus, plankton, crayfish, eggs or other phospholipid 

containing biological materials or biomass. The present invention is not limited to the use of 

any particular type of krill. In some embodiments, the krill is fresh, while in other 

embodiments, the krill is frozen. In some embodiments, the krill is of the species Euphausia 

superba. In some embodiments, the step of separating a protein and phospholipid fraction 

4 
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from said first aqueous phase comprises heating said first aqueous phase at a temperature 

sufficient to form a phospholipid-protein coagulate and separating said phospholipid-protein 

coagulate from said aqueous phase. In some embodiments, the processes utilize a second 

heating step. In some embodiments, the first aqueous phase is heated to over 80 °C, preferably 

5 to about 80 to 120 °C, and most preferably to about 90 to 100 °C. In some embodiments, the 

krill milk is held at these temperatures for from about 1 minute to about 60 minutes, 

preferably about 1 minute to about 10 minutes, and most preferably for about 2 minutes to 8 

minutes. In some embodiments, the heating is at atmospheric pressure, while in other 

embodiments, the pressure is greater than atmospheric pressure. In some embodiments, the 

10 processes further comprise the step of pressing said phospholipid-protein coagulate to form a 

coagulate liquid phase and a coagulate press cake. In some embodiments, the processes 

further comprise drying said coagulate press cake to form a coagulate meal. In some 

embodiments, the processes further comprise extracting a coagulate oil from said coagulate 

meal. In some embodiments, the processes further comprise the steps of pressing and drying 

15 the coagulum to form a coagulum meal. In some embodiments, the drying is by hot air or 

steam. 

In some embodiments, the step of separating a protein and phospholipid fraction from 

said first aqueous phase comprises filtration of said aqueous phase to provide a phospholipid

protein retentate comprising proteins and phospholipids. In some embodiments, filtration is 

20 via membrane filtration. In some embodiments, the filtration comprises filtering said aqueous 

phase through a microfilter with a pore size of from about 50 to 500 nm. In some 

embodiments, the processes further comprise the step of dewatering said phospholipid-protein 

retentate to form a retentate liquid phase and a retentate concentrate. In some embodiments, 

the processes further comprise the step of removing water from said retentate concentrate so 

25 that said retentate concentrate is microbially stable. In some embodiments, the processes 

further comprise the step of extracting a retentate oil from said retentate concentrate. In some 

embodiments, the processes further comprise the step of heating said first solid phase and then 

pressing said first solid phase to form a first press cake and a second liquid phase. In some 

embodiments, the processes further comprise the step of drying said first press cake to provide 

30 a first krill meal. In some embodiments, the processes further comprise the steps of heating 

said second liquid phase and then separating said second liquid phase to provide a first krill 

oil and stickwater. In some embodiments, the stickwater is evaporated and added to said first 

press cake, and a meal is formed from said evaporated stickwater and said first press cake to 

provide a second krill meal. In some embodiments, the second liquid phase is heated to over 

5 
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80 °C, preferably to about 80 to 120 °C, and most preferably to about 90 to 100 °C prior to said 

separation. In some embodiments, the processes further comprise the step of combining the 

previously described coagulate oil or the retentate oil and the first krill oil to provide a 

blended oil. In other embodiments, the coagulate oil, retentate oil, or oil pressed from the first 

5 solid phase are combined with the coagulate meal or retentate. In further embodiments, the 

processes of the present invention comprise the further step of supplementing the meals or oils 

produced as described above with additional proteins, phospholipids, triglycerides, fatty acids, 

and/or astaxanthin to produce an oil or meal with a desired defined composition. As such, a 

person of skill in the art will readily recognize that the processes described above serve as a 

10 starting point for producing compositions that are further supplemented in subsequent process 

steps to produce a desired composition, such a composition containing elevated levels of 

proteins, lipids or astaxanthin. In some embodiments, the present invention provides the lipid

protein composition produced by the foregoing processes. In some embodiments, the present 

invention provides the coagulate meal produced by the foregoing processes. In some 

15 embodiments, the present invention provides the coagulate oil produced by the foregoing 

processes. In some embodiments, the present invention provides the retentate meal produced 

by the foregoing processes. In some embodiments, the present invention provides the 

retentate oil produced by the foregoing processes. In some embodiments, the present 

invention provides the krill meal produced by the foregoing processes. In some embodiments, 

20 the present invention provides a krill oil produced by the foregoing processes. In some 

embodiments, the present invention provides a blended oil produced by the foregoing 

processes. In some embodiments, the compositions of the present invention are supplemented 

with additional proteins, phospholipids, triglycerides, fatty acids, and/or astaxanthin to 

produce an oil or meal with a desired defined composition. As such, a person of skill in the 

25 art will readily recognize that the compositions described above serve as a starting point for 

producing compositions that are further supplemented in subsequent process steps to produce 

a desired composition, such a composition containing elevated levels of proteins, lipids or 

astaxanthin. 

In some embodiments, the present invention provides processes comprising: heating a 

30 krill biomass to about 25 to 80 °C, preferably to about 50 to 75 °C, and most preferably to 

about 60 to 75 °C; separating said krill biomass into solid and liquid phases; extracting a first 

lipid fraction from said solid phase; extracting a second lipid fraction from said liquid phases; 

and blending said first lipid fraction and said second lipid fraction to provide a krill lipid 

composition having a desired composition. In some embodiments, the extracting steps are 
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performed in the absence of substantial amounts of organic solvents. In some embodiments, 

the first lipid fraction comprises a phospholipid fraction comprising greater than about 90% 

phosphatidylcholine on a w/w basis. In some embodiments, the second lipid fraction 

comprises greater than about 80% neutral lipids on a w/w basis. 

5 In some embodiments, the present invention provides krill compositions comprising 

from about 0.01 to about 200 mg/kg astaxanthin, from about 45% to about 65% fat w/w, and 

about 20% to 50% protein w/w, wherein said fat comprises omega-3 fatty acid residues. In 

some embodiments, the fat has an omega-3 fatty acid content of from about 10% to 30 %, 

preferably 15% to about 25% on a w/w basis. In some embodiments, the fat comprises from 

10 about 20% to about 50% phospholipids w/w, wherein said phospholipids comprise greater 

than about 65% phosphatidylcholine w/w and from about 1 % to about 10% 

alkylacylphosphatidylcholine. In some embodiments, the phospholipids comprise less than 

about 10% ethanolamine on a w/w basis. In some embodiments, the fat comprises from about 

40% to about 70% triacylglycerol w/w. In some embodiments, the compositions further 

15 comprise less than about 1 % cholesterol. In some embodiments, the protein comprises from 

about 8% to about 14% leucine on a w/w basis and from about 5% to 11 % isoleucine on a 

w/w basis. 

In some embodiments, the present invention provides krill compositions comprising 

from about 10% to about 20% protein w/w, about 15% to about 30% fat w/w, and from about 

20 0.01 to about 200 mg/kg astaxanthin. In some embodiments, the fat has an omega-3 fatty acid 

content of from about 10% to about 30% on a w/w basis. In some embodiments, the fat 

comprises from about 30% to about 50% phospholipids w/w. In some embodiments, the 

phospholipids comprise greater than about 65% phosphatidylcholine w/w. In some 

embodiments, the phospholipids comprise less than about 10% ethanolamine on a w/w basis. 

25 In some embodiments, the fat comprises from about 40% to about 70% triacylglycerol w/w. 

In some embodiments, the compositions comprise less than about 1 % cholesterol. In some 

embodiments, the protein comprises from about 7% to about 13% leucine on a w/w basis and 

from about 4% to 10% isoleucine on a w/w basis. 

In some embodiments, the present invention provides krill meal press cakes 

30 comprising from about 65% to about 75% protein w/w (dry matter) , from about 10% to 

about 25% fat w/w (dry matter), and from about 1 to about 200 mg/kg astaxanthin (wet base). 

In some embodiments, the fat comprises greater than about 30% neutral lipids and greater 

than about 30% phospholipids on a w/w basis. In some embodiments, the fat comprises from 

about 50 to about 60% neutral lipids w/w and from about 40% to about 55% polar lipids w/w. 
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In some embodiments, the protein comprises from about 5% to about 11 % leucine w/w and 

from about 3% to about 7% isoleucine w/w. 

In some embodiments, the present invention provides krill meals comprising from 

about 65% to about 75% protein w/w (dry matter), from about 10% to about 25% fat w/w 

5 (dry matter), and from about 1 to about 200 mg/kg astaxanthin (wet base). In some 

embodiments, the fat comprises greater than about 30% neutral lipids and greater than about 

30% phospholipids on a w/w basis. In some embodiments, the fat comprises from about 50 to 

about 60% neutral lipids w/w and from about 40% to about 55% polar lipids w/w. In some 

embodiments, the polar lipids comprise greater than about 90% phosphatidyl choline w/w. In 

10 some embodiments, the polar lipids comprise less than about 10% phosphatidyl ethanolamine 

w/w. In some embodiments, the protein comprises from about 5% to about 11 % leucine w/w 

and from about 3% to about 7% isoleucine w/w. 

In some embodiments, the present invention provides krill oil compositions 

comprising greater than about 1500 mg/kg total esterified astaxanthin, wherein said esterified 

15 astaxanthin comprises from about 25 to 35% astaxanthin monoester on a w/w basis and from 

about 50 to 70% astaxanthin diester on a w/w basis, and greater than about 20 mg/kg free 

astaxanthin. 

In some embodiments, the present invention provides krill compositions comprising 

from about 3% to about 10% protein w/w, about 8% to about 20% dry matter w/w, and about 

20 4% to about 10% fat w/w. In some embodiments, the fat comprises from about 50% to about 

70% triacylglycerol w/w. In some embodiments, the fat comprises from about 30% to about 

50% phospholipids w/w. In some embodiments, the phospholipids comprise greater than 

about 90% phosphatidyl choline w/w. In some embodiments, the fat comprises from about 

10% to about 25% n-3 fatty acids. In some embodiments, the fat comprises from about 10% 

25 to about 20% EPA and DHA. 

In some embodiments, the krill compositions of the present invention are 

supplemented with additional proteins, phospholipids, triglycerides, fatty acids, and/or 

astaxanthin to produce an oil or meal with a desired defined composition. As such, a person 

of skill in the art will readily recognize that the krill compositions described above serve as a 

30 starting point for producing compositions that are further supplemented in subsequent process 

steps to produce a desired composition, such a composition containing elevated levels of 

proteins, lipids or astaxanthin. 

The meal and oil compositions of the present invention described above are 

characterized in containing low levels, or being substantially free of many volatile compounds 
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that are commonly found in products derived from marine biomass. In some embodiments, 

the meals and oils of the present invention are characterized as being substantially free of one 

or more of the following volatile compounds: acetone, acetic acid, methyl vinyl ketone, 1-

penten-3-one, n-heptane, 2-ethyl furan, ethyl propionate, 2-methyl-2-pentenal, pyridine, 

5 acetamide, toluene, N,N-dimethyl formamide, ethyl butyrate, butyl acetate, 3-methyl-1,4-

heptadiene, isovaleric acid, methyl pyrazine, ethyl isovalerate, N,N-dimethyl acetamide, 2-

heptanone, 2-ethyl pyridine, butyrolactone, 2,5-dimethyl pyrazine, ethyl pyrazine, N,N

dimethyl propanamide, benzaldehyde, 2-octanone, 13-myrcene, dimethyl trisulfide, trimethyl 

pyrazine, 1-methyl-2-pyrrolidone. In other embodiments, the meals and oils of the present 

10 invention are characterized in containing less than 1000, 100, 10, 1 or 0.1 ppm (alternatively 

less than 10 mg/lOOg, preferably less than 1 mg/100 g and most preferably less than 0.1 

mg/100 g) of one or more of the following volatile compounds: acetone, acetic acid, methyl 

vinyl ketone, 1-penten-3-one, n-heptane, 2-ethyl furan, ethyl propionate, 2-methyl-2-pentenal, 

pyridine, acetamide, toluene, N,N-dimethyl formamide, ethyl butyrate, butyl acetate, 3-

15 methyl-1,4-heptadiene, isovaleric acid, methyl pyrazine, ethyl isovalerate, N,N-dimethyl 

acetamide, 2-heptanone, 2-ethyl pyridine, butyrolactone, 2,5-dimethyl pyrazine, ethyl 

pyrazine, N,N-dimethyl propanamide, benzaldehyde, 2-octanone, 13-myrcene, dimethyl 

trisulfide, trimethyl pyrazine, 1-methyl-2-pyrrolidone. In further embodiments, the 

compositions of the present invention are characterized in comprising less than 10 mg/lOOg, 

20 and preferably less than lmg/100 g (d1y weight) of trimethylamine (TMA), trimethylamine 

oxide (TMAO) and/or lysophosphatidylcholine. 

In some embodiments, the present invention provides systems for processing of 

marine biomass comprising: a mixer for mixing marine biomass and water to form a mixture 

having a defined temperature, wherein said mixture has a first solid phase and a first liquid 

25 phase. In some embodiments, the water is heated and said defined temperature of said 

mixture is from about 25 to 80 °C, preferably to about 50 to 75 °C, and most preferably to 

about 60 to 75 °C. In some embodiments, the systems further comprise a separator in fluid 

communication with said mixer for separating said first solid phase and said first liquid phase. 

In some embodiments, the first separator is a filter. In some embodiments, the systems further 

30 comprise a first heater unit in fluid communication with said first separator, wherein said first 

heater unit heats said first liquid phase to a defined temperature. In some embodiments, the 

defined temperature is about 80°C to about 100°C, preferably 90°C to about 100°C, most 

preferably 95°C to about 100°C. In some embodiments, the systems further comprise a 

microfilter in fluid communication with said mixer, wherein said liquid phase is separated into 
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a retentate phase and a permeate phase by said microfilter. In some embodiments, the systems 

further comprise a prefilter in line with said microfilter. In some embodiments, the prefilter is 

a sieve In some embodiments, the water is heated and said defined temperature of said 

mixture is from about 25 to 80 °C, preferably to about 50 to 75 °C, and most preferably to 

5 about 60 to 75 °C. In some embodiments, the systems further comprise a first separator in 

fluid communication with said mixer for separating said first solid phase and said first liquid 

phase. In some embodiments, the first separator is a filter. 

In some embodiments, the present invention provides krill compositions comprising 

from about 10% to about 20% protein w/w, about 15% to about 30% fat w/w, from about 

10 0.01% to about 200 mg/kg astaxanthin, and less than about 1 mg/lOOg trimethyl amine, 

trimethyl amine, volatile nitrogen, or lg/lOOg lysophosphatidylcholine or combinations 

thereof. In some embodiments, the fat has an omega-3 fatty acid content of from about 10% 

to about 25% on a w/w basis. In some embodiments, the fat comprises from about 35% to 

about 50% phospholipids w/w. In some embodiments, the phospholipids comprise greater 

15 than about 90% phosphatidylcholine w/w. In some embodiments, the phospholipids comprise 

less than about 10% ethanolamine on a w/w basis. In some embodiments, the fat comprises 

from about 40% to about 60% triacylglycerol w/w. In some embodiments, the compositions 

further comprise less than about 1 % cholesterol. In some embodiments, the protein comprises 

from about 7% to about 13% leucine on a w/w basis and from about 4% to 10% isoleucine on 

20 a w/w basis. 

In some embodiments, the present invention provides processes for processing of 

marine biomass comprising: providing a marine biomass and a mixer for mixing marine 

biomass and water to form a mixture having a defined temperature, wherein said mixture 

comprises a first solid phase and a first liquid phase. In some embodiments, the defined 

25 temperature of said mixture is from about 25 to 80 °C, preferably to about 50 to 75 °C, and 

most preferably to about 60 to 75 °C. In some embodiments, the processes further comprise 

the steps of separating said liquid phase from said solid phase, and heating said liquid phase to 

about 80°C to about 100°C, preferably 90°C to about 100°C, most preferably 95°C to about 

100°C, to produce a coagulate. In some embodiments, the coagulate comprises proteins and 

30 lipids. In some embodiments, the coagulate is separated from residual liquid by filtering. 

In some embodiments, the present invention provides systems for processing of 

marine biomass comprising: a ship; a trawl net towable from said ship, said trawl net 

configured to catch the marine biomass; and a mixer for mixing said marine biomass and 

water to form a mixture having a defined temperature, wherein said mixture has a first solid 

10 
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phase and a first liquid phase. In some embodiments, the marine biomass is krill. In some 

embodiments, the krill is fresh krill and the trawl and ship are configured to deliver the fresh 

krill to the mixer. In some embodiments, system comprises a pump to transfer the biomass 

from the krill to the ship. In some embodiments, the system comprises a microfilter in fluid 

5 communication with said mixer, wherein said microfilter separates said first solid phase and 

said first liquid phase. In some embodiments, the marine biomass is krill. In some 

embodiments, the krill is fresh krill. 

In some embodiments, the present invention provides an oil extracted from krill 

comprising from about 40% to about 60% phospholipids by weight of the oil and about 1 to 

10 about 1500 mg/I astaxanthin, said oil having Newtonian fluidity at 25°C. In some 

embodiments, the oil has a viscosity of about 400 to about 1200 microPascals/sec at 25°C. In 

some embodiments, the oil comprises about 35% to about 55% w/w triglycerides. In some 

embodiments, the oil further comprises about 10% to about 35% w/w omega-3 fatty acid 

residues. In some embodiments, the phospholipids comprise about greater than 90% 

15 phosphatidyl choline by weight of the phospholipids. In some embodiments, the oil has a 

viscosity of about 800 to about 1100 micro Pascals/sec at 25°C. In some embodiments, the 

krill is Euphausia superba. In some embodiments, the present invention provides a capsule 

containing the previous oil compositions. In some embodiments, the capsule is a gel capsule. 

In some embodiments, the present invention provides an oral dosage form comprising 

20 an oil extracted from krill comprising from about 40% to about 60% phospholipids by weight 

of said oil and about 1 to about 1500 mg/I astaxanthin, the oil having a viscosity of about 700 

to about 1200 microPascals/sec at 25°C. In some embodiments, the oral dosage form is a gel 

capsule. In some embodiments, the oral dosage form is a free flowing oil. 

In some embodiments, the present invention provides an oil extracted from krill 

25 comprising from about 40% to about 60% phospholipids by weight of the oil and about 1 to 

about 1500 mg/I astaxanthin, said oil having a viscosity of about 400 to about 1200 

microPascals/sec at 25°C. In some embodiments, the oil has Newtonian fluidity at 25°C. 

In some embodiments, the present invention provides processes for producing a krill 

oil having Nevvi:onian fluidity comprising: mixing said krill with water to increase the 

30 temperature of the krill to about 25 to 80 °C to form a first solid phase and a first aqueous 

phase comprising said phospholipids and proteins; separating said first solid phase from said 

first aqueous phase; heating said first aqueous phase to produce a phospholipid and protein 

concentrate; and extracting an oil from the phospholipid and protein concentrate. In some 

embodiments, the oil is extracted with ethanol. In some embodiments, the ethanol is removed 
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by evaporation under reduced pressure. In some embodiments, the present invention provides 

krill oils produced by the foregoing processes. 

In some embodiments, the present invention provides a pharmaceutical composition 

comprising one or more of the compositions described above in combination with a 

5 pharmaceutically acceptable carrier. In some embodiments, the present invention provides a 

food product comprising one or of the foregoing compositions. In some embodiments, the 

present invention provides a dietary supplement comprising one or more of the foregoing 

compositions. In some embodiments, the present invention provides an animal feed 

comprising one or more of the foregoing compositions. 

10 

DESCRIPTION OF THE FIGURES 

Figure 1 shows an overview of the process of making krill meal with a two stage 

cooking process. 

Figure 2 is a graph of the Permeate flux as function of dry matter of the retentate (%) 

15 (0 Brix). 

20 

Figure 3 is a graph of Average Flux as function of dry matter in retentate. 

Figure 4 is a GC of the neutral fraction extracted from krill coagulate. 

Figure 5 is a GC analysis of the neutral fraction extracted from krill coagulate. 

Figure 6 is a GC of the polar fraction extracted from krill coagulate. 

Figure 7 is a GC analysis of the polar fraction extracted from krill coagulate. 

Figures 8a, 8b, and 8c provides graphs depicting Newtonian fluidity at 15°C, 25°C, 

and 35°C, respectively. 

25 DEFINITIONS 

As used herein, "phospholipid" refers to an organic compound having the following 

general structure: 
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0 

II 1 
O--C--R 

0 

II 2 
--O--C--R 

0 

II 3 0-1-_ O-R 

wherein Rl is a fatty acid residue, R2 is a fatty acid residue or -OH, and R3 is a -H or 

nitrogen containing compound choline (HOCH2CH2N\CH3) 30ff), ethanolamine 

5 (HOCH2CH2NH2), inositol or serine. Rl and R2 cannot simultaneously be OH. When R3 is 

an -OH, the compound is a diacylglycerophosphate, while when R3 is a nitrogen-containing 

compound, the compound is a phosphatide such as lecithin, cephalin, phosphatidyl serine or 

plasmalogen. 

An "ether phospholipid" as used herein refers to a phospholipid having an ether bond 

10 at position 1 the glycerol backbone. Examples of ether phospholipids include, but are not 

limited to, alkylacylphosphatidylcholine (AAPC), lyso-alkylacylphosphatidylcholine 

(LAAPC), and alkylacylphosphatidylethanolamine (AAPE). A "non-ether phospholipid" is a 

phospholipid that does not have an ether bond at position 1 of the glycerol backbone. 

As used herein, the term omega-3 fatty acid refers to polyunsaturated fatty acids that 

15 have the final double bond in the hydrocarbon chain between the third and fourth carbon 

atoms from the methyl end of the molecule. Non-limiting examples of omega-3 fatty acids 

include, 5,8,11,14,17-eicosapentaenoic acid (EPA), 4,7,10,13,16,19-docosahexanoic acid 

(DHA) and 7,10,13,16,19-docosapentanoic acid (DPA). 

As used herein, astaxanthin refers to the following chemical structure: 

OH 

HO 

20 0 
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As used herein, astaxanthin esters refer to the fatty acids esterified to OH group in the 

astaxanthin molecule. 

As used herein, the term w/w (weight/weight) refers to the amount of a given 

substance in a composition on weight basis. For example, a composition comprising 50% 

5 w/w phospholipids means that the mass of the phospholipids is 50% of the total mass of the 

composition (i.e., 50 grams of phospholipids in 100 grams of the composition, such as an oil). 

As used herein, the term "fresh krill" refers to krill that is has been harvested less than 

about 12, 6, 4, 2 or preferably 1 hour prior to processing. "Fresh krill" is characterized in that 

products made from the fresh krill such as coagulum comprise less than 1 mg/lOOg TMA, 

10 volatile nitrogen or Trimetylamine oxide-N, alone or in combination, and less than lg/100 g 

lysophosphatidy lcho line. 

As used herein, the term "Newtonian fluid" refers to a fluid whose stress versus strain 

rate curve is linear and passes through the origin. The constant of proportionality is known as 

the "viscosity." The term "having Newtonian fluidity" is used in reference to a fluid, for 

15 example an oil containing phospholipids, that exhibits fluidity properties that are substantially 

Nevvionian fluid-like, i.e., the stress versus strain rate curve is substantially linear and passes 

approximately through the origin. 

DETAILED DESCRIPTION OF THE INVENTION 

20 The invention relates to processing crustaceans such as krill to oils comprising 

phospholipids that are Newtonian fluids and/or and have low viscosity, and in pa11icular to the 

production of oils containing astaxanthin and high levels of phospholipids that show 

Newtonian fluidity and have a low viscosity.In some embodiments, the present invention 

provides systems and methods for the continuous processing of fresh or frozen krill into 

25 useful products, including krill oil, krill meal, and a krill protein/phospholipid coagulum. 

Previous processes for treating marine biomasses such as krill have utilized a single 

high temperature treatment to provide a proteinaceous product. Pat No. SU220741; 

"Removing fats from the protein paste "Okean". Gulyaev and Bugrova, Konservnaya i 

Ovoshchesushil'naya Promyshlennost (1976), (4), 37-8; Amino acid composition ofprotein-

30 coagulate in krill. Nikolaeva, VNIRO (1967), 63 161-4. However, these methods result in 

a product with a relatively low lipid content. The present invention describes a process in 

which the marine biomass such as krill is first heated at moderate temperatures to provide an 

aqueous phase which is subsequently heated at a higher temperature. This process provides a 

novel protein-lipid composition that has a higher lipid content than previously described 
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compositions produced from marine biomasses. The compositions of the present invention 

are further distinguished from other krill oil supplements marketed for human use in that the 

described compositions are, in some embodiments, provided as solids or powders comprising 

a combination of krill lipids, including krill phospholipids and krill triglycerides, and krill-

5 derived protein. These solids/powders may preferably be provided in capsules, gel capsules, 

or as tablets or caplets. 

In some embodiments, the present invention provides solvent-free methods to produce 

a phospholipid-containing composition from a biomass such as krill, crabs, Calanus, plankton, 

eggs, crayfish, shrimp and the like without using organic solvents. In some embodiments, the 

10 biomass (preferably krill, freshly harvested or frozen) is heated to a temperature in the range 

of 25 to 80°C, preferably 40 to 75°C, and most preferably 60 to 75°C in order to 

dissolve/disperse lipids and proteins from the krill into the water phase, which is called krill 

milk In some embodiments, the biomass is heated to and held at this first temperature for at 

least 3 minutes, preferably from about 3 minutes to 60 minutes, more preferably from about 3 

15 minutes to 20 minutes, and most preferably from about 3 minutes to 10 minutes. In some 

embodiments, the processes then utilize a second heating step. The proteins and 

phospholipids are precipitated out of the water phase produced from the first heating step by 

heating the krill milk (after removal of the krill solids) to a temperature of greater than about 

80°C, preferably 80 to 120°C, most preferably 95 to 100°C. In some embodiments, the krill 

20 milk is held at these temperatures for from about 1 minute to about 60 minutes, preferably 

about 1 minute to about 10 minutes, and most preferably for about 2 minutes to 8 minutes. 

The water phase may be heated at atmospheric pressure, or the water phase may be heated in a 

closed system at an elevated pressure so that the temperature can be increased above 100°C. 

Accordingly, in some embodiments, the heating is at atmospheric pressure, while in other 

25 embodiments, the pressure is greater than atmospheric pressure. The precipitate formed 

(hereafter called a coagulum) can be isolated and characterized. In some embodiments, the 

processes further comprise the steps of pressing and drying the coagulum to form a coagulum 

meal. In some embodiments, the drying is by hot air or steam. 

The solid phase (e.g., krill solids) is preferably used to make a krill meal which also 

30 has a novel composition. In other embodiments, the krill milk is microfiltrated. The solid 

phase produced by microfiltration (called the retentate) is similar to that of the coagulum. 

Data show that the coagulum and retentate are low in cholesterol. In some embodiments, the 

retentate and coagulum are substantially free of cholesterol. In some embodiments, the 

retentate and coagulum comprise less than 1 % cholesterol, preferably less than 0.1 % 
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cholesterol. This is a novel method to remove at least a portion of the lipids, such as 

phospholipids, from the krill. Removal of lipids from krill has previously required solvent 

extraction using liquids such as ethanol or other polar solvents. Solvent extraction is time

consuming and may also result in loss of material and is therefore not wanted. The krill used 

5 to separate out the coagulum had been stored frozen for 10 months prior to the 

experimentation. It is believed that due to the release of proteolytic enzyme activity during a 

freezing/thawing process, more protein can be expected to be solubilized based on the 

processing of frozen krill than from fresh krill. 

In some embodiments, the present invention provides systems and processes for 

10 processing a marine biomass. In preferred embodiments, the marine biomass is krill, 

preferably the Antarctic krill Euphausia superba. Other krill species may also be processed 

using the systems and processes of the present invention. In some embodiments, the krill is 

processed in a fresh state as defined herein. In some embodiments, the krill is processed on 

board a ship as described below within 12, 10, 8, 6, 4, or preferably 2 hours of catching the 

15 krill. In some embodiments, the krill is processed on board a ship within 1 or preferably 0.5 

hours of catching the krill. In some embodiments, the ship tows a trawl that is configured to 

catch krill. The krill is then transferred from the trawl to the ship and processed. In some 

embodiments, the trawl comprises a pump system to pump the freshly caught krill from the 

trawl to the ship so that the krill can be processed in a fresh state. In preferred embodiments, 

20 the pump system comprises a tube that extends below the water the trawl and a pumping 

action is provided by injecting air into the tube below the waterline so that the krill is 

continuously drawn or pumped from the trawl, through the tube and on board the ship. 

Preferred trawling systems with pumps are described in PCT Applications WO 07 /108702 and 

WO 05/004593, incorporated herein by reference. 

25 Some embodiments of the systems and processes of the present invention are shown in 

Figure 1. As shown in Figure 1, fresh or frozen is krill is mixed in mixer with a sufficient 

amount of hot water from water heater to increase the temperature of the krill mass to 

approximately 40 to 75°C, preferably 50 to 75 °C, more preferably 60 to 75 °C, and most 

preferably about 60 to 70 °C. Many different types of water heaters are useful in the present 

30 invention. In some embodiments, the water heater is a steam heated kettle, while in other 

embodiments, the water heater is a scraped surface heat exchanger. The heated mass is then 

separated into liquid (krill milk) and krill solid fractions in a filter. In some embodiments, the 

separation is performed by sieving through a metal sieve. After separation, the krill milk is 

heated to approximately 90°C to 100°C, preferably to about 95°C to 100°C in a heater. Any 
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type of suitable water or liquid heater may be used. In preferred embodiments, the heater is a 

scraped surface heat exchanger. This heating step produced a solid fraction (the coagulum 

described above) and a liquid fraction. In some prefeITed embodiments, the separator utilizes 

a filter as previously described. The present invention is not limited to the use of any 

5 particular type of filter. In some embodiments, the filter is a woven filter. In some 

embodiments, the filter comprises polymeric fibers. The coagulum is introduced into a 

dewaterer. In some embodiments, the dewaterer is a press such as screw press. Pressing 

produces a liquid fraction and a press cake. The press cake is dried in a drier to produce 

coagulum meal. 

10 The solid krill fraction is introduced into a dewaterer for dewatering. In some 

embodiments, the dewaterer is a press such as screw press. Pressing produces a press cake and 

a liquid fraction. The press cake is dried in a drier, such as an air drier or steam drier, to 

provide krill meal. The liquid fraction is centrifuged to produce a neutral krill oil containing 

high levels of astaxanthin and stickwater. In prefeITed embodiments, the stick water is added 

15 back into the krill press cake to make a full meal, including the various components of the 

stick water such as soluble proteins, amino acids, etc. 

In alternative embodiments, the krill milk can be treated by microfiltration instead of 

by heating to form a coagulum. The krill milk is introduced into a microfilter. Microfiltration 

produces a fraction called a retentate and a liquid permeate. The retentate is concentrated by 

20 evaporation under vacuum to stability, water activity <0.5 Aw. Membrane filtration of 

cooking liquid is preferably performed at about 70 °C with a filter having a pore size of about 

10 nm to about 1 OOOnm, more preferably about 50 to about 500 nm, and most preferably 

about 100 nm. An exemplary filter is the P 19-40 100 nm Zr02 membrane. In some 

embodiments, the liquid fraction is prefiltered prior to microfiltration. In prefeITed 

25 embodiments, the prefilter is a roto-fluid sieve (air opening 100 µm). 

In yet another embodiment of the invention is a novel and more efficient method of 

preparing krill meal. By removing the coagulum, the krill meal process is less susceptible to 

clogging problems and the use of hot steam in the cooker can be avoided. The data disclosed 

show the coagulum contains a high percentage of phospholipids, hence the separation of the 

30 fat in the new krill meal process can be obtained using mechanical methods as in standard fish 

meal processes. In fact, the separation of fat from the meal is important. Ideally, the krill meal 

should have a low fat value in order to have satisfactory technical properties. Mechanically 

separating the fat from the meal will result in a neutral oil rich in astaxanthin. If the neutral 

oil rich in astaxanthin stays in the meal, the astaxanthin may be degraded during the drying. 
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In some embodiments, the present invention provides a krill coagulate and retentate 

compositions. The compositions are characterized in containing a combination of protein and 

lipids, especially phospholipids. In preferred embodiments, the compositions are solids or 

powders (also referred to as a meal). In some embodiments, the compositions comprise from 

5 about 20% to about 50% protein w/w, preferably about 30% to 40% protein w/w, and about 

40% to 70% lipids w/w, preferably about 50% to 65% lipids w/w, so that the total amount of 

proteins and lipids in the compositions of from 90 to 100%. In some embodiments, the lipid 

fraction contains from about 10 g to 30 g omega-3 fatty acid residues per 100 g of lipid, 

preferably about 15 g to 25 g omega-3 fatty acids residues per 100 g lipids (i.e., from 10 to 

10 30% or preferably from 15 to 25% omega-3 residues expressed w/w as a percentage of total 

lipids in the composition). In some embodiments, the lipid fraction of the composition 

comprises from about 25 to 50 g polar lipids per 100 g lipids (25 to 50% w/w expressed as 

percentage of total lipids), preferably about 30 to 45 g polar lipids per 100 g total lipids (30 to 

45% w/w expressed as percentage of total lipids), and about 50 to 70 g nonpolar lipids per 100 

15 g lipids (50 to 70% w/w expressed as percentage of total lipids), so that the total amount of 

polar and nonpolar lipids is 90 to 100% of the lipid fraction. In some embodiments, the 

phospholipids comprise greater than about 60% phosphatidylcholine on a w/w basis. In some 

embodiments, the phospholipids comprise less than about 10% ethanolamine on a w/w basis. 

In some embodiments, the compositions comprise from about 20% to about 50% 

20 triacylglycerol on a w/w basis. In some embodiments, the compositions comprise less than 

about 1 % cholesterol. In some embodiments, the protein fraction comprises from about 8% to 

about 14% leucine on a w/w basis and from about 5% to 11 % isoleucine on a w/w basis. In 

some embodiments, the compositions comprise less than about 200, 10, 5 or 1 mg/kg 

naturally occurring or endogenous astaxanthin. In some embodiments, the compositions 

25 comprise from about 0.01 to about 200 mg/kg naturally-occurring astaxanthin. It will be 

recognized that the astaxanthin content of the composition can be increased by adding in 

astaxanthin from other (exogenous) sources, both natural and non-natural. Likewise, the 

compositions can be supplemented with exogenous proteins, triglycerides, phospholipids and 

fatty acids such as omega-3 fatty acids to produce a desired composition. 

30 In yet another embodiment of the invention is a pre-heated krill composition. Non-

limiting examples of the pre-heated krill composition is a krill composition comprising lipids 

with less than 10% or 5% phospholipids, and in particular phosphatidylcholine. 

In yet another embodiment of the invention is a novel krill meal product produced 

from the solid phase left after the first heating step (i.e., the heating step at below 80 C). The 
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krill meal has good nutritional and technical qualities such as a high protein content, low fat 

content and has a high flow number. Unexpectedly, the ratios of polar lipids to neutral lipids 

and EPA to DHA is substantially enhanced as compared to normal krill meal. In some 

embodiments, the krill meals comprise from about 60% to about 80% protein on a w/w basis, 

5 preferably from about 70% to 80% protein on a w/w basis, from about 5% to about 20% fat 

on a w/w basis, and from about 1 to about 200 mg/kg astaxanthin, preferably from about 50 to 

about 200 mg/kg astaxanthin. In some embodiments, the fat comprises from about 20 to 40% 

total neutral lipids and from about 50 to 70% total polar lipids on a w/w basis (total lipids). In 

some embodiments, the ratio of polar to neutral lipids in the meal is from about 1.5: 1 to 3: 1, 

10 preferably about 1.8:1to2.5:1, and most preferably from about 1.8:1to2.2:1. In some 

embodiments, the fat comprises from about 20% to 40% omega-3 fatty acids, preferably about 

20% to 30% omega-3 fatty acids. In some embodiments, the ratio ofEPA:DHA is from about 

1.8: 1 to 1 :0.9, preferably from about 1.4: 1 to 1: 1. 

In still other embodiments, the present invention provides oil produced by the 

15 processes described above. In some embodiments, the oils comprise greater than about 1800 

mg/kg total esterified astaxanthin, wherein said esterified astaxanthin comprises from about 

25 to 35% astaxanthin monoester on a w/w basis and from about 50 to 70% astaxanthin 

diester on a w/w basis, and less than about 40 mg/kg free astaxanthin. 

In still further embodiments, the present invention provides oils extracted from the 

20 coagulum powder (meal) described above. In some embodiments, the coagulum powder is 

extracted with ethanol. For example, the coagulum powder may be extracted with a suitable 

quantity of 96% ethanol for for about one hour at about 15 to 30°C. The mixture of ethanol 

and coagulum powder is then filtered and the ethanol is removed evaporation, preferably at 

reduced pressure. In other embodiments, the coagulum powder is extracted by super critical 

25 fluid extraction. In some embodiments, the oils comprise from about 40% to about 60% 

phospholipids by weight of said oil, about 1 to about 1500 mg/I astaxanthin, and have a 

viscosity of about 700 to about 1200 microPascals/sec (µP/sec) at 25°C. In some 

embodiments, the oils have oil have a viscosity of about 800 to about 1100 µP /sec at 25°C. In 

some embodiments, the oils comprise about 35% to about 55% w/w triglycerides. In some 

30 embodiments, the oils comprise about 10% to about 35% w/w omega-3 fatty acid residues. In 

some embodiments, the phospholipids comprise about greater than 90% phosphatidyl choline 

by weight of the phospholipids. In some embodiments, the krill is Euphausia superba. In 

some embodiments, the oil is provided in a capsule, preferably a gel capsule. 
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The compositions of the present invention are highly palatable humans and other 

animals. In particular the oil and meal compositions of the present invention are characterized 

as containing low levels of undesirable volatile compounds or being substantially free of 

many volatile compounds that are commonly found in products derived from marine biomass. 

5 In some embodiments, the meals and oils of the present invention are characterized as being 

substantially free of one or more of the following volatile compounds: acetone, acetic acid, 

methyl vinyl ketone, 1-penten-3-one, n-heptane, 2-ethyl furan, ethyl propionate, 2-methyl-2-

pentenal, pyridine, acetamide, toluene, N,N-dimethyl formamide, ethyl butyrate, butyl acetate, 

3-methyl-1,4-heptadiene, isovaleric acid, methyl pyrazine, ethyl isovalerate, N,N-dimethyl 

10 acetamide, 2-heptanone, 2-ethyl pyridine, butyrolactone, 2,5-dimethyl pyrazine, ethyl 

pyrazine, N,N-dimethyl propanamide, benzaldehyde, 2-octanone, ~-myrcene, dimethyl 

trisulfide, trimethyl pyrazine, 1-methyl-2-pyrrolidone. In other embodiments, the meals and 

oils of the present invention are characterized in containing less than 1000, 100, 10, 1 or 0.1 

ppm (alternatively less than 10 mg/lOOg, preferably less than 1 mg/100 g and most preferably 

15 less than 0.1 mg/100 g) of one or more of the following volatile compounds: acetone, acetic 

acid, methyl vinyl ketone, l-penten-3-one, n-heptane, 2-ethyl furan, ethyl propionate, 2-

methyl-2-pentenal, pyridine, acetamide, toluene, N,N-dimethyl formamide, ethyl butyrate, 

butyl acetate, 3-methyl-1,4-heptadiene, isovaleric acid, methyl pyrazine, ethyl isovalerate, 

N,N-dimethyl acetamide, 2-heptanone, 2-ethyl pyridine, butyrolactone, 2,5-dimethyl pyrazine, 

20 ethyl pyrazine, N,N-dimethyl propanamide, benzaldehyde, 2-octanone, ~-myrcene, dimethyl 

trisulfide, trimethyl pyrazine, 1-methyl-2-pyrrolidone. In further embodiments, the 

compositions of the present invention are characterized in comprising less than 10 mg/lOOg, 

and preferably less than lmg/100 g (dry weight) of trimethylamine (TMA), trimethylamine 

oxide (TMAO) and/or lysophosphatidylcholine. 

25 In some embodiments, the present invention provides an oral dosage form comprising 

an oil extracted from krill comprising from about 40% to about 60% phospholipids by weight 

of said oil and about 1 to about 1500 mg/I astaxanthin, wherein the oil has Newtonian fluidity 

and/or a viscosity of about 700 to about 1200 microPascals/sec at 25°C. In some 

embodiments, the compositions of this invention (such as those described in the preceding 

30 sections) are contained in acceptable excipients and/or carriers for oral consumption. In some 

embodiments, the present invention provides a pharmaceutical compositions one or more of 

the foregoing compositions in combination with a pharmaceutically acceptable carrier. The 

actual form of the carrier, and thus, the composition itself, is not critical. The carrier may be a 

liquid, gel, gelcap, capsule, powder, solid tablet (coated caplet or non-coated), tea, or the like. 
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The composition is preferably in the form of a tablet or capsule and most preferably in the 

form of a soft gel capsule. Suitable excipient and/or carriers include maltodextrin, calcium 

carbonate, dicalcium phosphate, tricalcium phosphate, microcrystalline cellulose, dextrose, 

rice flour, magnesium stearate, stearic acid, croscarmellose sodium, sodium starch glycolate, 

5 crospovidone, sucrose, vegetable gums, lactose, methylcellulose, povidone, 

carboxymethylcellulose, corn starch, and the like (including mixtures thereof). Preferred 

carriers include calcium carbonate, magnesium stearate, maltodextrin, and mixtures thereof. 

The various ingredients and the excipient and/or carrier are mixed and formed into the desired 

form using conventional techniques. The tablet or capsule of the present invention may be 

10 coated with an enteric coating that dissolves at a pH of about 6.0 to 7 .0. A suitable enteric 

coating that dissolves in the small intestine but not in the stomach is cellulose acetate 

phthalate. Further details on techniques for formulation for and administration may be found 

in the latest edition of Remington's Pharmaceutical Sciences (Maack Publishing Co., Easton, 

PA). 

15 The dietary supplement may comprise one or more inert ingredients, especially if it is 

desirable to limit the number of calories added to the diet by the dietary supplement. For 

example, the dietary supplement of the present invention may also contain optional 

ingredients including, for example, herbs, vitamins, minerals, enhancers, colorants, 

sweeteners, flavorants, inert ingredients, and the like. For example, the dietary supplement of 

20 the present invention may contain one or more of the following: ascorbates (ascorbic acid, 

mineral ascorbate salts, rose hips, acerola, and the like), dehydroepiandosterone (DHEA), Fo

Ti or Ho Shu Wu (herb common to traditional Asian treatments), Cat's Claw (ancient herbal 

ingredient), green tea (polyphenols ), inositol, kelp, dulse, bioflavinoids, maltodextrin, nettles, 

niacin, niacinamide, rosemary, selenium, silica (silicon dioxide, silica gel, horsetail, 

25 shave grass, and the like), spimlina, zinc, and the like. Such optional ingredients may be either 

naturally occurring or concentrated forms. 

In some embodiments, the dietary supplements further comprise vitamins and minerals 

including, but not limited to, calcium phosphate or acetate, tribasic; potassium phosphate, 

dibasic; magnesium sulfate or oxide; salt (sodium chloride); potassium chloride or acetate; 

30 ascorbic acid; ferric orthophosphate; niacinamide; zinc sulfate or oxide; calcium pantothenate; 

copper gluconate; riboflavin; beta-carotene; pyridoxine hydrochloride; thiamin mononitrate; 

folic acid; biotin; chromium chloride or picolonate; potassium iodide; sodium selenate; 

sodium molybdate; phylloquinone; vitamin D3; cyanocobalamin; sodium selenite; copper 
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sulfate; vitamin A; vitamin C; inositol; potassium iodide. Suitable dosages for vitamins and 

minerals may be obtained, for example, by consulting the U.S. RDA guidelines. 

In further embodiments, the compositions comprise at least one food flavoring such as 

acetaldehyde ( ethanal), acetoin ( acety 1 methy lcarbinol), anethole (parapropeny 1 anisole ), 

5 benzaldehyde (benzoic aldehyde), N butyric acid (butanoic acid), d or 1 carvone ( carvol), 

cinnamaldehyde ( cinnamic aldehyde), citral (2,6 dimethyloctadien 2,6 al 8, gera nial, neral), 

decanal (N decylaldehyde, capraldehyde, capric aldehyde, caprinaldehyde, aldehyde C 10), 

ethyl acetate, ethyl butyrate, 3 methyl 3 phenyl glycidic acid ethyl ester (ethyl methyl phenyl 

glycidate, strawberry aldehyde, C 16 aldehyde), ethyl vanillin, geraniol (3,7 dimethyl 2,6 and 

10 3,6 octadien 1 ol), geranyl acetate (geraniol acetate), limonene (d, 1, and dl ), linalool (linalol, 

3,7 dimethyl 1,6 octadien 3 ol), linalyl acetate (bergamol), methyl anthranilate (methyl 2 

aminobenzoate), piperonal (3,4 methylenedioxy benzaldehyde, heliotropin), vanillin, alfalfa 

(Medicago sativa L. ), allspice (Pimenta officinalis ), ambrette seed (Hibiscus abelmoschus ), 

angelic (Angelica archangelica), Angostura (Galipea officinalis), anise (Pimpinella anisum), 

15 star anise (Illicium verum), balm (Melissa officinalis), basil (Ocimum basilicum), bay (Laurus 

nobilis), calendula (Calendula officinalis), (Anthemis nobilis), capsicum (Capsicum 

frutescens), caraway (Carum carvi), cardamom (Elettaria cardamomum), cassia, 

(Cinnamomum cassia), cayenne pepper (Capsicum frutescens), Celery seed (Apium 

graveolens), chervil (Anthriscus cerefolium), chives (Allium schoenoprasum), coriander 

20 (Coriandrum sativum), cumin (Cuminum cyminum), elder flowers (Sambucus canadensis), 

fennel (Foeniculum vulgare), fenugreek (Trigonella foenum graecum), ginger (Zingiber 

officinale), horehound (Manubium vulgare), horseradish (Armoracia lapathifolia), hyssop 

(Hyssopus officinalis ), lavender (Lavandula officinalis ), mace (Myristica fragrans ), marjoram 

(Majorana hortensis), mustard (Brassica nigra, Brassica juncea, Brassica hirta), nutmeg 

25 (Myristica fragrans), paprika (Capsicum annuum), black pepper (Piper nigrum), peppermint 

(Mentha piperita), poppy seed (Papayer somniferum), rosemary (Rosmarinus officinalis), 

saffron (Crocus sativus), sage (Salvia officinalis), savory (Satureia hortensis, Satureia 

montana), sesame (Sesamum indicum), spearmint (Mentha spicata), tarragon (A1iemisia 

dracunculus), thyme (Thymus vulgaris, Thymus serpyllum), turmeric (Curcuma longa), 

30 vanilla (Vanilla planifolia), zedoary (Curcuma zedoaria), sucrose, glucose, saccharin, sorbitol, 

mannitol, aspartame. Other suitable flavoring are disclosed in such references as Remington's 

Pharmaceutical Sciences, 18th Edition, Mack Publishing, p. 1288-1300 (1990), and Furia and 

Pellanca, Fenaroli's Handbook of Flavor Ingredients, The Chemical Rubber Company, 

Cleveland, Ohio, (1971), known to those skilled in the art. 
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In other embodiments, the compositions comprise at least one synthetic or natural food 

coloring (e.g., annatto extract, astaxanthin, beet powder, ultramarine blue, canthaxanthin, 

caramel, carotenal, beta carotene, carmine, toasted cottonseed flour, ferrous gluconate, ferrous 

lactate, grape color extract, grape skin extract, iron oxide, fruit juice, vegetable juice, dried 

5 algae meal, tagetes meal, carrot oil, com endosperm oil, paprika, paprika oleoresin, riboflavin, 

saffron, tumeric, tumeric and oleoresin). 

In still further embodiments, the compositions comprise at least one phytonutrient 

(e.g., soy isoflavonoids, oligomeric proanthcyanidins, indol 3 carbinol, sulforaphone, fibrous 

ligands, plant phytosterols, ferulic acid, anthocyanocides, triterpenes, omega 3/6 fatty acids, 

10 conjugated fatty acids such as conjugated linoleic acid and conjugated linolenic acid, 

polyacetylene, quinones, terpenes, cathechins, gallates, and quercitin). Sources of plant 

phytonutrients include, but are not limited to, soy lecithin, soy isoflavones, brown rice germ, 

royal jelly, bee propolis, acerola berry juice powder, Japanese green tea, grape seed extract, 

grape skin extract, carrot juice, bilberry, flaxseed meal, bee pollen, ginkgo biloba, primrose 

15 (evening primrose oil), red clover, burdock root, dandelion, parsley, rose hips, milk thistle, 

ginger, Siberian ginseng, rosemary, curcumin, garlic, lycopene, grapefruit seed extract, 

spinach, and broccoli. 

In still other embodiments, the compositions comprise at least one vitamin (e.g., 

vitamin A, thiamin (Bl), riboflavin (B2), pyridoxine (B6), cyanocobalamin (Bl2), biotin, 

20 ascorbic acid (vitamin C), retinoic acid (vitamin D), vitamin E, folic acid and other folates, 

vitamin K, niacin, and pantothenic acid). In some embodiments, the paiiicles comprise at 

least one mineral (e.g., sodium, potassium, magnesium, calcium, phosphorus, chlorine, iron, 

zinc, manganese, flourine, copper, molybdenum, chromium, selenium, and iodine). In some 

particularly preferred embodiments, a dosage of a plurality of particles includes vitamins or 

25 minerals in the range of the recommended daily allowance (RDA) as specified by the United 

States Department of Agriculture. In still other embodiments, the particles comprise an amino 

acid supplement formula in which at least one amino acid is included (e.g., 1-camitine or 

t1yptophan). 

In further embodiments, the present invention provide animal feeds comprising one or 

30 more the compositions described in detail above. The animal feeds preferably form a ration 

for the desired animal and is balanced to meet the animals nutritional needs. The 

compositions may be used in the formulation of feed or as feed for animals such as fish, 

including fish fry, poultry, cattle, pigs, sheep, shrimp and the like. 
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EXAMPLE 1 

Four portions of krill were analysed for dry matter, fat, and protein. Most of the 

variation in the composition can be expected to be due to variation in the sampling. To 

include the effect of variation in storage time after thawing, raw material samples were also 

5 taken at different times during the working day. The observed variation in raw material input 

is inherent in all calculations of fat, dry matter and protein distributions based on the reported 

10 

examples. 

Table 1. Composition of krill (g/100 g) 

Fat free 

Dry matter Fat dry matter Protein 

Krill 1 21,40 7,80 13,60 11,80 

Krill 2 22,13 7,47 14,66 12,96 

Krill 3 23,78 7,44 16,34 14,60 

Krill 4 23,07 7,55 15,52 13,83 

Mean 22,60 7,57 15,03 13,30 

SD 1,04 0,16 1,17 1,20 

RSD 4,6% 2,2% 7,8% 9,0% 

EXAMPLE2 

In this example a novel method for preparing krill meal was investigated. 800 g of 

preheated water (95-100 °C) and 200g of frozen krill (0 °C) were mixed in a cooker (cooker 

1) at a temperature of 75 °C for 6 minutes. Next, the heated krill and the hot water were 

15 separated by filtration. The preheated krill was further cooked (cooker 2) by mixing with 300 

g hot water (95 °C) in a kitchen pan and kept at 90 °C for 2 minutes before separation over a 

sieve (1,0 x 1,5 mm opening). The heated krill was separated from the liquid and transferred 

to a food mixer and cut for 10 seconds. The disintegrated hot krill was added back to the hot 

water and centrifuged at 8600 x g (RCF average) for 10 minutes. The supernatant 

20 corresponding to a decanter liquid (DI) was decanted off. The liquid from cooking step 1 was 

heated to 95-100 °C to coagulate the extracted protein. The coagulum was separated over a 
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sieve (1.0 x 1.5 mm opening) and a weight of 40 g was found. Figure 1 shows an overview of 

the process of making krill meal with a two stage cooking process. 

EXAMPLE3 

The total volatile nitrogen (TVN), trimethylamine (TMA) and trimethylamine oxide 

(TMAO) content were determined in the four products from the cooking test in example 2 

(Table 2). The krill was fresh when frozen, so no TMA was detected in the products. The 

results show that TMAO is evenly distributed in the water phase during cooking of krill. 

Table 2. Distribution of total volatile nitrogen (TVN), trimethylamine (TMA) and 

trimethylamine oxide (TMAO) in the products from the cooking procedure. 

Products from test 
no. 10 Coagulum Coagulated Decanter Decanter 

from cooker 
Krill cooker liquid solids liquid SUM 

Weight (wb) g 200 97,6 711,1 90,3 294,7 

Dry matter g/100 g 21,4 14,2 1,0 22,2 0,9 

Analytical values 

Total volatile mgN/100 
nitrogen g 8 1,3 1,2 2,3 1 

mgN/100 
Trimetylamine-N g <l <l <l <l <l 

Trimetylamine mgN/100 
oxid-N g 107 19,2 13,5 10,4 13,1 

Quantities 

Total volatile 
nitrogen mgN 15,0 1,3 8,5 2,1 2,9 14,8 

Trimetylamine-N mgN 

Trimetylamine 
oxid-N mgN 214 18,7 96,0 9,4 38,6 163 

Distribution 

Total volatile %of 
nitrogen input 100% 8% 57% 14% 20% 99% 

%of 
Trimetylamine-N input 

Trimetylamine %of 
oxid-N input 100% 9% 45% 4% 18% 76% 
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In addition, fat, dry matter and astaxanthin were determined in the products (Table 3). 

It was observed that the major part of the astaxanthin in the krill was found in the press cake 

(Table 3). Only a minor part is found in the coagulum which contains more than 60 % of the 

5 lipid in the krill raw material. The cooking procedure with leaching of a protein-lipid 

emulsion increases the concentration of astaxanthin in the remaining fat. The results also 

show that the water free coagulum contains approximately 40% dry matter and 60% fat. The 

dry matter consist of mostly protein. 

Table 3. Distribution of astaxanthin in the products from the cooking procedure. 

Products from test Coagulu Coagulate Dec ante Decante 
no. 10 m d r r 

from cooker 
Krill cooker liquid solids liquid SUM 

Weight (wb) g 200 97,6 711,1 90,3 294,7 

Fat g/100 g 7,8 10,3 0,1 5,3 0,2 

Fat free dry 
matter g/100 g 13,6 3,9 0,9 16,9 0,8 

Analytical values 

Fri Astaxanthin mg/kg 3 <l <l 4,5 <l 

Astaxanthin esters mg/kg 33 1,2 <0,02 59 0,18 

Cone. in lipid 

mg/kg 
Fri Astaxanthin lipid 38 85 

mg/kg 
Astaxanthin esters lipid 423 12 1111 113 

Quantities 

Free Astaxanthin mg 0,6 0,4 0,4 

Astaxanthin esters mg 6,6 0,1 5,3 0,1 6,2 

Distribution 

%of 
Free Astaxanthin input 100% 68% 68% 

%of 
Astaxanthin esters input 100% 2% 81 % 1% 83% 

10 

The coagulum from the cooking experiment in Example 2 were analysed for lipid 

classes. The coagulum lipid was dominated by triacylglycerol and phosphatidyl choline with a 

small quantity ofphosphatidyl ethanolamine (Table 4). 
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Table 4. Distribution of lipid classes in the coagulum from cooking experiments. 

Krill Coagulum Coagulum 

Experiment F5 F6 

Fat (Bligh & Dyer) g/100 g sample 7,8 11,8 9,9 

Triacy lglycero 1 g/100 g fat 47 40 50 

Diacylglycerol g/100 g fat <0,5 1 0,7 

Monocylglycerol g/100 g fat <l <l <l 

Free fatty acids g/100 g fat 12 0,2 0,4 

Cholesterol g/100 g fat 0,3 <0,3 <0,3 

Cholesterol esters g/100 g fat 0,8 <0,3 <0,3 

Phosphatidyl 
ethanolamine g/100 g fat 5,3 2,3 2,2 

Phosphatidyl inositol g/100 g fat <l <l <l 

Phosphatidyl serine g/100 g fat <l <l <l 

Phosphatidyl choline g/100 g fat 33 43,1 42,3 

Lyso-Phosphatidy 1 
choline g/100 g fat 2,4 <l <l 

Total polar lipids g/100 g fat 41,3 45,5 44,5 

Total neutral lipids g/100 g fat 61,0 41,3 51,2 

Sum lipids g/100 g fat 102,3 86,8 95,7 

The proportion of phosphatidyl choline increased from 33 % in krill to 42 - 46 % in the 

coagulum. The other phospholipids quantified, phosphatidyl ethanolamine and lyso-

phosphatidyl choline, had lower concentrations in the coagulum than in krill. The free fatty 

acids were almost absent in the coagulum. 

The cooking time in test F5 was 6.75 min, in test F6 it was 4.00 min. The results in 

Table 4 show no dependence of the distribution of the lipid classes with the cooking time. 

The amino acid composition of the coagulum is not much different the amino acid 

10 composition in krill. There seems to be a slight increase in the apolar amino acids in the 

coagulum compared to krill (Table 5). For a protein to have good emulsion properties it is the 

distribution of amino acids within the protein that is of importance more than the amino acid 

composition. 
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Table 5. Amino acids in coagulum from cooking Example 2. 

Coagulum Coagulum 

F 10-2 70-100°C Krill 
mar/apr 

2007 24.06.2006 24.06.2006 

g/100 g 
Aspartic acid protein 8,8 10,8 7,8 

g/100 g 
Glutamic acid protein 10,1 11,6 10,7 

g/100 g 
Hydroxiproline protein <0,10 <0,10 <0,10 

g/100 g 
Serine protein 4,3 4,6 3,0 

g/100 g 
Glycine protein 3,7 3,4 4,1 

g/100 g 
Histidine protein 1,7 1,6 1,6 

g/100 g 
Arginine protein 4,4 4,4 5,7 

g/100 g 
Threonine protein 5,2 5,6 3,4 

g/100 g 
Alanine protein 4,7 4,6 4,7 

g/100 g 
Pro line protein 4,2 4,3 3,9 

g/100 g 
Tyrosine protein 4,3 4,7 2,7 

g/100 g 
Valine protein 6,4 6,6 4,2 

g/100 g 
Methionine protein 2,1 2,1 2,4 

g/100 g 
Isoleucine protein 8,0 8,5 4,5 

g/100 g 
Leucine protein 10,8 11,6 6,7 

g/100 g 
Phenylalanine protein 4,3 4,3 3,6 

g/100 g 
Lysine protein 7,5 8,2 6,2 

g/100 g 
Cysteine/Cystine protein 0,75 

g/100 g 
Tryptophan protein 0,63 
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Sum amino acids 

Polar amino 

Apolar amino 
acids 

91,9 

47% 

53 % 

PCT/IB2010/000512 

96,9 75,2 

48% 51 % 

52% 49% 

The fatty acid profile of the coagulum is presented in Table 6. The content of EPA (20:5) is 

about 12.4 g/100 g extracted fat and the content of DHA (22:6) is about 5.0 g/100 g extracted 

fat. 

5 Table 6. Fatty acid content of coagulum 

Fatty acid Unit Amount 
14:0 g/ 100 extracted fat 11,5 
16:0 g/ 100 extracted fat 19,4 
18:0 g/ 100 extracted fat 1,1 
20:0 g/100 extracted fat <0,1 
22:0 g/100 extracted fat <0,1 
16:1 n-7 g/100 extracted fat 7,0 
18: 1 (n-9) + (n-7) + (n-5) g/100 extracted fat 18,4 
20: 1 (n-9) + (n-7) g/100 extracted fat 1,3 
22:1 (n-11) + (n-9) + (n-7) g/100 extracted fat 0,8 
24:1 n-9 g/100 extracted fat 0,1 
16:2 n-4 g/ 100 extracted fat 0,6 
16:3 n-4 g/ 100 extracted fat 0,2 
16:4 n-4 g/ 100 extracted fat <0,1 
18:2 n-6 g/ 100 extracted fat 1,2 
18:3 n-6 g/ 100 extracted fat 0,1 
20:2 n-6 g/ 100 extracted fat <0,1 
20:3 n-6 g/ 100 extracted fat <0,1 
20:4 n-6 g/ 100 extracted fat 0,2 
22:4 n-6 g/ 100 extracted fat <0,1 
18:3 n-3 g/ 100 extracted fat 0,8 
18:4 n-3 g/ 100 extracted fat 2,5 
20:3 n-3 g/ 100 extracted fat <0,1 
20:4 n-3 g/100 extracted fat 0,4 
20:5 n-3 g/100 extracted fat 12,4 
21:5 n-3 g/100 extracted fat 0,4 
22:5 n-3 g/100 extracted fat 0,3 
22:6 n-3 g/100 extracted fat 5,0 

EXAMPLE4 
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To evaluate the two stage cooking process described above, a laboratory scale test was 

performed. The tests are described below. 

Materials and methods 

Raw material. Frozen Ia-ill were obtained by Aker Biomarine and 10 tons were 

stored at Norway Pelagic, Bergen, and retrieved as required. The Ia-ill was packed in plastic 

bags in cardboard boxes with 2x 12.5 kg Ia-ill. The boxes with krill were placed in a single 

layer on the floor of the process plant the day before processing. By the time of processing the 

Ia-ill varied from + 3 °C to -3 °C. 

10 Analytical methods. 

15 

Protein, Kjeldahl's method: Nitrogen in the sample is transformed to ammonium by 

dissolution in concentrated sulfuric acid with cupper as catalyst. The ammonia is liberated in a 

basic distillation and determined by titration, (ISO 5983:1997(E), Method A 01). Uncertainty: 

1 %. 

Protein, Combustion: Liberation of nitrogen by burning the sample at high 

temperature in pure oxygen. Detection by thermal conductivity. Percent protein in the sample 

is calculated by a multiplication of analysed percent nitrogen and a given protein factor, 

(AOAC Official Method 990.03, 16th ed. 1996, Method A 25). 

Moisture: Determination of the loss in mass on drying at 103 °C during four hours 

20 (ISO 6496 (1999). Method A 04). Uncertainty: 4 %. 

Ash: Combustion of organic matter at 550 °C. The residue remaining after combustion 

is defined as the ash content of the sample. (ISO 5984:2002. Method A 02). Uncertainty: 3 %. 

Fat, Ethyl acetate extraction: Absorption of moisture in wet sample by sodium 

sulphate, followed by extraction of fat by ethyl acetate (NS 9402, 1994 (modified calculation). 

25 Method A 29). 

Fat, Soxhlet: Extraction of fat by petroleum ether. Mainly the content of triglycerides 

is determined, (AOCS Official Method Ba 3-38 Reapproved 1993. Method A 03). 

Fat, Bligh and Dyer: Extraction of fat by a mixture of chloroform, methanol, and 

water in the proportion 1 :2:0.8 which build a single phase system. Addition of chloroform and 

30 water gives a chloroform phase with the lipids and a water/methanol phase. The lipids are 

determined in an aliquot of the chloroform phase after evaporation and weighing. The 

extraction includes both triglycerides and phospholipids. (E.G. Bligh & W.J. Dyer: A rapid 

method of total lipid extraction and purification. Can.J.Biochem.Physiol. Vol 37 (1959). 

Metode A 56). 
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Astaxanthin: Extraction with ethanol and di-chloromethane. Polar products are 

removed by open column chromatography on silica gel. Isomers are separated on normal 

phase HPLC on Si 60 column and detection at 470 nm. (Schierle J. & Hardi W. 1994. 

Determination of stabilized astaxanthin in Carophyll® Pink, premixes and fish feeds. Edition 

5 3. Revised Supplement to: Hoffman P, Keller HE, Schierle J., Schuep W. Analytical methods 

for vitamins and carotenoids in feed. Basel: Department of Vitamin Research and 

Development, Roche. Method A 23) 

Moisture in oil: Determination of actual water content of fats and oils by titration 

with Karl Fischer reagent, which reacts quantitatively with water, (AOCS Official Method CA 

10 2e-84. Reapproved 1993. Method A 13). 

Dry matter in stick water during processing is correlated to refract meter which gives 0 

Brix. Amino acids were determined as urea derivatives by reversed phase HPLC with 

fluorescence detection. (Cohen S. A. and Michaud D. P., Synthesis of a Fluorescent 

Derivatizing Reagent, 6-Aminoquinolyl-N-Hydroxysuccinimidyl Carbamate, and Its 

15 Application for the Analysis of Hydrolysate Amino Acids via High-Performance Liquid 

Chromatography. Analytical Biochemistry 211, 279-287, 1993. Method A42). TVB-N, TMA

N and TMAO-N were determined in a 6% trichloro-acetic acid extract by micro diffusion and 

titration. (Conway, E. I., and A. Byrne. An absorption apparatus for the micro determination 

of certain volatile substances. Biochem. J. 27:419-429, 1933, and Larsen, T, SSF rapport nr. 

20 A-152, 1991). Fatty acids were determined by esterifying the fatty acids to methyl esters, 

separate the esters by GLC, and quantify by use of C23 :0 fatty acid methyl ester as internal 

standard.( AOCS Official Method Ce lb-89, Method A 68). Lipids were separated by HPLC 

and detected with a Charged Aerosol Detector. Vitamins A, D and E were analysed at 

AnalyCen, Kambo. 

25 
Results and discussion 

Raw material of krill. Table 7 gives the results of analysis of the raw material of the 

krill that was used in the pilot trials. Besides the first trial, the same shipment of krill was used 

for all trials. The dry matter was about 21-22 %, fat 6 %, protein 13-14 %, salt 1 % pH, total 

30 volatile nitrogen (TVN) 18 mgN/lOOg, trimethylamine (TMA) 4 mg N/lOOg and 

trimethylamineoxide (TMAO) 135 mg N/lOOg. Compared to fish pH, TMAO and salt (Cl-) is 

high for krill. 
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Table 7. Analysis of raw krill on wet base (wb) 

Sample: Raw material of krill 
Analvsis: Orv matter Fat, B&D Protein Ash Salt oH TVN TMA TMAO 

Date: g/100 g g/100 g g/100g gl100g g/100 g mg N/100 g mg N/100 g mg N/100 g Marks 

07.08.2007 22,8 7.1 13,5 2,5 Saaa Sea 04.07.06 Lot. L 1 
18.09.2007 21,3 6,0 
04.10.2007 21,6 6,3 13,5 KrillrastoffC05S 
04.10.2007 20,5 5,9 12,8 Krillrastoff A06S 
25.10.2007 22,1 6.0 13,9 2,9 1, 1 7,4 20,8 5,8 128,3 Krillrastoff C05S 
25.10.2007 21,3 6.0 13,2 2,7 1,1 7,4 15,0 2,3 140,6 Krillrastoff A06S 
22.11.2007 21,9 5.9 7,8 17,9 3,5 123,7 

Average 21,6 6,2 13,5 2,7 1,1 7,4 17,9 4,0 134,5 

Table 8 gives the analysis of raw krill on dry base. If these figures are multiplied with 0. 93 it 

will give the figures on meal base with 7 % water. 

5 Table 8 Analysis of raw krill on dry base (db) 

Sample: Raw material of krill 
Analvsis: Orv matter Fat, B&D Protein Ash Salt TVN TMA TMAO 

Date: g/100 g g/100 g g/100 g g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g 
07.08.2007 100 31, 1 59,2 11,0 
18.09.2007 100 28,2 0,0 
04.10.2007 100 29,2 62,5 0,0 
04.10.2007 100 28,8 62,4 0,0 
25.10.2007 100 27, 1 62,9 13, 1 5,0 94,1 26,1 580,5 
25.10.2007 100 28,2 62,0 12,7 5,2 70,6 10,9 660,2 
22.11.2007 100 26,9 81,7 16,0 564,8 
Average 100 28,5 62,5 12,3 5,1 82,4 18,5 620,4 

Separation of coagulum and pressing for krill oil. 99 kg krill was processed by 

adding batches of 20 kg krill to 80 1 of water at 95 °C in a steam heated kettle (200 1). The 

10 steam on the kettle was closed, and the krill and water were gently mixed manually for 3 

minutes, and the mixed temperature became 75 °C (heating step no. 1 ). The heated krill was 

separated from the water by sieving. Sieved preheated krill (7 5°C) was added 20 kg hot water 

and heated to 85 °C within a minute, (heating step 2). The krill was sieved again and feed into 

the press. The liquid from step I (krill milk) was coagulated at 95 °C. All the krill was cooked 

15 and the press liquid was separated for oil. From 99 kg krill about 0.5 kg of unpolished krill oil 

was separated from the press liquid. Tables 9 and 10 provide an analysis of cooked krill after 

first cooking step on wet base and dry base. 

Table 9 Analysis of cooked krill on wet base (wb) 

Sample: Cooked krill 
Analysis: Dry matter Fat, B&D Protein Ash pH TVN TMA TMAO 

Date: g/100 g g/100 g g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g 

07.08.2007 20,2 4,7 13,5 2,2 
18.09.2007 19,8 4,6 

20 25.10.2007 15,2 3,2 10,3 2,0 8,2 10,5 3,5 75,4 
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Table 10 Analysis of cooked krill on dry base (db) 

Sample: Cooked krill 
Analysis: Dry matter Fat, B&D Protein Ash TVN TMA TMAO 

Date: g/100 g g/100 g g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g 
07.08.2007 100,0 23,3 66,8 10,9 
18.09.2007 100 23,2 
25.10.2007 100 21, 1 67,8 13,2 69,3 23,1 496,3 

Compared to raw krill (Table 8) there is a reduction in dry matter for cooked krill. The 

5 fat content in dry matter is reduced because of the fat in the krill milk which is separated from 

the cooked krill. The content of protein is increased on dry base, but the ash seems to be at the 

same level. TMAO in the krill is reduced and is found in the cooking liquid. 

Micro filtration. The krill milk (70 °C) from step 1 was coagulated at > 95 °C and 

10 separated from the liquid through microfiltration (Soby Milj0filter). Coagulum was then 

pressed in a press and dried. Tables 11 and 12 gives analyses of coagulum on wet base and 

dry base. The dry matter of the coagulum was between 12.8 and 16.7 %. On dry base the fat 

content about 60 % and TMAO 340 mg N/100 g. The dry matter of the coagulum increased to 

34-38 % by pressing. The fat content also increased on dry base (Table 13), but the TMAO 

15 was reduced to 145 mg Nil 00 g. After washing the press cake with 1 part water to 1 paii press 

cake of coagulum and then press again, the TMAO was reduced to 45 mg N/1 OOg on dry base 

(Table 18). 

Table 11 Analysis of coagulum on wet base (wb) 

Sample: Coagulum 
Analysis: Dry matter Fat, B&D Protein Ash TVN TMA TMAO 

Date: g/100 g g/100 g g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g 
10.10.2007 12,8 7,9 
25.10.2007 14,3 8,3 5,4 1,0 5,9 2,3 48,6 
31.10.2007 16,7 9,3 6,2 

20 Average 14,6 8,5 5,8 

Table 12 Analysis of coagulum on dry base (db) 

Sample: Coagulum 
Analysis: Dry matter Fat, B&D Protein Ash TVN TMA TMAO 

Date: g/100 g g/100 g g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g 
10.10.2007 100 61,7 
25.10.2007 100 58,0 37,8 7,0 41,0 16,4 340,1 
31.10.2007 100 55,7 37,1 

Average 100 58,5 37,4 
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Table 13 Analysis of press cake from coagulum on wet base 

Sample: Press cake of coagulum Raw krill Coagulum Coagulum PK 
Analysis: Dry matter Fat, B&D TVN TMA TMAO worked up perss cake per kg raw krill 

5 

Date: g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g kg kg 
22.11.2007 38,8 23,6 7,9 4,5 56,1 1000 54,2 
11.12.2007 33.8 22,5 3,4 0 45,3 500 21,92 

11.12.2007* 33,6 21,3 0 0 15,3 500 15 
*)After 1 wash (Press cake : water = 1: 1) 

Membrane filtration. Another way to collect the lipids from the krill milk is to 

separate by membrane filtration. For this to be possible the milk must not coagulate, but be 

brought to the membrane filter from the sieve (heating step no. 1 ). 

Before the krill milk could enter the membrane filter the milk is pre-filtrated, which 

was done by the sieve (100 µm). The opening of the micro-filter was 100 nm. 80 kg krill was 

10 processed by starting by 80 kg water (95 °C) and 20 kg krill into the kettle as described. For 

the first 2 batches of krill clean water was used (160 kg), but for the last 2 batches permeate 

from the membrane filter was used instead of water. The membrane filtration was followed 

with a refract meter calibrated for sugar solution (0 Brix). The Brix-value is near the dry 

matter concentration in the process liquids. The flux value for the filter at about 60 °C was 

15 3501/m2/h for retentate with 7.8 °Brix (refract meter) and reduced to 290 1/m2/h when the 

Brix value increased to 9.9 °. The Brix value for the permeate was only 1 ° due to high 

dilution when the amount to be filtered is small. See Figures 2 and 3. The permeate was 

golden and transparent. 

All permeate was evaporated in a kettle to > 65 ° Brix. Retentate, 2 liter, was 

20 evaporated in a laboratory evaporator at 70 °C and 12 mm Hg. At 27.5 °Brix the retentate was 

still flowing well. As the concentration continued the retentate became more and more 

viscous, first as a paste and finely to a dry mass. The concentrated retentate (27 °Brix), 

permeate(> 65 °Brix) and illy retentate were analyzed and the results are given in Table 14 on 

sample base ( % wb) and Table 15 on dry matter base(% db) (sample no 1, 2 and 3). A 

25 sample of coagulum was dried as for the retentate (sample no 4). 
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Table 14 Analysis of concentrate from retentate, permeate and coagulum on wet base ( wb) 

Drv matter Fat (polar+apolar) Crude Protein Ash TVN TMA TMAO Water activity 
Bligh & Dyer 25 ·c 

Sample %wb %wb %wb %wb mg N/100g wb mg N/100g wb mg N/100gwb aw 

No. 1 Concentrate of retentat 26,0 16,3 9,5 1,6 5,7 <1 99 0.978 

No. 2 Consentrate of oermeat 72.7 1,0 51,1 24,7 138 110 1157 0.385 

No. 3 Vakuum dried retentate 64.9 39,3 24 4,1 12,8 29,4 196 0,875 

No. 4 Vakuum died coagulum 60.3 37, 1 20,9 4,4 52,9 28,1 216 0.912 

Table 15 Analysis of concentrate from retentate, permeate and coagulum on dry matter base 
(db) 

Orv matter Fat (polar+apolar Crude Protein Ash TVN TMA TMAO 
Bliah & Over 

Sample %db %db %db % db mg N/100g db mg N/100g db mg N/100g db 
No. 1 Concentrate of retentat 100.0 62.7 36,5 6,2 21,9 <1 382 

No. 2 Consentrate of permeat 100,0 1,4 70,3 34,0 190 152 1 592 

No. 3 Vakuum dried retentate 100.0 60,6 37,0 6,3 19,7 45,3 302 

No. 4 Vakuum died coagulum 100.0 61,5 34,7 7,3 87,7 46,6 358 

These results indicate that micro filtration of krill milk was promising and is an 

alternative to coagulate the krill milk. The protein portion was high in taurine. The content of 

fat, protein, ash and TMAO were almost similar between retentate and coagulum. Permeate 

can be concentrated to 70 % dry matter and will have a water activity below 0.4 at 25 °C 

10 which means that it can be stored at ambient temperature. 

Press cake and press liquid. Tables 16 and 17 provide an analysis of press cake on 

wet and dry base from the different trials. The average amount of press cake per kg raw krill 

was found to be 0.23 kg. The dry matter of the press cake was between 44 and 48 %. The fat 

15 content in dry matter was reduced from 21 % before to 15-20 % after pressing. This will give 

a press cake meal from 14 to 18.5 % fat, about 67 % protein and 7 % moisture. TMAO was 

reduced from about 500 mg N/lOOg dry matter in cooked krill to 95mg N/lOOg dry matter in 

the press cake. 

Table 16 Analysis on wet base (wb) of press cake and calculations 

Sample: Press cake Raw krill Press cake Kg press cake 
Analysis: Dry matter Fat, B&D Protein TVN TMA TMAO worked up per kg raw krill 

Date: g/100 g g/100 g g/100 g mg N/100g mg N/100g mg N/100 g kg kg kg/kg 
18.09.2007 48,1 8.0 327 90 0,28 
04.10.2007 47,9 7,0 34,8 
10.10.2007 44,8 9.3 250 55 0,22 
31.10.2007 47,4 7,2 33,8 709 143 0.20 
22.11.2007 44,4 8, 1 8,4 2,1 42,2 1000 226 0,23 
11. 12.2007 43,8 7,3 5,6 2,2 46.7 500 117 0.23 

20 Average: 46,1 7,8 34,3 7 2,2 44,5 0,23 
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Table 17 Analysis on dry base (db) of press cake 

Press cake 
Drv matter Fat, B&D Protein TVN TMA TMAO 

g/100 g g/100 g g/100 g mg N/100 c mg N/100 g mg N/100 g 
100 16,6 
100 14,6 72,7 
100 20,8 
100 15,2 71,3 
100 18,2 18,9 4,7 95,0 
100 16,7 12,8 5,0 106,6 
100 17,0 72,0 15,9 4,9 100,8 

Oil was produced from the krill solids by centrifugation. Table 18. The oil was 

5 almost free for water and the content of astaxanthin was quite high (1.8 g/kg). 

Table 18 Analysis of krill oil 

Date: Date: 

Tricanter oil (krill oil) 31.10.2007 22.11.2007 

Astaxanthin, Free mg/kg 22 29 
Trans mg/kg 12 14 
9-cis mq/kq 2,3 3,2 
13-cis mg/kg 5,4 7,8 

Astaxanthin, Esters mg/kg 1802 1785 
Diester mq/kq 1142 1116 

Monoester mg/kg 660 669 
Astaxanthin - total mg/kg 1824 1814 

Water, Karl F. q/100 q 0,17 0,04 
FFA g/100 g 0,9 

Vitamin A IE/kq 602730 
Vitamin D3 IE/kg <1000 

Vitamin E (alfa-tokoferol) mg/kg 630 

10 Table 19 Analysis of press cake from coagulum on dry base 

Sample: Press cake of coagulum 
Analysis: Dry matter Fat, B&D TVN TMA TMAO 

Date: g/100 g g/100 g mg N/100 g mg N/100 g mg N/100 g 

22.11.2007 100 60,8 20,4 11,6 144,6 
11.12.2007 100 66,6 10, 1 0,0 134,0 

11.12.2007* 100 63,4 0,0 0,0 45,5 
*) After 1 wash (Press cake : water = 1: 1) 

The yield of coagulum press cake was about 5 % of raw krill. The compositions of 

coagulum and retentate from micro filtration is compared in Table 20. There was hardly any 

difference between the products from the two process alternatives. Press cake of coagulum 

15 was dried, and Table 21 gives the analysis of the coagulum and final coagulum meal. The 

proximate composition based on dry matter did not change during drying, and the amino acid 

composition and fatty acid composition is near identical. There was some loss of 
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phospholipids during drying. This is most probable caused by oxidation of fatty acids, but 

other chemical modification of the phospholipids may also be of consequence. 
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Table 20 Analysis of Retentate from micro filtration and Coagulum 

Retentat 25.10.07 Coagulum 25.10.07 
Protein g/100g 5,8 5,4 
Dry matter g/100 g 13,5 14,3 
Ash g/100 g 1, 1 1,0 
Fat (B&D) g/100 g 7,3 8,3 
iPH 8,5 
TFN mg N/100 g 5,9 5,9 
TMA mg N/100 g 2,3 2,3 
TMAO mg N/100 g 61,0 48,6 
Lipd classes: 
Triacvlcilvcerol q/100 Cl extracted fat 59,0 51 
Diacylglycerol g/100 g extracted fat 1,3 1 
Monocylglycerol g/100 g extracted fat <1 <1 
Free fatty acids q/100 Cl extracted fat 3,8 3,2 
Cholesterol g/100 g extracted fat <0,5 <0,5 
Cholesterol esters g/100 g extracted fat 1,0 0,8 
Phosphatidyl ethanolamine g/100 g extracted fat 1,8 3 
Phosphatidyl inositol g/100 g extracted fat <1 <1 
Phosohatidvl serine a/100 a extracted fat <1 <1 
Phosphatidyl choline g/100 g extracted fat 35,0 40 
Lyso-Phosphatidyl choline g/100 g extracted fat 0,8 1,2 
Total polar lipids g/100 g extracted fat 37,6 44,2 
Total neutral lipids g/100 g extracted fat 67,1 56,0 
Sum lipids g/100 g extracted fat 103,4 100,2 
Fatty acid composition: 
14:0 g/100 g extracted fat 10,6 10,4 
16:0 q/ 100 Cl extracted fat 16,4 16,2 
18:0 g/100 g extracted fat 1, 1 1,2 
20:0 g/100 g extracted fat 0,1 0,1 
22:0 g/100 g extracted fat <O, 1 <0,1 
16:1 n-7 g/100 g extracted fat 6,3 6,4 
18:1 (n-9)+(n-7)+(n-5) q/100 Cl extracted fat 15,5 15,4 
20:1 (n-9)+(n-7) g/100 g extracted fat 1, 1 1, 1 
22:1 (n-11 )+(n-9)+(n-7) g/100 g extracted fat 0,6 0,5 
24:1 n-9 g/100 g extracted fat 0, 1 0, 1 
16:2 n-4 g/100 g extracted fat 0,5 0,5 
16:3 n-4 g/100 g extracted fat 0,2 0,2 
18:2 n-6 g/100 g extracted fat 1,4 1,4 
18:3 n-6 g/100 g extracted fat 0,2 0,2 
20:2 n-6 g/100 g extracted fat 0, 1 0, 1 
20:3 n-6 g/100 g extracted fat 0, 1 0, 1 
20:4 n-6 g/100 g extracted fat 0,3 0,3 
22:4 n-6 g/100 g extracted fat <0,1 <0,1 
18:3 n-3 g/100 g extracted fat 0,7 0,7 
18:4 n-3 g/100 g extracted fat 1,7 1,7 
20:3 n-3 q/ 100 Cl extracted fat <0,1 <0,1 
20:4 n-3 g/100 g extracted fat 0,3 0,3 
20:5 n-3 (EPA) g/100 g extracted fat 10,5 10,3 
21:5 n-3 q/100 Cl extracted fat 0,3 0,3 
22:5 n-3 g/100 g extracted fat 0,5 0,4 
22:6 n-3 (DHA) g/100 g extracted fat 5,1 5,0 
Sum saturated fat acides g/100 g extracted fat 28,2 27,9 
Sum monoene fat acides g/100 g extracted fat 23,6 23,4 
Sum PUFA (n-6) fat acides a/100 a extracted fat 2,1 2 
Sum PUFA (n-3) feat acides g/100 g extracted fat 19, 1 18,7 
Sum PUFA fat acides total q/100 Cl extracted fat 21,9 21,4 
Sum fat acides total g/100 g extracted fat 73,7 72,7 
EPA/DHA 2,1 2, 1 
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Table 21 Analysis of Coagulum press cake and meal dried in a Rotadisc dryer on wet and dry 
base 

Coagulum Coagulum Coagulum Coagulum 
press cake meal press cake meal 
22.11.2007 22.11.2007 22.11.2007 22.11.2007 

Analvsis: wb wb db db 
Protein g/100 g 14,6 35,3 37,6 37,4 

Moisture g/100 g 61,2 5,7 0,0 0.0 
FatB&D ai100 a 23.6 55.1 60,8 58,4 

Ash gi100 g 5,9 6.3 
TMA mg N/100 g 4,5 7 11,6 7 

TMAO mg N/100 g 56,1 140 144,6 148 
Fatty acid composition: 

14:0 ;:i/100 Q extracted fat 10,4 10,4 
16:0 g/100 g extracted fat 17 17 
18:0 ai100 a extracted fat 1,2 1,2 
20:0 gi100 g extracted fat 0,1 0,1 
22:0 gi100 g extracted fat 0,1 0,1 

16:1 n-7 gi100 g extracted fat 6,4 6,4 
18:1 (n-9)+(n-7)+(n-5) ;:i/100 a extracted fat 15.2 15,3 

20:1 (n-9)+(n-7) a/100 a extracted fat 1,1 1,1 
22:1 (n-11 )+(n-9)+(n-7) g/100 g extracted fat 0,5 0,6 

24:1 n-9 ;:ii100 Q extracted fat 0,1 0,1 
16:2 n-4 ;:ii100 Q extracted fat 0,5 0,5 
16:3 n-4 gi100 g extracted fat 0,2 0,2 
18:2 n-6 a/100 a extracted fat 1,5 1,4 
18:3 n-6 g/100 g extracted fat 0,2 0.2 
20:2 n-6 g/100 g extracted fat 0,1 0,1 
20:3 n-6 gi100 g extracted fat <0,1 <0,1 
20:4 n-6 ai100 a extracted fat 0,3 0,3 
22:4 n-6 gi100 g extracted fat <0.1 <0.1 
18:3 n-3 g/100 g extracted fat 0,7 0,7 
18:4 n-3 ;:i/100 Q extracted fat 1,7 1,7 
20:3 n-3 g/100 g extracted fat <0.1 <0,1 
20:4 n-3 ai100 a extracted fat 0,4 0,4 

20:5 n-3 (EPA) gi100 g extracted fat 10,9 10,5 
21:5 n-3 gi100 g extracted fat 0,3 0,3 
22:5 n-3 gi100 g extracted fat 0,3 0,3 

22:6 n-3 (DHA) q/100 q extracted fat 5,3 5,1 
Sum saturated fat acides ai100 a extracted fat 28,7 28,7 
Sum monoene fat acides ai100 a extracted fat 23,3 23,3 
Sum PUFA ln-6\ fat acides ai100 a extracted fat 2 2 
Sum PUFA (n-3) feat acides gi100 g extracted fat 19,7 19 
Sum PUFA fat acides total gi100 g extracted fat 22,4 21,7 
Sum fat acides total g/100 g extracted fat 74.4 73.8 

Amino acids: 
Aspartic acid /100 protein 10.5 10.5 
Glutamic acid 1100 protein 11.2 11.6 
Hvdroxiproline /100 protein <0,10 <0,10 

Serine /100 protein 4,3 4,2 
Glvcine a/100 a orotein 4 4 

Histidine g/100 g protein 2 1,9 
Arginine g/100 g protein 4,8 4,7 

Threonine ;:i/100 a protein 4,9 4,9 
Alanine ;:i/100 a protein 4,8 4,9 
Pro line a/100 a protein 4,2 4,1 

Tvrosine a/1 00 a protein 3,7 3,5 
Valine a/100 a orotein 6 5,9 

Methionine a/100 a protein 2,4 2,4 
lsoleucine a/100 a orotein 6,9 6,7 
Leucine g/100 g protein 9,6 9,4 

Phenylalanine ;:i/100 Q protein 4,5 4,4 
Lysine ;:i/100 Q protein 7,7 7,6 

Sum AA g/100 g protein 91.5 90,7 
Lipid classes: 
Triacvlalvcerol ai100 a extracted fat 48 63 
Diacylglycerol gi100 g extracted fat 1,2 1,3 

Monocylglycerol g/100 g extracted fat <1 <1 
Free fattv acids a/100 a extracted fat 3,2 3,1 

Cholesterol ai100 a extracted fat 1,2 <0,5 
Cholesterol esters gi100 g extracted fat 0,5 0,9 

Phosphatidyl ethanolam ine ;:i/100 Q extracted fat 3,1 1,1 
Phosphatidyl inositol ;:i/100 Q extracted fat <1 <1 
Phosphatidvl serine ai100 a extracted fat <1 <1 
Phosphatidvl choline ai100 a extracted fat 38 34 

Lvso-Phosohatidvl choline a/100 a extracted fat 1,2 <1 
Total polar lipids a/100 a extracted fat 42 34.8 

Total neutral lioids a/100 a extracted fat 54.6 67.9 
Sum lipids g/100 g extracted fat 96.7 103,6 
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Krill meal. Final krill meal was produced. Press cake and press cake with stick water 

concentrate were dried in a hot air dryer or steam drier. Table 22. 

Table 22 Analysis of krill meal from 
Forbern Forbera Rota disc. 

Air dried Air dried Steam dried 
Press cake Krill meal Krill meal 

Date: 22.11.2007 meal of krill with stickwater with stickwater 
Wet base: 

Protein al100a 66,4 63,6 66,3 
Moisture al100a 5,9 7,1 3,7 

Fat Soxhlet a/100 a 8,7 10,4 
Fat B&D al100a 15,9 15.6 15.2 

Ash al100Q 9,8 13,0 13,4 
Salt al100Q 1,3 4,3 4,4 

Water soL orotein a/100 a oroL 11,1 28,0 27,1 
DH 8,6 8,3 

TVN ma Nl100a 18,8 39,9 38,6 
TMA ma Nl100a 11,1 22,2 29,8 

TMAO mg N/100 g 109,7 442,1 399,5 
Dry matter base: 

Protein Q/100 a db 70,6 68,5 
Fat Soxhlet a/100 a db 9,2 11,2 

Fat B&D a/100 a db 16,9 16,8 15,8 
Ash a/100 a db 10,4 14,0 
Salt a/100 a db 1,4 4,6 
TVN ma N/100 a db 20,0 42,9 40,1 
TMA ma N/100 a db 11,8 23,9 30,9 

TMAO mg N/100 g db 116,6 475,9 414,9 
Astaxanthin on wet base: 

Astaxanthin, Free maika 4,6 3,6 <1 
Trans maika 2,5 1,9 <1 
9-cis malka 0,4 0,4 <1 
13-ds malka 1,3 0,9 <1 

Astaxanthin, Esters ma/ka 112,0 100 58,0 
Diester ma/ka 80,0 72,0 50,0 

Monoester malkQ 32,0 27,0 8,1 
Astaxanthin - total mg/kg 116,6 103,6 58.0 

Astaxanthin on fat base: 

Astaxanthin, Fritt maika fat 28,9 23,1 <7 
Trans malka fat 15,7 12,2 <7 
9-cis maika fat 2,5 2,6 <7 
13-ds maika fat 8,2 5,8 <7 

Astaxanthin, Estere malka fat 704,4 641,0 381,6 
Diester malka fat 503,1 461,5 328,9 

Monoester ma/ka fat 201,3 173,1 53,3 
Astaxanthin - total! mg/kg fat 733,3 664,1 381.6 

Amino acids: 

Asoartic acid a/100 a orotein 10,6 9,2 9,2 
Glutamic acid a/100 a orotein 14,1 12,4 12,3 
Hvdroxioroline a/100 a orotein <0,5 <0,5 0,1 

Serine a/100 a protein 4,2 3,7 3,8 
Glycine a/100 a protein 4,4 4,4 4,5 

Histidine a/100 a protein 2,3 1,9 1,9 
Arqinine a/100 a protein 6,6 6,0 6,1 

Threonine a/100 a orotein 4,3 3,7 4,1 
Alanine a/100 a orotein 5,4 4,9 5,3 
Proline g/100 g protein 3,7 4,1 4 

Tyrosine g/100 g protein 4,4 3,1 4,7 
Valine a/100 a orotein 5,1 4,4 4,5 

Methionine g/100 g protein 3,2 2,7 2,7 
lsoleucine a/100 a protein 5,3 4,5 4,5 
Leucine g/100 g protein 8,0 6,9 6,9 

Phenylalanine g/100 g protein 4,6 3,9 4 
Lysine a/100 a protein 8,2 7,0 6,6 

Sum AA g/100 g protein 94,4 82.8 85.2 
Lipide classes: 

Triacvlalvcerol al 1 00 a extracted fat 41,0 63 
Diacvlalvcerol al 1 00 a extracted fat 1,7 1,3 

Monocvlalvcerol a 100 a extracted fat <1 <1 
Free fattv acids a 100 a extracted fat 8,8 3,1 

Cholesterol ~ 1 00 a extracted fat 2,4 <0,5 
Cholesterol esters ~ 1 00 a extracted fat <0,5 0,9 

Phosohatidvl ethanolamine a 100 a extracted fat 3,6 1,1 
Phosohatidvl inositol a 100 a extracted fat <1 <1 
Phosohatidvl serine al 1 00 a extracted fat <1 <1 
Phosohatidvl choline al 1 00 a extracted fat 43,0 34 

Lvso-Phosphatidvl choline a/100 a extracted fat 1,1 <1 
Total polar lipids a/100 a extracted fat 47,2 34.8 

Total neutral lipids al 1 00 a extracted fat 54,2 67,9 
Sum lipids g/100 g extracted fat 101,4 103,6 
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EXAMPLES 

Coagulum meal produced as described in Example 4 was extracted using lab scale 

SFE. 4,885g of coagulum (freeze dried over night) via a two step extraction: 1) SFE: C02, 

5 500 Bar, 60°C, 70min at a medium flow rate of l,8ml/min ofC02; 2) SFE: C02+15%EtOH, 

500 Bar, 60°C, 70min at a medium flow rate of2,5ml/min of C02+EtOH. The first step 

extracted l,576g of extracted neutral fraction (NF). As shown in Figures 4 and 5, the analysis 

at HPLC show lower than the detectable limit content on PL in the NF. It was extracted about 

32.25% of the total material. Table 29 provides the peak areas of the components of the 

10 neutral fraction as determined by GC. 

Table 29. 

Rel.Area Peakname Ret.Time Area Height Rel.Area 
% mm mV*min mV % 

0,29 n.a. 17,455 0,2864 2,271 0,29 
19,49 C14:0 24,073 19,0301 105,696 19,49 
21,16 C16:0 32,992 20,6601 88,859 21,16 
11,99 C16:1 36,197 11,7032 48,125 11,99 

3,5 n.a. 37,28 3,4166 14,344 3,5 
1,57 n.a. 43,331 1,5375 6,141 1,57 
15,6 n.a. 46,425 15,2285 58,605 15,6 
8,81 n.a. 46,873 8,5983 30,65 8,81 
0,93 n.a. 50,499 0,9055 3,164 0,93 
1,56 n.a. 51,292 1,5216 5,746 1,56 
1,67 n.a. 57,312 1,6281 4,78 1,67 
2,03 n.a. 60,985 1,98 6,963 2,03 
0,02 n.a. 67,761 0,0189 0,116 0,02 
0,11 n.a. 68,833 0,1066 0,423 0,11 
0,11 n.a. 71,705 0,1028 0,497 0,11 
0,08 n.a. 74,053 0,0806 0,398 0,08 

C20:5 
3,92 EPA 74,489 3,826 12,07 3,92 
0,11 n.a. 80,519 0,1095 0,48 0,11 

C22:5 
0,08 DPA 85,369 0,0785 0,41 0,08 

C22:6 
1,3 DHA 87,787 1,2719 4,253 1,3 
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The second step extracted a polar fraction of l,023g corresponding to 20,95% of the 

total material. The polar fraction consisted mostly of PL and just less than 1 % TG. See 

Figures 6 and 7. Table 30 provides the peak areas of the components of the polar fraction as 

determined by GC. 

Table 30. 

Rel.Area Peakname Ret.Time Area Height Rel.Area 
O/o min mV*min mV % 

2,87 C14:0 24,025 4,8099 28,243 2,87 
28,5 C16:0 33,084 47,7079 182,756 28,5 
1,82 C16:1 36,155 3,0402 13,166 1,82 
1,13 n.a. 43,304 1,8848 8,208 1,13 
3,89 n.a. 46,336 6,5129 27,429 3,89 
5,46 n.a. 46,852 9,1467 35,825 5,46 
2,15 n.a. 51,265 3,6015 14,095 2,15 

1,6 n.a. 57,121 2,6735 7,213 1,6 
1,72 n.a. 60,944 2,8832 10,686 1,72 
2,03 n.a. 68,259 3,3913 8,025 2,03 

C20:5 
30,09 EPA 74,599 50,3768 163,312 30,09 

C22:6 
12,11 DHA 87,832 20,2774 68,714 12,11 

10 The coagulate was dried over night with a weight loss of about 5,53% w/w. The total 

extracted was about 53,2% of the starting weight of the dried material. 

EXAMPLE6 

Freshly harvested Ia-ill were processed into coagulum on board the ship either 10 

15 minutes or six hours post harvest. The coagulum produced from both the 10 minute post 

harvest krill and the 6 hour post harvest krill contained less than lmg/lOOg volatile nitrogen, 

less than 1 mg/100 g trimethylamine (TMA), and less than lg/lOOg lysophosphatidylcholine. 

This can be compared to the coagulum produced from frozen krill in Example 4 above, which 

contained higher levels of volatile nitrogen, and lysophosphatidylcholine. The methods of the 

20 invention which utilize freshly harvested krill provide krill products that are characterized in 

being essentially free of TMA, volatile nitrogen, and lysophosphatidylcholine. 
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EXAMPLE7 

Coagulum meal, 250 g, and krill oil were mixed in a kitchen mixer. The aim was to 

add 300 - 500 mg astaxanthintkg coagulum meal. If the oil contains 1500 mg astaxanthin/kg 

5 krill oil, at least 200 g oil should be added to one kg of coagulum meal. The flow of the meal 

was markedly reduced by addition of 10 % oil, and the oil came off on the packaging when 

the addition of oil was increased to 14 and 20 %. 3 .5 kg coagulum from was thawed and 

milled on a Retsch ZMl with a 2 mm sieve. The quantity of milled powder was 2.96 kg. The 

2.96 kg dried coagulum was added 300 g krill oil in three portions. The knives in the mixer 

10 (Stephan UM12) were to far from the bottom to give a good mixing, so the mixture was 

mixed by hand and mixer intermittently. The astaxanthin content in the final mixture was 40 

% lower than calculated. New analyses of astaxanthin were performed on the oil and on the 

fortified meal. The krill oil had been stored in a cold room at 3 °C for 4 months, and the 

astaxanthin content in the oil did not change during this storage . A new sample were drawn 

15 from the fortified meal after 4 weeks frozen storage, and the astaxanthin content was the same 

in both samples (Table 31 ). 

Table 31. Composition of steam dried coagulum fortified with 10 % krill oil. 

Analysed Calculated New analysis New analysis 

Meal with oil Meal with oil Krill oil Meal with oil 

Dry matter g/100 g 98.0 99.2 

Protein g/100 g 33.6 

Fat (B&D) g/100 g 58.9 60.7 

Ash g/100 g 5.9 

Water soluble protein g/100 g protein 15.8 

TFN mg N/100 g 10 

TMA mg N/100 g 10 

TMAO mg N/100 g 113 

Astaxanthin, Free mg/kg 2.5 4.9 27 2.8 

Trans mg/kg 1.4 2.5 14 1.5 

9-cis mg/kg 0.35 0.6 3.1 0.4 

13-cis mg/kg 0.57 1.2 6.2 0.7 

Astaxanthin, Esters mg/kg 193 338 1805 197 

Di ester mg/kg 126 216 1128 127 

Monoester mg/kg 67 122 677 70 

Astaxanthin - total mg/kg 196 343 1832 200 

Astaxanthin, Free mg/kg lipid 4.2 8.1 

Trans mg/kg lipid 2.4 4.2 

9-cis mg/kg lipid 0.6 1.0 
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13-cis mg/kg lipid 1.0 2.0 

Astaxanthin, Esters mg/kg lipid 328 556 

Di ester mg/kg lipid 214 356 

Monoester mg/kg lipid 114 200 

Astaxanthin - total mg/kg lipid 332 564 

Ffa g/100 g extracted fat 4.4 

Total polar lipids g/100 g extracted fat 39.7 

Total neutral lipids g/100 g extracted fat 60.1 

The astaxanthin content in fortified coagulum meal is 58 % of the amount in the ingredients. 

This reduction in astaxanthin takes place during mixing of dried coagulum and krill oil, and 

indicate that dried coagulum is easily oxidized. 

5 Example 8 

The dried coagulum meal was extracted by supercritical fluid extraction. The 

extracted oil was analyzed as presented in Tables 32-34. 

10 T bl 32 L" "d a e . 11)1 composit1on 
Phosphatidylcholine 34 g/100 g lipid 

Phosphatidy lethanolamine 1,3 g/100 g lipid 

Triglycerides 48 g/100 g lipid 

Cholesterol n.d. 

Free fatty acids 1,0 g/100 g lipid 

T bl 33 F tt "d fil a e . a cy ac1 pro 1 e 
Total saturated fatty acids 26,3 g/100 g lipid 

Total omega-3 fatty acids 18,1 g/100 g lipid 

Total fatty acids 67 ,3 g/100 g lipid 

T bl 34 M. 11 a e . lSCe aneous proper les 
Astaxanthin 130 mg/kg 

TMAO 87 mgN/100 g 
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TMA <l mgN/100 g 

Viscosity at 25°C 61 mPa s 

Example9 

Coagulum meal prepared as described above was administered to two human subjects 

and absorption of the product was determined by measuring omega-3 fatty acids in total lipids 

and in phospholipids in plasma. Subject 1 consumed 8g of coagulum in combination with 

yoghurt, whereas subject 2 consumed 8g of krill oil without yoghurt. The data is presented in 

Tables 35 (Subject 1) and 36 (Subject 2). 

Table 35 

Time (h) C20:5W3 C22:5W3 C22:6 
(EPA) (DPA) W3(DHA) 

0 0.117 0.062 0.267 
0.5 0.118 0.063 0.270 

1 0.113 0.061 0.260 

1.5 0.117 0.064 0.272 
2 0.116 0.063 0.271 

2.5 0.119 0.063 0.271 

3 0.123 0.065 0.281 
3.5 0.122 0.063 0.275 

4 0.123 0.063 0.275 

5 0.141 0.065 0.294 

6 0.153 0.064 0.286 
7 0.154 0.062 0.277 

8 0.165 0.063 0.292 

10 0.167 0.063 0.291 
12 0.163 0.061 0.275 

16 0.169 0.062 0.301 

24 0.173 0.074 0.323 

Table 36 

Time (h) C20:5W3 C22:5W3 C22:6 
(EPA) (DPA) W3(DHA) 

0 0.146 0.052 0.260 

0.5 0.142 0.052 0.260 
1 0.146 0.054 0.268 

1.5 0.142 0.053 0.263 

2 0.145 0.054 0.267 
2.5 0.140 0.053 0.258 
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3 0.143 0.054 0.264 

3.5 0.155 0.056 0.278 

4 0.155 0.055 0.277 
5 0.179 0.057 0.295 

6 0.217 0.057 0.316 

7 0.204 0.057 0.304 
8 0.211 0.060 0.320 

10 0.187 0.057 0.293 

12 0.171 0.054 0.272 
16 0.166 0.052 0.272 

24 0.169 0.061 0.290 

These data show that absorption patterns of the coagulum and krill oil are different for 

the two subjects. The EPA pattern in subject 1 ( coagulum) shows that a high EPA level is 

5 maintained over a long time despite the fact that coagulum contains less lipid than the krill oil. 

10 

15 

The coagulum has also enriched the circulating PL pool which could be an indication of 

absorption/incorporation of krill oil fatty acids in PL form. We have previously observed that 

krill oil is more efficient in enriching tissue lipid fatty acid profiles than fish oil. These data 

indicate that coagulum is even more bioeffective than krill oil. 

Example 10. 

The phospholipid content of the retentate was further analyzed by NMR. Table 37 

provides the results. 

Table 37. 

Phospholipid % (w/w) 

Phosphatidy lcholine 16,5 

Alkylacylphosphatidylcholine 1,7 

Lyso-alkylacylphosphatidylcholine 0,28 

2-lysophosphatidylcholine 0,52 

Phosphatidylethanolamine 0,59 

N-acy lphosphatidy lethano lamine 3,6 

Total phospholipid 23,23 
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Example 11 

This example provides an analysis of the volatile compounds in oil extracted from krill 

5 meal and oil extracted from coagulum meal. Table 38. Briefly, oil was extracted by SFE 

from regular krill meal or meal prepared from coagulum as described above. The oil prepared 

from coagulum meal had substantially reduced amounts of volatile compounds as compared 

to the oil prepared from regular krill meal. In particular, 1-penten-3-one was detected in oil 

prepared from regular krill meal and was absent in oil prepared from coagulum meal. 1-

10 pentene-3-one have previously been identified has a key marker of fishy and metallic off

flavor in fish oil and fish oil enriched food products (Jacobsen et al., J. Agric Food Chem, 

2004, 52, 1635-1641). 

Table 38. 

15 

TIC peak area TIC peak area 

Compound (Krill oil Description (Krill oil Description 
extracted from extracted from 
krill meal using coagulum using 
SFE) SFE) 

dimethyl amine 180403283 22848535 

old fish, strong 
trimethyl amine 255213688 bad 49040416 old fish 

ethanol 394615326 fresh 1426886614 vodka, ethanol 

acetone 875959 0 

acetic acid 36136270 weak smell 0 

methyl vinyl 
ketone 515892 0 

2-butanone 2807131 sweet 23124362 

ethyl acetate 6231705 404501 

1-
[dimethylamino]-
2-propanone 23316404 15380603 

1-penten-3-one 5627101 rubbery 0 weak dishcloth 

47 

RIMFROST EXHIBIT 1111    Page 0350



WO 2010/097701 PCT/IB2010/000512 

n-heptane 291386 0 

2-ethyl furan 1640866 weak sweet 0 

ethyl propionate 909959 0 

2-methyl-2-
pentenal 6996219 0 

pyridine 2085743 0 

acetamide 6169014 pleasant 0 

toluene 4359806 0 

N,N-dimethyl 
formamide 177968590 garden hose, mint 0 garden hose 

ethyl butyrate 1122805 0 

2-ethyl-5-methyl 
furan 1550476 good, flower 427805 

butyl acetate 306001 856292 

3-methyl-1 ,4- weak smell, 
heptadiene 1617339 0 rubber 

isovaleric acid 1528541 foot sweat, weak 0 

methyl pyrazine 1335979 peculiar 0 

ethyl isovalerate 1043918 fruity 0 fruity 

N,N-dimethyl 
acetamide 9895351 0 smell, solvent 

2-heptanone 7397187 blue cheese 0 

2-ethyl pyridine 317424 0 

butyrolactone 652076 butter, pleasant 0 

2,5-dimethyl 
pyrazine 2414087 0 

ethyl pyrazine 1909284 metallic 0 soft 

N,N-dimethyl 
propanamide 1160830 unpleasant 0 

benzaldehyde 3134653 0 

2-octanone 2068169 disgusting 0 

[3-myrcene 2618870 0 
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dimethyl trisulfide 3279406 sewer 0 

n-decane 1851488 331629 

trimethyl pyrazine 4186679 unpleasant 0 

1-methyl-2- 0 
pyrrolidone 9577873 

eucalyptol 0 peppermint 868411 

asetofenoni 1146348 smell, pleasant 350688 

Example 12 

Krill meal produced by the traditional process (Tables 39-42) was compared with krill 

meal produced from the solid fraction remaining after removal of krill milk (Tables 43-46). 

Table 39 
14:0 g/lOOg total fat 8,3 
16:0 g/lOOg total fat 15,4 
18:0 g/l OOg total fat 1,0 
20:0 g/l OOg total fat <0,1 
22:0 g/lOOg total fat <0,1 
16:1 n-7 g/1 OOg total fat 4,7 
18:1 (n-9)+(n-7)+(n-5) g/l OOg total fat 13,5 
20:1 (n-9)+(n-7) g/lOOg total fat 0,9 
22:1 (n-11 )+(n-9)+(n-7) g/lOOg total fat 0,6 
24:1 n-9 g/l OOg total fat 0,1 
16:2 n-4 g/lOOg total fat 0,6 
16:3 n-4 g/l OOg total fat 0,3 
18:2 n-6 g/l OOg total fat 1,1 
18:3 n-6 g/l OOg total fat 0,1 
20:2 n-6 g/lOOg total fat <0,1 
20:3 n-6 g/1 OOg total fat <0,1 
20:4 n-6 g/lOOg total fat 0,3 

22:4 n-6 g/lOOg total fat <0,1 
18:3 n-3 g/l OOg total fat 0,8 
18:4 n-3 g/l OOg total fat 1,8 
20:3 n-3 g/l OOg total fat <0,1 
20:4 n-3 g/lOOg total fat 0,4 
20:5 n-3 g/l OOg total fat 11,3 
21 :'.:l n-3 g/lOOg total fat 0,4 
22:5 n-3 g/1 OOg total fat 0,3 
22:6 n-3 g/lOOg total fat 6,5 
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Table 40 

*Fat Bligh & Dyer ~~ 22,8 
Sum saturated fatty acids g/lOOg total fat 24,7 

5 Sum monounsaturated g/lOOg total fat 19,8 
fatty acids 
Sum PUF A (n-6) g/lOOg total fat 1,6 
Sum PUF A (n-3) g/lOOg total fat 21,5 
SumPUFA g/lOOg total fat 24,0 
Sum fatty acids total g/lOOg total fat 68,5 

10 

Table 41 

15 Triacylglycerol g/lOOg total fat 46 
Diacylgyycerol g/lOOg total fat 1,0 
Monoacylglycerol g/lOOg total fat <l 
Free fatty acids g/lOOg total fat 4,4 

20 Cholesterol g/l OOg total fat 1,6 
Cholesterol ester g/lOOg total fat 0,8 
Phosphatidylethanolamine g/lOOg total fat 4,6 
Phosphatidylinositol g/lOOg total fat <l 
Phosphatidylserine g/lOOg total fat <l 

25 Phosphatidylcholine g/l OOg total fat 37 
Lyso-Phosphatidylcholine g/lOOg total fat 2,0 
Total polar lipids g/lOOg total fat 36,2 
Totale neutral lipids g/lOOg total fat 54,0 

30 
Total sum lipids g/l OOg total fat 96,2 

Table 42 
35 

Protein Kjeldahl (N*6,25) % 60,9 
Total % 92,7 
Salt (NaCl) % 2,9 
Trimetylamine-N Mg N/100 gram 4 
Trimethylaminoxide-N Mg Nil 00 gram 149 
Free Astaxanthin Mg/kg <l 
Astaxanthin ester Mg/kg 122 
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Table 43 

14:0 g/lOOg total fat 5,0 
16:0 g/l OOg total fat 13,9 
18:0 g/lOOg total fat 0,8 
20:0 g/l OOg total fat <0,1 
22:0 g/1 OOg total fat <0,1 
16:1 n-7 g/l OOg total fat 3,0 
18:1 (n-9)+(n-7)+(n-5) g/lOOg total fat 11,4 
20:1 (n-9)+(n-7) g/lOOg total fat 0,5 
22:1 (n-11 )+(n-9)+(n-7) g/lOOg total fat 0,4 
24:1 n-9 g/l OOg total fat 0,1 
16:2 n-4 g/lOOg total fat 0,4 
16:3 n-4 g/l OOg total fat 0,2 
18:2 n-6 g/1 OOg total fat 1,2 
18:3 n-6 g/l OOg total fat 0,1 
20:2 n-6 g/lOOg total fat 0,1 
20:3 n-6 g/l OOg total fat 0,1 
20:4 n-6 g/lOOg total fat 0,4 
22:4 n-6 g/l OOg total fat <0,1 
18:3 n-3 g/l OOg total fat 0,7 
18:4 n-3 g/lOOg total fat 1,2 
20:3 n-3 g/l OOg total fat 0,1 
20:4 n-3 g/l OOg total fat 0,3 
20:5 n-3 g/l OOg total fat 13,1 
21 :5 n-3 g/lOOg total fat 0,3 
22:5 n-3 g/l OOg total fat 0,3 
22:6 n-3 g/lOOg total fat 10,0 
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Table 44 

* Fat Bligh & Dyer ~/Q 10,2 
Swn saturated fatty acids g/1 OOg total fat 19,7 
Sum monounsaturated g/lOOg total fat 15§3 
fatty acids 
Sum PUF A (n-6) g/lOOg total fat 1,8 
Swn PUFA (n-3) g/lOOg total fat 26,1 
Swn PUFA g/lOOg total fat 28,5 
Swn fatty acids g/lOOg total fat 63,5 

10 

Table 45 

Triacylglycerol g/lOOg total fat l Z'5 
Diacy l,gyycerol g/lOOg total fat 0,7 
Monoacv lglycerol g/lOOg total fat <l 
Free fatty acids g/lOOg total fat 0,9 
Cholesterol g/lOOg total fat 3,1 
Cholesterol ester g/lOOg total fat <0,5 
Phosphatidylethanolamine g/lOOg total fat 12,8 
Phosphatidylinositol g/lOOg total fat <l 
Phosphatidylserine g/lOOg total fat <l 
Phosphatidylcholine g/lOOg total fat A9 
Lyso-Phosphatidylcholine g/lOOg total fat 1';'3 
Total polar lipid g/lOOg total fat 63,2 
Total neutral lipid g/lOOg total fat 29,7 
Total sum lipid g/lOOg total fat 92,9 

Table 46 

Protein Kjeldahl (N*6,25) % 73.9 
Total % 9tr,'2 
Salt (NaCl) % 1,9 
Tiimetylamine-N Mg Nil 00 gram 7 
Trimethylaminoxide-N Mg N/100 gram 224 
Free Astaxanthin Mg/kg 2,8 
Astaxanthin ester Mg/kg 89 

Example 13 

Dried coagulum meal or powder produced as described above was extracted with 

ethanol. The results of the extraction are described in Tables 47-50. The total phospholipids 

35 content was 48.6 g/lOOg. The viscosity was analyzed at 15, 25, and 35° C expressed in micro 

Pascal per second (µP/sec) and the results were 1850, 960 and 535 µP/sec respectively. This 

can be compared with oil extracted from conventional krill meal with 46.0 g/lOOg total 

phospholipids analyzed at 15, 25, and 35° C, which have viscosities of 9670, 6150 and 2520 

µP/sec, respectively. 
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Table 47 

14:0 g/lOOg oil 8.8 
16:0 g/lOOg oil 16.0 
18:0 g/lOOg oil 1.0 
20:0 g/lOOg oil <.01 
22:0 g/lOOg oil <0,1 
16:1 n-7 g/lOOg oil 4.3 
18:1 (n-9)+(n-7)+(n-'.:l) g/lOOg oil 13.4 
20: 1 (n-9)+(n-7) g/lOOg oil 0.9 
22:1 (n-11 )+(n-9)+(n-7) g/lOOg oil 0.5 
24:1 n-9 g/lOOg oil 0.1 
16:2 n-4 g/lOOg oil 0.6 
16:3 n-4 g/lOOg oil 0.4 
18:2 n-6 g/lOOg oil 1.2 
18:3 n-6 g/lOOg oil 0.2 
20:2 n-6 g/lOOg oil 0.1 
20:3 n-6 g/lOOg oil <0.1 
20:4 n-6 g/lOOg oil 0.2 
22:4 n-6 g/lOOg oil <0.1 
18:3 n-3 g/lOOg oil 0.9 
18:4 n-3 g/lOOg oil 2.5 
20:3 n-3 g/lOOg oil 0.1 
20:4 n-3 g/lOOg oil 0.4 
20:5 n-3 g/lOOg oil 11.8 
21 :5 n-3 g/lOOg oil 0.4 
22:5 n-3 g/lOOg oil 0.3 
22:6 n-3 g/lOOg oil 5.7 
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Table 48 

Sum saturated fatty acids g/lOOg oil 25.9 
Sum monounsaturated g/lOOg oil 19.2 
fatty acids " Sum PUF A (n-6) g/lOOg oil 1.6 
Sum PUPA (n-3) g/lOOg oil 22.1 
SumPUFA g/lOOg oil 24.7 
Sum fatty acids g/lOOg oil 69.7 

10 

Table 49 

Triacylglycerol g/lOOg oil 14'4 
Diacylgyycerol g/lOOg oil 1.3 
Monoacv lglvcerol g/lOOg oil <l 
Free fatty acids g/lOOg oil 2.2 
Cholesterol g/lOOg oil 0.6 
Cholesterol ester g/lOOg oil 0.7 
Phosphatidylethanolamine g/lOOg oil 1.4 
Phosphatidylinositol g/lOOg oil <l 
Phosphatidylserine g/lOOg oil <l 
Phosphatidylcholine g/lOOg oil ~45 

Lyso-Phosphatidylcholine g/lOOg oil 71 
Total polar lipid g/lOOg oil 48.6 
Total neutral lipid g/lOOg oil 48.3 
Total sum lipid g/lOOg oil 96.9 

Table 50 

Trimetylamine-N Mg N/100 gram - -S.1 
Trimethylaminoxide-N Mg Nil 00 gram '7:67 
Free Astaxanthin Mg/kg 1.4 
Astaxanthin ester Mg/kg 120 
Water % 0.62 
Volatile comp. % 1.7 
Ash % 4.0 
Acid insoluble ash % ,.J,.,.6 
Viscosity at 15C µP/sec 1850 
Viscosity at 25C µP/sec 960 
Viscosity at 35C µP/sec 535 
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Example 14 

Dried coagulum meal or powder produced as described above was extracted with 

ethanol. Samples were heated to 15°C, 25°C, and 35°C in a Grafnt waterbath. The viscosity 

5 was determined in a rotational viscosimeter (Rheomat 30, Contraves AG, Zurich). The 

viscosity in the sample is measured with cup C. The measuring cup with sample and spindle is 

placed in a water bath and when the temperature of the sample has reached the required 

temperature the measurement is started. The rotational velocity of the spindle increases from 0 

to 340 min-1 during 1 minute, and then the speed decreases to 0 min-1 during 1 minute. For 

10 calculating viscosity the output signal from the sample is compared to the signal from the 

viscosity standard. The shear rates at 340 min-1 are for cup A: 647 s-1
, cup B: 133 s-1, cup C: 

74 s-1, and cup D: 36 s-1
. For Newtonian liquids the viscosity for the liquid is reported, for 

non-Newtonian liquids the viscosity at the highest shear rate is reported together with the 

shear rate. A series of measurements starts with a viscosity standard. For the samples tested, 

15 the C cup and 5000 mPa·s standard were used (Brookfield viscosity standards). When the 

curve is linear, as for this sample, the viscosity is independent of the shear rate, it has a 

Newtonian flow. The results are shown in Figures 8 a, b, and c. 

All publications and patents mentioned in the above specification are herein 

20 incorporated by reference. Various modifications and variations of the described method and 

system of the invention will be apparent to those skilled in the art without departing from the 

scope and spirit of the invention. Although the invention has been described in connection 

with specific preferred embodiments, it should be understood that the invention as claimed 

should not be unduly limited to such specific embodiments. Indeed, various modifications of 

25 the described modes for carrying out the invention which are obvious to those skilled in the 

relevant fields are intended to be within the scope of the following claims. 
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CLAIMS 

1. An oil extracted from krill comprising from about 40% to about 60% phospholipids by 

weight of said oil and about 1 to about 1500 mg/I astaxanthin, said oil having Newtonian 

fluidity at 25°C. 

2. The oil of Claim 1, said oil having a viscosity of about 400 to about 1200 

10 microPascals/sec at 25°C. 

3. The oil of claim 1 or claim 2, further comprising about 35% to about 55% w/w 

triglycerides. 

15 4. The oil of any of claims 1to3 further comprising about 10% to about 35% w/w 

omega-3 fatty acid residues. 

20 

25 

30 

5. The oil of any of any of claims 1 to 4, wherein said phospholipids comprise about 

greater than 90% phosphatidyl choline by weight of said phospholipids. 

6. The oil of any of any of claims 1 to 5, said oil having a viscosity of about 800 to about 

1100 microPascals/sec at 25°C. 

7. The oil of any of any of claims 1 to 6, wherein said krill is Euphausia superba. 

8. An oil extracted from krill comprising from about 40% to about 60% phospholipids by 

weight of said oil and about 1 to about 1500 mg/I astaxanthin, said oil having a viscosity of 

about 400 to about 1200 microPascals/sec at 25°C. 

9. The oil of Claim 8, wherein said oil has Newtonian fluidity at 25°C. 

10. A capsule containing the oil of any of claims 1 to 9. 

11. The capsule of Claim 10, wherein said capsule is a gel capsule. 
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12. An oral dosage form comprising an oil as claimed in claims 1 to 9. 

13. The oral dosage form of Claim 12, wherein said oral dosage form is a gel capsule. 

14. The oral dosage form of Claim 12, wherein said oral dosage form is a free flowing oil. 

16. A process for producing a krill oil of claims 1 to 9 comprising: 

mixing krill with water to increase the temperature of said krill to about 25 to 80 °C to 

form a first solid phase and a first aqueous phase comprising said phospholipids and proteins; 

separating said first solid phase from said first aqueous phase; 

heating said first aqueous phase to produce a phospholipid and protein concentrate; 

and 

extracting an oil from said phospholipid and protein concentrate. 

17. A krill oil produced by the process of Claim 16. 
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FIGURE I 
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FIGURE 4 
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FIGURE6 
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Figure 8a 
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Figure 8b 
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(57) Abstract: The present invention contemplates the creation of a low 
fiuoride crustacean oil processed from a phospholipid-protein complex 
(PPC) formed immediately upon a crustacean (i.e., for example, krill) 
catch. Further, the crustacean oil may also have reduced trimethyl amine 
and/or trimethyl amino oxide content. The process comprises disintegrat
ing the crustaceans into smaller particles, adding water, heating the result, 
adding enzyme(s) to hydrolyze the disintegrated material, deactivating the 
enzyme(s ), ren10ving solids from the enzymatically processed material to 
reduce fiuoride content of the material, separating and drying the PPC 
material. Then, using extraction with supercritical C02 or supercritical di -
methyl ether, and/or ethanol as solvents, krill oil, inter alia, is separated 
from the PPC. In the extraction the krill oil can be separated almost 
wholly from the feed material. 
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:Method For Processing Crustaceans To Produce 
Low Fluoride/Low Trimethyl Amine Products Thereof 

FIELD OF THE INVENTION 

The invention relates to a method for processing crustaceans (i.e., for example, krill) 

rich in lipids to produce compositions low in fluoride, trimethyl amine and trimethyl amine 

oxide comprising phospholipids, proteinaceous nutrients and oil (i.e., for example, neutral 

lipids and/or triglycerides). 

10 BACKGROUND OF THE INVENTION 

The crustaceans, especially krill, represent a vast resource as biological material. The 

amount of Antarctic krill (Euphausia superba), depending on the calculation method and 

investigation, is roughly 1to2x109 tons and the possible weight of the annual catch is 

estimated at 5 to 7x106 tons. These small crustaceans, which live in the cold waters around 

15 the Antarctic, are interesting as a source for proteins, lipids such as phospholipids, poly

unsaturated fatty acids etc., chitin/chitosan, astaxanthin and other carotenoids, enzymes and 

other materials. 

Several methods for isolating above-mentioned materials have been developed. One 

problem is that the products may contain unwanted trace material included in the exoskeleton 

20 (also called integument or cuticle) of the crustaceans. For example, krill accumulates 

fluoride in their exoskeleton, thereby increasing the fluoride amount of any produced material 

either through the inclusion of parts of the exoskeleton or through extraction processes not 

taking into account the transfer of fluoride to the final material. In this case free fluoride or 

loosely bound fluoride may diffuse from the exoskeletal material and into the further 

25 processed material, making the end product high in fluoride ions and/or fluorinated 

compounds. 

Fluoride is a compound that in high concentrations is detrimental for the health of 

land-dwelling animals as well as all kind of fish and crustaceans and especially fresh-water 

fish species, since fluoride atoms have the tendency of entering into the bone structure of 

30 such organisms and creating fluorosis, or weakening of the bone structure similar in its effect 

to osteoporosis, but different since it is the bone structure itself, and not the porosity of the 

bone that is affected. Skeletal fluorosis is a condition characterized by skeletal abnormalities 

and joint pain. It is caused by pathological bone formation due to the mitogenic action of 

fluoride on osteoblasts. In its more severe forms, skeletal fluorosis causes kyphosis, crippling 
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and invalidism. Secondary neurological complications in the form of myelopathy, with or 

without radiculopathy, may also occur. High fluoride intake has also been shown to be toxic 

to the male reproductive system in rat experiments, and in humans high fluoride intake and 

symptoms of skeletal fluorosis have been associated with decreased serum testosterone 

5 levels. Consequently, if krill material is used as a starting material for food or feed products, 

precautions have to be taken for removing fluoride through the processing steps. However, 

the diffusion of fluoride and the presence ofminiscule particles of the exoskeleton represent a 

problem that is difficult to overcome when processing krill material in an industrial scale. 

Polar lipids such as phospholipids are essential for cell membranes and are also called 

10 membrane lipids. For most known animal species the content of polar lipids is nearly 

constant. However, this does not hold for the Antarctic krill. The phospholipids content varies 

from 2% up to 10% depending on the season. The high content, e.g. more than 5%, of the 

phospholipids is in principle good, but means also a problem, because it may result in strong 

emulsions in industrial processes. The emulsions complicate the separation of the lipid and 

15 proteinaceous fractions in the processes, such as hydrolysis. 

The krill oil is one the valuable products made from krills. It contains inter alia 

phospholipids, triglycerides and carotenoid astaxanthin while being essentially free of 

protein, carbohydrates and minerals. Different portions of the krill material are separated 

from each other by, inter alia: i) crushing krill mechanically; ii) pressing them, iii) hydrolysis 

20 with heat and enzymes; iv) centrifugal force in rotating devices; and v) solvent extraction. 

What is needed in the art are significant improvements to these rather conventional 

approaches and are described within many embodiments of the present invention (irifra). For 

example, a disintegrated raw crustacean material may be separated and/or extracted into 

various enriched low-fluoride, low trimethyl amine and/or low trimethyl amine oxide 

25 crustacean meal and/or oil compositions. 

SUl\fMARY 

The invention relates to a method for processing crustaceans (i.e., for example, krill) 

rich in lipids to produce compositions low in fluoride, trimethyl amine and trimethyl amine 

30 oxide comprising phospholipids, proteinaceous nutrients and oil (i.e., for example, neutral 

lipids and/or triglycerides). 

In one embodiment, the present invention contemplates a crustacean oil composition 

comprising phospholipids and less than approximately 0.5 ppm fluoride. In one embodiment, 

the crustacean oil composition further comprises less than approximately 0.001 % (w/w) 
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trimethyl amine. In one embodiment, the crustacean oil composition further comprises less 

than approximately 0.02% (w/w) trimethyl amine oxide. In one embodiment, the 

phospholipids are between approximately 39-52 wt%, wherein said phospholipids comprise at 

least approximately 65% phosphatidylcholine and at least approximately 2.4 wt% 

5 lysophasphatidylcholine. In one embodiment, the crustacean oil further comprises 

triglycerides, neutral lipids, approximately 20 - 26 wt% Omega-3 (e.g., n-3) fatty acids, and 

at least approximately 0.8 wt% free fatty acids. In one embodiment, the crustacean oil 

composition is krill oil. 

In one embodiment, the present invention contemplates a crustacean phospholipid-

10 peptide complex (PPC) composition comprising a matrix of hydrolyzed protein, 

phospholipids and between approximately 200-500 ppm fluoride. In one embodiment, the 

phospholipids are at least 40 wt%. In one embodiment, the crustacean PPC composition 

further comprises approximately 0.044% (w/w) trimethyl amine and approximately 0.354% 

(w/w) trimethyl amine oxide. In one embodiment, the crustacean PPC composition further 

15 comprises at least 40% (w/w) triglycerides. 

In one embodiment, the present invention contemplates a crustacean de-oiled 

phospholipid-peptide complex (PPC) composition comprising a matrix of hydrolyzed protein, 

between approximately 200-500 ppm fluoride, approximately 35% total fat, approximately 

16.6% eicosapentaenoic acid, approximately 10.0% docosahexaenoic acid and at least 0.1 

20 wt% free fatty acids. In one embodiment, wherein the total fat comprises less than 20% 

triglycerides, and approximately 69% other lipid components. In one embodiment, total fat 

comprises approximately 35.2% fatty acids, wherein approximately 30 wt% of said fatty 

acids are n-3 fatty acids. In one embodiment, the total lipids further comprise at least 68% 

phospholipids. In one embodiment, the de-oiled PPC further comprises approximately 2.2% 

25 lysophosphatidyl choline. In one embodiment, the de-oiled PPC further comprises 

approximately 115 mg/kg astaxanthin. 

In one embodiment, the present invention contemplates a method for creating low 

fluoride crustacean compositions, comprising: a) disintegrating a crustacean catch into a 

material having a particle size ranging between approximately 1 - 25 millimeters; and b) 

30 separating said disintegrated crustacean material into a phospholipid-peptide complex (PPC) 

composition subfraction, wherein said subfraction comprises a fluoride content of less than 

500 ppm. In one embodiment, the method further comprises extracting said PPC 

composition subfraction with a fluid comprising a solvent wherein a low fluoride oil is 

created, said oil having a fluoride content ofless than 0.5 ppm. In one embodiment, the 

3 

RIMFROST EXHIBIT 1111    Page 0378



WO 2013/102792 PCT/IB2012/003004 

extracting further creates a low trimethyl amine/trimethyl amine oxide oil, wherein said 

trimethyl amine is less than approximately 0.001 % (w/w) and said trimethyl amine oxide is 

less than approximately 0.02% (w/w). In one embodiment, the separating is performed 

without emulsification. In one embodiment, the solvent comprises a non-polar solvent. In 

5 one embodiment, the solvent comprises at least one polar solvent. In one embodiment, the 

solvent comprises said non-polar solvent and said at least one polar solvent. In one 

embodiment, the non-polar solvent includes, but is not limited to, supercritical carbon dioxide 

and supercritical dimethyl ether. In one embodiment, the polar solvent includes, but is not 

limited to, ethanol and acetone. In one embodiment, the method further comprises 

10 hydrolyzing said crustacean material before said separating. In one embodiment, the 

extracting further creates a de-oiled PPC composition. In one embodiment, the polar solvent 

separates a phospholipid composition and a protein hydrolysate composition from said de

oiled PPC composition. In one embodiment, the extracting comprises less than ten hours. In 

one embodiment, the extracting comprises less than five hours. In one embodiment, the 

15 extracting comprises less than two hours. In one embodiment, the crustacean material is krill 

material. In one embodiment, the separating comprises a centrifugal force of between 

approximately 1,000 - 1,800 g. In one embodiment, the separating comprises a centrifugal 

force ofbet\veen approximately 5,000 - 10,000 g. 

In one embodiment, the present invention contemplates a composition comprising a 

20 mixture of a low fluoride crustacean PPC and a low fluoride de-oiled PPC, wherein said 

fluoride level ranges between approximately 200 - 500 ppm. In one embodiment, the 

crustacean PPC is krill PPC. In one embodiment, the crustacean de-oiled PPC is krill de

oiled PPC. In one embodiment, the crustacean PPC and crustacean de-oiled PPC are in a 1: 1 

ratio. In one embodiment, the mixture comprises a milled fine powder. In one embodiment, 

25 the powder comprises a particle size of approximately 250 µm. In one embodiment, the 

composition comprises a peroxide level of less than 0.1 %;(mEq/kg). In one embodiment, 

the composition comprises ananiside level ofless than 0.1 % (w/w). In one embodiment, the 

composition further comprises microencapsulated polyunsaturated Omega-3 fatty acids. In 

one embodiment, the composition further comprises zinc oxide. In one embodiment, the 

30 composition further comprises marine peptides. In one embodiment, the composition further 

comprises at least one supplemental amino acid. 

In one embodiment, the present invention contemplates a method, comprising 

formulating a composition comprising a low fluoride crustacean PPC and a low fluoride 

crustacean de-oiled PPC, wherein said fluoride level ranges between approximately 200 -
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500 ppm. In one embodiment, the method further comprises milling said composition into a 

powder. In one embodiment, the method further comprises tabletting said composition into a 

tablet. In one embodiment, the method further comprises encapsulating said composition into 

a capsule. In one embodiment, the method further comprises mi~g said powder with a food 

5 product. In one embodiment, the formulating further comprises microencapsulated 

polyunsaturated Omega-3 fatty acids. In one embodiment, the formulating further comprises 

zinc oxide. In one embodiment, the formulating further comprises marine peptides. In one 

embodiment, the formulating further comprises at least one supplemental amino acid. 

In one embodiment, the present invention contemplates a composition comprising a 

10 mixture of a low fluoride crustacean PPC and a crustacean protein hydrolysate, wherein said 

fluoride level ranges between approximately 200 - 500 ppm. In one embodiment, the 

crustacean PPC is krill PPC. In one embodiment, the crustacean protein hydrolysate is a krill 

protein hydrolysate. In one embodiment, the crustacean PPC and crustacean protein 

hydrolysate are in a 1: 1 ratio. In one embodiment, the mixture comprises a milled fine 

15 powder. In one embodiment, the powder comprises a particle size of approximately 250 µm. 

In one embodiment, the composition comprises a peroxide level of less than 0.1 

%;(mEq/kg). In one embodiment, the composition comprises ananiside level of less than 0.1 

% (w/w). In one embodiment, the composition further comprises microencapsulated 

polyunsaturated Omega-3 fatty acids. In one embodiment, the composition further comprises 

20 zinc oxide. In one embodiment, the composition further comprises marine peptides. In one 

embodiment, the composition further comprises at least one supplemental amino acid. 

In one embodiment, the present invention contemplates a method, comprising 

formulating a composition comprising a low fluoride crustacean PPC and a crustacean 

protein hydrolysate, wherein said fluoride level ranges between approximately 200 - 500 

25 ppm. In one embodiment, the method further comprises milling said composition into a 

powder. In one embodiment, the method further comprises tabletting said composition into a 

tablet. In one embodiment, the method further comprises encapsulating said composition into 

a capsule. In one embodiment, the method further comprises mixing said powder with a food 

product. In one embodiment, the formulating further comprises microencapsulated 

30 polyunsaturated Omega-3 fatty acids. In one embodiment, the formulating further comprises 

zinc oxide. In one embodiment, the formulating further comprises marine peptides. In one 

embodiment, the formulating further comprises at least one supplemental amino acid. 
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In one embodiment, the present invention contemplates a phospholipid-peptide 

complex (PPC) composition comprising a range between approximately 40 - 50% lipids and 

less than 0.5 mg;kg fluoride. In one embodiment, the lipids comprise phospholipids. In one 

embodiment, the present invention contemplates an oil composition comprising 

5 approximately 400-500 grams/kg phospholipids, approximately 200-260 grams/kg Omega-3 

fatty acids, less than 0.5 mg/kg fluoride, approximately 15 grams/kg lysophosphatidic acid, 

and less than approximately 8 grams/kg free fatty acids. In one embodiment, the present 

invention contemplates a de-oiled phospholipid-peptide complex (PPC) composition 

comprising approximately 300-400 grams/kg lipids, wherein approximately 0.1-1.0 % are 

10 free fatty acids and a range between approximately 22-27 % (w/w) that are Omega-3 fatty 

acids. In one embodiment, the lipids comprise phospholipids. In one embodiment, the 

present invention contemplates a crustacean lipid composition comprising at least 75% 

phospholipids. In one embodiment, the lipid composition comprises between approximately 

75% - 90% phospholipids. In one embodiment, the lipid composition comprises between 

15 approximately 75% - 80% phospholipids. In one embodiment, the present invention 

contemplates a dried protein hydrolysate composition comprising approximately 70 - 80% 

protein, approximately 1.5 - 3.0% lipids, and approximately 5 -7 % ash. 

In one embodiment, the present invention contemplates a method, comprising: a) 

providing; i) a hydrolyzed and disintegrated crustacean material; ii) at least one horizontal 

20 centrifuge capable of separating said hydrolyzed crustacean material; and iii) a fluid 

comprising a solvent; and b) separating said hydrolyzed crustacean material into a high 

fluoride solid fraction and a low :fluoride hydrolyzed material fraction with a first horizontal 

centrifuge; c) separating said low fluoride hydrolyzed material fraction into a phospholipid

peptide complex (PPC) composition subfraction and a concentrated hydrolysate subfraction 

25 with a second horizontal centrifuge; and d) contacting said PPC composition subfraction with 

said fluid, wherein a low fluoride oil is extracted. In one embodiment, the disintegrated 

crustacean material has particle sizes between approximately 1 - 25 millimeters. In one 

embodiment, the first horizontal centrifuge separates said hydrolyzed crustacean material 

without emulisification. In one embodiment, the solvent comprises a non-polar solvent. In 

30 one embodiment, the non-polar solvent comprises supercritical C02. In one embodiment, the 

solvent comprises a polar solvent. In one embodiment, the polar solvent comprises ethanol. 

In one embodiment, the second horizontal centrifuge comprises an extended separation 

pathway. In one embodiment, the contacting is performed at a pressure of less than 300 bar. 

In one embodiment, the non-polar solvent further extracts a de-oiled PPC composition from 
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said PPC composition subfraction. In one embodiment, the ethanol separates a phospholipid 

composition and a protein hydrolysate composition from said de-oiled PPC composition. In 

one embodiment, the de-oiled PPC is separated from the PPC in less than ten hours. In one 

embodiment, the de-oiled PPC is separated from the PPC in less than five hours. In one 

5 embodiment, the de-oiled PPC is separated from the PPC in less than two hours. In one 

embodiment, the hydrolyzed crustacean material comprises hydrolyzed krill material. In one 

embodiment, the separating said hydrolyzed crustacean material is performed at a centrifugal 

force of between approximately 1,000 - 1,800 g. In one embodiment, the separating said low 

fluoride hydrolyzed material fraction is performed at a centrifugal force of between 

10 approximately 5,000 - 10,000 g. In one embodiment, the method produces a phospholipid

peptide complex (PPC) composition comprising a range between approximately 40%- 50% 

lipid and less than 0.5 mg/kg fluoride. In one embodiment, the method produces an oil 

composition comprising approximately 400-500 grams/kg phospholipids, approximately 200-

260 grams/kg Omega-3 fatty acids, less than 0.5 mg/kg fluoride, approximately 15 grams/kg 

15 lysophosphatidic acid, and less than approximately 8 grams/kg free fatty acids. In one 

embodiment, the method produces a de-oiled phospholipid-peptide complex (PPC) 

composition comprising approximately 300-400 grams/kg lipids, wherein approximately 0.1-

1.0 % are free fatty acids and a range between approximately 20-28 % (w/w) are Omega-3 

fatty acids. In one embodiment, the method produces a crustacean lipid composition 

20 comprising at least 75% phospholipids. In one embodiment, the lipid composition comprises 

a range between approximately 75% - 90% phospholipids. In one embodiment, the lipid 

composition comprises a range between approximately 75% - 80% phospholipids. In one 

embodiment, the method produces a dried protein hydrolysate composition comprising 

approximately 70 - 80% protein, approximately 1.5 - 3.0% lipids, and approximately 5 -7 % 

25 ash. 

In one embodiment, the present invention contemplates a system comprising: a) a 

solvent unit comprising at least one non-polar solvent inlet; b) an extraction tank unit in 

fluidic communication with the solvent unit, wherein the tank comprises an inlet configured 

to receive a phospholipid-protein complex composition; c) a separator unit comprising an 

30 outlet configured to release a low fluoride oil composition and residual co-solvent, wherein 

the separator is in fluidic communication with the tank; d) an absorbent unit in fluidic 

communication with the separator unit, wherein the absorbent unit is capable of recycling the 

non-polar solvent. In one embodiment, the non-polar solvent is a supercritical fluid. In one 

embodiment, the supercritical fluid comprises carbon dioxide. In one embodiment, the 
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supercritical fluid comprises dimethyl ether. In one embodiment, the solvent unit further 

comprises a co-solvent inlet. In one embodiment, the co-solvent is a polar solvent. In one 

embodiment, the polar solvent is ethanol or acetone. In one embodiment, the at least one 

non-polar solvent inlet comprises an unused non-polar solvent inlet. In one embodiment, the 

5 at least one non-polar solvent inlet comprises a recycled non-polar solvent inlet. In one 

embodiment, the solvent unit further comprises a fluid pump. In one embodiment, the tank 

unit is pressurized by the fluid pump. In one embodiment, the solvent unit further comprises a 

heater. In one embodiment, the phospholipid-protein complex composition in the tank unit is 

heated by the heater. In one embodiment, the separator outlet is in fluid communication with 

1 0 an evaporator. In one embodiment, the separator further comprises a horizontal centrifuge. In 

one embodiment, the horizontal centrifuge is a decanter centrifuge having an extended 

separation pathway. In one embodiment, the phospholipid-protein complex composition is a 

low fluoride crustacean phospholipid-protein complex composition. In one embodiment, the 

low fluoride crustacean phospholipid-protein complex composition is a low fluoride krill 

15 phospholipid-protein complex composition. 

In one embodiment, the present invention contemplates a method for processing 

crustaceans, especially krills, in which method the crustaceans are disintegrated into smaller 

particles, fresh water is added to the disintegrated material, the water with the disintegrated 

material is heated and enzyme(s) are added for hydrolyzing the disintegrated material and 

20 said enzyme(s) is/are deactivated, the method further comprising steps: a) removing solids 

from the hydrolyzed material to reduce fluoride content of the material; b) separating 

phospholipid-peptide complex material and concentrated hydrolysate fraction from each 

other; c) drying said phospholipid-peptide complex material; and d) dividing the drying 

result, or PPC, to components by extraction(s) using at least a supercritical C02 as solvent, 

25 wherein the processing of crustaceans is started as soon as a cmstacean catch has been 

decked on a ship or boat. In one embodiment, the fluoride content solids are removed from 

the hydrolyzed material by a decanter. In one embodiment, the phospholipid-peptide 

complex material and concentrated hydrolysate fraction are separated from each other by a 

sedicanter with high centrifugal forces and long clarification/separation zones to avoid an 

30 emulsification. In one embodiment, the method further comprises using in the extraction 

ethanol as a co-solvent in addition to the supercritical C02 to separate: i) a krill oil consisting 

of phospholipids and triglycerides, or neutral oil, and ii) a protein hydrolysate from the PPC. 

In one embodiment, the pressure of the solvent being at most 300 bar. In one embodiment, 

the extraction includes two steps: i) first using only the supercritical C02 as solvent to 
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separate de-oiled PPC from the PPC; and ii) second using only ethanol as solvent to separate 

phospholipids and protein hydrolysate from the de-oiled PPC. In one embodiment, the 

duration of the step when said de-oiled PPC is extracted from the PPC is at most three hours. 

In one embodiment, the method produces a phospholipid-peptide complex {PPC) 

5 composition comprising approximately 40% - 50% lipid and approximately 0.5 mg/kg 

fluoride. In one embodiment, the lipid comprises phospholipids. In one embodiment, the 

method produces an oil composition comprising approximately 400-500 grams/kg 

phospholipids, approximately 200-260 grams/kg Omega-3 fatty acids, approximately 0.5 

mg/kg fluoride, approximately 15 grams/kg lysophosphatidic acid, and less than 

1 0 approximately 8 grams/kg free fatty acids. In one embodiment, the method produces a de

oiled phospholipid-peptide complex (PPC) composition comprising approximately 300-400 

grams/kg lipids, wherein approximately 0.1-1.0 % are free fatty acids and approximately 22-

27 % {w/w) are Omega-3 fatty acids. In one embodiment, the method produces a crustacean 

phospholipid composition comprising approximately 75% polar lipids. In one embodiment, 

15 the method produces a dried protein hydrolysate composition comprising approximately 70 -

80% protein, approximately 1.5 - 3.0% lipids, and approximately 5 -7 % ash. 

DEFINITIONS 

The term "disintegrated material" as used herein refers to any biological material that 

20 has been subjected to a mechanical destruction and/or disruption that results in a composition 

having particle sizes of between approximately 1 - 25 millimeters, preferably between 

approximately 3 - 15 millimeters, more preferably between approximately 5 - 10 millimeters 

and most preferably approximately 8 millimeters. 

The term "hydrolyzed material" as used herein refers to any biological material that 

25 has been subjected to high heat and/or enzymatic treatment. Such hydrolyzed materials 

would be expected to have phospholipid/peptide components that are physically separated 

from the components of the chitinous exoskeleton. 

The term "crustacean'' as used herein refers to any marine organism have a hard 

outside shell {e.g., a chitinous exoskeleton combined with a carbonate) encompassing a 

30 fleshy interior that is a living organism. More specifically, the crustaceans are usually 

considered a large class of mostly aquatic arthropods that have a chitinous or calcareous and 

chitinous exoskeleton, a pair of often much modified appendages on each segment, and two 

pairs of antennae. For example, a crustacean may include but not limited to, krill, lobsters, 

shrimps, crabs, wood lice, water fleas, and/or barnacles. 
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The term "horizontal centrifuge" refers to any device that is capable of rotating a 

mixture in the Z-plane (as opposed to the X-plane and/or Y-plane as with conventional 

centrifuges). This rotation is generated by a screw-type conveyor element aligned 

horizontally within a tube shaped enclosure. The induced centrifugal force then layers the 

5 heavier particles to the outside edges of the enclosure, while the lighter particles form layers 

closer to the center of the enclosure. Some horizontal centrifuges are modified to comprise 

an extended separation pathway and induce high gravitational forces (e.g., a sedicanter). 

The term "polar solvent" as used herein refers to any compound, or compound 

mixture, that is miscible with water. Such polar solvent compounds include, but are not 

10 limited to, ethanol, propanol and/or ethyl acetate. 

The term "non-polar solvent" as used herein refers to any compound, or compound 

mixture, that is not miscible with water. Such non-polar solvent compounds include, but are 

not limited to, hexane, pentane, dimethyl ether and/or C02. Either dimethyl ether or COi 

may be used in a supercritical phase. 

15 The term "supercritical" refers to any mL"<ture comprising a chemical (e.g., for 

example, carbon dioxide (C02) or dimethyl ether) in a fluid state while held at, or above, its 

critical temperature and critical pressure where its characteristics expand to fill a container 

like a gas but with a density like that of a liquid. For example, carbon dioxide becomes a 

supercritical fluid above 31.1 °C and 72.9 atm/7.39 MPa. Carbon dioxide usually behaves as 

20 a gas in air at standard temperature and pressure (STP), or as a solid called dry ice when 

frozen. If the temperature and pressure are both increased from STP to be at or above the 

critical point for carbon dioxide, it can adopt properties midway between a gas and a liquid. 

As contemplated herein, supercritical C02 can be used as a commercial and industrial solvent 

during chemical extractions, in addition to its low toxicity and minimal environmental 

25 impact. The relatively low temperature of the process and the stability of C02 also allows 

most compounds (i.e., for example, biological compounds) to be extracted with little damage 

or denaturing. In addition, because the solubility of many extracted compounds in C02 may 

vary with pressure, supercritical COi is useful in performing selective extractions. 

The term "fluoride" as used herein interchangeably and refer to any compound 

30 containing an organofluoride and/or an inorganic fluoride. 

The term "high fluoride solid fraction" as used herein refers to a composition 

containing the vast majority of a crustacean's exoskeleton following a low g-force (e.g., 

between approximately 1,000 - 1,800 g) horizontal centrifugation separation of a hydrolyzed 

and disintegrated crustacean material. This fraction contains small particles of exoskeleton of 
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the crustacean that retains the vast majority of fluoride (i.e., for example, between 50 - 95%) 

in these organisms. 

The term "low fluoride" as used herein may refer to the product of any method and/or 

process that reduced the fluoride from the original material by approximately IO-fold (i.e., for 

5 example, from 5 ppm to 0.5 ppm). For example, 'a low fluoride crustacean phospholipid

protein complex' comprises ten-fold less fluoride than 'a low fluoride hydrolyzed and 

disintegrated crustacean material'. 

The term "low fluoride hydrolyzed material fraction" as used herein refers to a 

composition containing the vast majority of a crustacean's fleshy internal material following 

10 a low g-force (e.g., between approximately 1,000 - 1,800 g) horizontal centrifugation 

separation of a hydrolyzed and disintegrated crustacean material. This fraction contains 

small particles of phospholipids, neutral lipids, proteins and/or peptides that is largely devoid 

of any fluoride (i.e., for example, between 5% - 50% of the raw hydrolyzed and disintegrated 

material). 

15 The term "a low fluoride phospholipid-peptide complex composition subfraction" as 

used herein refers to a low fluoride composition containing the vast majority of lipid material 

following a high g-force (e.g., between approximately 5,000 - 10,000 g) horizontal 

centrifugation separation of a low fluoride hydrolyzed material fraction. 

The term "concentrated hydrolysate composition subfraction" as used herein refers to 

20 a low fluoride composition containing the vast majority of water soluble lean material 

following a high g-force (e.g., between approximately 5,000 - 10,000 g) horizontal centrifuge 

separation of a low fluoride hydrolyzed material fraction. 

The term "low fluoride oil" as used herein refers to a lipid-rich composition created by 

the extraction of a phospholipid-peptide complex composition subfraction using a selective 

25 extraction process, such as with a supercritical carbon dioxide fluid. Such a process removes 

approximately ten-fold of the fluoride from the raw hydrolyzed and disintegrated crustacean 

material. 

The term "de-oiled phospholipid-peptide complex" as used herein refers to a low 

fluoride composition containing the vast majority of dry matter composition created by the 

30 extraction of a phospholipid-peptide complex composition subfraction using selective 

extraction process, such as a supercritical carbon dioxide fluid. A de-oiled PPC generally 

comprises a reduced triglyceride content in comparison to PPC. 

The term "phospholipid composition" as used herein refers to a low fluoride 

composition comprising a high percentage of polar lipids (e.g., approximately 75%) created 
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by the extraction of a de-oiled phospholipid-peptide complex using a co-solvent, such as 

ethanol. 

The term "protein hydrolysate" as used herein refers to a low fluoride composition 

comprising a high percentage of protein (e.g., approximately 70 - 80%) created by the 

5 extraction of a de-oiled phospholipid-peptide complex using a co-solvent, such as ethanol. 

The term "immediately" as used herein refers to a minimum practical period between 

decking a crustacean catch in a trawl bag and/or net coupled with a direct transfer to a 

suitable disintegraor. For example, this minimum practical period should preferably not 

exceed 60 minutes, more preferred to not exceed 30 minutes, even more preferred to not 

10 exceed 15 minutes. 

The term "hydrolysis" as used herein refers to any break and/or disruption made in a 

protein structure of a disintegrated crustacean material, wherein in the naturally occurring 

protein sequences become shorter (i.e .. , for example, by breaking peptide bonds of the amino 

acid sequence primary structure) and/or denatured (i.e., for example, an unfolding of the 

15 amino acid sequence secondary, tertiary and/or quaternary structure). This process may be 

controlled by hydrolytic enzyme(s). For example, one or more exogenous proteolytic 

enzymes (e.g. alkalase, neutrase, and enzymes derived from microorganisms or plant species) 

may be used in the process. Co-factors such as specific ions can be added depending on the 

used enzymes. The selected enzyme(s) can also be chosen for reducing emulsions caused by 

20 high content of phospholipids in the raw material. Besides the temperature, the hydrolysis 

takes place within optimal or near-optimal pH and sufficient time. For example, the 

exogenous enzyme alkalase the optimum pH is about 8, optimum temperature about 60°C and 

the hydrolysis time 40-120 minutes. 

The term "solvent unit" refers to any enclosed volume configure to heat and pressurize 

25 a mixture of supercritical carbon dioxide fluid and/or a co-solvent (e.g., ethanol). Such an 

enclosed volume may be constructed out of any suitable material including but not limited to 

metals (e.g., steel, aluminum, iron etc.), plastics (e.g., polycarbonate, polyethylene etc.), 

fiberglass (etc.). 

The term "extraction tank" refers to any enclosed volume configured to withstand heat 

30 and pressure sufficient to perform lipid and protein extraction from a raw biomass using a 

supercritical carbon dioxide fluid. As designed, the extraction tank contemplated herein is 

configured such that the solvents containing the extracted lipids and proteins rise to the tank 

top for transfer to a separator unit. Such an enclosed volume may be constructed out of any 
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suitable material including but not limited to metals (e.g., steel, aluminum, iron etc.), plastics 

(e.g., polycarbonate, polyethylene etc.), fiberglass (etc.). 

The term "separator unit" refers to any enclosed volume configured with a centrifuge 

capable of separating the components of the extracted lipids and proteins received from an 

5 extraction tank. The respective extraction components exit the separator unit via outlet ports 

such that the remaining solvents (i.e., supercritical C02) are transferred to an absorbent unit 

for recycling. Such an enclosed volume may be constructed out of any suitable material 

including but not limited to metals (e.g., steel, aluminum, iron etc.), plastics (e.g., 

polycarbonate, polyethylene etc.), fiberglass (etc.). 

10 The term "absorbent unit" refers to any enclosed volume configured with materials 

that will remove contaminants from a supercritical C02 fluid. Such materials may include, 

but are not limited to charchol, coal, purifying gases, plastic polymer resins and/or filtration 

cartridges comprising single or dual-flat extruded nets (Tenax UK LTD, Wrexham, North 

Wales LLI 3 9JT, UK). Such an enclosed volume may be constructed out of any suitable 

15 material including but not limited to metals (e.g., steel, aluminum, iron etc.), plastics (e.g., 

polycarbonate, polyethylene etc.), fiberglass (etc.). 

The term "in fluidic communication" refers to any means by which a fluid can be 

transported from one location to another location. Such means may include, but are not 

limited to pipes, buckets and/or troughs. Such means may be constructed out of any suitable 

20 material including but not limited to metals (e.g., steel, aluminum, iron etc.), plastics (e.g., 

polycarbonate, polyethylene etc.), fiberglass (etc.). 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 presents a flow diagram of one embodiment of a method to produce a low 

25 fluoride crustacean material. 

Figure 2 presents a longitudinal centrifuge with an extended separation path. This 

specific example is a FLOTTWEG SEDICANTER horizontal decanter centrifuge. 

Figure 3 depicts one example of an extraction plant suitable for use in the presently 

disclosed method. For example, the plant comprises a solvent unit (21 ), an extraction tank 

30 (22), separators (23) and adsorbents (24). 

Figure 4 present exemplary data showing the extraction efficiencies of two different 

runs in accordance with one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a method for processing crustaceans (i.e., for example, krill) 

rich in lipids to produce compositions low in fluoride, trimethyl amine and trimethyl amine 

oxide comprising phospholipids, proteinaceous nutrients and oil (i.e., for example, neutral 

5 lipids and/or triglycerides). 

Krill oil comprises lipids extracted with solvents from krill biomass. Krill biomass 

can be either fresh, whole krill (W02008/060163Al), frozen whole krill (Neptune 

Technologies & Bioresources Inc., Canada), lyophilized whole krill (JP2215351) or krill 

meal (US20080274203). Solvents used in extracting lipids from krill biomass have been 

10 reported as acetone+ ethanol (W02000/23546; W02002/102394), ethanol+ hexane 

(Enzymotec Ltd), ethanol alone (JP2215351; Aker BioMarine ASA, N01way) or supercritical 

C02 +ethanol co-solvent (US2008/0274203; W02008/060163). Solvent-free technology for 

obtaining krill oil has also been developed (US20110224450Al). Krill oil comprises a lipid 

fraction of raw krill biomass that is essentially free of protein, carbohydrates and/or minerals. 

15 Krill oil also comprises neutral lipids (e.g., mostly triglycerides), polar lipids (e.g., mostly 

phospholipids) and carotenoid astaxanthin. Although it is not necessary to understand the 

mechanism of an invention, it is believed that the lipid and/or fatty acid compositions of krill 

oil vary depending of the season. 

In some embodiments, the present invention contemplates methods of processing 

20 crustacean biomass having unexpected findings including, but not limited to: i) removal of 

most of the exoskeleton from the crustacean biomass that results in low level of fluorides in a 

PPC composition and very low levels of fluoride in krill oil extracted from the PPC 

composition by a non-polar solvent (e.g., supercritical COi) and, optionally, a polar co

solvent (e.g., ethanol); ii) a level of fluorides in the crustacean oil that is less than 0.5 ppm in 

25 contrast to conventional krill oil with fluoride content of approximately 5 - I 00 ppm; iii) 

crustacean oil extracted from PPC by supercritical C02 and ethanol co-solvent has a minimal 

brown color suggesting that minimal degradation of astaxanthin or formation of tertiary 

oxidation products has occurred; iv) a reduced dark/brown color as measured on a Hunter L* 

scale; v) a reduced pyrrole content as measured by absorption at 570 nm; v) minimal contents 

30 of free fatty acids (i.e., for example, 0.8 g/100 g of oil(~ 0.8% w/w)) and 

lysophosphatidylcholine (i.e., for example, 1.5 g/100 g of oil ( ~ 1.5% w/w)). These :findings 

suggest that the lipids of crustacean biomass have undergone minimal hydrolysis during the 

initial processing steps producing PPC 
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I. Historical Overview of Crustacean Processing Methods 

Publication GB 2240786 discloses a method for processing krill including removing a 

part of the fluoride content of krill. The removing is based on passing electric current through 

pulverized krill. However, fluoride-containing solid particles remain in the material. 

5 Publication US 2011/0224450 (Sclabos Katevas et al., herein incorporated by 

reference) discloses a method for obtaining krill oil from whole raw krills using inter alia 

cooking, separating by decanter, and pressing. No solvents and extraction are used. 

Publication WO 2008/060163 (Pronova Biopharma AS) discloses a method for 

obtaining krill oil using supercritical C02 and either ethanol, methanol, propanol or 

10 isopropanol as co-solvent. Fresh or pre-heated (about 90 °C) whole krills are used as the 

extraction feed material. 

15 

Publication WO 02/102394 (Neptune Technologies & Bioresources) discloses a 

method for obtaining krill oil using in different phases acetone and ethanol or e.g. ethyl 

acetate as solvents. Frozen whole krill is used as feed material. 

Publication JP 2215351 (Taiyo Fishery) discloses a method for obtaining krill oil 

using ethanol as solvent. Lyophilized whole krills are used as feed material. 

Publication US 2008/0274203 (Aker Biomarine ASA, Bruheim et al.)(herein 

incorporated by reference) discloses a method for obtaining krill oil from krill meal using 

supercritical fluid extraction in a two-stage process. Stage 1 removes the neutral lipid by 

20 extracting with neat supercritical C02 or C02 plus approximately 5% of a co-solvent. Stage 2 

extracts the actual krill oils using supercritical C02 in combination with approximately 20% 

ethanol. 

There are a number of problems associated with these conventionally lmown 

technologies of extracting krill lipids, including but not limited to: i) whole crustacean 

25 biomass contains high fluoride exoskeleton particles that results in the production of fluoride

contaminated crustacean oil; ii) crustacean oil having a brownish hue color may arise from 

exposing astaxanthin to excessive heat during crustacean biomass processing. Specifically, 

the brown color can arise from degradation of astaxanthin and/or from accumulation of the 

end products of non-enzymatic browning (e.g., Strecker degradation products or polymerized 

30 pyrroles). Although it is not necessary to understand the mechanism of an invention, it is 

believed that a brown color resulting from this non-enzymatic process results from oxidative 

degradation due to a reaction of secondary lipid oxidation products with amino groups from 

amino acids or proteins creating so-called tertiary oxidation products; iii) freezing the 

crustacean biomass for transportation to an extraction plant can result in relative stability, but 
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some changes in the product are known to occur over time, for example, one characteristic 

change in frozen krill is a partial hydrolysis of the lipids resulting in the accumulation of free 

fatty acids (FF A) arising from degradation of triglycerides, phospholipids and/or 

lysophospholipids, specifically lysophophatidylcholine (LPC), arising from hydrolysis of 

5 phosphatidylcholine; and iv) the use of heat and frozen storage can induce oxidation of lipids 

and proteins in crustacean biomass, where primary oxidation leads into formation of 

secondary oxidation products that are volatile and can be detected in krill oil as off-flavors or 

undesirable odor; and v) the separation of the krill oil from the feed material is quite 

inefficient, wherein only about a half of the oil can be extracted. 

10 

II. Production Of Low Fluoride Crustacean l\faterials 

In one embodiment, the present invention contemplates a method comprising forming 

a phospholipid-peptide complex (PPC) composition from a crustacean (i.e., for example, 

krill) immediately after the catch has been brought upon on board (e.g., decked) a boat and/or 

15 ship (i.e., for example, a fishing vessel). The process of creating the PPC composition 

comprises disintegrating the crustaceans into a disintegrated material comprising smaller 

particles (i.e., for example, between approximately 1 - 25 millimeters), adding water, heating 

the disintegrated material, adding enzyme(s) to hydrolyze the disintegrated material, 

deactivating the enzyrne(s), removing solids (i.e., for example, exoskeleton, shell, and/or 

20 carapace) from the enzymatically processed material to reduce the fluoride content of the 

material, separating and drying the PPC composition. Preferably, the PPC composition is 

transferred to an on-shore facility (i.e., a fish oil extraction plant) where a low-fluoride 

crustacean oil is separated from the PPC composition using solvents including, but not 

limited to, supercritical COi and/or ethanol. Using alternative extractions, de-oiled PPC 

25 compositions, phospolipids and/or protein hydrolysate compositions are also separated from 

the PPC composition. 

- An advantage of some embodiments of the invention is that these crustacean 

products, like krill oil, have a low fluoride content. This is due to the fact that the solid 

crusteacean exoskeletal particles (i.e., for example, shell and/or carapace) are effectively 

30 removed from mass to be processed. 

- Another advantage of the invention is that crustacean oil can be separated 

effectively, almost completely, from the disintegrated crustacean material (e.g., feed material) 

during the extraction. This is due to the fact that, in the extraction process with, for example, 

a supercritical C02 solvent, the feed material comprises a PPC composition. Although it is 
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not necessary to understand the mechanism of an invention, it is believed that the 

phospholipids of the feed material are embedded in a matrix of hydrolyzed protein which 

means that the close association between the phospholipids and hydrophobic/phosphorylated 

proteins is broken thus facilitating the extraction of the lipids. 

- An advantage of the invention is that relatively low pressure and temperature can be 

used in the extraction, which means lower production costs. 

- A further advantage of the invention is that disposal of residual solvents, common 

when using other more conventional lipid solvents, is avoided when using supercritical C02 

as a solvent. 

- A further advantage of the invention is that phosphatidylserine (PS), free fatty acids 

(FF A) and lysophosphocholine (LPC) contents are very low in the end products. 

- A further advantage of the invention is that a low fluoride crustacean oil product 

(i.e., for example, a low fluoride krill oil) has very little brown color. It is believed in the art 

that apperance of a brown color in crustacean oil indicates that unfavorable processes are 

15 occuring during the the manufacture of the feed material (e.g., a disintegrated crustacean 

material). 

A. Processing Of Crustaceans 

The present invention provides an industrial method for processing catches of 

crustaceans comprising a number of steps beginning with a very early and substantially 

20 complete removal of the crustacean's exoskeleton (i.e., for example, the crust, carapace 

and/or shell). Although it is not necessary to understand the mechanism of an invention, it is 

believed that the crustacean exoskeleton comprises a vast majority of fluoride in the 

organism. Consequently, this step thereby results in a substantial removal of fluoride from 

the crustacean material. The method also uses longitudinal centrifugation techniques that 

25 prevents separation problems caused by emulsions when processing a raw material with high 

content of phospholipids. 

The method according to the present invention is initiated immediately after decking a 

catch of crustacean. It is of importance that the method according to the present invention is 

initiated as soon as possible after the crustacean catch has been decked since fluoride starts to 

30 leak/diffuse immediately from the exoskeleton into the crustacean's flesh and juices. 

When using the term "immediately" in connection with starting the process according 

to the present invention this relates to the period from decking the crustacean catch and to the 

initial disintegration of the crustacean. This period of time should be kept to a minimum, and 

should preferably not exceed 60 minutes, more preferred not exceed 30 minutes, even more 
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preferred not exceed 15 minutes, and should include a direct transfer of the crustacean catch 

from the trawl bag and/or net to a suitable disintegrator. A disintegrator of the crustacean 

material may be a conventional pulping, milling, grinding or shredding machine. 

The crustacean catch is initially loaded into a disintegration appratus where the 

5 crustacean catch is subjected to pulping, milling, grinding and/or shredding to create a 

disintegrated crustacean material. The temperature of the disintegration process is around the 

ambient temperature of the water (i.e., for example, between approximately-2 and +l ° C, 

but more preferably between approximately +0° C to +6° C) and may be performed by any 

convenient disintegration method. This disintegration process is also conventionally done by 

10 the previous known processing methods, and represents one of the obstacles according to the 

prior art because it produces large amounts of exoskeletal particles from the crustacean 

mixing in the milled material and producing a disintegrated paste with a high fluoride 

content. However, this high fluoride content is one of the reasons why the prior art processed 

crustacean material has limited applications and is less suitable for food, feed or 

15 corresponding food or feed additives compared to other marine raw materials e.g. pelagic 

fish. 

According to the present invention the crustacean material is separated into a particle 

size suitable for a further separation step that does not interfer with the subsequent extraction 

steps. The disintegrating process is performed continuously and produces particle sizes up to 

20 25 mm, a preferred particle size range is between approximately 0.5 - 10 mm and a more 

preferred size range is between approximately 1.0 - 8 mm. 

Although it is not necessary to understand the mechanism of an invention, it is 

believed that this small particle size distribution represents one of advantages of the present 

invention because the fluoride has a tendency to leak out of the milled material and mingle 

25 with the rest of the raw material. However, this lealdng process takes time and is not rapid 

enough to negatively impact a subsequent enzymatic hydrolysis step, provided the hydrolysis 

step is performed within specific parameters with respect to time and optimal, or near-optimal 

conditions, such as pH and temperature and optionally with the addition of co-factors such as 

specific ions depending on the used enzymes. 

30 The temperature of the disintegrated material may, according to the present invention, 

be elevated to a temperature suitable for the subsequent enzymatic hydrolysis. Preferably, the 

temperature may be increased within seconds (e.g., 1-300 seconds, more preferred 1-100 

seconds, even more pref erred 1-60 seconds, most preferred 1-10 seconds) subsequent to the 
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disintegrating step for reducing the process:ing time and thereby prevent:ing diffusion of 

fluoride and for preparing the material for the enzymatic hydrolysis. 

According to the present :invention enzymes may be added directly to the dis:integrated 

material or through the added water or both, before, during or after the disintegration process. 

According to the present invention, exogenous proteolytic enzymes (e.g., alkalase, 

neutrase, enzymes derived from microorganisms :including, but not limited to, Bacillus 

subtilis and/or Aspergillus niger, and/or or enzymes derived from plant species) may be 

added before, during or after the disintegration, and before, during or after the heating of the 

disintegrated material. The added enzyme(s) may be in the form of one single enzyme or a 

10 mixture of enzymes. The conditions of the hydrolysis should match the optimal hydrolytic 

conditions of the added enzyme( s) and the selection of optimal conditions for the selected 

exogenous hydrolytic enzyme(s) is known to the person skilled in the art. As an example, the 

exogenous enzyme alkalase having a pH optimum of about 8, a temperature optimum of 60° 

C and a hydrolysis time of 40-120 minutes. The selected enzymes, or combination of 

15 enzymes, should also be chosen for reducing emulsions caused by high content of 

phospholipids in the raw material. 

An efficient amount of proteolytic enzyme(s) "'rill be set after a process- and product 

optimization process that depends upon the efficiency of a specific chosen commercial 

enzyme or mix of enzymes. A typical amount by weight of commercial enzymes, as a ratio 

20 of the amount of the weight of the disintegrated raw material, are preferably between 0.5% 

and 0.05%, more preferably between 0.3% and 0.07% and most preferable between 0.2% and 

0.09%. This hydrolysis step is aided by endogenous (natural) enzymes because rapid and 

uncontrolled autolysis is well known in fresh caught crustaceans. 

In one embodiment, the exogenous enzymes breakdo\vn the proteinaceous material in 

25 the disintegrated substance as well as speed up and/or accelerate the hydrolysis of the 

material to avoid and/or preclude the leaking of fluoride from the shell, carapace and crust. 

These hydrolytic enzymes, or a combination of hydrolytic enzymes, should also be carefully 

chosen to reduce emulsion in the separation process. For example, such enzymes may be 

selected from exo- and/or endopeptidases. If a mixture of enzymes is used, such a mixture 

30 may also include one or more chitinases for subsequently making the chitin-containing 

fraction(s) more amenable to further dmvnstream processing. If chitinases are used, care must 

be taken for not increasing the leakage of fluoride from the shell/ crust/ carapace of the 

crustacean into the other fractions. However, since such fluoride leakage takes time, it is 

possible to perform such an enzymatic treatment within the preferred time parameters. A 
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more convenient alternative to including chitinases in the enzyme mix of the initial 

hydrolysis step will be to process the separated chitin-containing fraction subsequently to the 

separation step. 

In one embodiment, the leaking of fluoride from the milled exoskeletal material into 

5 the milled fleshy material is avoided by completing the disintegration/hydrolozing steps 

within a time interval of 100 minutes, preferably within 60 minutes, most preferred within 45 

minutes calculated from the addition of the endogenous enzyme(s). The amount of enzyme(s) 

added is related to the type of enzyme product used. As an example it may be mentioned that 

the enzyme alkalase may be added in an amount of 0.1-0.5% (w/w) of the raw material. This 

1 0 should be taken into context with the added endogenous enzymes since the addition of more 

enzymes will reduce the time interval of the hydrolytic step. Although it is not necessary to 

understand the mechanism of an invention, it is believed that a short hydroloysis duration 

reduces the diffusion time of fluoride from particles of the exoskeleton into the proteinaceous 

material. 

15 Subsequent to, or together with, the hydrolytic processing step the hydrolyzed and 

distintegrated crustacean material is passed through a particle removal device operating 

through a gravitational force such as a longitudinal centrifuge (i.e., for example, a decanter). 

This first separation step removes the fine particles containing a considerable amount of the 

fluoride from the hydrolysed or hydrolysing crustacean material to create a solids fraction. 

20 The centrifuge is operated with a g force between 1,000 and 1,800 g, more preferably 

between 1,200 and 1,600 g and most preferably between 1,300 and 1,500 g. Through this 

particle removal step a substantial amount of fluoride is removed from the proteinaceous 

crustacean fraction. The reduction of fluoride on a dry weight basis as compared to 

conventional crustacean meal, with a typical fluoride content of 1,500 ppm, may be up to 

25 50%, even more preferred up to 85%, most preferred up to 95%. 

The enzymatic hydrolysis may be terminated by heating of the hydrolysing material 

(incubate) to a temperature over 90° C, preferably between 92-98° C and most preferred 

between 92-95° C, prior to, during or after the separation step, as long as the hydrolysis 

duration lies within the above given boundaries. The hydrolysis is terminated before, during, 

30 or after the fine particle removal step, most preferred after the fine particle removal step. The 

temperature of the first centrifugation particle removal step , in one embodiment, depend on 

the optimal activity temperature of the enzyme (in the case where the enzymatic hydrolysis 

step is terminated by heating after the fine particle separation step). 
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The fluoride content in the prior art processed krill protein material (e.g., ~1,500 ppm) 

has limited applications and are less suitable for food or feed or corresponding food or feed 

additives. In one embodiment, removal of the fluoride content from the exoskeletal material 

may be followed by a further separation/purification of materials such as chitin, chitosan and 

5 astaxanthin. Such isolation procedures are known within the art. Steps may also be taken to 

further reduce the fluoride content from the isolated exoskeletal material using techniques 

including, but not limited to, dialysis, nanofiltration, electrophoresis or other appropriate 

technologies. 

Hydrolytic enzyme(s) deactivation may be performed in different ways, such as 

10 adding inhibitors, removing co-factors (e.g., crucial ions through dialysis), through thermal 

inactivation and/or by any other deactivating means. Among these, thermal inactivation, is 

preferred by heating the proteinaceous material to a temperature where the hydrolytic 

enzymes become denatured and deactivated. However, if a product where the relevant native 

proteins are not denatured is wanted, other means than heating for deactivating the hydrolytic 

15 enzymes should be selected. 

A first centrifugation forms a de-fluoridated hydrolyzed and disintegrated crustacean 

material fraction and a solids fraction (e.g., containing high fluoride exoskeleton particles). 

As described below, the low fluoride hydrolyzed and disintegrated crustacean material 

fraction may be subsequently separated (e.g., by a second centrifugation) to form a low 

20 fluoride phospholipid-peptide complex (PPC) composition fraction and a lean low fluoride 

concentrated hydrolysate fraction (CHF) fraction that can be used as a food and/or feed 

additives, and a lipid fraction mainly consisting of neutral lipids. The PPC composition 

subfraction is rich in lipids, like a smooth cream with no particles, wherein the lipids are well 

suspended within the peptide components. This suspension results in small density 

25 differences between the different PPC composition components thereby making it difficult to 

further separate the PPC composition with common centrifugal separators and/or decanters. 

This is especially accentuated with crustacean catches during the second half of the fishing 

season. 

Ordinary disc centrifugal separators (i.e., generating rotational force in the X and Y 

30 plane) do not work properly to separate a PPC composition subfraction into its respective 

components since emptying and necessary cleaning cycles with water will disturb separation 

zones. Conventional centrifugation separation processes result in the formation of unwanted 

emulsion products having a high phospholipid (PL) content and low dry matter 

concentrations. Standard decanters cannot separate the PPC composition subfraction into its 
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respective components due to a low g force limitation, short separation zone and an 

intermixing of light and heavy phases at the discharge of heavy phase from the machine. 

In one embodiment, the present invention contemplates a method comprising 

separating a low fluoride PPC material into subfractions using a horizontal decanter 

5 centrifuge with an extended separation path. See, Figure 2. Horizontal centrifuges (e.g., 

generating a rotational force in the Z plane) are useful for the present invention comprise 

modified convention decanter centrifuges. For example, a PPC composition subfraction 

would enter an ordinary decanter from a bowl through a central placed feed pipe in the 

middle of the separation zone. In contrast, when using horizontal centrifuges as 

10 contemplated herein, the PPC composition subfraction enters at the end and at the opposite 

side of the outlet (1). This modification provides a significant improvement in the separation 

process by providing a considerably longer clarification/separation zone than ordinary 

decanters and utilizes the total available separation length (2) of the machine. The drive is 

able to impart high g-forces: 10,000 g for small machines and 5,000 to 6,000 g for high 

15 capacity machines, facilitating the separation of very fine, slow-settling PPC composition 

subfractions without the complications of emulsification. The PPC composition subfraction 

will be subjected to the highest g-force just before entering under the baffle (3). The different 

liquid layers separated from PPC composition subfraction are concentrated gradually along 

the axis of the horizontal centrifuge thereby exiting the machine under baffle (3) by the g 

20 force pressure generated by the machine (4). The separation of the PPC composition 

subfraction into a layer comprising about 27-30% dry matter makes the downstream 

processing efficient in terms of operating/robustness and as well economically considering 

both yield and costs of preparing the dry matter into a meal composition. The PPC 

composition subfraction separation also creates a layer comprising a lean hydrolysate that can 

25 be evaporated into a concentrated hydrolysate of greater than 60%. 

B. Processing Of Krill 

One embodiment according to the invention is depicted as a flow diagram for the 

processing of krill. See, Figure 1. The function according to the method, or the process 

according to the invention is initiated immediately as a krill catch has been raised to the ship. 

30 Although it is not necessary to understand the mechanism of an invention, it is believed that 

fluoride immediately starts to leak/diffuse from the chitinous exoskeleton into the flesh and 

juices of the dead krills. "Immediately" means here a period at most 60 minutes, in practice, 

for example 15 minutes. During this period the krill catch is transferred from the trawl/net to 

a suitable disintegrator. In the disintegrator the krill material is crushed to relatively small 
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particles. The disintegrating can be performed by any convenient method: pulping, milling, 

grinding or shredding. The temperature in the disintegration process is around the ambient 

temperature of the water, i.e. between -2°C and+ 10°C, preferably between +o°C and +6°C. 

The disintegration produces large amount of chitinous debris among the rest of the krill 

5 material, thereby contributing to a high :fluoride content. 

The particle size distribution of the disintegrated krill material is significant because of 

the above-mentioned fluoride leak from the chitinous debris and to the rest of the raw 

material. It is believed that the smaller particle sizes results in a more complete separation of 

the solids fraction from the disintegrated krill material. For this reason the preferable range 

10 of the particle size is 1.0 - 8 mm. However, the leaking process is relatively slow and has not 

time to be realized during the following process phases. 

Next, fresh water is added to the disintegrated krill material (step 11). The volume/L 

of the water added is, for example, same as the weight/kg of the disintegrated krill material to 

be processed during the subsequent process phase of enzymatic hydrolysis. The temperature 

15 of the disintegrated krill material with the added water is increased such that it is suitable for 

the hydrolysis and enzyme(s) are added. The heating is carried out fast, within at most five 

minutes, after the disintegrating step to reduce the processing time and thereby to prevent 

diffusion of fluoride and to prepare the material for the enzymatic hydrolysis. The enzyme(s) 

can be added directly to the disintegrated krill material, or through the added water or both, 

20 before, during or after the heating step. 

The term "hydrolysis" as used herein, means that breaks are made in the protein 

structure in the disintegrated substance, and the protein chains become shorter. This process 

is controlled by hydrolytic enzyme(s). For example, one or more exogenous proteolytic 

enzymes (e.g. alkalase, neutrase, and enzymes derived from microorganisms or plant species) 

25 may be used in the process. Co-factors such as specific ions can be added depending on the 

used enzymes. The selected enzyme(s) can also be chosen for reducing emulsions caused by 

high content of phospholipids in the raw material. Besides the temperature, the hydrolysis 

takes place within optimal or near-optin1a1 pH and sufficient time (e.g., for example, the 

exogenous enzyme alkalase the optimum pH is about 8, optimum temperature about 60°C and 

30 the hydrolysis time 40-120 minutes). 

The amount of proteolytic enzyme(s) can be set after a process/product optimization, 

and depends naturally on the efficiency of the chosen enzyme or mix of enzymes. A typical 

ratio of the weight of added commercial enzymes to the weight of the disintegrated krill 

material is between 0.05% and 0.5%, preferably between 0.1 % and 0.2%. Fresh caught krill 
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is known for rapid and uncontrolled autolysis, or the destruction of the cells by endogenous 

(natural) enzymes, for which reason the treatment described here has to be proceeded without 

delays when the catch is not frozen. 

The enzymatic hydrolysis also causes removing the bindings between the soft tissue of 

5 the krill and the exoskeleton. If a mixture of enzymes is used, the mixture may also include 

one or more chitinases to facilitate the further processing of the chitin-containing fractions. 

Chitinases are enzymes that break down glycosidic bonds in chitin. 

The enzymatic hydrolysis is rmished within 100 minutes from the addition of the 

endogenous enzyme(s). The preferred durationL).t of the hydrolysis is shorter, for example 45 

10 minutes (step 12). Relatively short hydrolysis duration is important, because in that case the 

diffusion of the fluoride from the exoskeleton particles to the other material is reduced. 

The hydrolysis is stopped by deactivating the hydrolytic enzyme(s) (step 13). There 

are many ways to deactivate the enzymes. Here it is used the thermal one: the temperature of 

the enzymatically processed material is increased over 90°C, preferably between 92-98°C, in 

15 which case the hydrolytic enzymes become denatured. In practice the deactivating of the 

hydrolytic enzyme(s) can be performed also during or after the solid particle removal. 

The solid particles (e.g., krill exoskeleton) are removed from the enzymatically 

hydrolyzed and disintegrated krill material by passage through a device based on the 

centrifugal force such as a conventional horizontal centrifuge and/or decanter (step 14). 

20 Although it is not necessary to understand the mechanism of an invention, it is believed that 

these solid particles, or solids, originate from the exoskeleton of krills and, as mentioned, 

contain a considerable amount of the fluoride. The decanter is operated with a force between 

1,000 and 1,800 g, preferably between 1,300 and 1,500 g. Through this particle removal step 

a substantial amount of fluoride, more than 90 %, is removed from the krill material. The 

25 temperature in the decanter is for example 90°C, and if the deactivation of the enzyme(s) is 

done after the removal of solids, the temperature in the decanter is then increased to e.g. 

93°C. 

Next, the hydrolyzed and disintegrated krill material with low fluoride content is 

modified by passage through an extended separation path horizontal centrifuge (i.e., for 

30 example, a sedicanter). See, Figure 1 step 15, and Figure 2. In the sedicanter, the hydrolyzed 

and disintegrated krill material, is separated into the valuable fatty portion, or PPC 

(phospholipid-peptide complex) material fraction, and a CHF portion (concentrated 

hydrolysate fraction). 
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The separation of hydrolyzed and disintegrated krill material into the PPC material is 

difficult because of the small density differences within the krill material. The sedicanter is a 

modified horizontal centrifuge including a long horizontal clarification/ separation zone and 

generating high centrifugal forces (5,000 to 6,000 g). These features facilitate the separation 

5 of fine, slow-settling PPC without emulsification. The latter is a problem in the ordinary 

centrifuges with short separation zone and lower forces, and in which water is used in 

emptying and cleaning cycles. The dry matter concentration of PPC material, pressured out 

from the sedicanter, is about 27-30%. 

The PPC material may be then dried to a meal to avoid the lipid oxidation. Figure 1, 

10 step 16. The drying process is gentle with low temperature (0-15°C, preferably 2-8°C) and 

inert conditions, which give a reduced oxidative stress on the long-chain poly-unsaturated 

omega-3 fatty acids. A lyophilisation process would also be suitable since this avoids an 

over-heating of the product. 

The PPC krill meal, or more briefly PPC, is then packed in air tight bags under 

15 nitrogen atmosphere for later direct use and continuation process. 

20 

25 

A typical mass balance of the processed raw lean Antarctic krill is shovvn below in 

Table I: 

Table I: Typical Mass Balance Of Antarctic Krill 
Matter From 500kg raw krill +water 
Wet PPC material 80 kg 
PPC meal 25 kg 
Hydrolysate 770 kg 
Cill 78~ 
Fluoride-containing particles 45 kg 
Neutral oils <5 kg 

Thy weight 
28% 
97% 
6% 
60% 
40% 

The fluoride content, prior to separation, in hydrolyzed and disintegrated krill material is 1.2 

g/kg, whereas, after separation, the PPC is at most 0.5 g/kg and typically 0.3 g/kg. Thus, 

30 about two thirds of the fluoride has been removed. 

35 

When the PPC is further processed, components may be isolated by an extraction. In 

this phase, a solvent may be used. Figure 1, step 17. For example, to obtain krill oil from the 

PPC, supercritical C02 and/or ethanol may be utililzed, either separately or in combination. 

The extraction process yields, in addition to the krill oil, a protein hydrolysate (step 18). 

Compressing and heating a material (e.g., for example, carbon dioxide or dimethyl 

ether) to above its critical temperature and pressure results in a supercritical fluid. The 
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density is intermediate between a liquid and a gas and can be varied as a function of 

temperature and pressure. Hence, the solubility of supercritical fluids can be tuned so that 

selective extractions can be obtained. Due to the gas like properties, rapid extractions can be 

accomplished compared to liquid extractions as the diffusion rates are higher. C02 is a 

5 commonly utilized supercritical fluid as its critical parameters can easily be reached. For 

example, one report has demonstrated a low yield of krill phospholipids by using supercritical 

fluid extraction at a pressure of 500 bar and a temperature of 100°C. Yamaguchi (1986). A 

second report provides data on specific process conditions, which include pressure and 

temperature ranges (e.g., 300 to 500 bar and 60 to 75°C). These data are from a pilot scale 

10 process wherein an extraction of 84 to 90% of krill total lipids was achieved. Bruheim et al., 

United States Patent Application Publication Number 2008/0274203 (herein incorporated by 

reference). 

Supercritical C02 is also non-flammable, cheap and inert, wherein such factors are 

relevant when considering industrial applicability. The inertness results in low grade of 

15 oxidation of labile compounds during extraction. CO:i also has a low surface tension which is 

an advantage so that the extraction medium can penetrate the material efficiently. In order to 

extract more polar substances, the C02 can be mixed with a polar solvent such as ethanol. 

The level of modifier can be varied to provide extra selectivity as well. 

Consequently, currently available industrial scale supercritical fluid extraction 

20 processes using high temperatures and pressures has resulted in a low extraction efficiency of 

conventional krill meal thereby providing an insufficient oil yield to provide a commercially 

feasible solution for krill extraction. Further, these currently available extraction processes 

do not solve the problems discussed herein regarding providing improved low fluoride meal 

and/or oil compositions. 

25 Therefore, the improved solvent extraction methods described herein have been 

developed. In one embodiment, co-solvents are used with supercritical C02 or supercritical 

dimethyl ether either alone or in various combinations of ethanol, hexane, acetone. For 

example, if ethanol is used alone as an extraction solvent, it has been observed that krill 

material is less selective than extraction with supercritical C02. Pronova et al., WO 

30 2008/060163 Al. As a result, undesirable substances are extracted into the krill oil resulting 

in a need for additional post-extraction clean-up/processing. Further, ethanol-only extracted 

krill oil tends to have higher viscosity and darker color which is independent of astax:anthin 

content of the oil. 
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In some embodiments, the present invention contemplates methods that have 

unexpected findings including but not limited to: i) PPC was extracted using low pressures 

(i.e., for example, between approximately 177 to 300 bar) and low temperatures (i.e., for 

example, between approximately 33 and 60°C); and ii) high yield oflipid extract was 

5 produced (data available). It appears that krill meal comprising hydrolyzed protein allows for 

easier extraction of the associated lipids in particular the phospholipid rich :fraction of krill 

oil. 

The data presented herein demonstrates that supercritical C02 was found to be a 

selective extraction method as it produced high purity extracts containing triglycerides, 

10 phospholipids and astaxanthin with minimal brown color and superior organoleptic quality as 

compared to krill oils produced by ethanol-only extraction and/or acetone+ ethanol 

extraction. Brown color of krill oil is considered to be undesirable. The exact origin of the 

bro\vn color is unknown but it is believed to be associated with oxidation of krill lipids during 

the manufacture of krill meal phospholipids and/or degradation of the carotenoid astaxanthin. 

15 The properties of such a supercritical fluid can be altered by varying the pressure and 

temperature, allowing selective component extraction. Extraction conditions for supercritical 

C02 are above the critical temperature of 31°C and critical pressure of 7 4 bar. Addition of 

modifiers may slightly alter these values. For example, neutral lipids and cholesterol can be 

extracted from egg yolk with C02 pressures up to 370 bar and temperature up to 45°C, while 

20 using higher temperature, e.g. 55°C, would result in increased rate of phospholipid extraction. 

C02 has a high industrial applicability because it is non-flammable, cheap and inert. The 

inertness results in low oxidation of labile compounds during extraction. 

As mentioned, either supercritical C02 or supercritical dimethyl ether is fluid. Its 

density is intermediate between a liquid and a gas and can be varied as a function of 

25 temperature and pressure. Hence, the solubility of supercritical fluids can be tuned so that 

selective extractions can be obtained. Due to the gas-like properties, rapid extractions can be 

accomplished compared to liquid-extractions. In the present method the extraction is 

effective; even 95% of the krill oil existing in the PPC is separated. Although it is not 

necessary to understand the mechanism of an invention, it is believed that the phospholipids 

30 of the feed material are embbded in a matrix of hydrolyzed protein which means that the 

close association between the phospholipids and hydrophobic/phosphorylated proteins is 

broken thus facilitating the extraction of the lipids. In addition, a minimal amount of fluoride 

content is transferred to oil during the C02 extraction process. For example, the fluoride 
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content of PPC is about 0.3 g/kg, but after the C02 extraction the fluoride content of the krill 

oil is less than 0.5 mg/kg. 

Alternatively, when using only supercritical C02 as solvent, triglycerides and/or 

neutral oil may be separated from the PPC composition subfraction. Figure 1, step 19. In 

5 one embodiment, supercritical C02-only extraction also generates a low fluoride 'de-oiled 

PPC' composition. Although it is not necessary to understand the mechanism of an invention, 

it is believed that de-oiled PPC is the most valuable portion of the PPC composition 

subfraction. When thereafter, the de-oiled PPC composition may be extracted using ethanol 

as a solvent, wherein a phospholipid subfraction and a protein hydrolysate fraction is also 

10 generated. See, Figure 1, step lA. 

In one embodiment, the present invention contemplates a system comprising an 

extraction plant, including but not limited to, a solvent unit 21, vertical tank 22, separators 23 

and adsorbents 24. See, Figure 3. Normal C02 and possible co-solvent are fed to the solvent 

unit, which comprises a pump to generate a certain pressure (p) and a heater to generate a 

15 certain temperature (T). The supercritical C02 with possible co-solvent are then fed to the 

lower end of the tank 22. The feed material, in this case the PPC, is fed to the tank by means 

of a pump. Material affected by the solvent flows out of the upper end of the tank. The 

separators 22 separate the extract result, for example krill oil, to output of the system. If 

ethanol is used as co-solvent, it follows the extract proper and has to be evaporated away. The 

20 C02 continues its circulation to adsorbents 23, where it is cleaned, and thereafter back to the 

solvent unit 21. 

In one embodiment, the present invention contemplates low fluoride PPC 

compositions including, but not limited to, polar lipids(~ 43% w/w) and/or neutral lipids(~ 

46% w/w). For example, the PPC neutral lipids may range between approximately 40 - 50% 

25 (w/w). In one embodiment, the polar lipids include, but are not limited to, 

phosphatidylethanoamine (~ 3% w/w), phosphatidylinositol (~ < 1 % w/w), 

phosphatidylserine (~ 1 % w/w), phosphatidylcholine (~ 38% w/w) and/or 

lysophosphatidylcholine (~ 2% w/w). In one embodiment, the neutral lipids include, but are 

not limited to triacylglycerol (~ 40% w/w), diacylglycerol c~ 1.6% w/w), monoacylglycerol 

30 c~ < 1 % w/w), cholesterol(~ 2% w/w), cholesterol esters(~ 0.5% w/w), free fatty acids(~ 

2% w/w) and fat(~ 48% w/w). In one embodiment, the neutral lipid fat comprises 

approximately 75% fatty acids. In one embodiment, the neutral lipid fat fatty acids include, 

but are not limited to, saturated fatty acids ( ~ 28% w/w), monenoic fatty acids (~ 22% w/w), 
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n-6 polyunsaturated fatty acids ( ~ 2% w/w) and/or n-3 polyunsaturated fatty acids ( ~ 26% 

w/w). See, Example XIII. 

Phospholipid profiles have been created to evaluate low fluoride krill oil extracted by 

the methods described herein. For example, nuclear magnetic resonance technology has 

5 determined that phosphatidylcholine is the largest phospholipid component of krill oil and its 

proportion is relatively stable. Several krill oil samples underwent independent analysis. See, 

Example XII. In one embodiment, the present invention contemplates a low fluoride krill oil 

comprising approximately 39 - 52% (w/w) phospholipids. In one embodiment, the 

phospholipids comprise phosphatidylcholine ranging between approximately 65 - 80% (w/w). 

10 In one embodiment, the phospholipids comprise alkyl acyl phosphatidylcholine ranging 

between approximately 6-10% (w/w). In one embodiment, the phospholipids comprise 

phosphatidylinositol ranging between approximately 0.3 - 1.6% (w/w). In one embodiment, 

the phospholipids comprise phosphatidylserine ranging between approximately 0.0 - 0. 7 % 

(w/w). In one embodiment, the phospholipids comprise lysophosphatidylcholine ranging 

15 between approximately 2.4 - 19% (w/w). In one embodiment, the phospholipids comprise 

lyso acyl alkyl phosphatidylcholine ranging between approximately 0.6 - 1.3% (w/w). In one 

embodiment, the phospholipids comprise phosphatidylethanolamine ranging between 

approximately 1.4 - 4.9% (w/w). In one embodiment, the phospholipids comprise alkyl acyl 

phosphatidylethanolamine ranging between approximately 0.0 - 2.1 % (w/w). In one 

20 embodiment, the phospholipids comprise a combination of cardiolipin and N

acylphosphatidylethanolamine ranging between approximately 1- 3% (w/w). In one 

embodiment, the phospholipids comprise lysophosphatidylethanolamine ranging between 

approximately 0.5 - 1.3% (w/w). In one embodiment, the phospholipids comprise lyso alkyl 

acyl phosphatidylethanolamine ranging between approximately 0.0 and 0.3% (w/w). 

25 As described above, the non-polar solvent extraction of a low fluoride crustacean oil 

results in the production of a low fluoride de-oiled phospholipid-protein complex 

composition (de-oiled PPC). Although it is not necessary to understand the mechanism of an 

invention, it is believed that the low fluoride de-oiled phospholipid-protein complex 

comprises a fluoride content similar to the low fluoride PPC complex (e.g., between 

30 approximately 200 - 500 ppm). A component analysis of de-oiled PPC includes, but is not 

limited to, polar lipids(~ 69% w/w) and/or neutral lipids(~ 20% w/w). In one embodiment, 

the polar lipids include, but are not limited to, phosphatidylethanoamine (~ 4.2% w/w), 

phosphatidylinositol (~ < 1 % w/w), phosphatidylserine (~ < 1 % w/w), phosphatidylcholine (~ 

62% w/w) and/or lysophosphatidylcholine (~ 2% w/w). In one embodiment, the neutral 
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lipids include, but are not limited to triacylglycerol ( ~ 17% w/w), diacylglycerol ( ~ 0.6% 

w/w), monoacylglycerol ( ~ < 1 % w/w), cholesterol ( ~ 1 % w/w), cholesterol esters ( ~ 0.5% 

w/w), free fatty acids(~ 1 % w/w) and fat(~ 35% w/w). In one embodiment, the neutral lipid 

fat comprises approximately 69% fatty acids. In one embodiment, the neutral lipid fat fatty 

5 acids include, but are not limited to, saturated fatty acids(~ 21 % w/w), monenoic fatty acids 

(~ 13% w/w), n-6 polyunsaturated fatty acids(~ 2% w/w) and/or n-3 polyunsaturated fatty 

acids ( ~ 31 % w/w). See, Example IX. 

III. Production Of Low Trimethyl Amine Crustacean Materials 

10 Trimethylamine (TMA) is an organic compound comprising a chemical formula of 

N(CH3)3. TMA is a colorless, hygroscopic, and flammable tertiary amine that may have a 

strong "fishy" odor in low concentrations and an ammonia-like odor at higher concentrations. 

TMA may be produced commercially and is also a natural by-product of plant and/or animal 

decomposition. It is the substance mainly responsible for the odor often associated with 

15 rotting fish, some infections, and bad breath. It is also associated with taking large doses of 

choline and carnitine. 

Chemically, TMA comprises a nitrogenous base and can be readily protonated to give 

trimethylammonium cation. Trimethylammonium chloride is a hygroscopic colorless solid 

prepared from hydrochloric acid. Trimethylamine is a good nucleophile, and this reaction is 

20 the basis of most of its applications. 

Trimethylamine N-oxide (TMAO) is an organic compound comprising a formula 

(CH3)3NO. This colorless solid is usually encountered as the dihydrate. TMAO is an 

oxidation product of TMA, a common metabolite in animals. TMAO is also an osmolyte 

found in saltwater fish, sharks and rays, molluscs, and crustaceans. Further, TMAO may 

25 function as a protein stabilizer that may serve to counteract urea, the major osmolyte of 

sharks, skates and rays. TMAO has high concentration in deep-sea fishes and crustaceans, 

where it may counteract the protein-destabilizing effects of pressure. Yancey, P. "Organic 

osmolytes as compatible, metabolic, and counteracting cytoprotectants in high osmolarity and 

other stresses" J. Exp. Biol. 208(15):2819-2830 (2005). TMAO decomposes to 

30 trimethylamine (TMA), which is the main odorant that is characteristic of degrading seafood. 

Removal ofTMA/TMAO compounds from crustacean products confers a useful 

advantage in that these compounds contribute to the strong, unpleasant smell of crustacean 

oils. Consequently, low TMA/TMAO compounds have an improved industrial applicability 

as compared to traditionally prepared crustacean oils. 
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In one embodiment, the present invention contemplates a method comprising 

extracting a low fluoride protein peptide complex (PPC) is a suitable raw material for krill oil 

production by extraction with any combination of solvents including, but not limited to, 

ethanol, acetone, ethyl acetate, carbon dioxide, or dimethyl ether to produce a low fluoride-

5 low trimethyl amine crustacean product. In one embodiment, the low fluoride-low trimethyl 

amine crustacean product comprises an oil. In one embodiment, the low fluoride-low 

trimethyl amine crustacean produce comprises a de-oiled PPC. 

Dimethyl ether (DME) has been previously reported as an extraction solvent for 

polyunsaturated fatty, but not for the preparation of low TMA products. Catchpole et al. 

10 "Extraction Of Highly Unsaturated Lipids With Liquid Dimethyl Ether'' WO 20071136281. 

When DME is in a supercritical form, the solvent has sufficient solvent power to extract 

phospholipids resulting in rapid and gentle extractions. DME can be used on wet raw 

materials and can be operated at low pressures as compared to other supercritical fluids such 

as C02. In one embodiment, the present invention contemplates a crustacean extraction 

15 product comprising krill oils with a low TMA/TMAO crustacean oil. In one embodiment, the 

low TMA/TMAO crustacean oil is a krill oil. 

J\l. Formulated Compositions 

In some embodiments, the present invention contemplates compositions comprising 

20 low fluoride crustacean PPC or compositions comprising low fluoride crustacean de-oiled 

PPC compositions and/or protein hydrolysates as described herein. In one embodiment, the 

compositions comprises mixtures of the crustacean PPC complex, crustacean de-oiled PPC 

and the protein hydrolysates in any combination. Although it is not necessary to understand 

the mechanism of an invention, it is believed that the mixed ratio can be any ratio but is 

25 preferably a ratio of approximately 1: 1. In one embodiment, the mixture comprises a milled 

:fine powder. In one embodiment, the powder has a particle size of approximately 250 µm. 

In one embodiment, the compositions have improved stability because of lower peroxide 

(e.g.,< 0.1 %; mEq/kg) and/or aniside levels(< 0.1 %; w/w). In one embodiment, the 

compositions have improved stability because of lower microbiological contamination. In 

30 one embodiment, the composition further comprises microencapsulated polyunsaturated 

Omega-3 fatty acids. In one embodiment, the composition further comprises zinc oxide. In 

one embodiment, the composition further comprises marine peptides. In one embodiment, 

the composition further comprises at least one supplemental amino acid. 
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In some embodiments, the present invention contemplates a method for formulating a 

composition comprising a low fluoride crustacean PPC and/or a low fluoride crustacean de

oiled PPC and/or a protein hydrolysate as described herein. In one embodiment, the 

composition is a powder. In one embodiment, the composition is a tablet. In one 

5 embodiment, the composition is a capsule. In one embodiment, the method further comprises 

mixing the powder with a food product. In one embodiment, the mixing further comprises a 

microencapsulated polyunsaturated Omega-3 fatty acids. In one embodiment, the mixing 

further comprises zinc oxide. In one embodiment, the mixing further comprises marine 

peptides. In one embodiment the mixing further comprises at least one supplemental amino 

10 acid. 

15 

EXPERIMENTAL 

Example I 

Production Of Low Fluoride Krill Oil 

The feed material, 'Emerald krill meal' granules (Olymeg® or low fluoride PPC 

prepared as described herein), were supplied in a sealed plastic bag containing approximately 

25kg. The feed material was kept frozen until used in extractions. The granules have a size 

distribution typically in the range 2 to 5mm, but a number of fine fragments were also 

20 present. The granules are greasy to the touch but still break up under compression rather than 

smear. 

5 kg batches of feed material in granular form, as processed using supercritical C02 as 

solvent and azeotropic food grade ethanol as co-solvent, the weight of the ethanol being 23% 

of the weight of COi. The plant was pre-pressurised to operating pressure with C02 only, and 

25 ethanol was added when C02 circulation started. Solvent to feed material ratio was 25: 1 or 

greater and co-solvent to feed material ratio was 5: 1. Runs were carried out under two 

extraction conditions; 300 bar at 60°C, and 177 bar at 40°C. See, Table II. 

30 

35 

Table II -Krill Oil Extraction Conditions 

Feed Mass (g, as received) 
Extraction pressure (bar) 
Extraction temperature (°C) 
First separator pressure (bar) 
First separator temperature (°C) 

5000.5 
300 
60 
90 
41 

32 

5000.9 
177 
33 
90 
41 
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Second separator pressure (bar) 
Second separator temperature (°C) 
C02 used with ethanol co-solvent (kg) 
Additional C02 at end of run (kg) 

PCT/IB2012/003004 

5 Total ethanol used (kg) 

48-50 
39 
132.6 
33.1 
31.65 

48-50 
39 
134.9 
44.5 
32.19 

The extracted krill oil material was passed through two separation vessels in series, held at 90 

bar and 45-50 bar respectively. The final krill oil material collected from both separators was 

pooled together and the ethanol was evaporated. The residual feed material comprises a de-

10 oiled feed material (e.g., for example, de-oiled PPC) having a reduced lipid content in 

comparison to the starting feed material. See, Example IX. 

15 

20 

25 

After ethanol evaporation, krill oil cumulative extraction curves were generated for 

both Run 1 and Run 2 by independently analyzing each sample taken during the extraction 

runs. See, Table III. 

Table III - Progressive krill oil extraction sample points and yields. 

Sample Number 1 2 3 4 5 6 Total 
Run 1 
Cumulative C02 (kg/kg feed) 5.5 9.1 13.4 17.8 22.0 33.1 33.1 
Extracted oil (g, dry) 1137 398 282 135 78 86 2115 

Run2 
Cumulative C02 (kg/kg feed) 5.6 9.1 13.5 17.5 21.5 34.4 34.4 
Extracted oil (g, dry) 715 496 368 220 149 129 2077 

A total yield of 41-42 wt% of the feed material was achieved for all runs. The runs 

carried out at 300 bar and 60°C had a higher initial rate of extraction. The curves indicate 

that the extraction is virtually complete at Sample Number 5 after a cumulative C02 use 

30 ranging between 21.5 - 22.0 kg per kg of feed material. Estimated maximum extraction is 

achieved at a point where the C02:feed ratio is 26.5:1. See, Figure 3 (estimated maximum 

extraction is marked by an arrow). The ratio of azeotropic ethanol to C02 was 0.24: 1 for the 

300 bar runs, and slightly higher at 0.26: 1 for the lower pressure run. 

This method of krill oil production resulted in the near complete extraction of total 

35 lipids from the krill meal (e.g., for example, approximately 95% of neutral lipids and 90% of 

phospholipids. The final yield was similar for both the high and low pressure runs, but neutral 

lipids were more rapidly extracted at higher pressure. The phospholipid extraction rate was 

similar under both extraction conditions. As detailed below, in this extraction process, the 
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pooled krill oil total lipid had an overall phospholipid level of just over 40 wt°/o and both 

phosphatidyl inositol and phosphatidyl serine were poorly extracted. 

Phospholipid profiles of the various krill material compositions were then determined 

using traditional column chromatography techniques. See, Table IV. 

Table IV -Comparative Phospholipid Profiles Of Krill Compositions (run 1) 

I 
Ol'Jmeg Residua Residue 

Samllie 1-0071199 Extract 1 Extract 2 Extract3 Extract 4 E1uracl 5 Extracts {Too) {BollOml 
Wt% of total PL 

PC I 70.1 BtM 77.1 78.9 75.9 73.5 7Z7 40.2 32.5 

AAPC I 8.5 !!.() 9.0 9.8 9.1 HJ.6 I 9.0 7.5 7.8 
Pl I 1.8 0.7 {U; i 0.6 62 10.1 
PS I 1.0 ' 5.5 ru 
LPC I 6.9 4.6 5.a 5.7 !HJ 5.8 7.5 13.4 8.9 
LAAPC I u 1.2 12 1.0 Ul i.2 i.4 3.2 2.6 
PE I 5.3 3.6 4.0 3.5 3.S 3.5 4.5 9.4 9A 
EPLAS i 0.6 ao 0.5 0.5 0.5 -0.5 0.3 1.0 2.2 

IMPE ! 2..0 t.1 l.5 t.3 1.5 Hi :w 4.4 4.9 
I I.PS I 0.7 u 
Cl/NAPE i 1.0 0.9 0.7 0.1! O.S 1.2 Hi 4.2 5.7 

, LPE ! 0.8 0.3 0.4 0.4 OA ().4 0.4 32 4.5 
i 

i Total PL \WI% of li;ikll I 40.88 81.46 scum 
I LiDid - f w!"f.J i 44,7 4.9 5.9 
Total Pl {wt% ot samtllel I 18.3 26.63 46113 57.94 71.34 76.13 78.50 4.0 4.1:1 

The first column shows the specific phospolipids that were analyzed. The second 

column show the phospholipid profile of the starting feed material (e.g., a low fluoride PPC 

10 prepared as described herein, or 'Olymeg®1
). Columns three - eight (Extracts 1 - 6) show the 

phospholipid profile of each krill oil sample taken during the extraction process as described 

above. The last two columns show the phospholipid profile of the residual extracted feed 

material sampled from either the top and/or the bottom of the phospholipid extraction 

column. 

15 The data show that the major phospholipid in the extracted krill oil samples is 

phosphatidyl choline (PC), ranging approximately from 72.7% to 80.4% of total 

phospholipids, including contributions from both alkyl acyl phosphatidyl choline (AAPC) 

and lyso phosphatidyl cholin:es (e.g., for example, LPC and/or LAAPC). Smaller amounts of 

phosphatidyl ethanolamine (PE) are present in both the feed material (column 1, ~ 5.3%) and 

20 in the krill oil extract samples (columns 3 - 8), ~ 3.5 - 4.5%). Alkyl acyl and lyso forms of 

PE (AAPE, LPE) are also present in the feed material and krill oil extracts. Phosphatidyl 

inositol (PI) and phosphatidyl serine (PS) are present in the feed material, but because they 

are poorly soluble in ethanol, these phospholipids are poorly extracted and are therefore 

concentrated in the extracted feed material residue (e.g., having a higher level in the residual 

25 PPC in comparison to the feed material, see columns 9 and 10). 
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Further analysis determined the overall relative lipid component proportions of the 

extracted krill oil. See, Figure V. 

Table V -Main Lipid Components Of Extracted Krill Oil (%w/w) 

TAG Polar lipid Sterols FFA Astaxanthin Total lipid 

Run 1 40,3 46,9 1,9 ND 0,05 92,2 
Run2 42,1 50,2 2 ND 0,05 95,3 

The data show: i) a relative absence of free fatty acids (FF As); ii) less than 2% of sterols; iii) 

40 wt% oftriacylglycerides (TAGs); and iv) approxiately 50% phospholipids (e.g., polar 

lipids). While FF A's were not detected (ND) in this particular example, it is believed that 

extracted krill oils may comprise between approximately 0.01 -0.1 % FFA of total lipids. 

10 As described above, the extraction process results a yield of between approximately 92.2 -

95.3% of the feed material total lipid. 

15 

The method and products according to the invention has been described above. The 

method can naturally vary in its details from those presented. The inventive idea may be 

applied in different ways within the limits as described herein. 

Example II 

Lipid Extraction Efficiency 

This example demonstrates an exemplary analytical lipid extraction with the Soxhlet 

method comparing conventional krill meal with a low :fluoride krill meal (e.g. low :fluoride 

20 PPC) as described herein. Soxhlet method is a standard method in quantitative determination 

of fat content of foods and feeds and thus it can be used as a reference method to determine 

the extractability of various krill meals. For example, the Soxhlet method may be carried out 

as below using petroleum ether (boiling point 30-60 °C). Conventional krill meal was 

prepared as described in US 2008/0274203 (Aker Biomarine ASA, Bruheim et al.) and the 

25 low fluoride PPC was prepared according to the present invention. 

The neutral lipids are often part oflarge aggregates in storage tissues, from which they 

are relatively easily extracted. The polar lipids, on the other hand, are present as constituents 

of membranes, where they occur in a close association with proteins and polysaccharides, 

with which they interact, and therefore are not extracted so readily. Furthermore, the 

30 phospholipids are relatively tightly bound \Vith hydrophobic proteins and in particular with 

the phosphorylated proteins. 
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The data show that partial hydrolysis of the protein matrix in the preparation of a low 

fluoride PPC composition as described herein improves the extraction efficiency of total lipid 

by use of non-polar organic solvents (e.g., for example, supercritical C02, ethanol, and/or 

petroleum ether). 

Briefly, a 10 g sample of either conventional milled krill meal or low fluoride PPC 

was weighed and placed in a Soxhlet apparatus and then continuously extracted for 

approximately eight (8) hours using 300 mL petroleum ether. After extraction, the solvent 

was evaporated at 60 °C under a nitrogen stream. Soxhlet F ., "Die gewichtsanalytische 

bestimmung des milchfettes" Dingler's Polytech. J. 232:461-465 (1879). 

The results show that the proportion of residual (e.g., un-extracted) lipid was twice as 

large in the conventional krill meal compared to the low fluoride krill meal. See, Table VI. 

Table VI: Lipid Extraction Efficiency Of Low Fluoride Krill Meals 

Source material Extracted krill oil lipid Source Material Residual 
lipid (e.g., de-oiled meal) 

Conventional krill meal 79.6% 20.4% 
Low fluoride krill meal 88.9% 11.1% 

15 Consequently, the lipid extraction methods described herein have provided an unpredictable 

and surprising result that provides a superior product because of a greatly improved 

extraction efficiency. 

20 

Example III 

Determination Of Fluoride Content 

This example presents one method of determining fluoride content of krill products as 

fluoride by chemical analysis using an ion selective electrode. 

A low fluoride PPC krill meal was prepared as described herein and extracted in 

accordance with Example I to create a low fluoride krill oil were analyzed for fluoride 

25 content and compared with conventional preparation processes. Briefly, the method 

disclosed herein removes, in most part, the krill exoskeleton from the krill meal thereby 

reducing the fluoride content. In contrast, the krill exoskeleton is included in the 

conventional krill meal thereby having relatively high levels of fluoride. Conventional 

processes are, for example, described in WO 2002/102394 (Neptune Technologies & 

30 Bioresources) and US 2008/0274203 (Aker Biomarine ASA). 
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The krill meals analyzed for fluoride content were produced by: i) a low fluoride 

method of present invention; and ii) a whole krill material produced by a conventional 

process. See, Table VII. 

5 Table VII: Fluoride Content Comparison To Conventional Processes 

Analyzed Material Low Fluoride Preparation Conventional Preparation 
Krill meal 200-500ppm 1300 ppm 
Krill oil <0.5ppm ~ 3 - 5ppm 

The data demonstrate that by removing the exoskeleton in the process of producing krill meal 

(e.g., the low fluoride preparation as disclosed herein), the fluoride content of the krill meal 

and the krill oil produced from the meal have a markedly reduced fluoride content (e.g., 3 -

10 10 fold reduction). 

Example IV 

Krill Oil Color Comparison 

Krill oil has typically a strong red colour arising from the carotenoid astaxanthin 

15 present in the oil at levels varying from 50 ppm to 1500 ppm. Color of krill oil can be 

determined with a LabScan® XE spectrophotometer (Hunter Associates Laboratory, INC. 

Resbon, VA, USA) and reported in CIELAB colour scales (L *, a* and b* values). Deviation 

from the red colour of astaxanthin can occur when the krill biomass is processed at high 

temperature and under conditions that induce oxidation. Typical oxidation induced deviation 

20 in krill oil color is an increase in the brownish hue. Brown color in krill oil arises from 

oxidation of lipids and formation of secondary and tertiary oxidation products with amino 

residues. This process is also called non-enzymatic browning. 

Strecker degradation products and pyrroles are products of non-enzymatic browning 

that have been characterized in samples of krill oil. For example, polymerization of pyrroles 

25 results in formation of brown, melatonin like macromolecules. Furthermore, pyrrole content 

of krill oil can be determined spectroscopically vvith absorbance at 570 run. 

Samples of three krill oils will be examined for color. One produced by the method of 

the present invention, one produced from frozen krill by a method described in WO 

2002/102394 (Neptune Technologies & Bioresources) and one extracted from dried krill 

30 meal with ethanol alone as described in US 2008/0274203 (Aker Biomarine ASA). It is to be 

found that krill oil produced by the method of the present invention has the lowest level of 
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brown color determined spectrophotometrically by using CIELAB colour scales (L*, a* and 

b* values) and/or the lowest level ofpyrroles determined spectroscopically. 

ExampleV 

Organoleptic Krill Oil Quality Determination 

Organoleptic quality of krill oil is conventionally determined by chemical analysis of 

volatile nitrogenous compounds arising from the decomposition of krill proteins and 

trimethyl amine oxide (TMAO). Nitrogenous compounds analyzed are total volatile nitrogen 

(TVN) and trimethylamine (TMA). In simplified terms the level of nitrogenous compounds 

10 correlate with the level of spoilage in the raw material i.e. krill biomass used for extraction of 

the oil. 

It has become evident that, in addition to the volatile nitrogenous compounds, a large 

number of volatile components with distinct odour contribute to the sensory properties of 

krill oil. Many of the volatile components arise from the oxidation of lipid and proteinaceous 

15 compounds of krill biomass. Thus, a method that limits the level of oxidative degradation in 

the krill biomass, will reduce the amount of volatile components in krill oil. 

Assessment of the organoleptic quality of different types of krill oil is to be performed 

by a panel of trained individuals. The sensory properties to be determined include several 

pre-defined parameters of smell and taste. It is to be found that the novel krill oil has an 

20 improved sensory profile compared to the other oils tested. The other oils to be tested include 

one extracted from frozen krill by a method described in WO 2002/102394 (Neptune 

Technologies & Bioresources) and one extracted from dried krill meal with ethanol alone as 

described in US 2008/0274203 (Aker Biomarine ASA). 

25 Example VI 

Production Of Low Trimethyl Amine Crustacean Products 

This example describes one method to produce low TMA crustacean products using a 

krill meal material composition. One having ordinary skill in the art, upon reading this 

30 specification would understand that this krill meal material composition may have variable 

35 

fluoride content, including fluoride contents below 0.5 ppm, in addition to the basic 

components described below. See, Table VIII. 
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Table VIII: Unextracted Krill Meal Composition 

Eicosapentaenoic Acid (EPA) 11 g/lOOg (11 % w/w) 
Docosahexaenoic acid (DHA) 7 g/lOOg (7 %w/w) 
Omega-3 Fatty Acids 22.7 g/lOOg (22.7% w/w) 
Phospholipids (PLs) 45 g/lOOg (45%w/w) 
Trimethylamine (TMA) 44mgN/100g (0.044% w/w) 
Trimethylamine oxide (TMAO) 354 mg N/lOOg (0.354% w/w) 

A krill oil may then be prepared from the krill meal using ethanol extraction as described 

5 above that has the basic components described below. See, Table IX. 

10 

Table IX. Krill Oil Components After Conventional Ethanol Extraction Of Krill Meal 
Parameter Value 
EPA 11.5 g/lOOg (11.5% w/w) 
DHA 6,5 g/lOOg (6.5%w/w) 
Omega-3 Fatty Acides 22,1 g/lOOg (22.1 % w/w) 
Phospholipids 44 g/lOOg (44 %w/w) 
Trimethylamine 50 mgN/lOOg (0.05 % w/w) 
Trimethylamineoxide 216 mg N/lOOg (0.216% w/w) 

Alternatively, krill oil was prepared by krill meal extraction at 40 bars and 40°C using 

supercritical dimethyl ether (SC DME). The DME extract composition was dried on a 

Rotavapor® and then flushed with nitrogen. The components of the resultant dried 

composition is listed below. See, Table X 

15 Table X: Krill Oil Components After SC DME Extraction Of Krill Meal 

20 

Parameter Value 
EPA 10,4 g/lOOg (10.4% w/w) 
DHA 6,8 g/lOOg (6.8% w/w) 
Omega-3 Fatty Acids 21,7 g/lOOg (21.7% w/w) 
Phospholipids 45,7 g/lOOg (45.7% w/w) 
Trimethyl amine <1 mg N/100 g (< 0.001 % w/w) 
Trimethylamine oxide 20 mg N/l 00 g (0.02% w/w) 

These data clearly show that supercritical DME extraction of krill meal compositions 

result in a preferential 10 - 100 fold reduction of TMA and TMAO levels. 
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Example VII 

Nuclear Magnetic Resonance Phospholipid Profiles Of Low Fluoride Krill Oil 

This example presents representative data of the phospholipid composition oflow 

fluoride krill oils prepared by the methods described herein. See, Table XI. 

Table XI: Phospholipids in Low fluoride krill oil analyzed using 31P NMR. 

Sample #1 (color; orange) 

! 
I 

Total phospholipid c.onttmt* 39.0 gl100g sample 
39.S gl1otg solids 

ln-d. ,,. not delame~ 
I" Sum of m identimlid pl'lc$pholipkl olasHe 

, ,,,,M, .. ,., •• ~ ... ,.,,,,,_ "" "'' ~~ ,c:;f~~l ~b ,.Qi'19!~t!~J!F!! 
PC S!:'.t7 27.0 

•••• e<..--;~.-c.---~,, ... .AAPC~ "-~ .. ,,,,.~_.,,~,.~ ..... _ .. ~~--~, ... -· =·- "·-·~·--~5:9~···--, . "~···~¥"'"·'· .• ,, ... 2~·a 
Pi··~··-~.,,.,,_·~·~-- ·~_, . .,.-.,,--·-o:s,, -· ·-·"·· ··--···· .. a:a, 

·~•.M•~~~-~~·--··-·-·"-ps·•<W~•«<•HW'•"''"" ,_ ,,,.,~.,, .. M,w•••«.--~-... , ...... ,, ..... ,, .. ,, ...... ,. ·ri~a: . 
. lPC- -, .,.,._.,_..._, .. ~---··" ... ~-,,.,._, ·-'"""1if9""'·'··· - .. -- ~ ... ··A~, ... &,':.i:i 

~f~~~l!iiie:·.,:::~ , ........ ,, .. ,,lAAPCf ........ --~·-···~-·~-·-.. ·--·-·-www-:o.a· 
W.o····----··-··p;E.···· · .. · ·r:.;r .. ·· ... "" ·~-................ o.Ef 

....... ,, .... ___ .. MPE. . ......... ·...... . ................... ,, 
amine , cUN.APE . 

bY.!!l.P!J~~R~. , . ·- . . .......... w,. .... , • • :~~~ ·~'" ~~::bf!f·::~~~:~:-. 
hY~.§t~)l!~~2Y1.P:ho$£~li~~J~tll~f!.q~E:ilI!e ....... ·- .WP§ .. , .. . 

Total pho.sphollpld content" 

ltl..d. = nclhleiected 
"Sl.lm ~ ltl$ ~ntifled i*!esplici!!pld cla~ses 
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Sample #3 (color; orange) 

.d, ., not demcllld 
Sll!ffl Uftll!! ld!!!ntl!ied phospldpfd m-

5 

Sample #4 (color; orange) 

' 
!n~d,, .. Mit detected 
: .. Sum of th@ ldlllnti!ied p~pid e!ill!i-

·,.. 1ihay corrtal>i ~moll gl~p~f'Klcht'.1'11!!1@ (GPC) 

10 

15 

Total phospho!ipld content .. 
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43.0 gl10Qg sample 
45.1 g110Qg solids 

51.1 gl100g samp~e 
52.8 gl100g solids 
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11ui."' mat r.let~r.l 

"Sum m thoe ~nt!l'loe;d ptlospllo~ eW!M® 

PCT/IB2012/003004 

4Ul gf10Qg saniple 
43.0 gl10Dg solids 

5 These data are consistent with those obtained using traditional column chromatography 

techniques shown in Example I. 

10 

Example VIII 

Lipid Compositional Analysis Of Low Fluoride PPC Material 

The example presents data showing the lipid compositional analysis of a low fluoride 

phospholipid-protein complex composition created by the methods described herein. 

Consequently, it would be expected that the fluoride content of the compositions described 

below are less than 500 ppm. 

The PPC comprises approximately 46.7 g/100 g (e.g.,~ 47%) total fat, 11.8 g/100 g 

15 (e.g.,~ 12%) eicosapentaenoic Acid (EPA) and 6.7 g/ 100 g (e.g., ~7%) docosahexaenoic 

20 

acid (DHA). The total lipid content of the PPC total fat was approximately 87.7 % (w/w) and 

comprises between approximately 115 - 260 mg/kg astaxanthin and between approximately 

35.2% - 46.7% unextracted oil. 
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Table XII: Low Fluoride Krill PPC Fat: Neutral Lipid Content (45.2% w/w of total fat): 
Sample Number IMG 

Components % (w/w) 
neutral 

lipid 
Triacylglycerol 38 
Diacylglycerol 1.7 
Monoacylglycerol <1 
Free fatty acids 2.2 
Cholesterol 2.4 
Cholesterol Esters < 0.5 

5 Table XIII: Low Fluoride Krill PPC Fat: Neutral Lipid Content (46.6% w/w of total fat): 
Sample Number 2MG 

Components % (w/w) 
neutral 

lipid 
Triacylglycerol 41 
Diacylglycerol 1.5 
Monoacylglycerol <l 
Free fatty acids 1.6 
Cholesterol 1.8 
Cholesterol Esters 0.6 

10 Table I.XV: Low Fluoride Krill PPC Neutral Lipids: Fatty Acid Content ( 49. 7% w/w of 
neutral lipids): Sample Number lMG 

i Components % (w/w) 
neutral 

lipid 
Saturated 27.4 
Monoenoic 21.9 
N-6 Polyunsaturated 1.8 
N-3 Polyunsaturated 22.7 
Total 74.4 

Table XV: Low Fluoride Krill PPC Neutral Lipids: Fatty Acid Content (46.7% w/w of 
neutral lipid): Sample Number 2MG 

Components % (w/w) 
neutral 

lipid 
Saturated 29.2 
Monoenoic 21.6 
N-6 Polyunsaturated 2.1 
N-3 Polyunsaturated 23.3 
Total 76.9 

43 

RIMFROST EXHIBIT 1111    Page 0418



WO 2013/102792 PCT/IB2012/003004 

Table XVI: Low Fluoride Krill PPC Polar Lipid Content (42.6% w/w of total lipids): 
Sample Number lMG 

Components % (w/w) 
polar lipid 

Phosphatidylethanolamine 3.4 
Phosphatidylinositol <1 
Phosphatidylserine <1 
Phosphatidylcholine 37 
Lyso Phosphatidylcholine 2.3 

5 Table XVII: Low Fluoride Krill PPC Polar Lipid Content (42.8% w/w of total lipids): 

10 

S 1 N b 2MG ampe um er 
Components % (w/w) 

polar lipid 
Phosphatidylethanolamine 2.5 
Phosphatidylinositol <1 
Phosphatidylserine <1 
Phosphatidylcholine 39 
Lyso Phosphatidylcholine 1.8 

Example IX 

Lipid Compositional Analysis Of Low Fluoride De-Oiled PPC Material 

The example presents data showing the lipid compositional analysis of a low fluoride 

de-oiled phospholipid-protein complex composition created by the methods described herein. 

Consequently, it would be expected that the fluoride content of the compositions described 

below are less than 500 ppm. The de-oiled PPC comprises approximately 35 g/ 100 g (e.g., -

15 35%) total fat, 16.6 g/100g(e.g.,~17%) eicosapentaenoic Acid (EPA) and 10.0g/100 g 

20 

25 

(e.g., ~10%) docosahexaenoic acid (DHA). The total lipid content of the de-oiled PPC total 

fat was approximately 87. 7 % (w/w) and comprises approximately 115 mg/kg astaxanthin 

and approximately 35.2% unextracted oil. 
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Table XVIII: Low Fluoride Krill De-Oiled PPC Fat: Neutral Lipid Content (20.1% w/w of 
total fat): Sample Number 3MG 

Components % (w/w) 
Neutral 
Lipid 

T riacylglycerol 17 
Diacylglycerol 0.6 
Monoacylglycerol <l 
Free fatty acids 1.1 
Cholesterol 1.3 
Cholesterol Esters <0.5 

5 Table IXX: Low Fluoride Krill De-Oiled PPC Neutral Lipids: Fatty Acid Content (35.2% 
w/w of neutral lipids): Sample Number 3MG 

Components % (w/w) 
Neutral 

lipid 
Saturated 21.3 
Monoenoic 13.9 
N-6 Polyunsaturated 2.1 
N-3 Polyunsaturated 31.2 

10 Table XX: Low Fluoride Krill PPC De-Oiled Polar Lipid Content (68.9% w/w of total fat): 

15 

Sample Number 3MG 
Components % (w/w) 

polar lipid 
Phosphatidylethanolamine 4.2 
Phosphatidylinositol <1 
Phosphatidylserine <1 
Phosphatidylcholine 62 
Lyso Phosphatidylcholine I 2.2 

ExampleX 

Compositional Analysis Of PPC/Protein Hydrolysate Mixtures 

The example presents data showing the lipid compositional analysis of a low fluoride 

phospholipid-protein complex mixed with a protein hydrolysate composition created by the 

methods described herein in an approximate 60/40 ratio. It would be expected that the 

fluoride content of the compositions described below are less than 500 ppm. The mixture 

20 comprises between approximately 28-30 g/100 g (e.g.,~ 30%) total fat, approximately 98 
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mg/kg astaxantine esters, approximately less than 1 mg/kg astaxanthine, a peroxide level of 

less than 0.1 %;(mEq/kg) and/or an ananiside level ofless than 0.1 % (w/w). 

Table XX.I: Low Fluoride PPC/Protein Mixture Fat: Neutral Lipid Content (28% w/w of total 
5 fat) 

Components % (w/w) 
Neutral 
Lipid 

Triacylglycerol 34 
Diacylglycerol 1.1 
Monoacylglycerol <1 
Free fatty acids 1.0 
Cholesterol 1.9 
Cholesterol Esters < 0.5 

Table XXII: Low Fluoride PPC/Protein Mixture Neutral Lipids: Fatty Acid Content 
Components % (w/w) 

Neutral 
lipid 

Saturated 25.1 
Monoenoic 19.2 
N-6 Polyunsaturated 2.0 
N-3 Polyunsaturated 24.9 

10 
Table :XX.III: Low Fluoride PPC/Protein Mixture Polar Lipid Content 

Components % (w/w) 
polar lipid 

Phosphatidylethanolamine 5.0 
Phosphatidylinositol <1 
Phosphatidylserine < 1 
Phosphatidylcholine 41 
Lyso Phosphatidylcholine 1.4 
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CLAIMS 

We claim: 

5 1. A crustacean oil composition comprising phospholipids and less than approximately 0.5 

ppm fluoride. 

10 

2. The crustacean oil composition of Claim 1, further comprising less than approximately 

0.001 % (w/w) trimethyl amine. 

3. The crustacean oil composition of Claim 1, further comprising less than approximately 

0.02% (w/w) trimethyl amine oxide. 

4. The crustacean oil composition of Claim 1, wherein said phospholipids are between 

15 approximately 39-52 wt%, wherein said phospholipids comprise at least approximately 65% 

phosphatidylcholine and at least approximately 2.4 vvt% lysophasphatidylcholine. 

5. The crustacean oil composition of Claim I, further comprising triglycerides, neutral lipids, 

approximately 20 - 26 wt°/o Omega-3 fatty acids, and at least approximately 0.8 wt% free 

20 fatty acids. 

6. The crustacean oil composition of Claim 1, wherein said oil is krill oil. 

7. A crustacean phospholipid-peptide complex (PPC) composition comprising a matrix of 

25 hydrolyzed protein, phospholipids and between approximately 300-500 ppm fluoride. 

8. The crnstacean PPC composition of Claim 7, wherein said phospholipids are at least 40 

wt%. 

30 9. The crustacean PPC composition of Claim 7, further comprising approximately 0.044% 

(w/w) trimethyl amine and approximately 0.354% (w/w) trimethyl amine oxide. 

10. The crustacean PPC composition of Claim 7, further comprising at least 40% (w/w) 

triglycerides. 
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11. A crustacean de-oiled phospholipid-peptide complex (PPC) composition comprising a 

matrix of hydrolyzed protein, between approximately 200-500 ppm fluoride, approximately 

35% total fat, approximately 16.6% eicosapentaenoic acid, approximately 10.0% 

5 docosahexaenoic acid and at least 0.1 wt% free fatty acids. 

12. The crustacean de-oiled PPC composition of Claim 11, wherein said total fat comprises 

less than 20% triglycerides and approximately 69% other lipid components. 

10 13. The crustacean de-oiled PPC composition of Claim 12, wherein said total fat comprises 

approximately 35.2% fatty acids, wherein approximately 30 \vt% of said fatty acids are n-3 

fatty acids. 

14. The crustacean de-oiled PPC composition of Claim 12, wherein said total lipids further 

15 comprise at least 68% phospholipids. 

15. The crustacean de-oiled PPC composition of Claim 12, further comprising approximately 

2.2% lysophosphatidyl choline. 

20 16. The crustacean de-oiled PPC composition of Claim 12, further comprising approximately 

115 mg/kg astaxanthin. 

25 

30 

17. A dried protein hydrolysate composition comprising approximately 70 - 80% protein, 

approximately 1.5 - 3.0% lipids, and approximately 5 -7 % ash. 

18. A method for creating low fluoride crustacean compositions, comprising: 

a) disintegrating a crustacean catch into a material having a particle size 

ranging between approximately 1 - 25 millimeters; and 

b) separating said disintegrated crustacean material into a phospholipid-peptide 

complex (PPC) composition subfraction, wherein said subfraction comprises a 

fluoride content of less than 500 ppm. 
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19. The method according to Claim 18, wherein said method further comprises extracting 

said PPC composition subfraction with a fluid comprising a solvent wherein a low fluoride 

oil is created, said oil having a fluoride content ofless than 0.5 ppm. 

5 20. The method according to Claim 19, wherein said extracting further creates a low 

trimethyl amine/trimethyl amine oxide oil, wherein said trimethyl amine is less than 

approximately 0.001 % (w/w) and said trimethyl amine oxide is less than approximately 

0.02% (w/w). 

10 21. The method according to Claim 18, wherein said separating is performed without 

emulsification. 

22. The method according to Claim 18, wherein said solvent comprises a non-polar solvent. 

15 23. The method according to Claim 18, wherein said solvent comprises at least one polar 

solvent. 

20 

24. The method according to Claim 18, wherein said solvent comprises said non-polar 

solvent and said at least one polar solvent. 

25. The method according to Claim 22, wherein said non-polar solvent is selected from at 

least one of the group consisting of supercritical carbon dioxide and supercritical dimethyl 

ether. 

25 26. The method according to Claim 23, wherein said polar solvent is selected from at least 

one of the group consisting of ethanol and acetone. 

30 

27. The method according to Claim 18, wherein said method further comprises hydrolyzing 

said crustacean material before said separating. 

28. The method according to Claim 22, wherein said extracting further creates a de-oiled 

PPC composition. 
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29. The method according to Claim 23, wherein said polar solvent separates a phospholipid 

composition and a protein hydrolysate composition from said de-oiled PPC composition. 

30. The method according to Claim 19, wherein said extracting comprises less than ten 

5 hours. 

31. The method according to Claim 19, wherein said extracting comprises less than five 

hours. 

10 32. The method according to Claim 19, wherein said extracting comprises less than two 

hours. 

33. The method according to Claim 18, wherein said crustacean material is krill material. 

15 34. The method according to Claim 18, wherein said separating comprises a centrifugal force 

of between approximately 1,000 - 1,800 g. 

20 

25 

3 5. The method according to Claim 18, wherein said separating comprises a centrifugal force 

of between approximately 5,000 - 10,000 g. 

36. A composition comprising a mixture of a low fluoride crustacean PPC and a low fluoride 

de-oiled PPC, wherein said fluoride level ranges between approximately 200 - 500 ppm. 

37. The composition of Claim 36, wherein said crustacean PPC is laill PPC. 

38. The composition of Claim 36 wherein said crustacean de-oiled PPC is krill de-oiled PPC. 

3 9. The composition of Claim 36, wherein said crustacean PPC and crustacean de-oiled PPC 

are in a 1: 1 ratio. 

30 40. The composition of Claim 36, wherein said mixture comprises a milled fine powder. 

41. The composition of Claim 40, wherein said powder comprises a particle size of 

approximately 250 µm. 
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42. The composition of Claim 36, wherein said composition comprises a peroxide level of 

less than 0.1 % (mEq/kg). 

43. The composition of Claim 36, wherein said composition comprises ananiside level of 

5 less than 0.1 % (w/w). 

44. The composition of Claim 36, wherein said composition further comprises 

microencapsulated polyunsaturated Omega-3 fatty acids. 

10 45. The composition of Claim 36, wherein said composition further comprises zinc oxide. 

46. The composition of Claim 36, wherein said composition further comprises marine 

peptides. 

15 47. The composition of Claim 36, wherein said composition further comprises at least one 

supplemental amino acid. 

48. A method, comprising formulating a composition comprising a low fluoride crustacean 

PPC and a low fluoride crustacean de-oiled PPC, wherein said fluoride level ranges between 

20 approximately 200 - 500 ppm. 

49. The method of Claim 48, wherein said method further comprises milling said 

composition into a powder. 

25 50. The method of Claim 48, wherein said method further comprises tabletting said 

composition into a tablet. 

30 

51. The method of Claim 48, wherein said method further comprises encapsulating said 

composition into a capsule. 

52. The method of Claim 48, wherein said method further comprises mixing said powder 

with a food product. 
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53. The method of Claim 48, wherein said formulating further comprises microencapsulated 

polyunsaturated Omega-3 fatty acids. 

54. The method of Claim 48, wherein said formulating further comprises zinc oxide. 

55. The method of Claim 48, wherein said formulating further comprises marine peptides. 

56. The method of Claim 48, wherein said formulating further comprises at least one 

supplemental amino acid. 

57. A composition comprising a mixture of a low fluoride crustacean PPC and a 

crustacean protein hydrolysate, wherein said fluoride level ranges between approximately 

200 - 500 ppm. 

58. The composition of Cla:im 57, wherein said crustacean PPC is krill PPC. 

59. The composition of Claim 57, wherein said cmstacean protein hydrolysate is a krill 

protein hydrolysate. 

20 60. The composition of Claim 57, wherein said cmstacean PPC and said cmstacean 

protein hydrolysate are in a 1: 1 ratio. 

61. The composition of Claim 57, wherein said mixture comprises a milled fine powder. 

25 62. The composition of Cla:im 61, wherein said powder comprises a particle size of 

approximately 250 µm. 

63. The composition of Claim 57, wherein said composition comprises a peroxide level of 

less than 0.1 % (mEq/kg). 

30 

64. The composition of Claim 57, where said composition comprises ananiside level of 

less than 0.1 wt%. 
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65. The composition of Claim 57, wherein said composition further comprises 

microencapsulated polyunsaturated Omega-3 fatty acids. 

66. The composition of Claim 57, wherein said composition further comprises zinc oxide. 

5 

67. The composition of Claim 57, wherein said composition further comprises marine 

peptides. 

68. The composition of Claim 57, wherein said composition further comprises at least one 

1 0 supplemental amino acid. 

15 

69. A method, comprising formulating a composition comprising a low fluoride 

crustacean PPC and a crustacean protein hydrolysate, wherein said fluoride level ranges 

between approximately 200 - 500 ppm. 

70. The method of Claim 69, wherein said method further comprises milling said 

composition into a powder. 

71. The method of Claim 69, wherein said method further comprises tab letting said 

20 composition into a tablet. 

72. The method of Claim 69, wherein said method further comprises encapsulating said 

composition into a capsule. 

25 73. The method of Claim 69, wherein said method further comprises mixing said powder 

with a food product. 

74. The method of Claim 69, wherein said formulating further comprises 

microencapsulated polyunsaturated Omega-3 fatty acids. 

30 

75. The method of Claim 69, wherein said formulating further comprises zinc oxide. 

76. The method of Claim 69, wherein said formulating further comprises marine peptides. 
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77. The method of Claim 69, wherein said formulating further comprises at least one 

supplemental amino acid. 

5 
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compositions and a second nutraceutical ingredient and a 
composition comprising said compositions and a 
pharmaceutically acceptable carrier (as far as as the ii/ 
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refer back to the claims 31-45). 

3. claims: 53(completely); 54-59(partially) 
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400-4000 ppm astaxanthin esters and more than 98% krill 
neutral lipids; 
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functional food comprising said composition, a nutritional 
supplement, dietary supplement or medical food comprising 
said composition, a composition comprising said composition 
and a second nutraceutical ingredient and a composition 
comprising said composition and a pharmaceutically 
acceptable carrier (as far as as the ii/ refer back to the 
claim 53}. 
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combination of the concentrations of phospholipids and triglycerides as 
well as at least one of the properties. This STF solves the technical 
problem of providing a krill oil composition that has a high quality with 
respect to purity, smell and taste (see also page 7 of the present 
invention). 
In the second invention, a possible STF is the combination of the 
(completely different from those of the 1st invention) concentrations of 
phospholipids and triglycerides as well as at least one of the properties 
as in the claims of the 2nd invention. This STF does not appear to solve 
any technical problem. 
In the third invention, a possible STF is the combination of the 
concentration of the astaxanthin esters and krill neutral lipids (no 
mention of any additional technical features/ properties). Again, this 
STF does not appear to solve any technical problem. 
Since the three aforementioned inventions do not have the same STF, the 
present application lacks unity. 
Only the subject-matter of the 1st invention is searched. 
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D Further documents are listed in the continuation of box C. lKJ Patent family members are listed in annex. 

0 Speoiru categories of cited dooumenls : 

•A' document defining the general state of the art which is not 
considered to be of particular relevance 

*E" earlier document but published on or after the inlerna!iona! 
filing date 

'L" document which may throw doubts on priority cfaim{s} or 
which is cited to establish the publication date of another 
oifalion or other special reason (as specified) 

•o• document referring lo an oral disclosure, use, exhibition or 
o!hermeans 

•p• document published prior to the international filing date but 
later than the priority dale claimed 

Form PCT/ISA/206 (Annex, first sheet} (July 1992; reprint January 2004) 

"T" later document published after the inlemalional fifing date 
or priority date and not in oonfliot with lhe applioation but 
cited to understand the principle or therny underlylng the 
invention 

·x· document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when !he document is taken alone 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu
ments, such combination being obvious to a person skilled 
in the art. 

'&" document member of the same patent family 
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Patent Family Annex 

Patent document 
cited in search report 

WO 2010097701 

us 2010226977 

us 2014274968 

Information on patent family members 

I 
Al 

Al 

Al 

Publication 
date 

02-09-2010 

09-09-2010 

18-09-2014 

I 

Fann PCTllSA/206 (patent family annex) [July 1992; reprint January 2004) 

NONE 

NONE 

AU 
us 
WO 

International Application No 

PCT/IB2016/000326 
Patent family 
member(s) 

2014229540 Al 
2014274968 Al 
2014140873 A2 

I Publication 
date 

08-10-2015 
18-09-2014 
18-09-2014 
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Information on Search Strategy - Pilot phase (see OJ 201 s, A86) 
The type of information oontainecl in !his sheet ma.y change during the pilot for improving 
the usefulness of this new eervioe. 

TITLE: LIPID COMPOSITIONS 

APPLICANT: AKER BIOMARINE ANTARCTIC AS 

IPC CLASSIFICATION: CllBl/10, A23Kl0/22, A23K20/158 

EXAMINER: Georgopoulos, N 

Application Number 

PCT/182016/000326 

CONSULTED DATABASES: DOSYS, EPODOC, WPI, TXPJPEA, NPL, XPESP, FSTA, BIOSIS, 
MED LINE 

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH: 

I PC: 

CPC: A23Ll/3Q08, CllBl/10, A23K10/22, A23K2Q/158 

FI / F - TERMS : 

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION: 
Krill compositions and products (food products, feed products, nutraceutical 
products, etc.) containing the same. 
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Electronic Acknowledgement Receipt 

EFSID: 26338763 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 13-JUL-2016 

Filing Date: 13-JUN-2016 

Time Stamp: 17:04:11 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

81994 

1 Transmittal Letter 
14409US 12CON_I DS_Letter _7-

no 1 
13-2016.pdf 

449d 6f49 3 df26ff0e65 3d 14905d bes cOO b34 
dee3 

Warnings: RIMFROST EXHIBIT 1111    Page 0445



Information: 

2 

Warnings: 

Information: 

3 

Warnings: 

Information: 

4 

Warnings: 

Information: 

5 

Warnings: 

Information: 

6 

Warnings: 

Information: 

7 

Warnings: 

Information: 

8 

Warnings: 

Information: 

Information Disclosure Statement (IDS) 
Form (SB08) 

Foreign Reference 

Foreign Reference 

Foreign Reference 

Foreign Reference 

Foreign Reference 

Other Reference-Patent/ App/Search 
documents 

14409US12CON_IDS_7-13-201 
6.pdf 

W02014013335A2.pdf 

CNl 02746941 B.pdf 

JP2909508.pdf 

W02010097701.pdf 

W02013102792.pdf 

ISR_34345_PCTIB2016000208. 
pdf 

1036089 

f0097c951 af962b98a26731 ab9b962ed567 
d1e25 

853239 

3e490302d63906df9fc52606012318173c3 
c450 

326292 

6dc7f0e11f95489f6ce0f024dcde7e92e97et ,,, 

345403 

46b28b22bd7163560ec161 Of83d98a2436~ 
c890f 

2949290 

78c809Sa597e883a8a604Sda7ccf3f4cacb7 
b23d 

3225439 

0591 d9ba8291 dcb2418e73f5917754e8607 
06089 

150964 

5 ef07fa22609ea 1 Odfee4c 72 980008b61 eOc 
152 

no 5 

no 26 

no 6 

no 7 

no 71 

no 60 

no 5 
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194408 

9 
Other Reference-Patent/ App/Search Partial_ISR_34344_PCTIB20160 

no 6 
documents 00326.pdf 

3 59 3f5f7fe Sef3 09 b27fbca9fb81 a cd 7c 40e0 
7c6 

Warnings: 

Information: 

32615 

10 Non Patent Literature FSTA_Sh i bata_abstract.pdf no 1 
e2 9068a81 bef623 3f4d 9abe88f6c92 99 b 776 

4a91 

Warnings: 

Information: 

477111 
StatemenofGrounds_33382AU 

11 
Other Reference-Patent/ App/Search 

Rimfrost_6-10-2016_USPTO. no 21 
documents -

pdf a4061e996de9c51044fea80ccb522adb0f33 
7134 

Warnings: 

Information: 

Total Files Size (in bytes) 9672844 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT 
Attorney Docket No. AKBM-14409/US-12/CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Serial No.: 
Filing Date: 
Entitled: 

Inge Bmheim Confirmation: 
15/180,431 Group No.: 
13-Jun-2016 Examiner: 
BIOEFFECTIVE KRILL OIL COMPOSITIONS 

2763 
1672 
CUTLIFF, Y ATE 

INFORMATION DISCLOSURE STATEMENT LETTER 

EFS Web Filed 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Examiner Cutliff: 

The citations listed in the attached IDS Form SB08A may be material to the examination of the 

above-identified application, and are therefore submitted in compliance with the duty of disclosure defined in 

37 C.F.R. §§ 1.56 and 1.97. 

Applicants wish to bring to the Examiner's attention that we are not providing copies of US Patents as 

instructed under 37 CFR l.98(a)(2). The Examiner is requested to make these citations of official record in this 

application. 

This Information Disclosure Statement under 37 C.F.R. §§ 1.56 and 1.97 is not to be construed as a 

representation that a search has been made, that additional information material to the examination of this 

application does not exist, or that any one or more of these citations constitutes prior art. 

This Information Disclosure Statement is being filed under 37 C.F.R. §1.97 (b)(3) before the mailing 

of a first Office Action on the merits. Therefore, applicant holds that no fee is due. 

The Commissioner is hereby authorized to charge any required fees or credit any overpayments to 

Attorney Deposit Account No.: 50-4302, referencing Attorney Docket No.: AKBM-14409/US-12/CON. 

Dated: July 13, 2016 /J. Mitchell Jones/ 
J. Mitchell Jones 
Registration No. 44174 
CASIMIR JONES, S.C. 
2275 Deming Way, Suite 310 
Middleton, WI 53562 
608.662.1277 
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1. 

UNITED STATES PATENT AND TRADEMARK OFFICE 

Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON WI 53562 

1~~[L~~ 
JUN 2 7 £016 

OFFICE OF PETITIONS 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

Doc Code: TRACK1 .GRANT 

Decision Granting Request for 
Prioritized Examination 
(Track I or After RCEJ 

Application No.: 15/180,431 

THE REQUEST FILED --=Ju=n=e_,_1=3.-=2=0..:...::16=--__ IS GRANTED. 

The above-identified application has met the requirements for prioritized examination 
A. r8J for an original nonprovisional application (Track I). 
B. D for an application undergoing continued examination (RCE). 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. filing a petition for extension of time to extend the time period for filing a reply; 

B. filing an amendment to amend the application to contain more than four independent 

claims. more than thirty total claims, or a multiple dependent claim; 

C. filing a request for continued examination; 

D. filing a notice of appeal; 

E. filing a request for suspension of action; 

F. mailing of a notice of allowance; 

G. mailing of a final Office action; 

H. completion of examination as defined in 37 CFR 41.102; or 

I. abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to Brian W. Brown at 571-272-5338. 

/Brian W. Brown/ 
[Signature] 

U.S. Patent and Trademark Office 
PT0-2298 (Rev. 02-2012) 

Petitions Examiner, Office of Petitions 
(Title) 
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APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

15/180,431 06/13/2016 1600 AKBM-14409/US-12/CON 20 2 

72960 
CONFIRMATION NO. 2763 

FILING RECEIPT 
Casimir Jones, S.C. 
2275 DEMING WAY, SUITE 310 
MIDDLETON, WI 53562 

1111111111111111111111m~mmmmH1~HH~111111111111111111111111 

Date Mailed: 06/24/2016 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Inge Bruheim, Valda, NORWAY; 
Snorre Tilseth, Bergen, NORWAY; 
Daniele Mancinelli, Orsta, NORWAY; 

AKER BIOMARINE ANTARCTIC AS, Stamsund, NORWAY; 

Power of Attorney: The patent practitioners associated with Customer Number 72960 

Domestic Priority data as claimed by applicant 
This application is a CON of 14/020,162 09/06/2013 PAT 9375453 
which is a CON of 12/057,775 03/28/2008 PAT 9034388 
which claims benefit of 60/920,483 0312812007 
and claims benefit of 60/975,058 09/25/2007 
and claims benefit of 60/983,446 10/29/2007 
and claims benefit of 61/024,072 01/28/2008 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1of3 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 06/22/2016 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/180,431 
Projected Publication Date: 09/29/2016 
Non-Publication Request: No 
Early Publication Request: No 
Title 

BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

page 2 of 3 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 15/180,431 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR x 80 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = x 420 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1600 

APPLICATION AS AMENDED - PART II 

OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = 
OR ~ (37 CFR 1.16(i)) x = x = 

0 
Independent ... -z Minus x = OR x = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL 
OR 

TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = x = OR 
~ (37 CFR 1.16(i)) x = 

0 Independent Minus ... = z x = OR x = w (37CFR 1.16(h)) 
~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL 
OR 

TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 15180431 Document Date: 06/13/2016 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE . 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via eDAN using the Supplemental Content 

tab, or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: August 26, 2013 
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Doc Code: TRACK1 .REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named Inge Bruheim I ~~~~~~~isionalApplication Number(if I 
Inventor: 

Title of BIOEFFECTIVE KRILL OIL COMPOSITIONS Invention: 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. Pl Original Application (Track One) - Prioritized Examination under§ 1.102(e)(1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. 0 Request for Continued Examination - Prioritized Examination under§ 1.102(e)(2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature/J. Mitchell Jones/ oateJune 13, 2016 

~p~~~Typed)J. Mitchell Jones 
Practitioner 44 1 7 4 
Registration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

EJ *Total of 
1 

forms are submitted. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El Inge I f3ruheim I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ~olda l1country of Residence i 1~0 I 

Mailing Address of Inventor: 

Address 1 Storhagen 24 

Address 2 

City I J.tolda I State/Province 11 

Postal Code I ~100 I Countryi IINO 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El J3norre I lrnseth I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~erg en llCountry of Residence i l~O I 

Mailing Address of Inventor: 

Address 1 r antoflasen 27 A 

Address 2 

City I 13ergen I State/Province 11 

Postal Code I ~021 I Countryi IINO 

Inventor b I Remove I 
Legal Name 

EFSWeb2.2.12 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Prefix Given Name Middle Name Family Name Suffix 

I El !Janiele I jvlancinelli I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~rsta llCountry of Residence i l~O I 

Mailing Address of Inventor: 

Address 1 Vikegeila 15 

Address 2 

City I IJrsta I State/Province 11 

Postal Code I ~15o I Countryi IINO 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
I Add I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number '2960 

Email Address docketing@casimirjones.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Attorney Docket Number il\KBM-14409/US-12/CON I Small Entity Status Claimed D 
Application Type Non provisional T 

Subject Matter Utility T 

Total Number of Drawing Sheets (if any) 1119 I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

i-
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

EFS Web 2.2.12 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

D 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner IO Limited Recognition (37 CFR 11.9) 

Customer Number t2960 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !='ending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I Continuation of . 14020162 ~013-09-06 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

114020162 pontinuation of I· 112057775 ~008-03-28 po34388 ~015-05-19 

Prior Application Status J=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~2057775 Claims benefit of provisional . 60920483 ~007-03-28 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~2057775 j:;laims benefit of provisional . 60975058 ~007-09-25 
EFS Web 2.2.12 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~2057775 Claims benefit of provisional . 60983446 ~007-10-29 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~2057775 J:laims benefit of provisional . 61024072 ~008-01-28 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

D 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.12 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

AKBM-14409/US-12/CON Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Prioritv Document Exchange IPDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authoritv to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authoritv to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.12 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 

Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~KER BIOMARINE ANTARCTIC AS 

Mailing Address Information For Applicant: 

Address 1 J.M. Johansens vei 99 

Address 2 

City Stamsund State/Province 

Count..Y I t'Jo Postal Code 8340 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS Web 2.2.12 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Assignee l1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. D 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature ltJ_ Mitchell Jones/ Date (YYYY-MM-DD) 12016-06-13 

First Name ~-Mitchell I Last Name I ~ones Registration Number l<\4174 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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PTO/AIAf14 (11-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number AKBM-14409/US-12/CON 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the PatentCooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public ifthe record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 

EFSWeb2.2.12 

RIMFROST EXHIBIT 1111    Page 0465



PTOiA!A/01 (06-12) 
Approved fo: U<.\e ihrough M/3112014. OMS 0651-0032 

U.S Paten! and l«ademark Oifice; U.S. DEPARTMENT OF COMMEHCE 
Under the Paoeiwork i~e<Juc!ion Act of 1995, no persons are reauire~ to respond to a col!ectlon of inforrnalicn unless it displays a va!id OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPUCATION USING AN 
APPUCATION DATA SHEET (37CFR1.76) 

Title of 
Invention 

BIOEFFECTIVE KRILL OIL COMPOSITIONS 

As the below named inventor, I hereby declare that: 

This declaration 
is directei::! to: 

The attached application, or 

United States application or PCT international application number .-!.~~?20, !_6~2~~.~~-~ 

filed on ·-~-~=~-:!:::~-~-!-~-------------------------------------------

The above-identified application was made or authorized to be made by me. 

I believe that I am ttie original inventor or an ori\~inal joint inventor of a claimed invention in the applicatioR 

! hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of no! more than five (5) years, or bolh. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents fiied in a patent application that may 
contribute to identity thefl. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitioners/appiicants should consider redacting such personal information from the documents before submitting them to the 
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BIOEFFECTIVE KRILL OIL COMPOSITIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Patent Application No. 14/020,162, filed 

5 September 6, 2013, which is a continuation of U.S. Patent Application No. 12/057,775, filed 

March 28, 2008, now U.S. Patent No. 9,034,388, which claims the benefit of expired U.S. 

Provisional Patent Application No. 60/920,483, filed March 28, 2007, expired U.S. Provisional 

Patent Application No. 60/975,058, filed September 25, 2007, expired U.S. Provisional Patent 

Application No. 60/983,446, filed October 29, 2007, and expired U.S. Provisional Patent 

10 Application No. 61/024,072, filed January 28, 2008, all of which are incorporated by reference 

herein in their entirety. 

15 

FIELD OF THE INVENTION 

This invention relates to extracts from Antarctic krill that comprise bioactive fatty acids. 

BACKGROUND OF THE INVENTION 

In the Southern Ocean, off the coast of Antarctica, Antarctic krill (Euphausia superba) 

can be found in large quantities, ranging from 300-500 million metric tons of biomass. It feeds on 

phytoplankton during the short Antarctic summer. During winter, however, its food supply is 

20 limited to ice algae, bacteria, marine detritus as well as depleting body protein for energy. 

In order to isolate the krill oil from the krill, solvent extraction methods have been used. 

See, e.g., WO 00/23546. Krill lipids have been extracted by placing the material in a ketone 

solvent (e.g. acetone) in order to extract the lipid soluble fraction. This method involves 

separating the liquid and solid contents and recovering a lipid rich fraction from the liquid 

25 fraction by evaporation. Further processing steps include extracting and recovering by 

evaporation the remaining soluble lipid fraction from the solid contents by using a solvent such as 

ethanol. See, e.g., WO 00/23546. The compositions produced by these methods are characterized 

by containing at least 75 µg/g astaxanthin, preferably 90 µg/g astaxanthin. Another krill lipid 

extract disclosed contained at least 250 µg/g canastaxanthin, preferably 270 µg/g canastaxanthin. 

30 Krill oil compositions have been described as being effective for decreasing cholesterol, 

inhibiting platelet adhesion, inhibiting artery plaque formation, preventing hypertension, 

1 
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controlling arthritis symptoms, preventing skin cancer, enhancing transdermal transport, reducing 

the symptoms of premenstrual symptoms or controlling blood glucose levels in a patient. See, 

e.g., WO 02/102394. In yet another application, a krill oil composition has been disclosed 

comprising a phospholipid and/or a flavonoid. The phospholipid content in the krill lipid extract 

5 could be as high as 60% w/w and the EPA/DHA content as high as 35% (w/w). See, e.g., WO 

03/011873. 

Furthermore, nutraceuticals, pharmaceuticals and cosmetics comprising the phospholipid 

extract were disclosed. Previously, it was also shown that supercritical fluid extraction using neat 

C02 could be used to prevent the extraction of phospholipids in order to extract the neutral lipid 

1 O fraction from krill, which comprised of esterified and free astaxanthin. See, e.g., Yamaguchi et 

al., J Agric. Food Chem. (1986), 34(5), 904-7. Supercritical fluid extraction with solvent 

modifier has previously been used to extract marine phospholipids from salmon roe, but has not 

been previously used to extract phospholipids from krill meal. See, e.g., Tanaka et al., J. Oleo 

Sci. (2004), 53(9), 417-424. 

15 The methods described above rely on the processing of frozen krill that are transported 

from the Southern Ocean to the processing site. This transportation is both expensive and can 

result in degradation of the krill starting material. Data in the literature showing a rapid 

decomposition of the oil in krill explains why some krill oil currently offered as an omega-3 

supplement in the marketplace contains very high amounts of partly decomposed 

20 phosphatidylcholine and also partly decomposed glycerides. Saether et al., Comp. Biochem 

Phys. B 83B(l): 51-55 (1986). The products offered also contain high levels of free fatty acids. 

What is needed in the art are methods for processing krill that do not require transport of 

frozen krill material over long distances and the products produced by those methods. 

25 SUMMARY OF THE INVENTION 

In a first aspect of the invention is a composition characterized by comprising at least 65% 

(w/w) phospholipids. 

In another aspect of the invention is a composition obtained from aquatic or marine 

sources, characterized by comprising 65% (w/w) phospholipids. 

30 In yet another aspect of the invention is a composition obtained from krill, characterized 

by comprising at least 65% (w/w) phospholipids. 

2 

RIMFROST EXHIBIT 1111    Page 0470



Attorney Docket No. AKBM-14409/US-12/CON 

In another aspect of the invention is a composition obtained from krill, characterized by 

comprising at least 65% (w/w) phospholipids and at least 39% omega-3 fatty acids (w/w). 

In yet another aspect of the invention is a composition obtained from krill, characterized 

by comprising at least 65% (w/w) phospholipids, at least 39% omega-3 fatty acids (w/w) and at 

5 least 580 mg/kg astaxanthin esters. 

10 

In another aspect of the invention is a composition obtained from krill, characterized by 

comprising at least 39% omega-3 fatty acids (w/w) and at least 580 mg/kg astaxanthin esters. 

In yet another aspect of the invention is a composition obtained from krill, characterized 

by comprising at least 65% (w/w) phospholipids and at least 580mg/kg astaxanthin esters. 

In yet another aspect, the present invention provides a krill oil effective for reducing 

insulin resistance, improving blood lipid profile, reducing inflammation or reducing oxidative 

stress. 

In some embodiments, the present invention provides compositions comprising: from 

about 3% to 10% ether phospholipids on a w/w basis; from about 35% to 50% non-ether 

15 phospholipids on w/w basis, so that the total amount of ether phospholipids and non-ether 

phospholipids in the composition is from about 48% to 60% on a w/w basis; 

from about 20% to 45% triglycerides on a w/w basis; and from about 400 to about 2500 mg/kg 

astaxanthin. In some embodiments, the ether phospholipids are selected from the group 

consisting of alkylacylphosphatidylcholine, lyso-alkylacylphosphatidylcholine, 

20 alkylacylphosphatidylethanolamine, and combinations thereof. In some embodiments, the ether 

lipids are greater than 90% alkylacylphosphatidylcholine. In some embodiments, the non-ether 

phospholipids are selected from the group consisting of phosphatidylcholine, phosphatidylserine, 

phosphatidylethanolamine and combinations thereof. In some embodiments, krill oil composition 

comprises a blend of lipid fractions obtained from krill. In some preferred embodiments, krill is 

25 Euphausia superba, although other krill species also find use in the present invention. Other krill 

species include, but are not limited to E. pacifica, E. frigida, E. longirostris, E. triacantha, E. 

vallentini, Meganyctiphanes norvegica, Thysanoessa raschii and Thysanoessa inermis. In some 

embodiments, the compositions comprise from about 25% to 30% omega-3 fatty acids as a 

percentage of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids 

30 are attached to said phospholipids. In some embodiments, the present invention provides a 

capsule containing the foregoing compositions. 

3 
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In further embodiments, the present inventions provide compositions comprising: from 

about 3% to 10% ether phospholipids on a w/w basis; and from about 400 to about 2500 mg/kg 

astaxanthin. In some embodiments, the compositions further comprise from about 35% to 50% 

non-ether phospholipids on w/w basis, so that the total amount of ether phospholipids and non-

5 ether phospholipids in the composition is from about 38% to 60% on a w/w basis. In some 

embodiments, the compositions further comprise from about 20% to 45% triglycerides on a w/w 

basis. In some embodiments, the ether phospholipids are selected from the group consisting of 

alkylacylphosphatidylcholine, lyso-alkylacylphosphatidylcholine, 

alkylacylphosphatidylethanolamine, and combinations thereof. In some embodiments, the ether 

1 O lipids are greater than 90% alkylacylphosphatidylcholine. In some embodiments, the non-ether 

phospholipids are selected from the group consisting of phosphatidylcholine, phosphatidylserine, 

phosphatidylethanolamine and combinations thereof. In some embodiments, krill oil composition 

comprises a blend of lipid fractions obtained from krill. In some preferred embodiments, krill is 

Euphausia superba, although other krill species also find use in the present invention. Other krill 

15 species include, but are not limited to E. pacifica, E. frigida, E. longirostris, E. triacantha, E. 

vallentini, Meganyctiphanes norvegica, Thysanoessa raschii and Thysanoessa inermis. In some 

embodiments, the compositions comprise about 25% to 30% omega-3 fatty acids as a percentage 

of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids are attached 

to said phospholipids. In some embodiments, the present invention provides a capsule containing 

20 the foregoing compositions. 

In some embodiments, the present invention provides a composition comprising at least 

65% (w/w) of phospholipids, said phospholipids characterized in containing at least 35% omega-

3 fatty acid residues. In some preferred embodiments, the composition is derived from a marine 

or aquatic biomass. In some further preferred embodiments, the composition is derived from 

25 krill. In some embodiments, the composition comprises less than 2% free fatty acids. In some 

embodiments, composition comprises less than I 0% triglycerides. In some preferred 

embodiments, the phospholipids comprise greater than 50% phosphatidylcholine. In some 

embodiments, the composition comprises at least 500 mg/kg astaxanthin esters. In some 

embodiments, the composition comprises at least 500 mg/kg astaxanthin esters and at least 36% 

30 (w/w) omega-3 fatty acids. In some embodiments, the composition comprises less than about 
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0.5g/100g total cholesterol. In some embodiments, the composition comprises less than about 

0.45% arachidonic acid (w/w). 

In some embodiments, the present invention provides a krill lipid extract comprising at 

least 500, 100, 1500, 2000, 2100, or 2200 mg/kg astaxanthin esters and at least 36% (w/w) 

5 omega-3 fatty acids. In further embodiments, the present invention provides a krill lipid extract 

comprising at least 100 mg/kg astaxanthin esters, at least 20% (w/w) omega-3 fatty acids, and 

less than about 0.45% arachidonic acid (w/w). 

In some embodiments, the present invention provides methods comprising administering 

the foregoing compositions to a subject in an amount effective for reducing insulin resistance, 

1 O reducing inflammation, improving blood lipid profile and reducing oxidative stress. 

In some embodiments, the present invention provides a krill lipid extract comprising 

greater than about 80% triglycerides and greater than about 90, 100, 500, 1000, 1500, 200, 2100 

or 2200 mg/kg astaxanthin esters. In some embodiments, the krill lipid extract is characterized in 

containing from about 5% to about 15% omega-3 fatty acid residues. In some embodiments, the 

15 krill lipid extract is characterized in containing less than about 5% phospholipids. In some 

embodiments, the krill lipid extract is characterized in comprising from about 5% to about 10% 

cholesterol. 

In some embodiments, the present invention provides a krill meal composition comprising 

less than about 50g/kg total fat. In some embodiments, the krill meal composition comprises 

20 from about 5 to about 20 mg/kg astaxanthin esters. In some embodiments, the krill meal 

composition comprises greater than about 65% protein. In some embodiments, the krill meal 

composition of comprises greater than about 70% protein. In some further embodiments, the 

present invention provides an animal feed comprising the krill meal composition. 

In some embodiments, the present invention provides methods of increasing flesh 

25 coloration in an aquatic species comprising feeding said aquatic species a composition 

comprising the krill meal described above. In some embodiments, the present invention provides 

methods of increasing growth and overall survival rate of aquatic species by feeding the krill 

meal described above. 

In some embodiments, the present invention provides methods of producing krill oil 

30 comprising: a) providing krill meal; and b) extracting oil from said krill meal. In some 

embodiments, the krill meal is produced by heat-treating krill. In some embodiments, the krill 
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meal is stored prior to the extraction step. In some embodiments, the extracting step comprises 

extraction by supercritical fluid extraction. In some embodiments, the supercritical fluid 

extraction is a two step process comprising a first extraction step with carbon dioxide and a low 

concentration of a co-solvent (e.g., from about 1-10% co-solvent) and a second extraction step 

5 with carbon dioxide and a high concentration of a co-solvent (e.g., from about 10-30% co

solvent). In preferred embodiments, the co-solvent is a C1-C3 monohydric alcohol, preferably 

ethanol. In some embodiments, the present invention provides oil produced by the foregoing 

method. 

In some embodiments, the present invention provides methods of production of krill oil 

1 O comprising: a) providing fresh krill; b) treating said fresh krill to denature lipases and 

phospholipases in said fresh krill to provide a denatured krill product; and c) extracting oil from 

said denatured krill product. In some embodiments, the denaturation step comprises heating of 

said fresh krill. In some embodiments, the denaturation step comprises heating said fresh krill 

after grinding. In some embodiments, the methods further comprise storing said denatured krill 

15 product at room temperature or below between the denaturation step and the extraction step. In 

some embodiments, the enzyme denaturation step is achieved by application of heat. In some 

embodiments, the extraction step comprises use of supercritical carbon dioxide, with or without 

use of a polar modifier. In some embodiments, the extraction step comprises use of ethanol. In 

some embodiments, the extraction step is comprises ethanol extraction followed by acetone to 

20 precipitation of phospholipids. In some embodiments, the denatured krill product is a meal. In 

some embodiments, the present invention provides oil produced by the foregoing method. 

In some embodiments, the present invention provides a composition comprising oil 

extracted from krill having a phosphatidylcholine content of greater then about 50% (w/w). In 

some embodiments, the oil has a phosphatidylcholine content of greater then about 70% (w/w). 

25 In some embodiments, the oil has a phosphatidylcholine content of greater then about 80% (w/w). 

In some embodiments, the composition comprises less than 2% free fatty acids. In some 

embodiments, the composition comprises less than 10% triglycerides. In some embodiments, the 

composition comprises at least 500 mg/kg astaxanthin esters. In some embodiments, the 

composition comprises less than about 0.45% arachidonic acid (w/w). 

30 In some embodiments, the present invention provides composition comprising odorless 

krill oil. In some embodiments, the odorless krill oil comprises less than about 10 mg/kg (w/w) 
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trimethylamine. In some further embodiments, the present invention provides an odorless krill 

oil produced by the method comprising: extracting a neutral krill oil from a krill oil containing 

material by supercritical fluid extraction to provide a deodorized krill material, wherein said 

neutral krill oil contains odor causing compounds and extracting a polar krill oil from said 

5 deodorized krill material by supercritical fluid extraction with a polar entrainer to provide an 

essentially odorless krill oil. 

In some embodiments, the present invention provides a composition comprising krill oil 

containing less than about 70 micrograms/kilogram (w/w) astaxanthin esters. In some 

embodiments, the compositions comprise less than about 50 micrograms/kilogram (w/w) 

1 O astaxanthin esters. In some embodiments, the compositions comprise less than about 20 

micrograms/kilogram (w/w) astaxanthin esters. In some embodiments, the compositions 

comprise less than about 5 micrograms/kilogram (w/w) astaxanthin esters. 

In some embodiments, the present invention provides a krill oil produced by the process 

comprising: pumping fresh krill from a trawl onto a ship, heating the krill to provide a krill 

15 material, and extracting oil from the krill material. 

In further embodiments, the present invention provides a blended krill oil composition 

comprising: from about 45% to 55% w/w phospholipids; from about 20% to 45% w/w 

triglycerides; and from about 400 to about 2500 mg/kg astaxanthin. In some embodiments, the 

blended krill oil product comprises a blend of lipid fractions obtained from Euphausia superba. 

20 In some embodiments, the composition comprises from about 25% to 30% omega-3 fatty acids as 

a percentage of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids 

are attached to said phospholipids. 

In still other embodiments, the present invention provides a Euphausia superba krill oil 

composition comprising: from about 30% to 60% w/w phospholipids; from about 20% to 50% 

25 triglycerides; from about 400 to about 2500 mg/kg astaxanthin; and from about 20% to 35% 

omega-3 fatty acids as a percentage of total fatty acids in said composition, wherein from about 

70% to 95% of said omega-3 fatty acids are attached to said phospholipids. 

In still further embodiments, the present invention provides a dietary supplement 

comprising encapsulated Euphausia superba krill oil comprising from about 30% to 60% w/w 

30 phospholipids; from about 20% to 50% triglycerides; from about 400 to about 2500 mg/kg 

astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total fatty acids 
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in said composition, wherein from about 70% to 95% of said omega-3 fatty acids are attached to 

said phospholipids. 

In some embodiments, the present invention provides methods of making a Euphausia 

superba krill oil composition comprising: contacting Euphausia superba with a polar solvent to 

5 provide a polar extract comprising phospholipids; contacting Euphausia superba with a neutral 

solvent to provide a neutral extract comprising triglycerides and astaxanthin; combining said 

polar extract and said neutral extract to provide Euphausia superba krill oil comprising from 

about 30% to 60% w/w phospholipids; from about 20% to 50% triglycerides; from about 400 to 

about 2500 mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage 

1 O of total fatty acids in said composition, wherein from about 70% to 95% of said omega-3 fatty 

acids are attached to said phospholipids. In some embodiments, the methods further comprise the 

step of encapsulating the Euphausia superba krill oil. In some embodiments, the present 

invention provides a Euphausia superba krill oil produced by the methods described above. 

In some embodiments, the present invention provides methods of producing a dietary 

15 supplement comprising; contacting Euphausia superba with a polar solvent to provide an polar 

extract comprising phospholipids; contacting Euphausia superba with a neutral solvent to provide 

a neutral extract comprising triglycerides and astaxanthin; combining said polar extract and said 

neutral extract to provide Euphausia superba krill oil comprising from about 30% to 60% w/w 

phospholipids; from about 20% to 50% triglycerides; from about 400 to about 2500 mg/kg 

20 astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total fatty acids 

in said composition, wherein from about 70% to 95% of said omega-3 fatty acids are attached to 

said phospholipids; and encapsulating said Euphausia superba krill oil. 

In some embodiments, the present invention provides methods of reducing diet-induced 

hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy, serum adiponectin reduction or 

25 hepatic steatosis comprising in a subject exposed to a high fat diet: administering to said subject 

exposed to a high fat diet an effective amount of a krill oil composition under conditions such that 

a condition selected from the group consisting of diet-induced hyperinsulinemia, insulin 

insensitivity, muscle mass hypertrophy, serum adiponectin reduction and hepatic steatosis is 

reduced. The present invention is not limited to any particular krill oil composition. In some 

30 embodiments, the krill oil composition is a Euphausia superba krill oil composition. The present 

invention is not limited to any particular formulation of krill oil. In some embodiments, the krill 
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oil composition is encapsulated. In some preferred embodiments, the effective amount of a krill 

oil composition is from 0.2 grams to I 0 grams of said krill oil composition. In some 

embodiments, the krill oil composition comprises: from about 45% to 55% w/w phospholipids; 

from about 20% to 45% w/w triglycerides; and from about 400 to about 2500 mg/kg astaxanthin. 

5 In some embodiments, the krill oil composition comprises a blend of lipid fractions obtained 

from Euphausia superba. In some embodiments, the krill oil composition comprises from about 

25% to 30% omega-3 fatty acids as a percentage of total fatty acids and wherein from about 80% 

to 90% of said omega-3 fatty acids are attached to said phospholipids. In some embodiments, the 

krill oil composition comprises from about 30% to 60% w/w phospholipids; from about 20% to 

10 50% triglycerides; from about 400 to about 2500 mg/kg astaxanthin; and from about 20% to 35% 

omega-3 fatty acids as a percentage of total fatty acids in said composition, and wherein from 

about 70% to 95% of said omega-3 fatty acids are attached to said phospholipids. 

In some embodiments, the present invention provides methods of reducing diet-induced 

hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy, serum adiponectin reduction or 

15 hepatic steatosis comprising in a subject consuming a high fat diet or a normal fat diet: 

administering to said subject consuming a high fat diet or a normal fat diet an effective amount 

of a krill oil composition under conditions such that a condition selected from the group 

consisting of diet-induced hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy, 

serum adiponectin reduction and hepatic steatosis is reduced. The present invention is not limited 

20 to any particular krill oil composition. In some embodiments, the krill oil composition is a 

Euphausia superba krill oil composition. The present invention is not limited to any particular 

formulation of krill oil. In some embodiments, the krill oil composition is encapsulated. In some 

preferred embodiments, the effective amount of a krill oil composition is from 0.2 grams to I 0 

grams of said krill oil composition. In some embodiments, the krill oil composition comprises: 

25 from about 45% to 55% w/w phospholipids; from about 20% to 45% w/w triglycerides; and from 

about 400 to about 2500 mg/kg astaxanthin. In some embodiments, the krill oil composition 

comprises a blend of lipid fractions obtained from Euphausia superba. In some embodiments, 

the krill oil composition comprises from about 25% to 30% omega-3 fatty acids as a percentage 

of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids are attached 

30 to said phospholipids. In some embodiments, the krill oil composition comprises from about 

30% to 60% w/w phospholipids; from about 20% to 50% triglycerides; from about 400 to about 
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2500 mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total 

fatty acids in said composition, and wherein from about 70% to 95% of said omega-3 fatty acids 

are attached to said phospholipids. 

In some embodiments, the present invention provides methods of inducing diuresis in a 

5 subject comprising: administering to said subject an effective amount of a krill oil composition 

under conditions such that diuresis is induced. In some embodiments, the present invention 

provides methods of increasing muscle mass in a subject, comprising: 

administering to said subject an effective amount of a krill oil composition under conditions such 

that muscle mass is increased. In some embodiments, the present invention provides methods of 

1 O decreasing protein catabolism in a subject, comprising: administering to said subject an effective 

amount of a krill oil composition under conditions such that protein catabolism is decreased. In 

some embodiments, the present invention provides methods of decreasing lipid content in the 

heart of a subject, comprising: administering to said subject an effective amount of a krill oil 

composition under conditions such that lipid content in the heart of the subject is decreased. In 

15 some embodiments, the present invention provides methods of decreasing lipid content in the 

liver of a subject, comprising: administering to said subject an effective amount of a krill oil 

composition under conditions such that lipid content in the liver of the subject is decreased. 

20 

25 

DESCRIPTION OF THE FIGURES 

Figure 1. 3 lP NMR analysis of polar lipids in krill oil. 

Figure 2. Blood lipid profiles in Zucker rats fed different forms of omega-3 fatty acids 

(TAG= FO, PLl = NKO and PL2 = Superba). 

Figure 3. Plasma glucose concentration in Zucker rats fed different forms of omega-3 

fatty acids. 

Figure 4. Plasma insulin concentration in Zucker rats fed different forms of omega-3 fatty 

acids. 

Figure 5. Estimated HOMA-IR values in Zucker rats fed different forms of omega-3 fatty 

acids. 

Figure 6. The effect of dietary omega-3 fatty acids on TNF D production by peritoneal 

30 macrophages. 

Figure 7. The effect of dietary omega-3 fatty acids on lipid accumulation in the liver. 
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Figure 8. The effect of dietary omega-3 fatty acids on lipid accumulation in the muscle. 

Figure 9. The effect of dietary omega-3 fatty acids on lipid accumulation in the heart. 

Figure 10. Relative concentrations ofDHA in the brain in Zucker rats supplemented with 

omega-3 fatty acids. 

Figure 11. Mean group body weights (g) in the collagen-induced male DBA/l arthritic 

mice. B - PL2 is the krill oil group. * p<0.05, significantly different from Group A (Positive 

Control - Fish Oil) and Group C (Control). 

Figure 12. Body weight for the various treatment groups. 

Figure 13. Muscle weight for the various treatment groups. 

Figure 14. Muscle to body weight ratio for the various treatment groups. 

Figure 15. Serum adiopnectin levels (ng/ml) for the various treatment groups. 

Figure 16. Serum insulin levels for the various treatment groups. 

Figure 17. Blood glucose (mmol/l) levels in the various treatment groups. 

Figure 18. HOMA-IR values for the various treatment groups. 

Figure 19. Liver triglyceride levels (µmol/g) for the various treatment groups. 

DEFINITIONS 

As used herein, "phospholipid" refers to an orgamc compound having the following 

20 general structure: 

0 

II 1 
O-C-R 

0 

II 2 
--O-C-R 

0 

II 3 
O-P--O-R 

1 
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wherein RI is a fatty acid residue, R2 is a fatty acid residue or -OH, and R3 is a-Hor nitrogen 

containing compound choline (HOCH2CH2N+(CH3) 30H"), ethanolamine (HOCH2CH2NH2), 

inositol or serine. RI and R2 cannot simultaneously be OH. When R3 is an -OH, the compound 

is a diacylglycerophosphate, while when R3 is a nitrogen-containing compound, the compound is 

5 a phosphatide such as lecithin, cephalin, phosphatidyl serine or plasmalogen. 

An "ether phospholipid" as used herein refers to a phospholipid having an ether bond at 

position I the glycerol backbone. Examples of ether phospholipids include, but are not limited 

to, alkylacylphosphatidylcholine (AAPC), lyso-alkylacylphosphatidylcholine (LAAPC), and 

alkylacylphosphatidylethanolamine (AAPE). A "non-ether phospholipid" is a phospholipid that 

1 O does not have an ether bond at position I of the glycerol backbone. 

As used herein, the term omega-3 fatty acid refers to polyunsaturated fatty acids that have 

the final double bond in the hydrocarbon chain between the third and fourth carbon atoms from 

the methyl end of the molecule. Non-limiting examples of omega-3 fatty acids include, 

5,8,ll,I4,I7-eicosapentaenoic acid (EPA), 4,7,I0,13,I6,I9-docosahexanoic acid (DHA) and 

15 7,I0,13,I6,I9-docosapentanoic acid (DPA). 

20 

As used herein, astaxanthin refers to the following chemical structure: 

OH 

HO 

0 

As used herein, astaxanthin esters refer to the fatty acids esterified to OH group in the 

astaxanthin molecule. 

As used herein, the term w/w (weight/weight) refers to the amount of a given substance in 

a composition on weight basis. For example, a composition comprising 50% w/w phospholipids 

means that the mass of the phospholipids is 50% of the total mass of the composition (i.e., 50 

grams of phospholipids in IOO grams of the composition, such as an oil). 
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DETAILED DESCRIPTION OF THE INVENTION 

This invention discloses novel krill oil compositions characterized by containing high 

levels of astaxanthin, phospholipids, included an enriched quantities of ether phospholipids, and 

5 omega-3 fatty acids. The krill oils compositions are extracted from krill meal using supercritical 

fluid extraction (SFE) with a co-solvent modifier. The krill meal has been processed on board a 

ship in Antarctica using live krill as starting material in order to ensure the highest possible 

quality of the krill meal. The krill oils are extracted from the krill meal in two stages, in step I the 

neutral fraction is extracted using neat supercritical C02 or in combination with 5% ethanol. The 

10 neutral fraction consisted mostly of triglycerides and cholesterol. In stage 2, the polar lipids 

(phospholipids) are extracted by adding at least 20% ethanol to the supercritical C02 extraction 

medium. 

The present invention provides methods to avoid decomposition of glycerides and 

phospholipids in krill oil and compositions produced by those methods. The product obtained by 

15 these new methods is virtually free of enzymatically decomposed oil constituents. The solution to 

the problem is to incorporate a protein denaturation step on fresh krill prior to use of any 

extraction technology. Denaturation can be achieved by thermal stress or by other means. After 

denaturation, the oil can be extracted by an optional selection of nonpolar and polar solvents 

including use of supercritical carbon dioxide. Krill is adapted to a very efficient nutrient digestion 

20 at very low temperatures. Therefore the enzymes are sensitive to heat and the step of applying 

thermal denaturation of lipases and phospholipases does not imply use of very high temperatures. 

Surprisingly, it has been found that the use of mild denaturation conditions can greatly enhance 

the quality of krill oil. 

Additionally, a major obstacle of several processes of extraction is the cost ofremoving 

25 water. This is particularly true for methods feasible for extraction of highly unsaturated lipids 

where freeze drying has been regarded as the method of choice to avoid oxidative breakdown of 

lipids. However, the lipids in krill are surprisingly stable against oxidative deterioration. 

Therefore, a process including moderate use of heat in the water removing process is feasible 

provided that the enzymes have been inactivated. 

30 
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A. Krill Processing 

The present invention provides methods for processing freshly caught krill at the site of 

capture and preferably on board a ship. After processing on board, the krill can be further 

subjected to extraction processes on board the ship or at a remote location away from the ship. 

5 The processing steps described herein also allow for the storage of krill material, preferably a 

krill meal for from about 1,2, 3, 4, 5, 6, 8, 9, 10, 11, or 12 months to about 24 to 36 months prior 

to processing. 

In some preferred embodiments, freshly caught krill is first subjected to a protein 

denaturation step. The present invention is not limited to any particular method of protein 

1 O denaturation. In some embodiments, the denaturation is accomplished by application of 

chemicals, heat, or combinations thereof. In some embodiments, freshly caught krill is wet 

pressed to obtain oil and meal. In some embodiments, the meal is then heated to a temperature of 

about 50°C to about 100°C for about 20 minutes to about an hour, preferably about 40 minutes to 

denature the proteins. In some embodiments, this material is then pressed to yield a press cake. 

15 When this method is used on krill, only a small amount of oil is released. Most of the oil is still 

present in the denatured meal. In some embodiments, antioxidants such as ethoxyquin or 

Vitamin E are added to the meal. However, as shown in the examples, the resulting meal is 

surprisingly stable. The stability can only partly be explained by addition of an antioxidant to the 

meal. This antioxidant can, after extraction of the oil from denatured meal, be removed by further 

20 processing steps. Alternatively the oil can be extracted rather shortly after production of the meal 

without any addition of antioxidant in the process. Further, storage conditions at a low to very 

low temperature can be applied if addition of antioxidant is not desired. 

Krill oil extracted from denatured krill meal by supercritical fluid extraction even 19 

months after the production of the meal contained virtually no decomposed phospholipids. This 

25 product turned out to be substantially different from samples of krill oil available in the market 

today. Previously described commercial krill processing procedures utilize krill that has been 

frozen immediately after catching followed by freeze drying and extraction at low temperatures. 

However, these processes only yield a suitable product if the time the krill is kept frozen is very 

short or the temperature is extremely low (-60°to -80°C). However, data provided herein clearly 

30 shows that if a step of denaturation of the proteins is added in front of an optional extraction 

method, an excellent krill oil can be produced even after a long time of storage. This 
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methodology also opens up for use of alternative methods to remove water prior to extraction, 

which in tum has a great impact on costs in full scale operation. If a long time of storage is 

desired, the denatured material should preferably be stored at low temperature preferably at -

20°c. 

5 In some embodiments, krill oil is extracted from the denatured krill meal. In some 

embodiments, the krill oil is extracted by contacting the krill meal with ethanol. In some 

embodiments, krill is then extracted with a ketone solvent such as acetone. In other embodiments, 

the krill oil is extracted by one or two step supercritical fluid extraction. In some embodiments, 

the supercritical fluid extraction uses carbon dioxide and neutral krill oil is produced. In some 

1 O embodiments, the supercritical fluid extraction uses carbon dioxide with the addition of a polar 

entrainer, such as ethanol, to produce a polar krill oil. In some embodiments, the krill meal is 

first extracted with carbon dioxide followed by carbon dioxide with a polar entrainer, or vice 

versa. In some embodiments, the krill meal is first extracted with C02 supplemented with a low 

amount of a polar co-solvent (e.g., from about 1 % to about 10%, preferably about 5%) such a C1-

15 C3 monohydric alcohol, preferably ethanol, followed by extraction with C02 supplemented with a 

high amount of a polar co-solvent (from about 10% to about 30%, preferably about 23%) such as 

such a C1-C3 monohydric alcohol, preferably ethanol, or vice versa. Surprisingly, it has been 

found that use of a low amount of polar solvent in the C02 as an entrainer facilitates the 

extraction of neutral lipid components and astaxanthin in a single step. Use of the high of polar 

20 solvent as an entrainer in the other step facilitates extraction of ether phospholipids, as well as 

non-ether phospholipids. 

The present invention is distinguished from previously described krill oil products, such 

as those described in U.S. Pat. No. 6,800,299 or WO 03/011873 and Neptune brand krill oil, by 

having substantially higher levels of non-ether phospholipids, ether phospholipids, and 

25 astaxanthin. The krill oils of the present invention also have unexpected and superior properties 

as compared to previously available krill oils. In particular, the krill oil of the present invention 

has been demonstrated to reduce blood LDL cholesterol levels, improve DHA transfer to the 

brain as well as reduce lipid accumulation in the liver and muscle while the previously described 

krill oil compositions do not have such a properties. Accordingly, in some embodiments, the 

30 present invention provides a krill oil composition, preferably a Euphausia superba krill oil 

composition, comprising from about 40% to about 60% w/w phospholipids, preferably from 
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about 45% to 55% w/w phospholipids and from about 300 mg/kg astaxanthin to about 2500 

mg/kg astaxanthin, preferably from about 1000 to about 2200 mg/kg astaxanthin, more preferably 

from about 1500 to about 2200 mg/kg astaxanthin. In some preferred embodiments, the 

compositions comprise greater than about 1000, 1500, 1800, 1900, 2000, or 2100 mg/kg 

5 astaxanthin. In some preferred embodiments, the krill oil compositions of the present invention 

comprise from about 1%, 2%, 3% or 4% to about 8%, 10%, 12% or 15% w/w ether 

phospholipids or greater than about 4%, 5%, 6%, 7%, 8%, 9% or 10% ether phospholipids. In 

some embodiments the ether phospholipids are preferably alkylacylphosphatidylcholine, lyso

alkylacylphosphatidylcholine, alkylacylphosphatidyl-ethanolamine or combinations thereof. In 

1 O some embodiments, the krill oil compositions comprise from about 1 %, 2%, 3% or 4% to about 

8%, 10%, 12% or 15% w/w ether phospholipids and from about 30%, 33%, 40%, 42%, 45%, 

48%, 50%, 52%, 54%, 55% 56%, 58% to about 60% non-ether phospholipids so that the total 

amount of phospholipids (both ether and non-ether phospholipids) ranges from about 40% to 

about 60%. One of skill in the art will recognize that the range of 40% to 60% total 

15 phospholipids, as well as the other ranges of ether and non-ether phospholipids, can include other 

values not specifically listed within the range. 

In further embodiments, the compositions comprise from about 20% to 45% w/w 

triglycerides; and from about 400 to about 2500 mg/kg astaxanthin. In some embodiments, the 

compositions comprise from about 20% to 35%, preferably from about 25% to 35%, omega-3 

20 fatty acids as a percentage of total fatty acids in the composition, wherein from about 70% to 

95%, or preferably from about 80% to 90% of the omega-3 fatty acids are attached to the 

phospholipids. In some embodiments, the present invention provides encapsulated Euphausia 

superba krill oil compositions. In some embodiments, the present invention provides a method of 

making a Euphausia superba krill oil composition comprising contacting Euphausia superba 

25 with a polar solvent to provide an polar extract comprising phospholipids, contacting Euphausia 

superba with a neutral solvent to provide a neutral extract comprising triglycerides and 

astaxanthin, and combining said polar extract and said neutral extract to provide the Euphausia 

superba krill oils described above. In some embodiments, fractions from polar and non-polar 

extractions are combined to provide a final product comprising the desired ether phospholipids, 

30 non-ether phospholipids, omega-3 moieties and astaxanthin. In other embodiments, the present 

invention provides methods of making a Euphausia superba (or other krill species) krill oil 
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comprising contacting a Euphausia superba preparation such as Euphausia superba krill meal 

under supercritical conditions with C02 containing a low amount of a polar solvent such as 

ethanol to extract neutral lipids and astaxanthin; contacting meal remaining from the first 

extraction step under supercritical conditions with C02 containing a high amount of a polar 

5 solvent such as ethanol to extract a polar lipid fraction containing ether and non-ether 

phospholipids; and then blending the neutral and polar lipid extracts to provide the compositions 

described above. 

The krill oil extracted by the methods of the present invention contains few enzymatic 

breakdown products. Examples of the krill oil compositions of the present invention are provided 

1 O in Tables 9-24. In some embodiments, the present invention provides a polar krill oil comprising 

at least 65% (w/w) of phospholipids, wherein the phospholipids are characterized in containing at 

least 35% omega-3 fatty acid residues. The present invention is not limited to the presence of any 

particular omega-3 fatty acid residues in the krill oil composition. In some preferred 

embodiments, the krill oil comprises EPA and DHA residues. In some embodiments, the krill oil 

15 compositions comprise less than about 5%, 4%, 3% or preferably 2% free fatty acids on a 

weight/weight (w/w) basis. In some embodiments, the krill oil compositions comprise less than 

about 25%, 20%, 15%, 10% or 5% triglycerides (w/w). In some embodiments, the krill oil 

compositions comprise greater than about 30%, 40%, 45%, 50%, 55%, 60%, or 65% 

phosphatidyl choline (w/w). In some embodiments, the krill oil compositions comprise greater 

20 than about 100, 200, 300, 400, or 500 mg/kg astaxanthin esters and up to about 700 mg/kg 

astaxanthin esters. In some embodiments, the present invention provides krill oil compositions 

comprising at least 500, 1000, 1500, 2000, 2100, or 2200 mg/kg astaxanthin esters and at least 

36% (w/w) omega-3 fatty acids. In some embodiments, the krill oil compositions of the present 

invention comprise less than about l.Og/IOOg, 0.5g/100g, 0.2g/100g or O.lg/IOOg total 

25 cholesterol. In some embodiments, the krill oil compositions of the present invention comprise 

less than about 0.45 

In some embodiments, the present invention provides a neutral krill oil extract comprising 

greater than about 70%, 75% 80%, 85% or 90% triglycerides. In some embodiments, the krill oil 

compositions comprise from about 50 to about 2500 mg/kg astaxanthin esters. In some 

30 embodiments, the krill oil compositions comprise from about 50, 100, 200, or 500 to about 750, 

1000, 1500 or 2500 mg/kg astaxanthin esters. In some embodiments, the compositions comprise 
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from about 1% to about 30% omega-3 fatty acid residues, and preferably from about 5%-15% 

omega-3 fatty acid residues. In some embodiments, the krill oil compositions comprise less than 

about 20%, 15%, 10% or 5% phospholipids. 

In some embodiments, the present invention provides krill oil containing less than about 

5 70, 60, 50, 40, 30, 20, 10, 5 or 1 micrograms/kilogram (w/w) astaxanthin esters. In some 

embodiments, the krill oil is clear or only has a pale red color. In some embodiments, the low

astaxanthin krill oil is obtained by first extracting a krill material, such as krill oil, by supercritical 

fluid extraction with neat carbon dioxide. It is contemplated that this step removes astaxanthin 

from the krill material. In some embodiments, the krill material is then subjected to supercritical 

1 O fluid extraction with carbon dioxide and a polar entrainer such as ethanol, preferably about 20% 

ethanol. The oil extracted during this step is characterized in containing low amounts of 

astaxanthin. In other embodiments, krill oil comprising astaxanthin is extracted by 

countercurrent supercritical fluid extraction with neat carbon dioxide to provide a low-astaxanthin 

krill oil. 

15 In some embodiments, the present invention provides krill oil that is substantially 

odorless. By substantially odorless it is meant that the krill oil lacks an appreciable odor as 

determined by a test panel. In some embodiments, the substantially odorless krill oil comprises 

less than about 10, 5 or 1 milligrams/kilogram trimethylamine. In some preferred embodiments, 

the odorless krill oil is produced by first subjecting krill material to supercritical fluid extraction 

20 with neat carbon dioxide to remove odor causing compounds such as trimethylamine, followed 

by extraction with carbon dioxide with a polar entrainer such as ethanol. 

In some embodiments, the present invention provides a delipidated krill meal produced 

after extraction of lipids from the krill meal. In some embodiments, the delipidated krill meal 

comprises krill protein. In some embodiments, the delipidated krill meal comprises less than 

25 about 200, 150, 120, 100, 75, 65, 60, 55, or 50 g/kg total fat. In some embodiments, the 

delipidated krill meal comprises from about 1 to about 100 mg/kg astaxanthin esters, and 

preferably from about 5 to about 20 mg/kg astaxanthin esters. In some embodiments, the 

delipidated krill meal comprises greater than about 60%, 65%, 70% or 75% krill protein. In some 

embodiments, the present invention provides animal feeds comprising the delipidated krill meal. 

30 In some embodiments, the animal feed is a fish feed or aquatic organism feed, such as shrimp 

feed, crab feed, or crawfish feed. In preferred embodiments, the krill meal is incorporated into 
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complete ration for the target organism. In preferred embodiments, the feed is provided in 

pelleted form. In many instances, compounds such as astaxanthin are removed during 

delipidation. The methods of the present invention provide a deli pi dated krill meal that retains 

significant amounts of astaxanthin. Accordingly, in some embodiments, the present invention 

5 provides methods of feeding aquatic organisms, comprising providing to the aquatic organism a 

feed comprising the delipidated krill meal described above. In other embodiments, the present 

invention provides methods of increasing flesh coloration in an aquatic species comprising 

feeding the aquatic species a comprising the delipidated krill meal described above. 

10 B. Compositions Containing Krill Oil 

In some embodiments, the compositions of this invention (such as those described in the 

preceding sections) are contained in acceptable excipients and/or carriers for oral consumption. 

The actual form of the carrier, and thus, the composition itself, is not critical. The carrier may be 

a liquid, gel, gelcap, capsule, powder, solid tablet (coated or non-coated), tea, or the like. The 

15 composition is preferably in the form of a tablet or capsule and most preferably in the form of a 

soft gel capsule. Suitable excipient and/or carriers include maltodextrin, calcium carbonate, 

dicalcium phosphate, tricalcium phosphate, microcrystalline cellulose, dextrose, rice flour, 

magnesium stearate, stearic acid, croscarmellose sodium, sodium starch glycolate, crospovidone, 

sucrose, vegetable gums, lactose, methylcellulose, povidone, carboxymethylcellulose, com 

20 starch, and the like (including mixtures thereof). Preferred carriers include calcium carbonate, 

magnesium stearate, maltodextrin, and mixtures thereof. The various ingredients and the 

excipient and/or carrier are mixed and formed into the desired form using conventional 

techniques. The tablet or capsule of the present invention may be coated with an enteric coating 

that dissolves at a pH of about 6.0 to 7.0. A suitable enteric coating that dissolves in the small 

25 intestine but not in the stomach is cellulose acetate phthalate. Further details on techniques for 

formulation for and administration may be found in the latest edition of Remington's 

Pharmaceutical Sciences (Maack Publishing Co., Easton, PA). 

The dietary supplement may comprise one or more inert ingredients, especially if it is 

desirable to limit the number of calories added to the diet by the dietary supplement. For 

30 example, the dietary supplement of the present invention may also contain optional ingredients 

including, for example, herbs, vitamins, minerals, enhancers, colorants, sweeteners, flavorants, 
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inert ingredients, and the like. For example, the dietary supplement of the present invention may 

contain one or more of the following: ascorbates (ascorbic acid, mineral ascorbate salts, rose hips, 

acerola, and the like), dehydroepiandosterone (DHEA), Fo-Ti or Ho Shu Wu (herb common to 

traditional Asian treatments), Cat's Claw (ancient herbal ingredient), green tea (polyphenols), 

5 inositol, kelp, dulse, bioflavinoids, maltodextrin, nettles, niacin, niacinamide, rosemary, 

selenium, silica (silicon dioxide, silica gel, horsetail, shavegrass, and the like), spirulina, zinc, and 

the like. Such optional ingredients may be either naturally occurring or concentrated forms. 

In some embodiments, the dietary supplements further comprise vitamins and minerals 

including, but not limited to, calcium phosphate or acetate, tribasic; potassium phosphate, dibasic; 

10 magnesium sulfate or oxide; salt (sodium chloride); potassium chloride or acetate; ascorbic acid; 

ferric orthophosphate; niacinamide; zinc sulfate or oxide; calcium pantothenate; copper 

gluconate; riboflavin; beta-carotene; pyridoxine hydrochloride; thiamin mononitrate; folic acid; 

biotin; chromium chloride or picolonate; potassium iodide; sodium selenate; sodium molybdate; 

phylloquinone; vitamin D3; cyanocobalamin; sodium selenite; copper sulfate; vitamin A; vitamin 

15 C; inositol; potassium iodide. Suitable dosages for vitamins and minerals may be obtained, for 

example, by consulting the U.S. RDA guidelines. 

In further embodiments, the compositions comprise at least one food flavoring such as 

acetaldehyde (ethanal), acetoin (acetyl methylcarbinol), anethole (parapropenyl anisole), 

benzaldehyde (benzoic aldehyde), N butyric acid (butanoic acid), d or 1 carvone (carvol), 

20 cinnamaldehyde (cinnamic aldehyde), citral (2,6 dimethyloctadien 2,6 al 8, gera nial, neral), 

decanal (N decylaldehyde, capraldehyde, capric aldehyde, caprinaldehyde, aldehyde C 10), ethyl 

acetate, ethyl butyrate, 3 methyl 3 phenyl glycidic acid ethyl ester (ethyl methyl phenyl glycidate, 

strawberry aldehyde, C 16 aldehyde), ethyl vanillin, geraniol (3,7 dimethyl 2,6 and 3,6 octadien 1 

ol), geranyl acetate (geraniol acetate), limonene (d, 1, and dl ), linalool (linalol, 3,7 dimethyl 1,6 

25 octadien 3 ol), linalyl acetate (bergamol), methyl anthranilate (methyl 2 aminobenzoate), 

piperonal (3,4 methylenedioxy benzaldehyde, heliotropin), vanillin, alfalfa (Medicago sativa L.), 

allspice (Pimenta officinalis), ambrette seed (Hibiscus abelmoschus), angelic (Angelica 

archangelica), Angostura (Galipea officinalis), anise (Pimpinella anisum), star anise (Illicium 

verum), balm (Melissa officinalis), basil (Ocimum basilicum), bay (Laurus nobilis), calendula 

30 (Calendula officinalis), (Anthemis nobilis), capsicum (Capsicum frutescens), caraway (Carum 

carvi), cardamom (Elettaria cardamomum), cassia, (Cinnamomum cassia), cayenne pepper 

20 
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(Capsicum frutescens), Celery seed (Apium graveolens), chervil (Anthriscus cerefolium), chives 

(Allium schoenoprasum), coriander (Coriandrum sativum), cumin (Cuminum cyminum), elder 

flowers (Sambucus canadensis), fennel (Foeniculum vulgare), fenugreek (Trigonella foenum 

graecum), ginger (Zingiber officinale), horehound (Marrubium vulgare), horseradish (Armoracia 

5 lapathifolia), hyssop (Hyssopus officinalis), lavender (Lavandula officinalis), mace (Myristica 

fragrans ), marjoram (Maj orana hortensis ), mustard (Brassica nigra, Brassica juncea, Brassica 

hirta), nutmeg (Myristica fragrans), paprika (Capsicum annuum), black pepper (Piper nigrum), 

peppermint (Mentha piperita), poppy seed (Papayer somniferum), rosemary (Rosmarinus 

officinalis), saffron (Crocus sativus), sage (Salvia officinalis), savory (Satureia hortensis, Satureia 

1 O montana), sesame (Sesamum indicum), spearmint (Mentha spicata), tarragon (Artemisia 

dracunculus), thyme (Thymus vulgaris, Thymus serpyllum), turmeric (Curcuma longa), vanilla 

(Vanilla planifolia), zedoary (Curcuma zedoaria), sucrose, glucose, saccharin, sorbitol, mannitol, 

aspartame. Other suitable flavoring are disclosed in such references as Remington's 

Pharmaceutical Sciences, 18th Edition, Mack Publishing, p. 1288-1300 (1990), and Furia and 

15 Pellanca, Fenaroli's Handbook of Flavor Ingredients, The Chemical Rubber Company, Cleveland, 

Ohio, (1971), known to those skilled in the art. 

In other embodiments, the compositions comprise at least one synthetic or natural food 

coloring (e.g., annatto extract, astaxanthin, beet powder, ultramarine blue, canthaxanthin, 

caramel, carotenal, beta carotene, carmine, toasted cottonseed flour, ferrous gluconate, ferrous 

20 lactate, grape color extract, grape skin extract, iron oxide, fruit juice, vegetable juice, dried algae 

meal, tagetes meal, carrot oil, com endosperm oil, paprika, paprika oleoresin, riboflavin, saffron, 

tumeric, tumeric and oleoresin). 

In still further embodiments, the compositions comprise at least one phytonutrient (e.g., 

soy isoflavonoids, oligomeric proanthcyanidins, indol 3 carbinol, sulforaphone, fibrous ligands, 

25 plant phytosterols, ferulic acid, anthocyanocides, triterpenes, omega 3/6 fatty acids, conjugated 

fatty acids such as conjugated linoleic acid and conjugated linolenic acid, polyacetylene, 

quinones, terpenes, cathechins, gallates, and quercitin). Sources of plant phytonutrients include, 

but are not limited to, soy lecithin, soy isoflavones, brown rice germ, royal jelly, bee propolis, 

acerola berry juice powder, Japanese green tea, grape seed extract, grape skin extract, carrot juice, 

30 bilberry, flaxseed meal, bee pollen, ginkgo biloba, primrose (evening primrose oil), red clover, 
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burdock root, dandelion, parsley, rose hips, milk thistle, ginger, Siberian ginseng, rosemary, 

curcumin, garlic, lycopene, grapefruit seed extract, spinach, and broccoli. 

In still other embodiments, the compositions comprise at least one vitamin (e.g., vitamin 

A, thiamin (BI), riboflavin (B2), pyridoxine (B6), cyanocobalamin (B I2), biotin, ascorbic acid 

5 (vitamin C), retinoic acid (vitamin D), vitamin E, folic acid and other folates, vitamin K, niacin, 

and pantothenic acid). In some embodiments, the particles comprise at least one mineral (e.g., 

sodium, potassium, magnesium, calcium, phosphorus, chlorine, iron, zinc, manganese, flourine, 

copper, molybdenum, chromium, selenium, and iodine). In some particularly preferred 

embodiments, a dosage of a plurality of particles includes vitamins or minerals in the range of the 

1 O recommended daily allowance (RDA) as specified by the United States Department of 

Agriculture. In still other embodiments, the particles comprise an amino acid supplement 

formula in which at least one amino acid is included (e.g., 1-carnitine or tryptophan). 

C. Uses of Krill Oil 

15 Previously, it was disclosed that omega-3 fatty acids have anti-inflammatory properties. 

See, e.g., Calder. Am. J. Clin. Nutr. 83 (2006) I505S. In addition, in it was disclosed that a 

phospholipid emulsion derived from a marine and/or synthetic origin comprising polyunsaturated 

fatty acids have anti-inflammatory and/or immuno-suppressive effects. See, e.g., 5,434, I 83. An 

embodiment of this invention is a krill oil composition effective for reducing inflammation i.e. 

20 reducing the levels of TNF-a, IL-I beta, IL-6, IL-I 0, TGF beta and fibrinogen in the blood. 

Type 2 diabetes is a metabolic disorder characterized by impaired glycemic control (high 

blood glucose levels). In type 2 diabetes, it is the tissue wide insulin resistance that contributes to 

the development of the disease. Strategies reducing insulin resistance or improving tissue 

sensitivity to insulin are recognized as beneficial in preventing type 2 diabetes. In healthy 

25 humans, a 3-week supplementation with fish oil (I. I g EP Aid and 0. 7 g DHA/d) decreased the 

insulin response to an oral glucose load by 40%. Omega-3 PUF A dietary enrichment resulted in 

lower glucose oxidation, higher fat oxidation, and increased glycogen storage; the glycemic 

response was unchanged, however, which indicates an improved sensitivity to insulin. In another 

embodiment of this invention is a krill oil composition effective for reducing the insulin 

30 resistance. 
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Krill oil has not been disclosed as being effective in treating one of the most important life 

style problems of modem societies, i.e., excess weight gain and obesity. Excess adipose tissue 

mass (overweight and obesity) is associated with low grade inflammation in adipose tissue and in 

the whole body reflecting the inflammatory mediators "spilling over" from fat tissue. Trayhum et 

5 al., Br. J. Nutrition (2004), 92(3), 347-355. Inflammation appears to be an important link 

between obesity and metabolic syndrome/type-II diabetes as well as cardiovascular disease. 

Libby et al., J. Amer. Coll. Card. (2006), 48(9, Suppl. A), A33-A46. Thus, excess adipose tissue 

is an unhealthy condition. Weight reduction will improve the inflammatory condition, but 

persistent weight reduction is difficult to achieve. Omega-3 fatty acid supplementation may 

1 O alleviate the inflammatory condition in adipose tissue and thus ideally complement the principal 

strategies of weight reduction i.e. low calorie diet and exercise. There are clinical studies in 

humans that demonstrate that omega-3 enhance the effect of very low calorie diet and exercise in 

reducing body fat mass. Kunesova et al., Physiological research I Academia Scientiarum 

Bohemoslovaca (2006), 55(1 ), 63-72. Although diet and exercise regime may fail to result in 

15 consistent decrease in weight in long term, the effect of omega-3 fatty acids alleviating the 

inflammatory condition in the adipose tissue may persist generating a condition that can be 

described as "healthy adipose tissue". Previously, it was shown that dietary omega-3 fatty acids 

can be used to reduce inflammation in adipose tissue without influencing level of obesity. 

Todoric et al., Diabetologia (2006), 49(9), 2109-2119. Reduction in adipose tissue 

20 inflammation was demonstrated by an increase in circulating levels of adiponectin. Adiponectin 

is an adipose tissue derived anti-inflammatory hormone. Results on the treatment of obese people 

with omega-3 fatty acids to alleviate circulating levels of inflammatory markers are inconclusive. 

Trebble et al., Br. J. Nutrition (2003), 90(2), 405-412. However, duration of these studies may 

not have been sufficient given the slow turnover of adipose tissue in humans. Itoh et al. found that 

25 1.8 g/d of EPA increased adiponectin, a marker of adipose tissue derived inflammation, in a 

group of overweight subjects with metabolic syndrome. Itoh et al., Arteriosclerosis, Thrombosis, 

and Vascular Biology (2007), 27(9), 1918-1925. 

An embodiment of the invention is the use of krill oil to increase serum adiponectin 

levels. Adiponectin is a protein hormone that modulates a number of metabolic processes, 

30 including glucose regulation and fatty acid catabolism. Adiponectin is exclusively secreted from 

adipose tissue into the bloodstream and is very abundant in plasma relative to many hormones. 
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Levels of the hormone are inversely correlated with body mass index (BMI). The hormone plays 

a role in alleviating the metabolic dysregulation that may result in type 2 diabetes, obesity, 

atherosclerosis and non-alcoholic fatty liver disease (NAFLD). Diez et al., Eur. J. Endocrinol. 

148 (3): 293-300; Ukkola et al., J. Mol. Med. 80 (11): 696-702. 

5 Another embodiment of the invention is to use krill oil in an overweight and obese 

subjects for alleviating diet induced adipose tissue dysfunction and diet induced changes in the 

lipid metabolism. 

In further embodiments, krill oil is effective in reducing risk factors of type 2 diabetes 

such as hyperinsulinemia and insulin resistance and cardiovascular disease risk factors in 

10 overweight subjects. In addition this invention discloses that krill oil is effective in preventing 

accumulation of fat in muscles and in the liver (liver steatosis). 

It is well known in the art that the obese Zucker rat is a useful rat model to study 

metabolic Syndrome X and non-insulin dependent diabetes mellitus, including glucose tolerance, 

insulin resistance and hyperinsulinaemia. It has also been shown previously that astaxanthin is a 

15 powerful antioxidant, useful for prevention of oxidative stress in vivo and in Zucker rats using 

vitamin E. See, e.g., Aoi et al., (2003). Antioxidants & Redox Signaling. 5(1):139-44; Laight et 

al., Eur. J. Pharmacol. 377 (1999) 89. 

In yet another embodiment of the invention is a krill oil composition effective of 

improving the blood lipid profile by increasing the HDL cholesterol levels, decreasing the LDL 

20 cholesterol and triglyceride levels. Hence the novel krill oil composition is effective for treating 

metabolic syndrome. Metabolic syndrome is defined as the coexistence of 3 or more components 

selected from the group: abdominal obesity, high serum triglyceride levels, low HDL levels, 

elevated blood pressure and high fasting plasma glucose levels. 

In another embodiment of the invention, the krill oil compositions are found to be 

25 effective and safe for the treatment of metabolic syndrome in humans. 

In still other embodiments, the krill oil compositions of the present invention find use in 

increasing or inducing diuresis. In some embodiments, the krill oil compositions of the present 

invention find use in decreasing protein catabolism and increasing the muscle mass of a subject. 

In some embodiments, the kill oil composition of the present invention find use in the 

30 treatment of fatty heart disease and non-alcoholic fatty acid liver disease. Thus, the krill oil 
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compositions are useful for decreasing the lipid content of the heart and/or liver and/or muscle of 

a subject. 

In yet another embodiment of the invention is a method to increase the transfer ofDHA to 

the brain. 

EXAMPLE 1 

Antarctic krill (Euphausia superba) was captured and brought on board alive, before it 

was processed into krill meal, an oil (asta oil) and stickwater. The composition and properties of 

the krill meal was monitored during the processing and compared to a commercial competitor 

1 O (Table 1 and 2). Furthermore, the amino acid composition of the krill meal and stickwater was 

determined (Table 3), showing that krill meal is a suitable feed source for to be used in 

aquaculture due to the presences of all the essential amino acids teleost fish require. During the 

krill meal processing a neutral oil (asta oil) is recovered, the chemical composition of the asta oil 

is shown in Tables 4 and 5. 

15 

Table 1. Com 

Protein 

astaxanthin 

Round frozen 
krill 

line 
After drier 

T bl 2 L" .d 1 d f h r a e . 1p1 c ass compos1t1on m pro ucts rom t e processmg me 
Crude protein Round frozen After decanter After drier 

krill (g/100 g) (g/100 g) (g/100 g) 

Wax ester/ cholesterol 2,5 3,0 1,9 
ester 
Triglycerides/pigments 30,2 33,7 29,3 
Free fatty acids 15, 1 2,5 9,0 
Monoglycerides 3,9 Nd 1,3 
PE 6,6 10,4 7,9 

25 

Konstruktor 
Koshkin 

Konstruktor 
Koshkin 
(Ukranian 
vessel) (g/100 
g) 

3,3 

32,2 
5,9 
Nd 
6,3 
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PS 1,2 1,6 1,4 2,7 
PI 1,9 2,0 2,1 3,5 
PC 28 35,9 32,0 32,1 
Sphingomyeline/lyso 2,0 0,5 3,0 3,0 
PC 

Nd= not detected 

Table 3. Amino acids in krill meal and stick water 

Amino acid Total in meal Free in meal Free in stickwater (g/100 

(g/100 g (g/IOOg g protein) 

protein) protein) 

Aspartic acid 10,5 0,02 0,22 

Glutamic acid 13,5 0,007 0,51 

Hydroxi praline <0,5 <0,001 <0,05 

Serine 4,2 0,02 0,13 

Glycine 4,4 0,18 3,28 

Histidine 2,1 <0,01 <0,05 

Arginine 6,7 0,56 4,86 

Threonine 4,1 <0,01 0,22 

Alanine 5,4 0,08 0,87 

Praline 3,8 0,53 2,32 

Tyrosine 4,0 0,01 0,2 

Valine 5,0 0,02 0,13 

Methionine 2,9 <0,01 0,12 

Isoleucine 5,0 0,02 0,1 

Leucine 7,8 0,14 0,19 

Phenylalanine 4,4 0,01 0,1 

Lysine 7,8 0,02 0,27 

Cysteine/Cystine 1,4 <0,01 <0,05 

Thryptophan 1,1 <0,02 <0,05 

Creatinine <0,01 <0,05 

Asparagine <0,01 0,05 
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Glutamine <0,01 <0,05 

3-aminopropanoic acid 0,5 8,99 

Taurine 0,5 8,52 

4-aminobutanoic acid <0,01 <0,05 

Citrulline 0,04 0,14 

Camosine <0,01 <0,05 

Anserine <0,01 <0,05 

Omithine 0,02 1,04 

3-aminopropanoic acid is also known as ~-alanine 

4-aminobutanoic acid is alos known as y-aminobutyric acid or GABA 

T bl 4 C a e . ompos1t10n an d r f qua 1ty parameters o asta 01 . 

Moisture 0,14g/100g 
Insoluble impurities 0,02 g/100 g 
Unsaponifable matter 1,5 g/100 g 
Nitrogen 0,5 g/100 g 
Free fatty acids 0,3 g/100 g 
Peroxide value <2 meq peroxide/kg oil 
Ansidine value <l 
Phosphorous 23 mg/kg 
Phopspholipids 575 mg/kg 
Astaxanthin 1245 mg/kg 

Table 5. Fatty acid composition of the asta oil 

Fatty Acid 

File 
C4:0 
C6:0 
CS:O 

ClO:O 
C12:0 
C14:0 
C14:1 
C15:0 
C16:0 
C16:1 
C18:0 
C18:1 

C18:2N6 
C18:3N6 

Asta oil 

0,00 
0,00 
0,00 
0,00 
0,00 
17,5 
0,00 
0,00 
19,3 
9,7 
1,2 

22,6 
1,4 
0,1 
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C18:3N3 
C18:4N3 

C20:0 
C20:1 

C20:2N6 
C20:3N6 
C20:4N6 
C20:3N3 
C20:4N3 

C20:5N3 (EPA) 
C22:0 
C22:1 

C22:2N6 
C22:4N6 
C22:5N6 
C22:5N3 

C22:6N3 (DHA) 
C24:1 
Total 

Saturated 
Monounsaturated 
Polyunsaturated 

Total 

Omega-3 
Omega-6 

0,7 
3,0 
0,1 
1,3 

<0,1 
0,1 
0,1 

<0,1 
0,2 
5,6 
0,1 
0,3 
0,0 

<0,1 
0,00 
0,2 

2,00 
0,03 
88,4 

38,0 
33,9 
16,4 

88,4 

11,9 
1,6 

EXAMPLE2 

Attorney Docket No. AKBM-14409/US-12/CON 

The krill meal obtained in example 1 was then ethanol extracted according to the method 

5 disclosed in JP022 l 53 51. The results showed that around 22% fat from the meal could be 

extracted, somewhat lower than was extracted using Folch (25%). Table 6 shows the fatty acid 

composition of the krill meal and the krill oil extracted from the meal using ethanol. Table 7 

shows the composition and properties of the krill meal and products before and after extraction, 

whereas table 8 shows the lipid composition. 

10 
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Table 6. Fatty acid distribution in krill meal (g/100 g lipid) and the ethanol extracted krill oil. 

Fatty Acid Krill meal EtOH KO 

File 
C4:0 
C6:0 
CS:O 

ClO:O 
C12:0 
C14:0 
C14:1 
C15:0 
C16:0 
C16:1 
C18:0 
C18:1 

C18:2N6 
C18:3N6 
C18:3N3 
C18:4N3 

C20:0 
C20:1 

C20:2N6 
C20:3N6 
C20:4N6 
C20:3N3 
C20:4N3 

C20:5N3 (EPA) 
C22:0 
C22:1 

C22:2N6 
C22:4N6 
C22:5N6 
C22:5N3 

C22:6N3 (DHA) 
C24:1 

Saturated 
Monounsaturated 
Polyunsaturated 

Total 

0,00 
0,00 
0,00 
0,00 
0,00 
7,8 

0,00 
0,00 
15,8 
5,1 
0,9 
13,4 
1,1 
0,1 
0,4 
1,1 
0,1 
0,8 

<0,1 
0,1 
0,2 

<0,1 
0,2 
10,5 
<0,1 
0,5 

<0,1 
<0,1 
0,00 
0,2 
5,4 

0,03 

24,6 
19,9 
21,0 

65,5 

29 

6,4 

14,7 
4,2 
0,7 
11,8 
1,2 
0,1 
0,4 
0,1 
0,1 
0,6 

<0,1 
<0,1 
0,2 

<0,1 
0,2 
10,4 
<0,1 
0,4 

<0,1 

4,8 

21,9 
17,0 
19,4 

58,2 
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17,0 

Table 7. Composition and properties of the krill meal and products after extraction 

Krill meal Delipidated krill EtOH extracted krill 

meal oil 

Crude protein 586 g/kg 735 g/kg 

Fat (Folch) 250 g/kg 30 g/kg 

Moisture/ethanol 71 g/kg 134 g/kg 85 g/kg 

Astaxanthin esters 144 mg/kg 10 mg/kg 117 mg/kg 

Di esters 110 mg/kg 8,5 mg/kg 117 mg/kg 

Monoesters 33 mg/kg 1,8 mg/kg 37 mg/kg 

Biological digestable 854 g/kg protein 870 g/kg protein 

protein 

Flow number 4,8 1,9 

NH3 9 mgN/100 g 0 3 mgN/100 g 

TMA 2 mg N/100 g 0 70 mgN/100 g 

TMAO 125 mg N/100 g 0 456 mg Nil 00 g 

5 T bl 8 L" . d 1 d. t .b f a e 1p1 c ass IS TI U IOn 
Krill meal Delipidated krill EtOH extracted KO 

meal 
Cholesterol ester 3,5 
TG 32,7 37,4 31, 1 
FFA 7,8 14, 1 16,0 
Cholesterol 9,1 8,0 12,6 
DG 1,1 3,3 
MG 3,7 
Sphingolipid 2,8 
PE 6,5 2,5 2,7 
Cardiolipin 4,2 
PI 1,1 11,0 
PS 1,4 
PC 28,6 20,2 25,3 
LPC 2,9 2,6 6,2 
Total polar lipids 40,6 40,5 36,9 

30 
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I Total neutral lipids I 54,2 I 59,5 I 63,1 

EXAMPLE3 

The krill meal obtained in example 1 was then subjected to a supercritical fluid extraction 

method in two stages. During stage 1, 12.1 % fat (neutral krill oil) was removed using neat C02 

5 only at 300 bars, 60° C and for 30 minutes. In stage 2, the pressure was increased to 400 bar and 

20% ethanol was added (v/v) for 90 minutes. This resulted in further extraction of 9% polar fat 

which hereafter is called polar krill oil. The total fatty acid composition of the polar krill oil, the 

neutral krill oil and a commercial product obtained from Neptune Biotech (Laval, Quebec, 

Canada) are listed in Table 9. In addition the fatty acid composition for the phospholipids (Table 

10 10), the neutral lipids (Table 11), the free fatty acids, diglycerides (Table 12), triglycerides, lyso

phosphatidylcholine (LPC) (Table 13), phosphatidylcholine (PC), phosphatidylethanolamine (PE) 

(Table 14), phosphatidylinositol (PI) and phosphatidylserine (PS) (Table 15) are shown. Table 16 

shows the level of astaxanthin and cholesterol for the different fractions. 

15 Table 9. Total fatty acids compositions of the krill oil products(% (w/w)) 

Total Fatt Acids 

Fatty Acid 
Neutral Polar 

NKO 
KO KO 

File 
C4:0 0,00 0,00 0,00 
C6:0 0,00 0,00 0,00 
CS:O 0,00 0,00 0,00 

ClO:O 0,00 0,00 0,00 
C12:0 0,47 0,04 0,24 
C14:0 22,08 3,28 12,48 
C14:1 0,33 0,01 0,17 
C15:0 0,58 0,36 0,52 
C16:0 27,03 29,25 23,25 
C16:1 0,07 0,01 8,44 
C18:0 1,72 1,03 1,42 
C18:1 30,29 13,57 18,92 

C18:2N6 2,10 1,96 1,71 
C18:3N6 0,30 0,21 0,00 
C18:3N3 0,69 1,02 1,32 
C18:4N3 0,05 1,81 3,50 

C20:0 0,06 0,00 0,05 
C20:1 1,87 0,80 1, 16 

C20:2N6 0,05 0,05 0,05 
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C20:3N6 
C20:4N6 
C20:3N3 
C20:4N3 

C20:5N3 (EPA) 
C22:0 
C22:1 

C22:2N6 
C22:4N6 
C22:5N6 
C22:5N3 

C22:6N3 (DHA) 
C24:0 
C24:1 
Total 

Saturated 
Monounsaturated 
Polyunsaturated 

Total 

Omega-3 
Omega-6 

0,22 
0,00 
0,09 
0,24 
7,33 
0,01 
0,64 
0,00 
0,00 
0,00 
0,21 
3,51 
0,05 
0,03 

100,00 

52,00 
33,22 
14,77 

100,00 

12,11 
2,67 

0,73 
0,00 
0,09 
0,51 

29,88 
0,06 
1,78 
0,00 
0,00 
0,03 
0,67 
12,61 
0,00 
0,25 

100,00 

34,01 
16,43 
49,56 

100,00 

46,58 
2,98 

Attorney Docket No. AKBM-14409/US-12/CON 

0,04 
0,49 
0,06 
0,33 
16,27 
0,05 
0,82 
0,00 
0,07 
0,00 
0,36 
8,17 
0,01 
0,11 

100,00 

38,01 
29,61 
32,37 

100,00 

30,02 
2,35 

Table 10. Fatty acid composition of the phospholipid fraction(% (w/w)). 

Fatty Acid 
Neutral Polar Neptune 

KO KO KO 
File 
C4:0 0,00 0,00 0,00 
C6:0 0,00 0,00 0,00 
CS:O 0,00 0,00 0,00 

ClO:O 0,00 0,00 0,00 
C12:0 0,00 0,00 0,00 
C14:0 0,01 0,00 0,00 
C14:1 0,42 0,01 0,01 
C15:0 2,52 0,00 0,00 
C16:0 4,73 35,78 32,81 
C16:1 0,19 0,17 0,19 
C18:0 6,31 1, 18 1,55 
C18:1 38,40 15,58 13,54 

C18:2N6 4,18 2,16 1,90 
C18:3N6 0,18 0,22 0,19 
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C18:3N3 
C18:4N3 

C20:0 
C20:1 

C20:2N6 
C20:3N6 
C20:4N6 
C20:3N3 
C20:4N3 

C20:5N3 (EPA) 
C22:0 
C22:1 

C22:2N6 
C22:4N6 
C22:5N6 
C22:5N3 

C22:6N3 (DHA) 
C24:0 
C24:1 
Total 

Saturated 
Monounsaturated 
Polyunsaturated 

Total 

Omega-3 
Omega-6 

1,02 
3,08 
0,27 
2,55 
0,19 
0,00 
0,57 
0,43 
0,17 

20,58 
0,14 
0,00 
0,25 
0,44 
0,11 
0,00 
10,93 
1,77 
0,59 

100,00 

15,74 
42,14 
42,12 

100,00 

36,22 
5,91 

1,05 
1,62 
0,00 
1,02 
0,06 
0,14 
0,62 
0,08 
0,45 

25,53 
0,06 
2,09 
0,71 
0,00 
0,00 
0,60 
10,30 
0,30 
0,28 

100,00 

37,32 
19,15 
43,53 

100,00 

39,62 
3,90 
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1,48 
2,15 
0,07 
0,78 
0,06 
0,10 
0,64 
0,09 
0,42 

26,47 
0,00 
1,94 
0,85 
0,03 
0,00 
0,63 
13,34 
0,37 
0,38 

100,00 

34,81 
16,84 
48,34 

100,00 

44,56 
3,78 

Table 11. Fatty acid composition of the total neutral lipid fraction(% (w/w)). 

Total neutral lipid 

Fatty Acid 
Neutral Polar Neptune 

KO KO KO 
File 
C4:0 0,00 0,00 0,00 
C6:0 0,00 0,00 0,00 
CS:O 0,00 0,00 0,00 

ClO:O 0,00 0,00 0,00 
C12:0 0,00 0,00 0,00 
C14:0 20,35 11,31 18,44 
C14:1 0,30 0,29 0,25 
C15:0 0,53 1,53 0,62 
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C16:0 
C16:1 
C18:0 
C18:1 

C18:2N6 
C18:3N6 
C18:3N3 
C18:4N3 

C20:0 
C20:1 

C20:2N6 
C20:3N6 
C20:4N6 
C20:3N3 
C20:4N3 

C20:5N3 (EPA) 
C22:0 
C22:1 

C22:2N6 
C22:4N6 
C22:5N6 
C22:5N3 

C22:6N3 (DHA) 
C24:0 
C24:1 
Total 

Saturated 
Monounsaturated 
Polyunsaturated 

Total 

Omega-3 
Omega-6 

23,79 
12,42 
1,54 

26,81 
1,68 
0,20 
0,59 
0,03 
0,07 
1,63 
0,04 
0,18 
0,00 
0,09 
0,18 
5,88 
0,02 
0,56 
0,00 
0,00 
0,01 
0,17 
2,74 
0,15 
0,03 

100,00 

46,45 
41,75 
11,80 

100,00 

9,68 
2,11 

0,49 
5,22 
3,27 

33,09 
2,37 
0,23 
0,62 
1,27 
0,00 
1,41 
0,00 
0,94 
0,00 
0,00 
0,41 
19,26 
0,00 
0,60 
0,00 
0,00 
0,00 
0,27 
17,22 
0,00 
0,21 

100,00 

16,60 
40,82 
42,59 

100,00 

39,05 
3,54 

24,11 
11,86 
1,67 

23,82 
1,79 
0,25 
0,03 
0,05 
0,06 
1,39 
0,05 
0,01 
0,00 
0,01 
0,23 
9,68 
0,03 
0,53 
0,00 
0,04 
0,00 
0,22 
4,64 
0,17 
0,06 

100,00 

45,10 
37,91 
16,99 

100,00 

14,86 
2,14 
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Table 12. Fatty acid composition of the diglyceride and free fatty acids(% (w/w)). 

Fatty Acid 

File 
C4:0 
C6:0 
CS:O 

Diglycerides 
Neutral Polar Neptune 

KO KO KO 

0,00 
0,00 
0,00 

0,00 
0,00 
0,00 

0,00 
0,00 
0,00 

34 

Free fatty acids 
Neutral Polar KO Neptune 

KO KO 

0,00 
0,00 
0,00 

0,00 
0,00 
0,00 

0,00 
0,00 
0,00 
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ClO:O 0,00 0,00 0,00 0,00 0,00 0,00 
C12:0 0,00 0,00 0,00 0,00 0,00 0,00 
C14:0 13,85 14,35 12,22 5,86 7,19 5,45 
C14:1 0,18 0,00 0,17 0,05 0,00 0,08 
C15:0 0,49 1,08 0,66 0,46 1,60 0,45 
C16:0 23,68 35,24 25,81 28,30 29,37 21,12 
C16:1 9,49 6,80 0,09 3,27 3,08 4,91 
C18:0 1,56 3,63 1,89 1,13 2,43 0,99 
C18:1 23,67 19,85 23,82 14,50 14,77 17,41 

C18:2N6 1,79 0,21 1,90 1,69 0,97 1,86 
C18:3N6 0,17 0,00 0,01 0,14 0,00 0,22 
C18:3N3 0,69 0,00 1,19 0,85 0,00 1,34 
C18:4N3 1,92 0,00 2,75 1,30 0,00 2,72 

C20:0 0,00 0,00 0,00 0,00 0,00 0,00 
C20:1 1,09 0,00 1,01 0,48 0,00 0,57 

C20:2N6 0,00 0,00 0,00 0,00 0,00 0,00 
C20:3N6 0,13 0,00 0,00 0,08 0,00 0,05 
C20:4N6 0,45 0,00 0,64 0,78 0,00 1,43 
C20:3N3 0,00 0,00 0,00 0,00 0,00 0,00 
C20:4N3 0,35 0,00 0,43 0,39 0,00 0,43 

C20:5N3 (EPA) 14,03 9,80 18,00 24,33 23,57 25,36 
C22:0 0,18 0,00 0,10 0,00 0,00 0,05 
C22:1 0,41 0,00 0,57 0,80 0,69 0,37 

C22:2N6 0,28 0,00 0,50 0,46 0,00 0,54 
C22:4N6 0,00 0,00 0,00 0,00 0,00 0,00 
C22:5N6 0,00 0,00 0,00 0,00 0,00 0,00 
C22:5N3 0,20 0,00 0,27 0,34 0,00 0,32 

C22:6N3 (DHA) 4,74 9,04 7,53 14,31 16,33 13,95 
C24:0 0,64 0,00 0,42 0,49 0,00 0,39 
C24:1 0,00 0,00 0,00 0,00 0,00 0,00 
Total 100,00 100,00 100,00 100,00 100,00 100,00 

Saturated 40,40 54,30 41,10 36,24 40,59 28,45 
Monounsaturated 34,84 26,64 25,66 19,09 18,54 23,34 
Polyunsaturated 24,77 19,06 33,24 44,67 40,87 48,22 

Total 100,00 100,00 100,00 100,00 100,00 100,00 

Omega-3 21,95 18,85 30,18 41,51 39,90 44,13 
Omega-6 2,82 0,21 3,05 3, 15 0,97 4,09 

Table 13. Fatty acid composition of the triglyceride and lyso-phophatidylcholine fractions (% 

(w/w)). 
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Triglycerides Lyso PC 

Fatty Acid 
Neutral Polar Neptune Neutral Polar Neptune 

KO KO KO KO KO KO 
File 
C4:0 0,00 0,00 0,00 0,00 0,00 0,00 
C6:0 0,00 0,00 0,00 0,00 0,00 0,00 
CS:O 0,00 0,00 0,00 0,00 0,00 0,00 

ClO:O 0,00 0,00 0,00 0,00 0,00 0,00 
C12:0 0,00 0,00 0,00 0,00 0,00 0,00 
C14:0 23,06 26,65 25,13 19,38 4,27 2,87 
C14:1 0,36 0,93 0,36 0,00 0,08 0,00 
C15:0 0,56 2,64 0,78 0,00 0,52 0,45 
C16:0 23,17 4,93 27,80 41,00 44,14 30,56 
C16:1 13,68 11,58 0,04 0,00 1,84 2,24 
C18:0 1,52 3,12 1,99 0,76 1,59 1,32 
C18:1 27,83 34,39 27,92 6,65 14,24 11,29 

C18:2N6 1,64 2,05 1,92 0,00 1,75 2,07 
C18:3N6 0,20 0,00 0,30 0,00 0,00 0,06 
C18:3N3 0,51 0,00 0,00 7,95 0,67 1,75 
C18:4N3 1,99 0,00 4,83 0,00 1,11 2,46 

C20:0 0,06 0,00 0,08 0,00 0,00 0,00 
C20:1 1,67 0,00 1,76 0,00 0,52 0,00 

C20:2N6 0,04 0,00 0,05 0,00 0,00 0,00 
C20:3N6 0,05 0,00 0,01 0,00 0,00 0,54 
C20:4N6 0,00 0,00 0,00 0,00 0,40 0,00 
C20:3N3 0,05 0,00 0,07 0,00 0,00 0,00 
C20:4N3 0,11 0,00 0,17 0,00 0,31 0,55 

C20:5N3 (EPA) 2,10 7,97 4,44 0,00 18,59 28,48 
C22:0 0,02 0,00 0,04 0,00 0,00 0,00 
C22:1 0,37 0,00 0,42 0,00 1,46 0,91 

C22:2N6 0,00 0,00 0,00 0,00 0,00 0,00 
C22:4N6 0,01 0,00 0,01 0,00 0,00 0,00 
C22:5N6 0,00 0,00 0,01 0,00 0,00 0,00 
C22:5N3 0,10 0,00 0,16 0,00 0,41 0,62 

C22:6N3 (DHA) 0,67 3,97 1,42 24,26 7,79 13,82 
C24:0 0,26 1,78 0,26 0,00 0,32 0,00 
C24:1 0,00 0,00 0,03 0,00 0,00 0,00 
Total 100,00 100,00 100,00 100,00 100,00 100,00 

Saturated 48,64 39,12 56,08 61,14 50,83 35,21 
Monounsaturated 43,90 46,89 30,52 6,65 18, 14 14,44 
Polyunsaturated 7,45 13,99 13,41 32,20 31,02 50,35 

Total 100,00 100,00 100,00 100,00 100,00 100,00 
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Omega-3 5,51 11,94 11,11 32,20 28,87 47,69 
Omega-6 1,94 2,05 2,30 0,00 2,15 2,66 

Table 14. Fatty acid composition of the phosphatidylcholine and the phosphatidylserine fractions 

(% (w/w)). 

PC PS 

Fatty Acid 
Neutral Polar Neptune Neutral Polar Neptune 

KO KO KO KO KO KO 
File 
C4:0 0,00 0,00 0,00 0,00 0,00 0,00 
C6:0 0,00 0,00 0,00 0,00 0,00 0,00 
CS:O 0,00 0,00 0,00 0,00 0,00 0,00 

ClO:O 0,00 0,00 0,00 0,00 0,00 0,00 
C12:0 0,00 0,00 0,00 0,00 0,00 0,00 
C14:0 0,75 3,29 2,77 7,60 9,52 2,31 
C14:1 2,07 0,04 0,02 0,00 0,00 0,00 
C15:0 1,34 0,00 0,00 3,83 0,00 0,00 
C16:0 16,65 31,92 29,83 30,44 43,61 19,49 
C16:1 0,96 0,01 0,17 9,96 3,47 2,79 
C18:0 1,33 1,06 1,33 2,08 3,34 2,24 
C18:1 34,34 13,55 11,16 0,00 7,37 11,87 

C18:2N6 10,55 2,27 1,90 0,00 0,00 0,00 
C18:3N6 1,44 0,25 0,20 0,00 0,00 0,00 
C18:3N3 2,49 1,19 1,54 0,00 0,00 0,00 
C18:4N3 2,38 1,92 2,41 0,00 0,00 0,00 

C20:0 2,79 0,03 0,05 0,00 0,00 0,00 
C20:1 2,42 0,82 0,74 0,00 0,00 0,00 

C20:2N6 0,56 0,05 0,06 0,00 0,00 0,00 
C20:3N6 0,67 0,13 0,09 0,00 0,00 0,00 
C20:4N6 1,85 0,61 0,56 0,00 0,00 0,00 
C20:3N3 3,94 0,07 0,06 0,00 0,00 0,33 
C20:4N3 4,32 0,50 0,46 0,00 0,00 0,00 

C20:5N3 (EPA) 1,08 29,85 30,09 25,84 15,81 16,35 
C22:0 0,00 0,05 0,02 0,00 0,00 0,00 
C22:1 2,77 0,00 1,87 0,00 0,00 0,00 

C22:2N6 0,00 0,81 0,97 0,00 0,00 0,00 
C22:4N6 0,00 0,01 0,02 0,00 0,00 0,00 
C22:5N6 1,49 0,01 0,00 0,00 0,00 0,00 
C22:5N3 1,48 0,67 0,68 0,00 0,00 0,00 

C22:6N3 (DHA) 0,00 10,53 12,49 20,25 16,89 44,63 
C24:0 2,34 0,10 0,18 0,00 0,00 0,00 
C24:1 0,00 0,25 0,34 0,00 0,00 0,00 
Total 100,00 100,00 100,00 100,00 100,00 100,00 
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Saturated 25,19 36,46 34,18 43,95 56,47 24,04 
Monounsaturated 42,56 14,67 14,29 9,96 10,84 14,65 
Polyunsaturated 32,25 48,87 51,53 46,09 32,69 61,31 

Total 100,00 100,00 100,00 100,00 100,00 100,00 

Omega-3 15,69 44,73 47,73 46,09 32,69 61,31 
Omega-6 16,56 4,13 3,81 0,00 0,00 0,00 

Table 15. Fatty acid composition of the phosphatidylinositol and phophatidylethanolamine 

fractions(% (w/w)). 

PI PE 

Fatty Acid 
Neutral Polar Neptune Neutral Polar Neptune 

KO KO KO KO KO KO 
File 
C4:0 0,00 0,00 0,00 0,00 0,00 0,00 
C6:0 0,00 0,00 0,00 0,00 0,00 0,00 
CS:O 0,00 0,00 0,00 0,00 0,00 0,00 

ClO:O 0,00 0,00 0,00 0,00 0,00 0,00 
C12:0 0,00 0,00 0,00 0,00 0,00 0,00 
C14:0 11,15 5,82 5,72 14,42 4,60 0,83 
C14:1 3,03 0,66 0,00 0,00 0,00 0,10 
C15:0 5,86 1,95 3,18 0,00 1,30 0,23 
C16:0 37,02 30,66 31,39 35,91 31,21 18,38 
C16:1 18,05 2,24 1,16 0,00 1,51 0,75 
C18:0 6,72 2,83 5,56 12,72 16,70 1,84 
C18:1 18, 15 24,77 14,23 36,96 19,91 18,45 

C18:2N6 0,00 2,67 0,00 0,00 2,62 0,85 
C18:3N6 0,00 0,00 0,00 0,00 0,00 0,00 
C18:3N3 0,00 0,00 0,00 0,00 0,00 0,33 
C18:4N3 0,00 0,00 0,00 0,00 0,00 0,00 

C20:0 0,00 0,00 0,00 0,00 0,00 0,00 
C20:1 0,00 0,00 0,00 0,00 0,00 0,00 

C20:2N6 0,00 0,00 0,00 0,00 0,00 0,00 
C20:3N6 0,00 0,00 0,00 0,00 0,00 1, 15 
C20:4N6 0,00 0,00 0,00 0,00 0,00 0,00 
C20:3N3 0,00 0,00 0,00 0,00 0,00 0,00 
C20:4N3 0,00 0,00 0,00 0,00 0,00 0,00 

C20:5N3 (EPA) 0,00 17,60 20,45 0,00 10,76 21,26 
C22:0 0,00 0,00 0,00 0,00 0,00 0,00 
C22:1 0,00 0,00 0,00 0,00 0,00 0,00 
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C22:2N6 0,00 0,00 0,00 0,00 0,00 0,00 
C22:4N6 0,00 0,00 0,00 0,00 0,00 0,00 
C22:5N6 0,00 0,00 0,00 0,00 0,00 0,00 
C22:5N3 0,00 0,00 0,00 0,00 0,00 0,67 

C22:6N3 (DHA) 0,00 I0,79 I8,32 0,00 11,39 35,I6 
C24:0 0,00 0,00 0,00 0,00 0,00 0,00 
C24:1 0,00 0,00 0,00 0,00 0,00 0,00 
Total I00,00 I00,00 I00,00 I00,00 I00,00 I00,00 

Saturated 60,76 4I,26 45,84 63,04 53,8I 2I,28 
Monounsaturated 39,24 27,67 I5,39 36,96 2I,42 I9,30 
Polyunsaturated 0,00 3I,07 38,77 0,00 24,77 59,42 

Total I00,00 I00,00 I00,00 I00,00 I00,00 I00,00 

Omega-3 0,00 28,40 38,77 0,00 22,I5 57,43 
Omega-6 0,00 2,67 0,00 0,00 2,62 I,99 

Table 16. Compositional data for the novel krill oil composition obtained and NKO krill oil. 

Compounds Neptune KO Ethanol Polar KO Neutral KO 

extracted KO 

Astaxanthin esters 472 mg/kg I I 7 mg/kg 580 mg/kg 98 mg/kg 

Astaxanthin free I I mg/kg <I mg/kg <I mg/kg <I mg/kg 

Total cholesterol I g/IOOg I2 g/IOOg < 0,5 g/IOOg 5,7 g/IOOg 

EXAMPLE4 

5 Neutral lipids were extracted from krill meal (138 kg) using SFE with neat C02 (solvent 

ratio 25 kg/kg) at 500 bar and 75 °C. The neutral lipids were fractionated at 200 bar (75 °C) and 

at 60 bar (35 °C) at separator SI and S2, respectively. The extract obtained in SI (I9,6 kg) were 

characterized and the results can be found in Tables I 7 A-C. The extract in table S2 (0,4 kg) were 

rich in water and were not further used. Next, the polar lipids were extracted using C02 at 500 

10 bar, 20% ethanol and at a temperature of 75 °C. Using a solvent ratio of 32 (kg/kg) and collecting 

an extract of I8,2 kg using a separator at 60 bars and 35°C. The polar lipids were collected and 

analyzed (Tables I8A-C). Next, the polar lipids were mixed in a 50/50 ratio with the neutral 
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lipids collected from S 1 before finally the ethanol was removed carefully by evaporation. The 

product obtained was red and transparent. If the ethanol is removed before the mixing if the 

fractions a transparent product is not obtained. The composition of the 50/50 red and transparent 

product can be found in Tables 19A-C. 

Table 17 A Fatty acid composition of the extract collected in S 1 

Fatty acid Unit Amount 

14:0 g/IOOg 18,4 

16:0 g/IOOg 22,2 

18:0 g/IOOg 1,5 

16:1 n-7 g/IOOg 10,9 

18:1 (n-9) + (n-7) + (n-5) g/IOOg 25,6 

20: 1 (n-9) + (n-7) g/IOOg 1,8 

22:1 (n-11) + (n-9) + (n-7) g/IOOg 0,5 

16:2 (n-4) g/IOOg 1,3 

16:4 (n-1) g/IOOg 1,2 

18:2 n-6 g/IOOg 1,3 

18:3 n-3 g/IOOg 0,8 

18:4 n-3 g/IOOg 2,9 

20:5 n-3 g/IOOg 4,1 

22:6 n-4 g/IOOg 1,7 

Table 17B. Lipid class composition of the extract collected in S 1 

Lipid Unit Amount 

Triacylglycerol g/IOOg 84 

Diacylglycerol g/IOOg 0,7 

Free fatty acids g/IOOg 1,5 

Cholesterol g/IOOg 2,7 

Cholesterol esters g/IOOg 0,9 

1 O Table 17C. Miscellaneous analysis of the extract in S 1. 
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Compound Unit Amount 

Free astaxanthin mg/kg 4,3 

Astaxanthin esters mg/kg 462 

Trimethylamin mg N/100 g <l 

Trimethylamineoxide mg N/100 g 2 

Table 18A Fatty acid composition of the extract collected after C02 and 20% ethanol in S 1. 

Fatty acid Unit Amount 

14:0 g/IOOg 1,3 

16:0 g/IOOg 13,8 

18:0 g/IOOg 0,6 

16:1 n-7 g/IOOg 0,9 

18:1 (n-9) + (n-7) + (n-5) g/IOOg 6,5 

20: 1 (n-9) + (n-7) g/IOOg 0,6 

22:1 (n-11) + (n-9) + (n-7) g/IOOg 0,1 

16:2 (n-4) g/IOOg <0,1 

16:4 (n-1) g/IOOg <0,1 

18:2 n-6 g/IOOg 0,8 

18:3 n-3 g/IOOg 0,6 

18:4 n-3 g/IOOg 1,0 

20:5 n-3 g/IOOg 14,7 

22:6 n-4 g/IOOg 6,5 

Table 18B. Lipid class composition of the extract collected after C02 and 20% ethanol in S 1. 

Lipid Unit Amount 

Triacylglycerol g/IOOg <0,5 

Cholesterol g/IOOg <0,5 

Phophatidylethanolamine g/IOOg 1,6 

Phosphatidylcholine g/IOOg 67 

Lyso-phophatidylcholine g/IOOg 4,4 

5 
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Table 18C. Miscellaneous analysis of the extract in S 1. 

Compound Unit Amount 

Trimethylamin mg N/100 g 422 

Trimethylamineoxide mg N/100 g 239 

Table 19A Fatty acid composition of the final blended product obtained in Example 4 in S 1. 

Fatty acid Unit Amount 

14:0 g/IOOg 9,7 

16:0 g/IOOg 18,5 

18:0 g/IOOg 1,0 

16:1 n-7 g/IOOg 5,8 

18:1 (n-9) + (n-7) + (n-5) g/IOOg 16,0 

20: 1 (n-9) + (n-7) g/IOOg 1,2 

22:1 (n-11) + (n-9) + (n-7) g/IOOg 1,0 

16:2 (n-4) g/IOOg 0,3 

16:4 (n-1) g/IOOg <0,1 

18:2 n-6 g/IOOg 1,0 

18:3 n-3 g/IOOg 0,8 

18:4 n-3 g/IOOg 2,1 

20:5 n-3 g/IOOg 10,7 

22:6 n-4 g/IOOg 4,7 

5 Table 19B. Lipid class composition of the final blended product obtained in Example 4. 

Lipid Unit Amount 

Triacylglycerol g/IOOg 53 

Diacylglycerol g/IOOg 1,3 

Free fatty acids g/IOOg 0,5 

Cholesterol g/IOOg 0,6 

Cholesterol esters g/IOOg <0,5 

Phophatidylethanolamine g/IOOg <l 
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Phosphatidylcholine g/IOOg 42 

Lyso-phophatidylcholine g/IOOg 5,9 

Table 19C. Miscellaneous analysis of the final blended product obtained in example 4. 

Compound Unit Amount 

Free astaxanthin mg/kg 1,1 

Astaxanthin esters mg/kg 151 

Trimethylamin mg N/100 g 109 

Trimethylamineoxide mg N/100 g 80 

EXAMPLES 

5 The asta oil obtained in example 1 was blended with the polar lipids obtained in example 

4 in a ratio of 46:54 (v/v). Next the ethanol was removed by evaporation and a dark red and 

transparent product was obtained. The product was analyzed and the results can be found in 

Tables 20A-C. Furthermore, the product was encapsulated into soft gels successfully. During the 

encapsulation it was observed that any further increase in phospholipids and thereby viscosity 

1 O will make it very difficult to encapsulate the final product. 

Table 20A Fatty acid composition of the final blended product obtained in Example 5. 

Fatty acid Unit Amount 

14:0 g/IOOg 8,2 

16:0 g/IOOg 17,7 

18:0 g/IOOg 1,0 

16:1 n-7 g/IOOg 4,9 

18:1 (n-9) + (n-7) + (n-5) g/IOOg 14,9 

20: 1 (n-9) + (n-7) g/IOOg 1,1 

22:1 (n-11) + (n-9) + (n-7) g/IOOg 1,0 

16:2 (n-4) g/IOOg 0,4 

16:4 (n-1) g/IOOg <0,1 

18:2 n-6 g/IOOg 1,2 
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18:3 n-3 g/IOOg 0,8 

18:4 n-3 g/IOOg 1,8 

20:5 n-3 g/IOOg 10,6 

22:6 n-4 g/IOOg 4,8 

Table 20B. Lipid class composition of the final blended product obtained in Example 5. 

Lipid Unit Amount 

Triacylglycerol g/IOOg 41 

Diacylglycerol g/IOOg 0,8 

Free fatty acids g/IOOg 1,2 

Cholesterol g/IOOg 0,4 

Cholesterol esters g/IOOg 0,3 

Phophatidylethanolamine g/IOOg 0,6 

Phosphatidylcholine g/IOOg 51 

Lyso-phophatidylcholine g/IOOg <0,5 

Total polar lipids g/IOOg 52,4 

Total neutral lipids g/IOOg 43,6 

Table 20C. Miscellaneous analysis of the final blended product obtained in Example 5 

Compound Unit Amount 

Free astaxanthin mg/kg 12 

Astaxanthin esters mg/kg 1302 

Trimethylamin mg N/100 g 193 

Trimethylamineoxide mg N/100 g 1,7 

5 

EXAMPLE6 

1 O Fresh krill was pumped from the harvesting trawl directly into an indirect steam cooker, 

and heated to 90C. Water and a small amount of oil were removed in a screw press before 
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ethoxyquin (antioxidant) was added and the denatured meal was dried under vacuum at a 

temperature not exceeding 80C. After 19 months storage in room temperature, a sample of the 

denatured meal was extracted in two steps with supercritical C02 in laboratory scale at a flow rate 

of 2ml/min at lOOC and a pressure of 7500 psi. In the second step 20% ethanol was added to the 

5 C02 . The two fractions collected were combined and analyzed by HPLC using ELS detection. 

10 

The phosphatidylcholine was measured to 42.22% whereas the partly decomposed 

phosphatidylcholine was 1.68%. This data strongly contrasts the data obtained by analysis of a 

krill oil sample in the marketplace that showed a content of 9. 05% of phosphatidylcholine and 

4.60% of partly decomposed phosphatidylcholine. 

EXAMPLE? 
Krill lipids were extracted from krill meal (a food grade powder) using supercritical fluid 

extraction with co-solvent. Initially, 300 bar pressure, 333°K and 5% ethanol (ethanol:C02, w/w) 

15 were utilized for 60 minutes in order to remove neutral lipids and astaxanthin from the krill meal. 

Next, the ethanol content was increased to 23% and the extraction was maintained for 3 hours and 

40 minutes. The extract was then evaporated using a falling film evaporator and the resulting krill 

oil was finally filtered. The product obtained was then analyzed and the results can be found in 

Table 21. 

20 Table 21. Analysis of the krill oil obtained using supercritical fluid extraction. 

Parameter Value 

Ethanol 1.11% w/w 
Water Content 2.98 %w/w 
C20:5 n-3 (EPA) 19.9 
C22:6 n-3 (DHA) 11.3 
Total Omega 3 35.7 
Total Omega 6 3.0 
Total Phospholipids 50.55 wt% 
Ratio Omega3-PL/Total Omega 3 77.6 % w/w 
Ratio EPA- PL/Total EPA 84.4 %w/w 
Ratio DHA-PL/Total DHA 74.7 %w/w 
Triglycerides 25.9 g/IOOg 
Astaxanthin 2091 mg/kg 

Peroxide Value <0.1 
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EXAMPLES 

Krill oil was prepared according to the method described in example 7 extracting from the 

same krill meal. The oil was subjected to 31P NMR analysis for the identification and 

quantification of the various forms of phospholipids. The analysis was performed according to 

5 the following methods: Samples (20 - 40 mg) were weighed into 1.5 ml centrifuge tubes. Next, 

NMR detergent (750 µl -10% Na cholate, 1 % EDTA, pH 7.0 in H20+D20, 0.3 g L-1 PMG 

internal standard) was added. Next, the tube was placed in a oven at 60°C and periodically 

shaken/sonicated until completely dispersed. The solution was then transferred to a 5 ml NMR 

tube for analysis. Phosphorus NMR spectra were recorded on the two-channel Bruker 

10 Avance300 with the following instrument settings: spectrometer frequency 121.498MHz, sweep 

width 24,271 Hz, 64,000 data points, 30 degree excitation pulse, 576 transients were normally 

taken, each with an 8 second delay time and f.i.d. acquisition time of 1.35 sec. Spectra were 

processed with a standard exponential weighting function with 0.2 Hz line broadening before 

Fourier transformation. 

15 Peaks were identified using known chemical shifts. Deacylation of samples with 

monomethylamine was also used on two samples for confirmation of peak identity and to 

achieve better peak resolution. Example spectra are presented in Figure 1. Peak area 

integration gave relative molar amounts of each lipid class. Weight percent values were 

calculated using molecular masses calculated from a krill sample fatty acid profile (average chain 

20 length= 18.6). Total PL levels were calculated from the PMG internal standard peak. The 

quantification of the phospholipids are shown in table 25 for both the raw material, the final 

product and for a commercially available krill oil (Neptune Krill Oil). The main polar ether lipids 

of the krill meal are alkylacylphosphatidylcholine (AAPC) at 7-9 % of total polar lipids, lyso

alkylacylphosphatidylcholine (LAAPC) at 1 % of total polar lipids (TPL) and 

25 alkylacylphosphatidyl-ethanolamine (AAPE) at< 1 % of TPL. 
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Table 22: Phospholipid profiles 

Ty~e B krill 
nowder NKO Krill Oil obtained in Examnle 7 

PC 66.0 68.6 
AAPC 12.0 7.0 
PI 
lLPC 1.2 1.3 
PS 
2LPC 7.4 13.8 
LAAPC 2.2 1.2 
PE 6.0 3.4 
AAPE 
SM 
GPC 1.3 
DHSM 
NAPE 3.4 
CL 5.3 
LPE 
LCL 

%PLin 
powder or 
lipid sample 8.3 30.0 

Analysis has been carried out on the fatty acid and ether/alcohol profiles of the AAPC. The 

following results are presented in Table 23. 

Table 23. Fatty acid profile of the alkylacylphosphatidylcholine. 

AAPC fatty acid AAPC alcohol 
composition composition 

alcohol % 
20:5(n-3) -
46.9%; 16:0 47.6 
22:6(n-3)-
36.1%; 18: 1 17.8 
18:l(n-9)-4.6% 16: 1 14.1 
22:5(n-3)- 2.6% 14:0 10 
20:4(n-6) - 1.9% 18:0 8.6 
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75.3 
13.0 

0.4 

2.9 
0.9 
3.4 
1.5 

2.1 
0.5 

47.9 
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21:5(n-3)- 1.5% 
18:2(n-6)- 0.9% 
16: l(n-9)- 0.8% 
16:0-0.7% 
phytanic - 0.6% 
18:3(n-3)- 0.5% 
18:4(n-3)- 0.4% 
18: l(n-7) - 0.4% 
24:1- 0.4% 
14:0- 0.3% 

18:2 
17:0 
15:0-i 
15:0 
20:1 
15:0-a 
18:0-i 
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5.1 
4.4 
2.1 
1.7 
1.4 
1.3 
0.4 

The rest of alcohols (i 17:0, etc.), were less than 0.3% each. Only part of 20: 1 was 

confirmed by GC-MS. Alcohol moieties composition of Krill AAPC was determined 

(identification was performed in the form of l-alkyl-2,3-diTMS glycerols on GC-MS, % of total 

fatty alcohols were obtained by GC with FID). Ten other fatty acids were all below 0.3 % by 

5 mass. 

EXAMPLE9 

The purpose of this experiment was to investigate the effect of different omega-3 fatty 

acid sources on metabolic parameters in the Zucker rat. The Zucker rat is a widely used model of 

1 O obesity and insulin resistance. Obesity is due to a mutation in the leptin receptor which impairs 

the regulation of intake. Omega-3 sources compared in this study were fish oil (FO) and two 

types of krill oil. The krill oil were either from a commercial supplier (Neptune Krill oil) or 

prepared according to example 7 (Superba ™). Four groups of rats (n = 6 per group) were fed ad 

lib either a control diet (CTRL) or a diet supplemented with a source of omega-3 fatty acids (FO, 

15 NKO, Superba). All diets supplied same amount of dietary fatty acids, oleic acid, linoleic acid 

and linolenic acid. Omega-3 diets (FO, NKO and Superba ™)were additionally balanced for EPA 

and DHA content. The Zucker rats were 4 wk old at the start of the study with average initial 

weight of 250 g. At this stage the Zucker rats can be characterized as being pre-diabetic. Rats 

were fed the test diets for 4 wk after which they were sacrificed and blood and tissue samples 

20 were collected. Data presented in the following figures are means ± SE. This example shows that 

supplementation of the Zucker rat with krill oil prepared as in example 7 results in an 

improvement of metabolic parameters characteristic of the obesity induced type two diabetic 

condition. The effect induced by the novel krill oil is often more pronounced than the effect of 
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FO an in several cases greater than the effect induced by NKO. Specifically, the effects of the two 

types of krill oil differentiated with respect to the reduction of blood LDL cholesterol levels as 

well as lipid accumulation in the liver and muscle (Figure 2-9). Furthermore, the efficacy of 

transfer of DHA from the diet to the brain tissue was greatest with the krill oil prepared as in 

5 example 7 (Figure 10). 

10 

15 

EXAMPLE 11 

This example describes the effect of the supplementation of human diets with krill oil, fish 

oil (positive control), or a negative control oil (no omega-3 fatty acids) on blood urea nitrogen 

(BUN). 

BUN measures the amount of nitrogen in the blood that comes from urea. BUN is used as 

a measure of renal function. Serum creatinine is, however, considered to be a more specific 

measure of renal function. In this study, krill oil decreased BUN by 11.8% while creatinine levels 

were unchanged. Thus, it is likely that the decrease in BUN is due to some other effect than 

improved renal function. BUN decreases if krill oil induced diuresis i.e. excretion of urine 

20 (diuretic effect). 

BUN also decreases if body protein catabolism is reduced. Protein catabolism is a normal 

feature of body protein turnover. Many tissues express high protein turnover rates. For example 

the gastrointestinal system expresses high rates of protein turnover. In growing animals a 

reduction in GI protein catabolism improves weight gain. Mice supplemented with krill oil grew 

25 at a faster rate than mice supplemented with fish oil or control diet (Figure 11 ). 

30 

Table 24. The effect on blood urea nitrogen in humans for the different treatment groups. 

Control 

n =23 

BUN,mg/dL 

Baseline 11.5 (7.8, 13.8) 

A from baseline, % 11.0 (-14.3, 26.1) 

Krill Oil 

n=24 

11.5 (9.5, 13.5) 

-11.8 (-20.0, 1.5) 
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Menhaden oil 

n =25 

11.5 (9.5, 14.0) 

9.1(-9.1,35.7) 

p 

0.523 

0.014r 

RIMFROST EXHIBIT 1111    Page 0517



5 

Creatinine, mg/dL 

Baseline 0.9 (0.7, 0.9) 

A from baseline,% 0.0 (-9.6, 2.9) 

0.9 (0.7, 0.9) 

0.0 (-2.0, 5.9) 

EXAMPLE 12 
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0.8 (0.8, 1.0) 

0.0 (-5.9, 6.7) 

0.952r (r) 

0.416 

The purpose of this experiment was to investigate the effect of dietary krill oil on 

metabolic parameters in high-fat fed mice and to compare the effect of dietary krill oil with that 

10 of fish oil containing the same amount of omega-3 fatty acids. Four groups of C57BL/6 mice (n = 

10 per group) were fed 1) chow (N), 2) high fat diet comprising 21 % butter fat and 0.15% 

cholesterol (HF), 3) high fat diet+ krill oil (HFKO) or 4) high fat diet+ fish oil (HFFO). 

Treatment 3 contained 2.25% (w/w) krill oil as prepared in example 5 (except that the astaxanthin 

content was 500 ppm) which were equivalent to 0.36% omega-3 fatty acids. Treatment 4 also 

15 contained 0.36% omega-3 fatty acids obtained from regular 18-12 fish oil. The diets were fed to 

the mice for 7 weeks with free access to drinking water. Data represented in this example means 

±SE. Columns not sharing a common letter are significantly different (P < 0.05) by ANOVA 

followed by Tukey's multiple comparison test. N =normal chow diet (n = 10); HF= high-fat diet 

(n = 10); HFFO =high-fat diet supplemented with fish oil (n = 9); HFKO =high-fat diet 

20 supplemented with krill oil (n = 8). The data are presented in Figures 18-25. 

This example shows that supplementation of high-fat fed mice with krill oil results in an 

amelioration of diet-induced hyperinsulinemia, insulin resistance, increase in muscle lipid content 

(measured as a change in muscle mass), serum adiponectin reduction and hepatic steatosis. These 

potentially beneficial atheroprotective effects were similar or greater than those achieved with a 

25 supplement containing a comparable level of omega-3 fatty acids (Figure 12-19). 
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CLAIMS 

1. A method of production of krill oil comprising: 

5 a) providing krill; 

b) treating said krill to denature lipases and phospholipases in said krill to provide a 

denatured krill product; 

c) storing said denatured krill product for a period of from 1 to 24 months; 

d) extracting oil from said denatured krill product with a polar solvent to provide a 

10 krill oil with from about 3% to about 15% ether phospholipids w/w of said krill oil astaxanthin 

esters in amount of greater than about 100 mg/kg of said krill oil. 

2. The method of claim 1, wherein said steps a and bare performed on a ship. 

15 3. The method of claim 1, wherein said treating comprises heating. 

4. The method of claim 1, wherein said denatured krill product is a krill meal. 

5. The method of claim 1, wherein said krill is freshly harvested. 

20 

6. The method of claim 1, further comprising encapsulating said krill oil. 

7. The method of claim 1, wherein said krill is Antarctic krill. 

25 8. The method of claim 1, wherein said Antarctic krill is Euphausia superba. 

9. The method of claim 1, wherein said krill oil contains astaxanthin esters in an amount of 

greater than about 200 mg/kg of said krill oil. 

30 10. The method of claim 1, wherein said krill oil comprises at least 30% total phospholipids 

w/w of said krill oil. 

51 

RIMFROST EXHIBIT 1111    Page 0519



Attorney Docket No. AKBM-14409/US-12/CON 

11. The method of claim 1, wherein said krill oil comprises at least 30% phosphatidylcholine 

w/w of said krill oil. 

5 12. A method of production of krill oil comprising: 

a) obtaining a denatured krill product produced by treating freshly harvested krill 

krill to denature lipases and phospholipases in said krill and that has been stored from 1 to 24 

months; and 

b) extracting oil from said denatured krill product with a polar solvent to provide a 

10 krill oil with from about 3% to about 15% ether phospholipids w/w of said krill oil astaxanthin 

esters in amount of greater than about 100 mg/kg of said krill oil. 

13. The method of claim 1, wherein said treating comprises heating. 

15 14. The method of claim 1, wherein said denatured krill product is a krill meal. 

15. The method of claim 1, wherein said krill is freshly harvested. 

16. The method of claim 1, further comprising encapsulating said krill oil. 

20 

17. The method of claim 1, wherein said krill is Antarctic krill. 

18. The method of claim 10, wherein said Antarctic krill is Euphausia superba. 

25 19. The method of claim 1, wherein said krill oil contains astaxanthin esters in an amount of 

greater than about 200 mg/kg of said krill oil. 

20. The method of claim 1, wherein said krill oil comprises at least 30% total phospholipids 

w/w of said krill oil. 

30 
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ABSTRACT 

This invention discloses new krill oil compositions characterized by having high amounts 

of phospholipids, astaxanthin esters and/or omega-3 contents. The krill oils are obtained from 

krill meal using supercritical fluid extraction in a two stage process. Stage I removes the neutral 

5 lipid by extracting with neat supercritical C02 or C02 plus approximately 5% of a co-solvent. 

10 

Stage 2 extracts the actual krill oils by using supercritical C02 in combination with approximately 

20% ethanol. The krill oil materials obatined are compared with commercially available krill oil 

and found to be more bioeffective in a number of areas such as anti-inflammation, anti-oxidant 

effects, improving insulin resistances and improving blood lipid profile. 
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11 J524217 UP 1996-08-14 TAIYO FISHERY CO LTC 

12 J963152 UP 1992-02-25 CHLORINE ENG CORP 
_TD 

13 3081692 UP 1994-07-19 CHLORINE ENG CORP 
"TD 

14 3344887 UP 1997-07-08 KEDA SHOKKEN KK 

15 3467794 UP 2003-09-05 NIPPON OIL & FATS CO 
"TD 

16 3486778 UP 2003-10-31 GREEN CROSS CORP 

17 3611222 UP 1997-08-05 CHLORINE ENG CORP 
"TD 

18 3678317 UP 2005-05-20 CHLORINE ENG CORP 
_TD 

19 f012665 UP 1992-01-17 MATSUSHITA 
ELECTRIC IND CO LTD 

SHISEIDO CO LTD; 
20 51281159 UP 1986-12-11 NIPPON SUISAN 

KAISHA LTD. 

21 J001-158736 UP 2001-06-12 SNOW BRAND MILK 
PROD CO LTD 
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22 J003-003192 UP 2003-01-08 UNITIKALTD 

23 J003-048831 UP 2003-02-21 SUNTORYLTD 

24 J003-146883 UP 2003-05-21 SNOW BRAND MILK 
PROD CO LTD 

25 J005-245379 UP 2005-09-15 NIPPON SUISAN 
KAISHA LTD 

26 J006-069948 UP 2006-03-16 HIROSE YUKIHIRO 

27 J006-083136 UP 2006-03-30 SUNTORYLTD 

28 J006-290784 UP 2006-10-26 HIROSE YUKIHIRO 

BR ISRAELI 
29 J006-316073 UP 2006-11-24 BIOTECHNOLOGY 

RESEARCH LTD 

30 J006-328014 UP 2006-12-07 HIROSE YUKIHIRO 

31 J007 -126455 UP 2007-05-24 FUJI CHEM IND CO LTD 

32 J007 -246404 UP 2007-09-27 SNOW BRAND MILK 
PROD CO LTD 
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33 J20741 SU 1971-01-06 KRGUCHKOV 

34 1986/06082 WO 1986-10-23 
MAT-CON RADGIVENDE 
NGENl0RFIRMA A/S 

35 1990/05765 WO 1990-05-31 MIKALSEN 

36 1993/24142 WO 1993-12-09 PHAIRSON MEDICAL AE 

37 1997/38585 WO 1997-10-23 THE UNIVERSITY OF 
BRITISH COLUMBIA 

38 1997/39759 WO 1997-10-30 BRIGHAM AND 
WOMEN'S HOSPITAL 

39 1998/34498 WO 1998-08-13 BIOZYME SYSTEMS 
NC. 

40 1999/39589 WO 1999-08-12 /\LOISE 

41 J000/23546 WO 2000-04-27 UNIV SHERBROOKE 

42 J000/25608 WO 2000-05-11 NIPPON SUISAN 
KAISHA, LTD 

43 J000/38708 WO 2000-07-06 
PHAIRSON MEDICAL 
NC. 
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NEPTUNE 
44 J002/102394 WO 2002-12-27 TECHNOLOGIES & 

BIORESS 

NEPTUNE 
45 J003/011873 WO 2003-02-13 TECHNOLOGIES & 

BIORESSOURCES INC. 

46 J005/037848 WO 2005-04-28 ENZYMOTEC LTD. 

47 J005/038037 WO 2005-04-28 ENZYMOTEC INC. 

48 J007/080514 WO 2007-07-19 KRILLA/S 

49 J007/080515 WO 2007-07-19 /\KER BIOMARINE ASA 

50 J007 /108702 WO 2007-09-27 
/\KER SEAFOODS 
HOLDING AS 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
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1 
l\NDO and HAT ANO, 1988, "Isolation of apolipoproteins from carotenoid-carrying lipoprotein in the serum of chum 
salmon, Oncorhynchus keta", J_ Lipid Research, 29: 1264-1271 

2 
l\OI et al., 2003, "Astaxanthin limits exercise-induced skeletal and cardiac muscle damage in mice", Antioxidants & 
Redox Signaling, 5(1): 139-44 
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3 BRITTON, 1985, "General Carotenoid Methods", Methods in Enzymology, Vol 111, pp. 113-149 

4 
:;ALDER, 2006, "n-3 polyunsaturated fatty acids, inflammation, and inflammatory diseases", Am. J_ Clin. Nutr., 83: 
1505S 

5 
:;HAREST et al., 2001, "Astaxanthin Extraction from Crawfish Shells by Supercritical C02 with Ethanol as Cosolvent", 
J. Aquatic Food Product Technology, 10(3): 79-93 

6 
:;HEN and MEYERS, 1982, "Extraction of Astaxanthin Pigment from Crawfish Waste Using a Soy Oil Process", J_ 
Food Sci., 47: 892-896 

7 
:;LARKE, 1980, "The Biochemical Composition of Krill, Euphausia superba dana,from South Georgia", J_ Exp. Mar. 
Biol. Ecol., 43: 221-236 

8 
:;zECZUGA, 1974, "Comparative Studies of Carotenoids in the Fauna of the Gullmar Fjord (Bohuslan, Sweden). II. 
:;rustacea: Eupagurus bernhardus, Hyas coarctatus and Upogebia deltaura", Marine Biology, 28: 95-98 

9 
DE RITTER and PURCELL, 1981, "Carotenoid Analytical Methods", Carotenoids as Colorants and Vitamin A 
Precursors: Technological and Nutritional Applications, pp 815-882 

10 
DEUTCH, 1995, "Menstrual pain in Danish women correlated with low n-3 polyunsaturated fatty acid intake", Eur. J_ 
:;1in. Nutr., 49(7): 508-16 

11 
DIEZ et al., 2003, "The role of the novel adipocyte-derived hormone adiponectin in human disease", Eur. J_ 
Endocrinol., 148(3): 293-300 

12 
ELLINGSEN et al., 1987, "Biochemistry of the autoly1ic processes in Antarctic krill post mortem. Autoproteolysis." 
Biochem. J_ 246, 295-305 

13 EMODI, 1978, "Carotenoids: Properties and Applications", Food Technology, 32(5): 38 
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14 
rELIX-VALENZUELA et al., 2001, "Supercritical C02/Ethanol Extraction of Astaxanthin from Blue Crab (Callinectes 
Sapidus) Shell Waste", Journal of Food Process Engineering, 24: 101-112 

15 
FOX and SCHEER, 1941, "Comparative Studies of the Pigments of Some Pacific Coast Echinoderms", The Biological 
Bulletin, 441-455 

16 
3EUSENS et al., 1994, "Long-term effect of omega-3 fatty acid supplementation in active rheumatoid arthritis_ A 12-
month, double-blind, controlled study", Arthritis Rheum., 37(6): 824-9 

17 
GILCHRIST and GREEN, 1960, "The Pigments of Artemia", Proceedings of the Royal Society, Series B Biological 
Sciences, Vol 152 No_ 946, pp 118-136 

18 
GOODWIN and SRISUKH, 1949, "Some Observations on Astaxanthin Distribution in Marine Crustacea", Department 
Jf Biochemistry, University of Liverpool, pp_ 268-270 

19 
3UL YAEV and BUGROVA, 1976 "Removing fats from the protein paste "Okean" _ Konservnaya I Ovoshchesushil'naya 
Promyshlennost, (4), 37-8 

20 
HARDARDOTIIR and KINSELLA, 1988, "Extraction of Lipid and Cholesterol from Fish Muscle with Supercritical 
rluids" Journal of Food Science, 53(6): 1656-1658 

21 NTERNATIONAL AQUA FEED, 2006, Vol_ 9 

22 nternational Search Report and Written Opinion for PCT/GB2008/002934, Dated 2009-03-11 

23 nternational Search Report and Written Opinion for PCT/IB2010/000512; dated 2010-06-24 

24 nternational Search Report for PCT/IB2007/000098, dated: 2007-06-26 
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25 
TOH et al., 2007; "Increased adiponectin secretion by highly purified eicosapentaenoic acid in rodent models of 
Jbesity and human obese subjects", Arteriosclerosis, Thrombosis, and Vascular Biology; 27(9): 1918-1925 

26 
JOHNSON et al., 1978, "Simple Method for the Isolation of Astaxanthin from the Basidiomycetous Yeast Phaffia 
rhodozyma", Applied and Environmental Microbiology, 35(6): 1155-1159 

27 
KOLAKOWSKA, 1989, "Krill lipids after frozen storage of about one year in relation to storage time before freezing", 
Die Nahrung Food, 33(3): 241-244 

28 
KRIS-ETHERTON et al., 2002, "Fish Consumption, Fish Oil, Omega-3 Fatty Acids, and Cardiovascular Disease", 
:;irculation, 106:2747-2757 

29 
KRISTENSEN et al., 1989, "Dietary supplementation with n-3 polyunsaturated fatty acids and human platelet function: 
~ review with particular emphasis on implications for cardiovascular disease", J_ Intern_ Med_ Suppl_ 731 :141-50 

KUNESOVA et al., 2006, "The influence of n-3 polyunsaturated fatty acids and very low calorie diet during a short-term 
30 .veight reducing regimen on weight loss and serum fatty acid composition in severely obese women", Physiol Res.; 55 

1):63-72 

31 
AIGHT et al., 1999, "F2-isoprostane evidence of oxidant stress in the insulin resistant, obese Zucker rat: effects of 
itamin E", Eur. J_ Pharmacol_ 377(1): 89-92 

32 
AMBERTSON and BRAEKKAN, 1971, "Method of Analysis of Astaxanthin and its Occurrence in some Marine 

Products," J_ Sci_ Food_ Agr., Vol 22(2): 99-101 

33 
IBBY et al., 2006, "Inflammation and Atherothrombosis: From Population Biology and Bench Research to Clinical 

Practice", J_ Amer. Coll. Card., 48 {9, Suppl_ A): A33-A46 

34 
OPEZ et al., 2004, "Selective extraction of astaxanthin from crustaceans by use of supercritical carbon dioxide", 

~alanta, 64: 726-731 

35 
MANDEVILLE, 1991, "Isolation and Identification of Carotenoid Pigments, Lipids and Flavor Active Components from 
Raw Commercial Shrimp Waste", Food Biotechnology, 5(2): 185-195 
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36 
MEYERS and BLIGH, 1981, "Characterization of Astaxanthin Pigments from Heat-Processed Crawfish Waste", J_ 
l\gric_ Food Chem., 29: 505-508 

37 MEYERS, 1977, "Using Crustacean Meals and Carotenoid-Fortified Diets", Feedstuffs, Vol_ 49(19) 

38 
MEYERS, 1994, "Developments in world aquaculture, feed formulations, and role of carotenoids", Pure & Appl_ Chem, 
Vol_ 66(5): 1069-1076 

39 
MILLS et al., 1989, "Dietary N-6 and N-3 fatty acids and salt-induced hypertension in the borderline hypertensive rat", 
ipids, 24(1): 17-24 

40 MOATES and VAN BENTEM, 1990, "Separating out the value", Food Science and Technology Today, 4(4): 213-214 

41 NIKOLAEVA, 1967 "Amino acid composition of protein-coagulate in krill", VNIRO, 63:161-4 

42 

43 
PHLEGER, et al. (2002) "lnterannual and between species comparison in the lipids, fatty acids, and sterols of 
l\ntarctic krill from the US AMLR Elephant Island survey area: 1997 and 1998"_ Comp Biochem Physiol 1318:733-747 

44 
PQPP-SNIJDERS et al., 1987, "Dietary supplementation of omega-3 polyunsaturated fatty acids improves insulin 
sensitivity in non-insulin-dependent diabetes", Diabetes Res. 4(3): 141-7 

45 
SACHINDRA, 2006, "Recovery of carotenoids from shrimp waste in organic solvents", Waste Management, 26: 
1092-1098 

46 SAETHER et al., 1986, "Lipids of North Atlantic krill", J Lipid Res., 27(3):274-85_ 
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47 
SHAHIDI et al., 1998, "Carotenoid Pigments in Seafoods and Aquaculture" Critical Reviews in Food Science, 38(1): 
1-67 

48 
SIDEHU et al., 1970, "Biochmical Composition and Nutritive Value of Krill {Euphausia superb dana)", J_ Sci Food Agr., 
Vol 21, 293-296 

49 
SIMOPOULOS, 1991, "Omega-3 fatty acids in health and disease and in grow1h and development", Am. Clin. Nutr. 
54:438-63 

50 
SOMIYA, 1982, "'Yellow lens' eyes of a stomiatoid deep-sea fish, Malacosteus niger'', Proc. R. Soc. Lond., 215: 
f81-489 
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10 J003/013497 WO 2003-02-20 SUNTORY LIMITED 

NEPTUNE 
11 1419768 l=P 2009-01-07 TECHNOLOGIES & 

BIORESOURCES, INC 

VEDA RESEARCH AND 
12 1385500 EP 2010-07-28 DEVELOPMENT co_ 

"TD 

VEDA RESEARCH AND 
13 J002-083122 WO 2002-10-24 DEVELOPMENT co_ 

_TD 

MARTEK BIOSCIENCES 

14 1392623 EP 2004-03-03 BOULDER 
CORPORATION 

MARTEK BIOSCIENCES 
15 J002/092540 WO 2002-11-21 BOULDER 

CORPORATION 

16 J005/070411 WO 2005-08-04 BRUZZESE 

17 1542670 l=P 2005-06-22 SUNTORY LIMITED 

18 J004/028529 WO 2004-04-08 SUNTORY LIMITED 

19 1743531 l=P 2007-01-17 NIPPON SUISAN 
KAISHA, LTD. 

20 1631280 EP 2004-04-08 BTG INTERNATIONAL 
IMITED 
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21 J004-100943 WO 2006-05-31 BTG INTERNATIONAL 
IMITED 

22 J005-018632 WO 2005-03-03 BTG INTERNATIONAL 
IMITED 

23 J006/030552 WO 2006-03-23 SUNTORY LIMITED 

24 1706106 l=P 2009-07-15 BRUZZESE 

25 1689413 EP 2006-08-16 ENZYMOTEC LTD 

26 J004-534800 µp 2004-11-18 Kohyo 

NIPPON SUISAN 
27 1660071 EP 2007-01-17 KAISHA, LTD. 

VEDA RESEARCH AND 
28 J002/083122 WO 2002-10-24 DEVELOPMENT co_ 

_TD 

29 J5/004593 WO 2005-01-20 Norway Seafoods AS 

30 J8/117062 WO 2008-10-02 l\ker Biomarine ASA 

31 J2/102394 WO 2002-12-27 Neptune Technologies & 
Bioress 
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32 J7/080515 WO 2007-07-19 l\ker Biomarine ASA 

33 J003-530448 UP 2003-10-14 Westfalia Separator 
ndustry GmbH 

34 552-114046 UP 1977-09-24 Kokai 

35 551-125774 UP 1976-11-02 Nichiro Gyogyo et al_ 

36 J002322233 ~u 2003-02-17 Neptune Technologies & 
Bioressources, Inc_ 

37 J4057853 UP 1992-02-25 CHLORINE ENG CORP 
_TD 

38 J004/112767 WO 2004-12-29 Mvanced Bionutrition 
Corp. 

39 J251265 CA 2000-04-21 Beaudoin 

nst 
40 1098900 CA 1981-04-07 Elementoorganicheskikh 

So, et al_ 

41 g2/02819 WO 1982-09-02 Baltic Fish Lid 

42 f0348 CL 1997-07-08 Tepual SA 
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43 g9/01031 WO 1989-02-09 Pharmacia AB 

44 g9/10960 WO 1989-11-16 Pharmacia AB 

45 ~7/38585 WO 1997-10-23 
The University of British 
Columbia 

46 ~8/34498 WO 1998-08-13 Biozyme Systems, Inc. 

47 ~9/39589 WO 1999-08-12 Biozyme Systems Inc. 

48 J6/111633 WO 2006-10-26 SCDICOPHAR 

49 J7/123424 WO 2007-11-01 Catchpole 

50 J8/072563 WO 2008-06-19 
Nippon Suisan Kaisha, 
_td. 
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NON-PATENT LITERATURE DOCUMENTS I Remove I 
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-AKAICHI et al., 2003, "Fatty Acids of astaxanthin esters in krill determined by mild mass spectrometry", Comparative 
1 Biochemistry and Physiology Part B, Biochemistry and Molecular Biology, Elsevier, Oxford, Vol. 136, 1 January 2003, 

p_ 317-322 
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2 
TANAKA et al., 2004, "Extraction of Phospholipids from Salmon Roe with Supercritical Carbon Dioxide and an 
Entrainer'', J_ Oleo Sci, 53(9): 417-424 

3 
TANAKA et al., 2005, "Extraction of Phospholipids from Unused Natrual Resources with Supercritical Carbon Dioxide 
~nd an Entrainer'', Journal of Oleo Science, Vol. 54(11 ): 569-576 

4 
TODORIC et al., 2006, "Adipose tissue inftammalion induced by high-fat diet in obese diabetic mice is prevented by 
~-3 polyunsaturated fatty acids", Diabelologia, 49(9): 2109-2119 

5 
TOU et al., 2007, "Krill for human consumption: nutritional value and potential health benefits.", Nutrition Rev 65 
2):63-77 

6 
TRAYHURN et al., 2004, "Adipokines: inftammalion and the pleiolropic role of white adipose tissue", Br. J_ Nutrition, 
~2(3): 347-355 

TREBBLE et al., 2003, "Inhibition of tumour necrosis factor-alpha and interleukin 6 production by mononuclear cells 
7 ollowing dietary fish-oil supplementation in healthy men and response to antioxidant co-supplementation", Br. J_ 

Nutrition, 90(2): 405-412 

8 
UKKOLA et al., 2002, "Adiponeclin: a link between excess adiposity and associated comorbidilies?", J_ Mol_ Med., 80 
11): 696-702 

9 
VAN DER VEEN et al., 1971 "The Lipids of Krill (Euphausia Species) and Red Crab (Pleuroncodes Planipes)", Lipids, 
5(7): 481-485 

10 
VIRTUE, et al_ 1996, Reproductive trade-off in male Antarctic krill, Euphausia superba", Marine Biology, Volume 126, 
Number 3, Pages 521-527 

11 
YAMAGUCHI et al., 1983, "The Composition of Carotenoid Pigments in the Antarctic Krill Euphausia superba", Bulletin 
Jf the Japanese Society of Scientific Fisheries, 49(9): 1411-1415 

12 
YAMAGUCHI et al., 1986, "Supercritical Carbon Dioxide Extraction Of Oils From Antarctic Krill," Journal Of Agricultural 
l\nd Food Chemistry, vol_ 34, pp_ 904-907 
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13 
v ANASE M; 197 4, "Modification of a Russian method for separation of heat-coagulated protein from Antarctic krill", 
Database FSTA {online); International Food Information Service {IFIS); FRANKFURT-MAIN, DE 

14 
V'EN et al., 1994, "Effect of dietary omega-3 and omega-6 fatty acid sources on PUVA-induced cutaneous toxicity and 
umorogenesis in the hairless mouse", Arch. Dermatol. Res., 286(6): 331-6 

15 DATABASE WPI Week 200682, Thomson Scientific, London, GB, 2006 

16 
V'ANASE, M., "Modification of Russian Method for Separating Heat Congulated Protein from Antarctic Krill," Bull. Tokai 
Reg. Fish. Res. Lab, 78: 79-84 (1974) 

17 SIKORSKI, E., "The Utilization of Krill For Food," Food Process Eng., 1:845-855 (1980) 

18 
BUDZINSKLI, E., et al., "Possibilities of processing and marketing of products made from Antarctic Krill", FAQ Fish. 
~ech. Pap. (268) 46 pages (1985) {BUDZINSKI) 

19 
BUN EAR., et al .. , "Evaluation of the Effects of Neptune Krill Oil on the Clinical Course of Hyperlipidemia," Alternative 
Medicine Review, Thome Research Inc., Sandpoint, US, Vol. 9, No. 4, January 1, 2004 

20 
30RDEEV, K.Y., et al. "Fatty Acid Composition of the Main Phospholipids of the Antarctic Krill, Euphausia superba," 
Khim. Prirod. Soed. 2 (1990), pp. 181-187 

21 December 8, 2011 Office Action, KR Patent Application No. 10-2010-7006897 and its English translation 

22 JP Office Action mailed February 23, 2012, JP Patent Application No. 2010-522444 {and English translation) 

23 :;N Office Action mailed April 27, 2012, JP Patent Application No. 200880112125.6 {and English translation) 
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24 
rRICKE, et al., Lipid, Sterol and Fatty Acid Composition of Antarctic Krill (Euphausia superba Dana), Lipids (1984) 19 
11): 821-827. 

25 
FRICKE, et al., 1-0-Alkylglycerolipids in Antarctic Krill (Euphausia Superba Dana), Comp_ Biochem_ Physiol. (1986) 
g5B(1): 131-134 

26 
30RDEEV, K.Y., et al. "Fatty Acid Composition of the Main Phospholipids of the Antarctic Krill, Euphausia superba," 
:;hem_ Nat Cmpds_ (1990) 26(2), pp_ 143-147 

27 GRANTHAM (1977) Southern Ocean Fisheries Survey Programme, FAQ Rome, GLO/S0/77/3: 1-61. 

28 
RAVENTOS et al., Application and Posssibilities of Supercritical C02 Extraction in Food Processing Industry: An 
::>verview, Food Science and Technology International (2002) 8: 269-284 

29 
~ANAKA, T., et al., Platelet-activating Factor (PAF)-like Phospholoipds Formed during Peroxidation of 
Phosphatidylcholines from Different Foodstuffs, Biosci. Biotech_ Biochem_ (1995) 59 (8), pp_ 1389-93 

30 
NINTHER, et al., Elucidation of Phosphatidylcholine Composition in Krill Oil Extracted from Euphausia superba, Lipids 
2011) 46: 25-36 

31 'Neptune Technologies & Bioressources Soon to Obtain a Major Patent in Over 30 Countries" ("2001 Press Release,") 

32 l\ction Closing Prosecution, '348 patent 

33 l\pril 2, 2012 Response to Office Action, '351 patent 

34 
Balassa et al., Microencapsulation in the Food Industry, Critical Reviews in Food Technology, 2:2, 245-265 (1971) 
"Balassa") 
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35 
BELL and DICK, Molecular Species Composition of the Major Diacyl Glycerophospholipids from Muscle, Liver, Retina 
~nd Brain of Cod (Gadus morhua), Lipids, Vol. 26, No. 8, pp. 565-573 (1991) ("Bell and Dick") 

36 BELL, Molecular Species Analysis of Phosphoglycerides from the Ripe Roes of Cod, Lipids, Vol. 24, No. 7 (1989) 

37 
BELL, Molecular Species Composition of Phosphatidylcholine from Crypthecodinium cohnii in Relation to Growth 
Temperature Lipids 25, 115-118 (1990) 

38 BERGELSON (ed.), Lipid Biochemical Preparations, Chapter 1.1, pp. 1-13 (1980) 

39 
BOTTINO N.R., "Lipid Composition of Two Species of Antarctic Krill: Euphausia Superba and E. Crystallorophias," 
:;omp. Biochem. Physiol., 1975, Vol. 50B, pp. 479-484 

40 Buchi R-220 Rotovapor® Manual 

41 
BUDA, Structural order of membranes and composition of phospholipids in fish brain cells during thermal 
~cclimatization, Proc. Natl. Acad. Sci. USA Vol. 91, pp. 8234-8238, August 1994 

:;ertificate of translation of Ex. 1072: Fisheries Agency, General Report on Research and Development of 
42 Techniques in Processing and Utilization of Marine Products, Chapter 6, Development of technology for recovery of 

,aluable substances (astaxanthin) from krill, by Takao Fujita, pp. 273-307 (March 1985); Japanese language documen 

43 :;ertificate of translation of Ex. 1074: Japanese Patent No. 60-153779, entitled "Nutritional Supplement" 

44 
:;ertificate of translation of Ex. 1076: Japanese Patent Publication No. H08-231391, entitled "Medicine for 
mprovement of Dementia Symptoms" 

45 :;ertification of translation of Ex. 1070: Japanese Unexamined Patent Application Publication No. 02-215351 
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46 
:;ertified translation of Ex_ 1070: Japanese Unexamined Patent Application Publication No_ 02-215351, titled Krill 
Dhospholipids Fractioning Method ("Maruyama,"); Certificate of Translation provided as Ex_ 1071. 

:;ertified translation of Ex_ 1072: Fisheries Agency, General Report on Research and Development of Techniques in 

47 
Processing and Utilization of Marine Products, Chapter 6, Development of technology for recovery of valuable 
substances (astaxanthin) from krill, by Takao Fujita, pp_ 273-307 (March 1985) ("Fujita"); Certificate of Translation 
provided as Ex_ 1073_ 

48 
:;ertified translation of Ex_ 1074: Japanese Patent No_ 60-153779, entitled "Nutritional Supplement" ("Fukuoka"); 
:;ertificate of Translation provided as Ex_ 1075 

49 
:;ertified translation of Ex_ 1076: Japanese Patent Publication No_ H08-231391, entitled "Medicine for Improvement of 
Dementia Symptoms" ("Yasawa"); Certificate of Translation provided as Ex_ 1077_ 

50 Declaration of Bjorn Ole Haugsgjerd in support of Inter Partes Review of U.S. Pat No_ 8,278,351 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /J. Mitchell Jones/ Date (YYYY-MM-DD) 2016-06-13 

Name/Print J. Mitchell Jones Registration Number 144174 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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1 4038722 ~977-08-02 ~ERASE etal. 

2 ao57825 ~011-11-15 SAMPALIS, TINA 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
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Initial* 
Cite No 
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Figures Appear 

1 20050003073 ~005-01-06 PIVOVAROV et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 
FOREIGN PATENT DOCUMENTS I Remove I 

Name of Patentee or 
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Examiner Cite Foreign Document Country Kind Publication 
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1 50-153779 UP 1985-08-13 
Honen Seiyu Co. Lid. El 
al. 

2 H08-231391 UP 1996-08-09 
Kanagawa Kagaku 
Kenkyuujo Co., Lid. El al. 
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1 
Declaration of Bjorn Ole Haugsgjerd submitted during inter partes reexamination of parent patent U.S. 8,030,348 
"Haugsgjerd '348 Deel.") 

2 Declaration of Dr. Albert Lee in Support of Inter Partes Review of U.S. Pat. No. 8,278,351 {"Lee") 

3 Declaration of Dr. Albert Lee in Support of Inter Partes Review of U.S. Pat. No. 8,383,675 {"Lee") 

4 
Declaration of Dr. Chong Lee submitted during inter partes reexamination of parent patent U.S. 8,030,348 {"Yeboah 
Reexam Deel.") 

5 Declaration of Dr. Earl White submitted during prosecution of parent patent U.S. 8,030,348 {"2011 White Deel.") 

6 Declaration of Dr. Ivar Storr0 in support of Inter Partes Review of U.S. Pat. No. 8,278,351 {"Storm") 

7 Declaration of Dr. Ivar Storr0 in support of Inter Partes Review of U.S. Pat. No. 8,383,675 {"Storm") 

8 
Declaration of Dr. Jacek Jaczynski from inter partes reexamination of the parent patent U.S. 8,030,348 {"Jaczynski 
Reexam. Deel.") 

9 Declaration of Dr. Jaczynski submitted during prosecution of parent patent U.S. 8,278,351 {Jaczynski '351 Deel.") 
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10 Declaration of Dr. Jeff Moore in Support of Inter Partes Review of U.S. Pat No_ 8,278,351 {"Moore") 

11 Declaration of Dr. Jeff Moore in Support of Inter Partes Review of U.S. Pat No_ 8,383,675 {"Moore") 

12 Declaration of Dr. Richard van Breemen in Support of Inter Partes Review of U.S. Pat No_ 8,278,351 {"Van Breemen") 

13 Declaration of Dr. Richard van Breemen in Support of Inter Partes Review of U.S. Pat No_ 8,383,675 {"Van Breemen" 

14 
Declaration of Dr. Shahidi submitted during inter partes reexamination of parent patent u _s_ 8,030,348 {Shahidi 
Reexam_ Deel.") 

15 Declaration of Dr. Shahidi submitted during prosecution of parent patent U.S. 8,278,351 {Shahidi '351 Deel.") 

16 Declaration of Dr. Suzanne Budge in Support of Inter Partes Review of U.S. Pat No_ 8,278,351 {"Budge") 

17 Declaration of Dr. Suzanne Budge in Support of Inter Partes Review of u _s_ Pat No_ 8,383,675 {"Budge") 

18 Declaration of Dr. Thomas Brenna in support of Inter Partes Review of U.S. Pat No_ 8,278,351 

19 Declaration of Dr. Thomas Brenna in support of Inter Partes Review of u _s_ Pat No_ 8,383,675 

20 
Declaration of Dr. Thomas Gundersen submitted during inter partes reexamination of parent patent U.S. 8,030,348 
"Gundersen Deel.") 
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21 
Declaration of Dr. Tina Sampalis submitted during inter partes reexamination of parent patent U.S. 8,030,348 
Sam pal is") 

22 
Declaration of Dr. Van Breemen submitted during Ex parte Reexamination of the '351 patent (Van Breemen '351 
Reexam. Deel." 

23 
Declaration of Dr. Van Breemen submitted during Inter partes Reexamination of the '348 patent (Van Breemen '348 
Reexam Deel." 

24 
Declaration of Dr. Yeboah submitted during inter partes reexamination of parent patent U.S. 8,030,348 ("Yeboah 
Reexam Deel.") 

25 Declaration of Dr. Yeboah submitted during prosecution of parent patent U.S. 8,278,351 ("Yeboah '351 Deel.") 

26 Eichberg, "Lecithin - It Manufacture and Use in the Fat and Oil Industry," Oils and Soap 51-54, 1939 ("Eichberg") 

27 Expert Witness Report of Dr. Theodore Welch submitted in relation to ITC Investigation No. 337-TA-877 ("Welch") 

28 
Farkas, Composition and Physical State of Phospholipids in Calanoid Copepods from India and Norway, LIPIDS, Vol. 
J3, No. 6 (1988) 

29 rinal Prospectus dated May 11, 2001 ("Final Prospectus") 

30 

31 
rolch, et al., A Simple Method for the Isolation and Purification of Total Lipids from Animal Tissues. J_ Biol. Chem., 
J26, 497-509 (1957) 
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32 3rant of Request for Ex parte Reexamination of the '351 patent 

33 3rit et al., Hydrolysis of phosphatidylcholine in aqueous liposome dispersions, Int J_ Pharmaceutics 50:1-6 (1989) 

34 
HENDERSON et al., Lipid Composition of the Pineal Organ from Rainbow Trout {Oncorhynchus mykiss), Lipids, Vol. 
J9, No_ 5, pp_ 311-317 (1994) {"Henderson") 

35 
HERMAN and GROVES, The Influence of Free Fatty Acid Formation on the pH of Phospholipid-Stabilized Triglyceride 
Emulsions, Pharmaceutical Research 10(5):774-776 (1993) 

36 
tano Refrigerated Food Co., Ltd., Bio & High Technology Announcement and Natural Astaxanthin & Krill Lecithin, pp_ 
1-16 {on or before December 28, 1994) {"llano") 

37 JOHNSON and LUCAS, Comparison of Alternative Solvents for Oils Ex1raction, JAOCS 60(2):229-242 (1983) 

E GRANDOIS et al., Investigation of Natural Phosphatidylholine Sources: Separation and Identification by Liquid 
38 :;hromatography-Electrospray Ionization-Tandem Mass Spectrometry {LC-ESl-MS2) of Molecular Species, J_ Agric_ 

rood Chem., 57, 6014-20 (2009) {"Le Grandois") 

39 
IN et al., Effect of Dietary N-3 Fatty Acids Upon the PhospholipidMolecular Species of the Monkey Retina, Invest 

::lphthalmol Vis Sci. 1994;35:794-803 

40 
MEDINA et al., C Nuclear Magnetic Resonance Monitoring of Free Fatty Acid Release After Fish Thermal Processing, 
J Amer. Oil Chem_ Soc_ 71(5):479-82 (1994) 

41 ::>ctober 24, 2012 Office Action, '675 patent 

42 ::lffice Action dated January 5, 2012, '351 patent 
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43 Provisional Application No_ 60/307,842 (Priority document for the '351 patent), available in PAIR 

44 
Supplemental Declaration of Bjorn Ole Haugsgjerd submitted during inter partes reexamination of parent patent u _s_ 
g,030,348 ("Haugsgjerd '348 Supp_ Deel.") 

45 
Supplemental Declaration of Dr. Earl While submitted during inter partes reexamination of parent patent u _s_ 
g,030,348 ("While Supp_ Reexam_ Deel.") 

46 
Supplemental Declaration of Dr. Earl While submitted during prosecution of parent patent U.S. 8,278,351 ("While 
Supp_ Deel.") 

47 
Supplemental Declaration of Dr. Thomas Gundersen submitted during inter partes reexamination of parent patent u _s_ 
g,030,348 ("Gundersen Supp_ Deel.") 

48 
Suzuki, T. and Shibata, N., "The utilization of Antarctic krill for human food," Food Rev_ lnl'I, 6:1, 119-147 (1990) 
"Suzuki") 

49 
Takahashi et al., Compositional Changes in Molecular Species of Fish Muscle Phosphalidylcholine During Storage, 
Bull_ Fae_ Fish_ Hokkaido Univ_ 37(1), 80-84 1986_ 

50 
Takahashi et al., Molecular Species of Fish Muscle Lecithin, Bulletin of the Japanese Society of Scientific Fisheries 48 
12), 1803-1814 (1982) 
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after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 
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Name/Print J. Mitchell Jones Registration Number 144174 
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public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Takahashi et al., Prediction of Relative Retention Value of the Individual Molecular Species of Diacyl Glycerolipid on 
High Performance Liquid Chromatography, Bull. Fae. Fish. Hokkaido Univ. 38(4), 398-404. 1987 

2 
Tanaka, Biosynthesis of 1,2-dieicosapentaenoyl-sn-glycero-3-phosphocholine in Caenorhabditis elegans, Eur. J. 
Biochem. 263, 189±194 (1999) 

3 
Tocher, Chapter 6, Glycerophospholipid metabolism, Biochemistry and molecular biology of fishes, vol. 4, Hochachka 
~nd Mommsen {eds.)(1995) 
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6 VALERI, D., et al., 'Visocities of Fatty acids, triglycerides and their binary mixtures," JAOCS 74 (1997) pp_ 1221-1226 

7 :;Re 2013-2014, 941h ed., PP- 6-231-6-235 

8 EP Opposition filed February 13, 2014 by Olympic Seafood AS, EP Patent Application No_ EP08718910l6 
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BRZUSTOWICZ, Michael R, et al., "Controlling Membrane Cholesterol Content A Role for Polyunsaturated 
Docosahexaenoale) Phospholipids," Biochemistry (2002), 41, pp_ 12509-12519 

10 
JONG-HO LEE, "A Review: Antioxygenic and Peroxide-decomposing Activities of Antarctic Krill Lipids," J_ Korean 
Soc_ Food Muir. 13(3) pp_ 326-333 (1984) 

11 
Kl WOONG CHO, et al., "Lipid and Fatty Acid Composition of the Antarctic Krill Euphausia superba," Ocean Research 
]1(2): 109-116 (1999) 

12 
HVATIUM, Erlend, et al., "Effect of soybean oil and fish oil on individual molecular species of Atlantic salmon ___ ", 
Journal of Chromatography B, 748 (2000) 137-149 

13 
GARASHI, Daisuke, et al., "Positional Distribution of DHA and EPA in Phosphalidylcholine and 
Dhosphalidylelhanolamine from Different Tissues of Squids," J_ Oleo Sci. Vol. 50, No_ 9 (2001) 

14 
TOCHIZAWA, Kaoru, et al., "Effects of Phospholipds Containing Docosahexaenoic Acid on Differentiation and Growth 
Jf HL-60 Human Promyelocytic Leukemia Cells," J_ Jpn_ Oil Chem_ Soc_ Vol. 46, No_ 4 (1997) 
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~hains on properties of phospholipid monolayers and bilayers," Biochimica et Biophysica Acta 1236 (1995) 266-272 

16 EUNG-HO LEE, et al., "Studies on the Processing of Krill Sauce," J_ Korean Soc. Food Nutr. 13(1) 97-106 (1984) 

17 
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rood Sci. Technol. Vol. 21, No. 1, pp. 25-30 (1989) 
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19 Summons Materials downloaded from ESPACE on December 16, 2014 for EP Patent Application No. 08 718 910.6 
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V'ANASE, M., "Innovations on the russian method for separating heat coagulated protein from antarctic krill, through 
~utolysis," Bulletin ofTokai Regional Fisheries Research Laboratory, 1974, No. 78, p. 79-84 

21 
KOLAKOWSKI and GAJOWIECKI, "Optimization of autoproteolysis to obtain and edible product 'precipitate' from 
l\nlarclic krill," Seafood Science and Technology, pp. 331-336 

22 EP Opposition filed May 8, 2015 by Olympic Seafood AS, EP Patent No. 2144618, 150 pages 

23 
l\LLAHPICHAY et al., "Extraction of Grow1h Promoting Fractions from Non-muscle Krill Meal of Euphausia superba 
~nd its Effect on Fish Growth," Bulletin of the Japanese Society of Scientific Fisheries, 1984, 50(5): 821-826 
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OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb2.1.17 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Filer: John Mitchell Jones/Mallory Checkett 

Attorney Docket Number: AKBM-14409/US-12/CON 

Filed as Large Entity 

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Utility application filing 1011 1 280 280 

Utility Search Fee 1111 1 600 600 

Utility Examination Fee 1311 1 720 720 

Request for Prioritized Examination 1817 1 4000 4000 

Pages: 

Claims: 

Miscellaneous-Filing: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Publ. Fee- Early, Voluntary, or Normal 1504 1 0 0 

PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 5740 
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Electronic Acknowledgement Receipt 

EFSID: 26042498 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 13-JUN-2016 

Filing Date: 

Time Stamp: 14:07:52 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $5740 

RAM confirmation Number 369 

Deposit Account 504302 

Authorized User JONES, J. MITCHELL 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees) RIMFROST EXHIBIT 1111    Page 0588



Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

129729 

1 TrackOne Request 
14409US 12CON_ Trackl Reques 

no 2 
t.pdf 

b 144 f6f485 Oc5888a 77 605 6d Od aac0a5d4 3 
fede 

Warnings: 

Information: 

1823699 

2 Application Data Sheet 14409US12CON_ADS.pdf no 9 
2c9c8c1 c680acc860f7 bab6d d SOfS 633 6d4 2 

b2df 

Warnings: 

Information: 

239051 

3 Oath or Declaration filed 
14409_DeclarationsParent_EXE 

no 3 
C.pdf 

4e654da3Sfdfd722f3330d99b 1d1 ce200d3 
bb407 

Warnings: 

Information: 

266452 

4 
14409US 12CON_Application. 

yes 53 
pdf 

f358701fd936bc906507fa88885Scda5927a 
2dc9 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 50 

Claims 51 52 

Abstract 53 53 

Warnings: 

Information: 

6756740 

5 
Drawings-other than black and white 14409US12CON_Drawings_usp 

no 19 
line drawings to.pdf 

bc388cb2d3 094d 2c0d5 ba 7 6e9ad0 b3 5461 
4846d 

Warnings: 

Information: 

88451 

6 Transmittal Letter 14409US 12CON_IDS_Letter.pd no 1 
ec67b0ce 1434aadfd0c56b7c1 31 e829776d 

1d6db 

RIMFROST EXHIBIT 1111    Page 0589



Warnings: 

Information: 

1041554 

7 
Information Disclosure Statement (IDS) 

14409US12CON_IDS_ 1.pdf no 13 
Form (SB08) 

f3ac83fff43986fd686a57566Se601657b4fd 
e06 

Warnings: 

Information: 

1041695 

8 
Information Disclosure Statement (IDS) 

14409US12CON_IDS_2.pdf no 15 
Form (SB08) 

aa08d038e61861fb4ab7b9a3bad7ded1 da 
0953cc 

Warnings: 

Information: 

1037950 

9 
Information Disclosure Statement (IDS) 

14409US12CON_IDS_3.pdf no 8 
Form (SB08) 

72806057427e67211d1906a2b33dd7e0f6E 
d0341 

Warnings: 

Information: 

1038009 

10 
Information Disclosure Statement (IDS) 

14409US12CON_IDS_ 4.pdf no 8 
Form (SB08) 

19e3c2b29db8bb839c733116f9618e409f3 
1c927 

Warnings: 

Information: 

40465 

11 Fee Worksheet (SB06) fee-info.pdf no 2 
bb844a808b1 ec8d01 54c04e3a21 eadd861 

8a028d 

Warnings: 

Information: 

Total Files Size (in bytes) 13503795 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: PA., 
Document Description: Power of Attorney PTO!f\£;4Je2B (Gi'· ltl) 

Approved for use ihrough 11i30/2014 (iMfl 06.51:,_~~1 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction !'.ct of 1995, no persons are required to re•pond !o a ccl!ection of information unless it displays a valid OMB control number 

I hereby revoke all previous powers of attorney given in the ;ripplicatlon ldentlflei;! ln either the att$.Ched transmittal letter or 
the boxes below. 

D 

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.} 

I hereby appoint the Patent Practilioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 

~:attached transmittal letter (form PTOfAIA/82A) or identified above: [!.~~~?-·:: .. .-.-.. _ _._. .. ~~~~-_._._.~~=~~--~~~::------~::.::_] 
! hereby appoint Practitioner(s) named ln the attached list (form PTO!AIA/82C) as my/our attorney(s) or agent(s). and to transact 
all business in the United States Patent and Trademark Office connected therewith for the pateni application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note Complete form PTO/A!Al82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

0 
D 

The address associated with the above-mentioned Customer Number 

OR 
The address associated with Custo111er Number: r------............................................................. ! 

J 

OR •--·---------·-----------------------·······.-----------~-------------J ____ .,.,.,. ______ ..,...... ________________________________ , ___________ , ______ ,.. 
Firm or 
!rn:livioual Name 

----~.;,....-,.;.......-----+------~~-----~-~~----~~------~-----------~--11 
Address 

City I Stale ! I Zip I 
1--w.---------+-------------"'------"---------'---'--....,..--~.-.---------11 

Country ,, ________ , _____________________ __,_--------------------« 
..... r_e_le_p_ho_n_e _____ ~-------------~l.,_~:11-a_i_I ~-__..! ____ -------------

I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

Person VVho Otherwise Shows Sufficient Proprietary interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
$riruicallon ons concurrentlv belno filed with this do.cumenH<Provil:le simwr's title if ;:mn!icant is~ iuristic entit>.9 

~.~~......;.;~:=:~;.::;;,.;;:;.;;;;:.;,.:,.;.;;.;:;..~~~~;:;;..;,;....;.;.;.::..:..:~::=~~~~=;;~~:..:::.;;;;:;.;;.,;.;..;;.~~;.:;-..;.;..;:;.,~~.=;~:_,.~...,_~~~~ 

SIGNATURE of Applicant for Patent 

The undersigned (whoseti1l~A.1~~liOOA~lw..,·) is authorized to act on behalf of the applicant (e.g., where the applit:r>flt is a juristic entity). 

-------~~11at1Jt~ (/ /Jl.f,t,<,,,jl fl ./ ! Date (OpiTQ~i.a!) I 
,_._, ·~i 1 · .. -1.~ » .rr· ; , Name ,- ·#: .• '!- LL l /,';f/(/c. (..;.'!:'.,~·-"!:;'-'{.~ .. r._·· _____ ....,....,.,...., ____________________ _ 

Title CEO _________ ,.,......., ____________ "'"·~-----·-------------------------ii 
~ Signature" This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR l.4 for signature requirements 
and certifications. if more than one applicsnt. use multiple forms 

fZh-ota! o~ 1 fo~ms are submitted. 
l1'\1S·'C>l!lecoor1;i1111!\'lmialkln 1s tel;ltlo'.&d by ~7 CF~ 1.Hi, ·i.n. Mc l.:!3. Tl'!iHrWm->S\1il->' 1:;re~1.1l1\.'>.i Ri.t>b!a!!l:0r~em aoone!i'f}Jy t'li;.P<11.l1K:wl1i~l1 is t<J W<> \~ndl:iy !n~· 
~;$f>'ro. w ;i,"i:ite»J <m appl~~atlM C:'-'>"'Jliierl!ll!j~ ;;;. ~1>~)1M b}' a~· .'-Ui .c, "l22.a•l<l nc:rn 1. -a .t.n~ ·1 .• N~ 'f~>i±> ~ltK;Uon ls e!ilm1e!>,'d to takf:< :1 m1;sut&s tn .:::>111piet-ec, 
i!l~Rli:linli g;i!he•.imJ; tl1e><i'!flfl9, ilnd r,ubmi!11119 ll1~ C<Jmpl~)d ap~~k:~lK>l< f<~ml w t'lil '1~Wl'O, tinwwijl v11ryu~pend1fi(i u;ll.•!l tM mdil'idu;sl c~se. Nit co~1m<ints toN tna ;s~<t",t 
~·~ ~tli1H:e:tl'~i"i> :c ~u11'l)lelan1i~ ll:>m:o i.md<"•X S<JQj;iaSlR1!\S tor rnd•••·;n~ ~l'li"-.b\>1'4<!1\. S'~<if#l:!t> ®nli<> !11ilChi<lflnfonm1~():'l Cffi<>)t U.S. r~tti·" 11rn.H1i>df)m~f~ Offl&<i. !J. s 
1'.klpaffir>ei11.QfC~mm*rca, F'.Q. l:lw;J4Sl), /-mxar1ctri;:i, VA 22~1 ::ic:J4i;!l. OQ r>iOT 1>ENC FEE.S •;:l!~ COMPltlEi:l F'QB;MS TQ TH!~; fo.UPRfiSS. SENO TCt C<immill'slomn 
for !"al<m!-s,f'.O. ao,x Hi>ll, A!~:ll1>1>arla; VA 22:n:M4!i{!, 

If you need assistance in completing the form, cal! 1-800-PT0-9199 and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 26047101 

Application Number: 15180431 

International Application Number: 

Confirmation Number: 2763 

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS 

First Named Inventor/Applicant Name: Inge Bruheim 

Customer Number: 72960 

Filer: John Mitchell Jones/Mallory Checkett 

Filer Authorized By: John Mitchell Jones 

Attorney Docket Number: AKBM-14409/US-12/CON 

Receipt Date: 13-JUN-2016 

Filing Date: 

Time Stamp: 15:39:50 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

304245 

1 Power of Attorney 14409US12CON_POA_Exec.pd4 no 1 
b3e2124e58e3b 129c1e2f600c0df553ae1 ac 

7f1a 

Warnings: 
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Total Files Size (in bytes) 304245 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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